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Abstract

Dupuytren’s disease is a Caucasian male-dominant disease that affects the palmar fascia.
Incidence grows with age, but persons with strong diathesis seem to develop the disease at an
earlier age than the majority of the diseased. Myofibroblasts are histopathologically the main cell
type in DD tissue. Despite scientific research, the aetiology of the disease is still unrevealed. Only
genetic susceptibility is generally accepted as predisposing to DD. Available treatment has thus
far been unsatisfactory, because only symptoms can be cured to date.The disease recurs. With
genetic susceptibility the recurrence rates are high (even up to 70%) and the time to recurrence is
inevitably shorter. This behaviour is considered the aggressive type of DD.

To be able to predict the behaviour of DD, whether it is an aggressive or conventional type,
twenty-one Dupuytren samples were gathered and compared with five controls by means of
immunohistochemical stainings. It was found that cellularity was better expresented in aggressive
and recurred samples. Alfa-SMA and Ki-67 showed more activity in the aggressive tissue type of
DD. Tenascin was vaguely expressed in aggressive-type samples.

To compare the gene and protein expressions and to obtain a more profound understanding of
the disease, a microarray technique was used. With a microarray it is possible to compare
nucleotide pair hybridisations to resolve the genome of the tissues. In this study RT-PCR was used
to examine mRNA levels to determine gene expression changes. Twelve DD palmar fascia
samples were compared with three healthy control samples. Both myoglobin and ROR2, which
we considered as the most valuable results, were found in the DD samples. ROR2 acts as a receptor
or co-receptor for the Wnt system. The Wnt signalling pathway transfers signals from outside of
the cell through cell surface receptors, and plays a significant role in proliferation processes such
as in fibrotic conditions.

To evaluate a possible chromosomal imbalance behind the aetiology of the disease, eighteen
DD palmar fascia samples were compared with two reference samples. However, we were not able
to detect any chromosomal imbalance in the DD samples. The method used was Oligonucleotide
aCGH Agilent’s 60-mer oligonucleotide-based microarray according to the manufacturer’s
instructions, which can reveal gains and losses of approximately 35 kilobases in the whole
genome. The result does not exclude copy number changes entirely; a small presence of aberrant
cells will not be detected if the change is less than 50%.

In conclusion, we revealed elements in DD tissue that would enable us to predict the nature of
the disease; whether the disease is aggressive with a stronger tendency to recur. Histological
differences could be detected, and this can be used to benefit patients. As a new element, ROR2
was discovered in DD tissue.The genome-wide analysis with the 44K oligonucleotide-based array
method revealed no changes of DNA number sequences.

Keywords: Dupuytren’s disease, gene copy number variations in DD, gene expression
of DD, histopathology of DD
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Tiivistelma

Ké&mmenkalvon kuroumatauti eli Dupuytrenin kontraktuura on valkoihoisen miehen kdmmen-
kalvon sairaus. Sairastumisen todenndkdisyys lisddntyy ikdantymiseen liittyen, mutta vahva
sukurasitus poikkeuksellisesti altistaa sairaudelle jo tavanomaista nuoremmalla ialla. Myofibrob-
lastit ovat térkein ja edustetuin solutyyppi Dupuytren kudoksessa. Huolimatta runsaasta tutki-
mustyostd ei etiologiaa ole saatu vield selvitettyd. Sukurasitus ndyttad selkeésti altistavan taudil-
le. Toistaiseksi kyetddn hoitamaan ainoastaan sairauden aiheuttamat seuraukset, mutta ei perus-
syytd. Lisaksi tauti uusiutuu. Dupuytrenin sukurasitus lisad uusiutumista suurella todennakdisyy-
della. Myds uusiutumisaika on tuolloin tavanomaista nopeampi, ja kyseessé katsotaan olevan
ns.aggressiivisempi taudin muoto.

Vaitoskirjatydssani pyrittiin [0ytdmaén mahdollisia tekijditd, joiden perusteella voitaisiin
ennustaan onko kyseessd aggressiivisempi vai tavanomainen taudin muoto. T&t4 varten tutkit-
tiin kaksikymmenta yksi Dupuytren kudosnéytettd ja viisi tervettd kimmenkalvon ndytettd
immunohistologisilla varjayksilla, ja voitiin todeta, ettd soluisuus oli selkedsti koholla aggressii-
visten ja taudin uusineiden potilaiden naytteissa. Tulos oli samanlainen myds alfa-SMA ja Ki-67
suhteen. Tenaskiinia voitiin 10yt&a edellisi& niukemmin aggressiivisista ndytteista.

Dupuytrenin taudin luonteen liséselvittelemiseksi geeni- ja proteiinitasolla tehtiin mikroarray,
jossa emdsparien pariutumisen avulla selvitetddn taudin genomia ja myds sitten tasta aiheutuvi-
en proteiinien ilmentymista. Kahtatoista Dupuytren potilaan kimmenkalvon kudosndyttetta ver-
rattiin kolmeen terveeseen verrokki kudosnéytteeseen ja voitiin todeta myoglobiinin ja ROR2:n
selkeét pitoisuuden muutokset terveisiin ndytteisiin verrattaessa. ROR2 toimii solujen valisten
viestien valityksen reseptorina, eli siirtda signaalin solun ulkopuolelta sen sisdpuolelle solun pin-
nalla olevan kiinnittymiskohdan avulla. Sill& on selke& merkitys ja teht&va proliferatiivisissa
tapahtumissa, kuten sidekudoksen lisdantymisessa.

Mahdollisia kromosomin méaran muutoksia Dupuytren kudoksessa selviteltiin kahdeksan-
toista kudosndytteen tutkimisella ja 16yddsten tulosta verrattiin sitten kahteen normaaliin verrok-
ki kudosnaytteen tulokseen. Tutkimuksessa ei saatu selville kromosomien méaaran muutosta, kun
muutosten kokonaismaéré on véhdinen tai ainakin alle 50 % kokonaismaéréd alhaisempi.

Yhteenvetona voidaan todeta, ettd I0ytyi histologisia kudoselementtejd, joiden perusteella
voidaan ennustaa, onko Dupuyrenin tauti aggressiivisempi ja todennakdisemmin uusiutuva luon-
teeltaan. ROR2 ei ole aikaisemmin yhdistetty Dupuytrenin kontraktuuraan. Dupuytren kudok-
sesta ei voitu 44K oligonukleotide mikroarray tekniikalla paljastaa geenimadrien muutoksia.

Asiasanat: Dupuytrenin taudin histopatologia, Dupuytrenin tauti, Dupytrenin taudin
geeni ekspressio, geenimadran muutokset Dupuytrenin taudissa
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1 Introduction

Dupuytren's contracture is a benign fibroproliferative disease that affects the
palmar fascia and deforms the fingers while maturing. The disease was presented
by and named after surgeon Baron Guillaume Dupuytren in 1831; he proposed that
it was of fibrotic origin (Murrell 1992). Dupuytren’s disease affects mostly elderly
white Caucasian men, typically at the age of 60 years or more. Men are seven times
more likely to have DD than women. The ratio equalises with age. Nonetheless, it
also affects other human races, and even newborns (Burge 1999, Foucher 2001,
Chinyama et al. 2000, Wilbrand ez al. 1999, Anwar 2007, Pan et al. 2003). DD can
appear bilaterally in approximately 55% of cases, and ectopic Dupuytren-like
lesions are found in the plantar fascia (Mb Ledderhose), in the male genitals (Mb
Peyron) and on the dorsum of the digits (Garrod's nodes) (Connelly 1999, Donato
& Morrison 1996, Kulkarni & Elliot 2005, Brenner et al. 2001, Birks et al. 2013.)
The disease has been well studied, but despite the vast amount of thorough
scientific work, it still remains an enigma (Shih ef al. 2010, Johnston et al. 2007,
Ojwang et al. 2010). It seems that DD is strongly hereditary, yet environmental
factors, some diseases and traumas seem to have an impact, probably by triggering
the disease and enhancing it to an apparent disease (Chansky et al. 1999, Hindocha
et al. 2006, Rayan 2005, Mc Farlane 1991). It has been postulated that DD is
inherited by means of a dominant autosomal pattern (Gudmundsson et al. 2000).
Smoking and alcohol consumption are considered to be among the main risk factors
that increase the morbidity of DD besides the more significance factors like male
gender, age and diathesis (Burke ez al. 1997, Gudmundsson et al. 2001). Diabetes,
especially medicinally treated, is strongly associated with the disease. Epilepsy or
antiepileptic medication, on the contrary, are no longer undisputably considered to
be related to DD (Geoghegan 2004). In some manual labour occupations that
expose the hands to vibration and mini traumas, the incidence of a somewhat milder
type of DD also seems to be abundant. DD is also clearly represented in HIV
infection despite the patients’ notably younger age (McFarlane 1991, Descatha et
al. 2011, Bower et al. 1990).

Although DD is a benign fibroproliferative disease, it also has some aggressive
features. It infiltrates the skin and therefore does not respect tissue margins. It also
tends to recur after resection in 2% up to 42% of cases, depending on the operating
technique and straining risk factors (Picardo & Khan 2012, Anwar et al. 2007).
Interestingly, it is related to sarcoma and other cancers. Epitheloid sarcoma in the
palm region resembles Dupuytren’s disease both clinically and histopathologically.
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In epidemiological studies it also seems that cancer mortality increases
simultaneusly with the prevalence of DD (Wilbrand et al. 2000, 2002, Gudmundson
et al. 2002, Erdmann et al. 1995). Ki-67 is typically high in all cell proliferating
conditions, such as in carcinomas, where mitose activity and proliferation are
emphasised in the same way as in fibrotic conditions like DD (Vujic et al. 2014).
The relation to the wound healing process is beyond controversy. Because of the
many similar characteristics, it has been postulated that it is an exaggerated
response to wound healing, yet without a real existing wound (Howard ef al. 2004).
The key elements in DD are considered to be myofibroblasts—cells that share
characteristics with both smooth muscle cells and fibroblasts. They have the ability
to contract, which causes the fingers to develop the typical fibrotic nodules and
cords on the palmodigital fascia, leading to fixed flexion contractures of the joints
(Picardo & Khan 2012). Histopathologically, three stages can be recognised in the
development of the disease: proliferation, involution and the final residual stage.
Certain features and events can be pointed out in every stage. It is known that for
some reason growth factors begin to stimulate fibroblasts to proliferate and
transform into myofibroblasts (Badalamente ef al. 1996). It has been suggested that
local hypoxia or free radicals or both are the triggers that start the complicated chain
of reactions leading to DD (Hart & Hooper 2005, Hueston & Murrell 1990).
Because of the immunal response, DD is related to infectious conditions, too.
Especially IgA and IgM immunoglobulin antibodies are found in DD patients’
tissue and blood in high amounts, compared with normal reference tissue (Jozsa et
al. 1988, Houghton et al. 1983).

Clinically, the disease matures through different stages that can be
distinguished histologically, although overlapping occurs. At the beginning, a
separate growing nodule arises from the palmar fascia in the ray of a finger on the
palm. Typically, at the end the nodule develops a cord that will gradually restrict
extension of the finger or fingers. This progression is common but not inevitable,
and is estimated to take less than 10 years from a nodule to maturation into a
restricting cord (Reilly ef al. 2005).

Some young males with diathesis develop DD earlier than the majority, and the
disease recurs aggressively despite accurate excision of the affected palmar fascia.
Diathesis is defined as a family history of the disease or a genetic susceptibility to
DD. It seems that if both parents are affected, the probability of early appearance
of DD is even stronger (Becker ef al. 2014). In these cases the patients often have
ectopic lesions, DD is bilateral and the disease may typically also affect the radial
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fingers instead of typically only the ulnar fingers (Wilbrand et al. 2002,
Gudmundsson et al. 2000).

The main procedure for treating contractures of the fingers is an operation to
excise or cut, or to dissolve, the diseased fascia. Conservative treatment options are
far too often inconvenient to implement in vivo, they are complicated, have side
effects and, most importantly, are insufficient. They include splinting, different
injection treatments (e.g., cortisone, steroids), radiation, physiotherapy, external
devices, anti-inflammatory drugs and interferon. More effective operative options
are limited fasciectomy, dermatofasciectomy with skin grafting and percutaneus
needle fasciotomy. Collagenase injection is an alternative method to surgery
(Stanbury & Hammert 2011, Misra et al. 2007, Dias & Braybrooke 2006,
Badalamente & Hurst 2007). No actual cure for the disease has yet been discovered;
to date only its symptoms can be cured.

The histology of DD has largely been examined by means of basic cellular
stainings, and nowadays also the genome of DD has been a target of the microarray
technique. Both of these instruments have made it possible to understand the
disease and its different elemental connections more deeply. Nucleotide
hybridisation (DNA and mRNA) studies have elucidated that there is a large
amount of changed gene and protein expressions in DD tissue compared with
normal control tissues (Shih et al. 2012, Lee et al. 2006, Quian et al. 2004).
Myofibroblasts undoubtedly are the core structure of the disease with a connection
to chromosomal alterations detected. More accurate investigations have also been
done with microRNA studies (post-transcriptional regulation) at the mitochondrial
level, and these results connect Wnt/B-catenin pathways to DD pathology (Michou
et al. 2012).

The purpose of this thesis project was to evaluate the histopathological
differences between the tissues of more aggressive cases with high recurrence risk
and less aggressive conventional DD cases. We wanted to more accurately study
the histology of the disease using the microarray technique in addition to sample
stainings to discover and detect the differences between DD and healthy references.
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2 Review of the literature

21 Pathology of Dupuytren's contracture

A myofibroblast is considered to be the main element in Dupuytren's disease. In
DD, fibroblasts are triggered to proliferate and transform into myofibroblasts,
which continue to proliferate still more. A fibroblast, which is found in connective
tissue, constitutes an elongated cell and a slender, fusiform and smoothly contoured
nucleus. It has a scattered mitochondria and well-developed secretory organelles, a
large Golgi apparatus and a rough endoplasmic retinaculum.The structure has no
actual basal lamina, fibronectin fibrils or fibronexus. A myofibroblast resembles
both a fibroblast and a myoblast. A myoblast is a smooth muscle cell, and therefore
it has the ability to contract. In stainings myofibroblasts contain alfa-smooth muscle
actin (a-SMA), which particularly owns this contracting quality (Hinz 2015, Rayan
& Tomasek 1994, Tomasek et al. 1999).

Other opinions have been published; J.J. Tomasek detected that nodular DD
cells stained for nonmuscle myosin and fibronectin, but not for smooth muscle
myosin or laminin, indicating that myofibroblasts in DD consist of non-muscle
types of cells. Nevertheless, these cytoskeletal proteins interact with actin and
thereby are able to form contraction too. The DD type of myosin also has the ability
to contract, even though it is not considered a real muscle type of myosin (Tomasek
et al. 1986). The fibronexus is a specialised attachment site situated in a
myofibroblast, and is formed by extracellular fibrils and fibronectin at the
plasmalemma. It has been proposed that it enables contraction by transmitting the
force of actin to the surrounding extracellular matrix and tissues (Tomasek et al.
1999). Fibrogenic cytokines and transforming growth factors (TGF-B1 and -3) are
stimulating factors that enhance the formation of myofibroblasts (Bisson et al.
2003, Wilutzky et al. 1998).

A variety of cells are found in and connected to DD tissue. They can be
considered elements of the disease, yet simultaneously they contribute to the
development of DD by being stimulated, inhibited or both. Many cytokines and
proteins are involved in DD (TGF-alfa, PDGF, EGF, ZF9, GM-CSF, free radicals,
metalloproteinases, collagen and fibronectine). It is a complex system with delicate
but well controlled interactions between these elements. The immune system is also
associated with palmar fibromatosis (Cordova et al. 2005). Large amounts of IgG,
IgA and IgM can be indicated from DD tissue (Menzel ef al. 1979). The type and
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amount of collagen in DD changes in the same manner as it changes in the healing
process of a wound. Collagen type III is abundantly represented, while it is virtually
absent from the normal palmar fascia. With the presence of a raised collagen III
level, hexosamine content also rises in DD tissue (Brickley-Parsons et al. 1981).
Metalloproteinases (MMP) and their inhibitors (TIMP) are involved in different
fibrotic conditions and therefore also in the wound healing process and similar
processes. In DD, the balance between these two elements is disturbed. The
upgrading of TIMPs and some MMP groups seems to provoke fibrosis (Dietmar et
al. 2009, Bains 2003).

2.2 Pathogenesis of Dupuytren's disease

Genetic diathesis indisputably plays a key role in DD. It has been postulated that it
is maternally inherited. Hereditary predisposition causes a person to develop the
disease assumably under certain circumstances. The cellular environment, both
extra- and intracellular, and its chemical controlling factors, are disturbed and
programmed to behave out of normal cell control. The same reactions as in the
normal wound healing process will happen, with the exception that normal scars
are not formed, but rather tumour-like scar accumulation with a more invasive
quality (Hueston & Murrell 1990). The same particular and uncontrolled features
are to be seen in the development of cancers, especially in children and epitheloid
sarcoma, which resembles DD in the proliferative stage (Erdmann et al. 1995,
Rhomberg et al. 2002, Fitzgerald et al. 1999).

Ischaemia in tissue caused by microvascular narrowing of vessels for different
reasons (smoking, ageing, diabetes) is accepted as one theory for DD. (AL-Quattan
2006, Hart & Hooper 2005). In hypoxic tissue, free radicals emerge through a self-
perpetuating cycle when adenosine triphosphate breaks down and increases
conversion of hypoxanthine into xanthine and xanthine into uric acid. Xanthine
dehydrogenase then converts into xanthine oxidase and furthermore into free
radicals like superoxide and hydrogen peroxide. The free radicals are toxic and
continue to damage the tissue further. In proportional concentrations it stimulates
fibroblast proliferation. This eventually leads to abnormally proliferated fibrotic
tissue with changes in collagen composition (Yi et al 1999). Xanthine
dehydrogenase is normally located in the cytoplasm of endothelial cells of small
capillaries and is catalysed to convert into xanthine oxidase. Eventually free
radicals and their breakdown products are caused by the hypoxia. High alcohol
consumption is assumed to enable free radical production in the same way by
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changing xanthine dehydrogenase into free radicals, producing xanthine oxidase.
(Hueston & Murrell 1990). Free radicals induce cytokines like IL1, which
stimulates the Langerhans cells and the immune system and lymphosytes (CD-45
positive T cells and other inflammatory cells). This arouses fibroblast proliferation
and growth factors to promote differentiation of myofibroblasts, which further
induce the amount of collagen type III, and fibronectin and metalloproteinase
inhibitors (TIMP) (AL-Quattan 2006, Benson et al. 1998).

All these processes linked to each other finally produce DD and contraction of
the actin-myocin complex situated in myofibroblasts—the phenomenon that
ultimately causes contracture and a lack of extension in the finger (Yi et al. 1999,
Nunn & Schreuder 2014).

Lipid metabolism is also linked to the development of DD. Alcohol and
phenobarbitones increase cholesterol metabolism and produce high levels of
triglycerine and LPA. The LPA binds to myofibroblast receptors which cause the
cell to respond to TGF-f, furthermore decreasing the amount of cyclic adenosine
monophosphate (cAMP) and increasing intracellular calcium levels. Calcium binds
with calmodulin and together they activate the myosin light chain kinase, enabling
contraction of the actin-myocin complex (Al-Qattan 2006). In conclusion, the
genes involved in cytoskeleton development and lipid metabolism seem to be
affected abnormally (Rehman et al. 2008).

Trauma and injuries of the hand also trigger the repair processes by causing
microruptures of the tissues. In the same manner heavy labour is assumed to
activate IL1 with a series of events and thereby predispose to DD (Picardo & Khan
2012, Lanzetta & Morrison 1996).

The ischaemia theory has steady support, though there is a fair possibility that
the immune system also has a significant role in the development of DD. IgG and
IgM antibodies to human collagen types can be detected from DD tissue. This is
interesting and puts DD in the same group of anti-immune disorders as rheumatoid
arthritis, where a similar phenomenon of collagen antibody formation can be
detected. This likelihood places DD in the range of connective tissue disorders in
which collagen auto-immunity is found (Pereira et al. 1986).

The aetiology triggering these pathologic events that indicate DD are still under
study. It has been assumed that DD is caused by hypoxia or a change in the immune
system, or because of continuous physical stress or both, assuming that there are
some genetic predisposing factors present beneath. However, it has been postulated
that heredity is not always evident or even necessary for DD. Continuous physical
exposure in the manner of hard manual work or any other stressful situation to the
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hand (fracture, operation, vibration) may potentially contribute to DD. Purely
environmental and external actiology is under debate (Descatha ez al. 2011, Becker
et al. 2014). Whether these are the causes or mainly the triggering elements of DD
is uncertain.

Cultured fibroblasts from DD tissue, previously quiescent, can be reactivated
to transform into myofibroblasts by TGF-3 stimulation, and this may explain the
reason for the high recurrence rates after surgery or injury (Bisson ef al. 2003). The
debate over the expression of the disease—whether it is genetic or a result of an
occupational practice—has evoked the suggestion that it should be called either a
disease or a condition of palmar fibromatosis, a situation brought about by
mechanical microtrauma. A total revelation of the actiology would eventually
explain DD and the accuracy of these contradictory allegations.
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Fig. 1. A theory of the aetiology of DD caused by ischaemia. Different environmental
and genetic elements narrow the micro blood circulation and local ischaemia breaks
adenosinetriphosphatase (ATP) into hypoxanthine and further into xanthine (X) and uric
acid. The process releases oxygen radicals (O and OH) which induce proliferation of
fibroblasts and change them into myofibroblasts. The amount of collagen type |
diminishes compared with collagen lll, which further narrows the blood vessels with
this feedback mechanism. (reprinted from Duodecim 2012;128:4 by permission)

Three different partially overlapping phenomena form three different and separate
stages of DD and can be pointed out histopathologically and roughly also clinically.
In the proliferative phase the amount of myofibroblasts increases. In the next phase,
which is involutional, these cells align along the longitudinal lines of tension. In
the residual phase there are less cells and bundles of collagen III, which gives the
tissue a scar-like appearance (Hart & Hooper 2005).
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2.2.1 Proliferative phase

Dupuytren's disease can be sectioned into different stages that describe the maturity
of the disease. The first stage is the proliferating stage, or the phase where
histopathologically the tissue changes from a normal palmar fascia into altered and
pathological fibrotic tissue. The triggering aetiology is considered to be
multifactorial, requiring certain factors such as genetic susceptibility, and a widely
accepted theory of free radicals produced by local ischaemia caused by different
reasons. The free radicals emerge in hypoxid conditions as an end product of the
xanthine oxidase pathway. Because of these elements the fibroblasts begin to
proliferate and turn into myofibroblasts to further accelerate the process of fibrosis.
The source of the myofibroblasts remains unknown. One presumable suggestion is
that they originate from mesenchymal fibroblasts. Therefore, excision of palmar fat
and skin in a fasciectomy indisputably reduces the recurrence rate of the disease.
For this reason when a skin graft is applied and used after excision of the DD
aponeurosis, recurrence is significantly diminished (Hueston 1990, Murrell 1987,
Hueston 1985). Growth factors like TGF-B and cytokines play the main role in this
proliferating procedure and in the contraction of the DD tissue (Tse et al. 2004).
Periostin probably also has a role in the formation of DD (Picardo & Khan 2012,
ViL et al 2009).

Every phase has a major cell type. In the first, proliferative phase, fibroblasts and
myofibroblasts as well as increased extracellular matrix (ECM) depositions are
well represented. Clinically this phase may be identified by tumour-like nodules
forming tense clusters. However, they do not necessarily correlate completely with
the histological nodules, which can be more scattered. Eventually the histological
nodules expand to the surface of the skin and replace subcutaneous adipose and
attach to the deep layers of the skin. This phase is rich in cells, depositing into the
vascularized nodules with intense metabolic activity (Benson ef al. 1998, Rehman
et al. 2011). The mechanism that enables progression from a nodule to a fibrotic
cord is not yet fully understood. Nevertheless, two theories have been proposed. In
one theory proliferation and outward migration of the diseased cells from the
nodules to the adjacent fascia mediate population of the disease. The end result is
a contractible cord. The other theory favours the role of the secreted factors from
the nodules, which alter and trigger the quiescent phenotypically normal cells in
the fascia to change into the contractile phenotype (Picardo & Khan 2012) The
latter theory, with the idea of extracellular matrix interactions, is somewhat more
favoured than the first one (Vi ef al.2009).
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Table 1. The phases of DD with their main elements; richly represented in the first
phase, gradually diminishing in the development of the process to the end phase.

Proliferative phase Involutional phase Residual Phase
fibroblasts > myofibroblasts myofibroblasts > apoptosis acellularity
fibrosis

few fibroblasts

macrofages > variable amounts of cytokines; no TGF-32
TGF-81,TGF-B2,TGF-a TGF-B1, TGF-B2 TGF-B1
IL-1B,IL-6, TNF-a EGF EGF
PDGF, EGF
Factor Xllla variable amounts of
Langerhans cells inflammatory cells
MMP1, MMP-2, MMP9, MMP13, MMP14  variable amounts of -
ADAMTS14, TIMP1, TIMP2 metalloproteinases and
their inhibitors
Collagen | > Collagen I Collagen Il Collagen Ill degreases

small amounts of
extracellular Collagen I, Ill,
I\

Myofibroblasts

According to one theory, fibroblasts that proliferate and differentiate into
myofibroblasts are assumed to be of microvascular origin. It is thought that they
are derivered from damaged local microvascular intima more probably than from
blood circulation (Hueston & Murrell 1990, Igbal et al. 2014). This has been
indicated in lung fibrosis. Interestingly, carcinoma-associated fibroblasts are
derived from mesenchymal stem cells in bone marrow. In DD it has been observed
that myofibroblasts potentially originate from mesenchymal stem cells (= MSC)
situated in perinodular palmar fat and skin. DD tissue contains significantly higher
amounts of MSCs in the skin overlying a Dupuytren nodule and in perinodular fat
rather than in control tissue. This was indicated by MSC markers in DD tissue.
MSCs are pluripotential and progenitor-type cells, subsequently capable of
differentiating into myofibroblasts (Igbal et al. 2012). Dupuytren contracture can
be considered a disturbed and exaggerated process of wound healing—a continuous
fibrous accumulation similar to a tumour, without normal tissue control and with
an absence of a healing wound (Moulin et al. 1998). The ability to contract is due
to muscle actin cells; it has a significant role in the wound healing process in
addition to collagen synthesis (Spector 2001).
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Like healing wound tissue, DD apparently contains an inflammatory part
including immune cells and macrofages. The same histological and biochemical
phenomena can be detected in other fibrotic conditions, too. Macrofages seem to
be able to produce cytokines (TGF-B1) and proinflammatory cytokines (IL-1B, IL-
6 and TNF-a), which further promote myofibroblast development (Golbar et al.
2013, Verjee et al. 2013). TGF-B1, in particular, stimulates mesenchymal cells and
is found to abundantly localise intracellularly in myofibroblasts and fibroblasts,
especially in the proliferative stage and also in the involutionary stage of DD. TGF-
Bl and TGF-B2 increase proliferation of myofibroblasts, induce extracellular
matrix synthesis and modulate myofibroblast activity (Magro et al. 1997, Picardo
et Khan 2012, Cordova et al. 2005). By using immunohistochemical techniques,
myofibroblasts can be detected in DD tissue by their expression of intracellular
smooth muscle actin (a-SMA) microfilaments. a-SMA is most richly presented in
the nodules in DD tissue (Bisson et al. 2003, Verjee et al. 2009).

Growth factors

Transforming growth factors are a large group of proteins that stimulate and control
differentiation and growth of fibroblasts and promote synthesis of collagen and
deposition of the extracellular matrix. They bind on the surface of proteins of
specific target receptors and regulate several reactions between cells. But, contrary
to classic peptide hormones, they act more like local mediators. Growth factors are
a family of signalling polypeptides present and influential in many cancers and
other diseases (Alioto et al. 1994, Zhang et al. 2008).

TGF-B especially is a protein with a significant role in DD. Seven isoforms of
TGF-B are known, and each has a certain function in either stimulating and/or
inhibiting fibroblasts and myofibroblasts (Cordova et al. 2005, Satish et al. 2011,
Alioto et al. 1994). TGF-B1 has been shown to have firm localisation in
myofibroblasts in all stages of DD and to increase the force of contraction. They
are also present in the normal palmar fascia, but in much lower concentration
(Picardo & Khan 2012). TGF-32 has been detected in fibroblasts in all other stages
except the residual stage and in the normal palmar fascia. Furthermore, it also has
the most significant proliferating effect. TGF-f stimulates collagen synthesis and
fibronectin in addition to producing fibrosis (Badalamente et al. 1996).
Granulocyte macrophage-colony stimulating factor (GM-CSF) is another cytokine
and the only one besides TGF-f that induces alfa-actin synthesis in myofibroblasts
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and induces fibrosis formation. It has been postulated that it is important in DD,
too (Cordova et al. 2005).

Epidermal growth factor (EGF) is present in clinically mature and advanced
DD tissue; it also has an important role in the development of DD. TGF-a acts
through EGF receptors and is present in DD tissue in the proliferative stage,
stimulating proliferation. Platelet-derived growth factor (PDGF) is also involved in
fibromatosis, being a major mitogen for cells of connective tissue origin. It binds
to cell membrane receptors on myofibroblasts and potentially also induces cell
proliferation. PDGF is suspected to be controlled by TGF-B (Cordova et al. 2005).
PDGF co-exists also in wound healing, in chronic inflammations and in
sarcomatous conditions (Alioto er al. 1994). Myofibroblasts have high-affinity
binding sites for basic fibroblast growth factors (bFGF) and they also proliferate in
response to exogenous bFGF. This is considered to enable the mitogenic effect.
Other growth factors, e.g., insulin-like growth factor (IGF), also take part in DD,
but are less significant than the latter ones mentioned above. Peculiarly,
myofibroblasts accelerate their own fate by secreting both growth factors and
cytokines in an autocrine and paracrine fashion (Yi & Moneim 1999).

Zinc-Finger 9 protein

ZF9 is a protein synthesised inside the cell nucleus. It binds the genes of TGF-1
and TGF-B2 to their receptors, and thereby promotes transcription of the RNA
messengers of these molecules (Cordova et al. 2005). The zinc-finger protein
family is evolved in many other genetic processes and therefore in the development
of different diseases. These proteins are reported to destabilize mRNA, and by
decaying mRNA they create changes in immune responses (Yang C et al. 2015).
Studies indicate that gene polymorphism of ZF9 protein and genotype allele
frequencies seem to add to the risk for DD (Bayat et al. 2003).

Inflammatory cells

It is implied that DD is like a disturbed wound healing process, besides being a
tumour-like process, and therefore it is connected to inflammation and
inflammatory cells with different phases (Howard et al. 2004, Bianchi et al. 2015).
It has been suggested that DD may be an immune-mediated or even an atypical
auto-immune disease. Langerhans cells (an epidermal cell of dendritic lineage) are
found to place beside diseased Dupuytren tissue and form a network of antigen-
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trapping attendant cells that ingest and process antigens. The Langerhans cells
migrate from the dermis into the DD tissue hypothetically because of dysregulation
of the immune system, further because of a change in the levels of inflammatory
cytokines. DD tissue also contains CD45-positive cells as an indication and a clear
mark of an inflammatory state. CD45 detects all lymphocytes present in the tissue.
Langerhans cells cluster around derma-epidermal junctions and capillaries and in
nodules (Qureshi ez al. 2001).

Factor XIIla-positive dermal dendrocytes can be indicated in DD tissue among
other inflammatory cells and their products. Cytokines are assumed to increase the
expression of Factor XIIla and this further probably releases TGF-B1, which
regulates dendritic cell maturation in this vicious cycle. Factor XIlIa is also a vital
element in the wound healing process, because it induces fibroblast proliferation
and regulates collagen synthesis (Quatresooz ef al. 2008).

A patient case, in which DD seems to have been triggered by some kind of infection
itself, has been presented (Mandal & Fahmy 2006).

Myofibroblasts are involved in both DD and inflammatory conditions (Meek
et al. 2002, Meek et al. 1999, Zawahir et al. 2015). Macrophages, the main
inflammatory cells, are largely found in DD nodules but also in the dermis and
subdermis above the nodules. On the other hand, lymphocytes (B and T) are less
present around the nodules, but found in the tissue at lower levels (Andrew et al.
1991). Macrophages release growth factors, which induce the myofibroblasts to
further produce fibrosis. Furthermore, growth factors also promote the survival of
inflammatory cells. The pro-inflammatory cytokines IL -1 and tumour necrosis
factor alpha (TNFa) inhibit apoptosis of monocytes and increase the proliferating
processes (Meek et al. 2002). Exogenous addition of TNF also induces the
differentiation of palmar dermal fibroblasts into myofibroblasts in DD patients
(Verjee et al. 2013).

It has been verified that steroids decrease the amount of integrin of
inflammatory cells in DD tissue, and thereby also TGF-f levels. It has also been
clinically verified that steroid injections injected into DD tissue softened and
flattened the nodules and modified progression of the disease. Steroids have been
used to resolve scar tissue and keloid, and it is common knowledge that they down-
regulate inflammation. This proves the significance of these inflammatory elements
in the fibrotic processes (Meek et al. 1999, Ketchum e# al. 2000).
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Collagen

Collagen type III is richly presented in DD tissue (Menzel ef al. 1979, Brinckley-
Parsons et al. 1981, Pereira et al. 1985, Melling et al. 2000). This change from the
normal palmar fascia structure (mostly collagen I) to DD tissue is caused by a
cascade of many different events. The density of fibroblasts, stimulation by
fibroblasts, decreased apoptosis and imbalance of matrix matalloproteinases
(MMPs) all together as part of the fibrosis process produce and change the quality
and amount of collagen in the palmar fascia, enhancing collagen type III. The
collagen in DD is newly synthesised and immature and is abundant in the tissue,
resembling collagen in a healing wound (Brickley-Parsons ef al. 1981, Notbohm et
al. 1995). Collagen I is implicated in the regulation of B-catenin accumulation and
the modification of TGFB-1-induced proliferation and contraction of
myofibroblasts in DD (Vi et al. 2009).

In other fibrotic musculoskeletal syndromes resembling DD—as well as in
DD—there is a broad spectrum of TIMPs present in the tissue. TIMPs block MMP-
mediated collagenolysis. An increase in ADAMTS 14, which is found abundantly
in DD tissue, and TIMPs both affect together to increase synthesis and deposition
of collagen, leading to fibrosis (Johnston ef al. 2007, Picardo & Khan 2012). The
same phenomenon of an increased amount of collagen type III is present in the
wound healing process. The contractile force is transmitted intracellularly from
activated myosin /actin components via fibronectin receptors at the fibronexus site
(= adhesion complex that connects intracellular actin microfilaments and
extracellular fibronectin fibrils together. Fibronectin is an extracellular
glycoprotein.) to extracellular collagen bundles. This finally leads to the typical
contracture of the finger. Longitudinal bands, formed mostly by collagen fibres, are
represented in more advanced and matured DD tissue (Al-Quattan 2006).

There are two theories proposing an explanation for the contracted fingers in
DD caused by collagen. In the intrinsic theory inner changes in the collagen
structure itself result in a shortening of the collagen and thereby cause the
contraction. The same phenomenon is to be seen when the triple helical
configuration of the molecules is shattered during denaturation. The extrinsic
theory explains the phenomenon of contractured fingers by a shortening of the
distal extremities of the palmar fascia tissue, in the same way as in the wound
healing process, where the edges heal by migrating towards the centre of the defect
and simultaneously synthesising new collagen. The plausible explanation for
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enhancement of the contraction is myofibroblasts, having the proven ability to
contract.

Still, no contraction is possible without the strong adhesions and cellular
structures produced by collagen together with fibronectine, allowing the shortening
forces to be transmitted (Brickley-Parsons et al. 1981).
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Fig. 2. Cell, molecule and collagen components in DD.The actin-myocin filaments (AM),
which have the ability to contract inside the myofibroblasts, adhere via the fibronexus
(RF) to the surface of the membrane of the cell, to the extramatrix collagen fibres (C),
glycosaminoglycan (GAG) and fibronectin (F). ATP is the fuel in the contraction of actin-
myocin filaments. (reprinted from Duodecim 2012;128:4 by permission).
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Immune system

The HLA system (human leucocyte antigens complex), or in other words MHC, is
the most polymorphic genetic system in the genomy of all mammals; it presents a
range of antigens to which T lymphocytes will respond. Therefore, the system is
essential and convenient when revealing diseases and genetic linkages.
Associations between certain HLA alleles and diseases have been pointed out, and
there is a positive association between Class II HLA DR loci as a coherent
biomarker and DD, too (McCarty et al. 2010). Furthermore, the HLA system has
been shown to have a strong association with fibrotic disorders such as sarcoidosis
or systemic sclerosis and is therefore convenient for use (Brown et al. 2008).

Human individuals with HLA-DR3 seem to have a 2, 94 times higher risk to
develop DD compared to references. It has been postulated that people with HLA-
DR3 have a tendency to form autoantibodies against components of the
extracellular matrix. It might be that these antibodies then induce the release of
profibrotic cytokines like TGF-B and GM-CSF (= granulate-macrophage
stimulating factor) to furthermore produce fibrosis (Cordova et al. 2005).

There also seems to be a connection between the allele of the HLA-DR group
in the form of HLA-DRB1 and DD. Caucasoids of European origin have this allele
and seem to have an increased risk of developing DD. Scandinavian studies confirm
this observation; the HLA-DRB1*01 allele is well presented among DD patients
(Jonsson et al. 2013). However, no specific HLA gene can be pointed out as a
direct cause of DD because of the extensive linkage disequilibrium between the
genes and their interactions (Brown ef al. 2008).

People affected with have shown to have autoantibodies against collagen type
I-IV. After surgical excision of the diseased fascia, the level of autoantibodies is
diminished to undetectable, most probably because of the removal of the antigens.
Immune cell infiltrates can be detected in DD nodules in certain stages of the
disease, suggesting that the immune system is involved in its progress (Picardo &
Khan 2012).

Metalloproteinases and metalloproteinase inhibitors

Matrix metalloproteinases are a group of zinc-dependent endopeptidases that tear
down and dissolve the extracellular matrix as a part of controlled matrix
remodelling. These peptidases, a family of 23 enzymes in humans, are produced by
myofibropblasts, macrophages, endothelial cells and keratinocytes. Each MMP has
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a certain role in facilitating tissue remodelling and changes. MMPs and TIMPs, a
family of four specific inhibitors, take part in many fibrotic processes and can be
detected, e.g., in conditions like frozen shoulder, wound healing and cancers and
carcinomas. TIMPs regulate MMP function. MMPs are also found in normal tissue
cells, but at low levels.The activity of these proteinases is controlled by TIMPs and
a variety of cytokines and growth factors and endogenous inhibitors. The ratio
balance is disturbed in DD, as it can be detected to be in many other conditions like
rheumatoid arthritis, tumours, chronic obstructive pulmonary disease and so on. A
reduction in the MMP:TIMP ratio is postulated to be the reason for emerged
collagen amounts and connective tissue. MMP activity has been shown in vitro to
have a critical role in the contraction of fibroblast-populated collagen lattices
(Cordova et al. 2005, Townley et al. 2008, Hutchinson et al. 1998, Tarlton et al.
1998, Johnston et al. 2007).

The levels of interstitial collagenase MMP1 and gelatinases MMP2 and MMP9
as well as MMP13 and MMP 14 are found to increase in DD. The level of ADAMTS
14, which is closely linked to the MMP and TIMP system, also increases in DD.

The ADAMTS family consists of 19 different types of members and they are
implicated in extracellular matrix metabolism. TIMP1 and TIMP2 levels are also
up-regulated in DD. TIMPs promote fibrosis by inhibiting the normal cleaving
process by MMPs. Marimastat, a synthetic inhibitor, was given as a treatment to
gastric adenocarcinoma patients, and they developed palmar fibrosis similar to DD
(Johnston et al. 2007, Cordova et al. 2005, Dietmar et al. 2009, Tarlton et al. 1998,
Townley et al. 2008).

Whnt pathway and B-catenin dysregulation

The Wnt gene family encodes glucoproteins and extracellular signalling molecules.
They play a significant role in cell proliferation, differentiation, survival, apoptosis
and migration (Wodarz & Nusse 1998). The Wnt pathway is, so to say, a group of
signal transduction pathways consisting of proteins that pass signals from the
outside to the inside the cell. Wnts are upstream regulators of cellular beta-catenin
accumulation. The Wnt -1 gene works the same way as retroviruses, for example,
which carry oncogenes from cell to cell. The canonical Wnt that is the Beta-catenin
pathway is the type of pathway that causes accumulation of Beta-catenin in the
extracellular cytoplasm and eventually in the nucleus. It works as a transcriptional
co-activator of transcription factors that belong to the TCF/LEF (T-cell
factor/lymphoid enhancing factor) family. TCF/LEF transcription factors bind to
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DNA and enable beta-catenin to act on genes they target (Brantjes et al. 2005).
Beta-catenin protein has a bifunctional purpose. The first part is to impact between-
cell adhesions and the second part is to co-activate transcription of Wnt target genes
via Wnt pathway signalling. It co-ordinates events and also is involved in cell
adhesions. It reorganises the cytoskeleton and transmission of mechanical forces,
which is important for cell migration and contraction. The Wnt pathway regulates
gene transcription (Varallo et al. 2003). The elevated levels of B-catenin in DD cell
lattices are shown to be more sensitive to isometric tension and therefore also
provoke contraction of actin filaments and in the end, DD cells (Howard et al.
2003). The Wnt pathway is also involved in tumourgenesis, and its deregulation
contributes to a number of cancers, too (Bruise Alberts et al. 1994, Picardo & Khan
2012, Varallo et al. 2003, Howard et al. 2003).

It is still somewhat unknown how the Wnt /B catenin cascade actually works
in the pathogenesis of DD. Wnt stimulation leads to increased intracellular
accumulation of B catenin, which further works as a trigger for transactivation of
several target genes like fibronectin (O'Gorman et al. 2006, Al-Quattan 2006). In
DD, Wnt genes 5a, 9a, 10b and 11 are the major Wnt family members expressed
(Degreef et al. 2009). B catenin is richly accumulated in the cytoplasm in
fibroproliferative diseases, as in Dupuytren’s disease (Bowley et al. 2007).
However, some studies do not confirm this theory or suggestion of the Wnt genes’
connection to the aetiology of DD without doubt. (Picardo & Khan 2012). The
majority of studies about Wnt pathways and the connected proteins are in vitro
studies and animal studies, mostly by mouse experiments. Recent studies of the
Wnt pathway and keloid pathogenesis have elucidated the beeta-canonial pathway
and it’s involvement in keloid pathogenesis. TGF-beeta induces up-regulation of
canonial pathway signalling in hypertrophic scar and keloid fibroblasts (Shih ef al.
2012). Wnt pathways have been shown to be critical for the fate of mesenchymal
stem cells in vitro. Furthermore, it has been detected that stem cells originally
derived from palmar skin and subcutaneous fat are a potential source of
myofibroblasts, the key element of DD (Hidocha ez al. 2011, Igbal ef al. 2012). The
Wnt pathway is divided into three categories according to the manner of the
working process used.

The Wnt pathway gives an interesting aspect for revealing the possible
aetiology of DD. The Wnt signalling pathway also has a significant role in the
wound healing process (Zhang et al. 2009).

The non-canonical planar cell polarity pathway (PCP) does not involve Beta -
catenin. This pathway regulates the cytoskeleton and is responsible for the shape
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of the cell. It is thought to use NRH1, Ryk, PTK7 or ROR2 as a mediator and
effector in the cell. The Wnt5A-ROR?2 signalling pathway has been suggested as
being necessary for the expression of MMP13, which is also overexpressed in DD
(Shih et al. 2012). The Wnt5a-mediated non-canonical signalling network
potentially participates in inflammation-induced angiogenesis (Zhang et al. 2009).
Both B-catenin and ROR2 seem to influence the mesenchymal stem cells through
regulating pathways (Cai et al. 2014).

The third pathway is the non-canonical Wnt/calcium pathway, which doesn’t
stimulate the accumulation of B-catenin. It helps regulate calcium release from the
endoplasmic retinaculum (ER) in order to control intracellular calcium levels, by
which it then regulates cell adhesion, migration and tissue separation (Shi-Xia Cai
etal 2014).

All three of these pathways are activated by the binding of a Wnt-protein ligand
to a Frizzled family receptor (FZD) on the cell membrane, thereby passing the
biological signal to the protein inside the cell. These intracellular events can
produce mutations that lead to a variety of diseases clinically (Guo et al. 2014).
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ROR2

Tyrosine-protein kinase transmembrane receptor ROR2 is a protein belonging to
the ROR subfamily and is located in chromosome 9. It is evolved in bone and
cartilage development and mutations of the gene will cause skeletal disorders such
as brachydactyl type B and Robinow’s syndrome, which both cause hand
deformities (Schwabe et al. 2000). Furthermore, it is linked to cell remodelling by
apoptosis and signal transduction between cells (Malemud 2004). It is a receptor or
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co-receptor of the Wnt5a non-colonial pathway, inhibiting the Beeta-catenin-TFC
pathway, and has a role in activating the Wnt/JNK pathway, which results in
polarised cell migration. In summary, ROR2 is a regulator of cell proliferation,
differentiation, migration and death (Oishi et al. 2003).

It is acknowledged that mesenchymal stem cells (MSCs) are multipotential and
have the ability to develop into different directions and tissue types. Most MSC
studies have been in vitro studies because of the unstable condition of the in vivo
element and therefore the difficulty to control alterations. The palmar skin and fat-
derived MSCs are suspected to be possible resources of DD (Hidocha et al. 2011).
A connection between ROR2 and MSCs has been detected. It seems that ROR2
plays a critical role via Wnt5a in the proliferation and migration of MSC (Cai et al.
2014, Many & Brown 2014).

2.2.2 Involutional phase

The second histopathological stage in DD is called the involutional phase.
Myofibroblasts are still the dominating cellular phenotype, yet their level decreases
because of organised cell apoptosis (cell death), and hypocellular areas can be
detected. The nodules became smaller and less defined.The phenomenon is an
important initiation and may be considered the final step of myofibroblast
phenotype evolution (Wilutzky et al. 1998). Furthermore, the myofibroblasts and
actin microfilaments begin to arrange in longitudinal linear lines of tension
surrounding collagen bundles. The latter then form a fibronexus, which is the
attachment site on the surface of the cell membrane and transmits the contractile
force from intracellular to extracellular tissue. An early formation of contraction is
formed (Tomasek & Haaksma 1991, Picardo & Khan 2012). The TGF-B2 isoform
from the TGF family has intense intracellular localisation within myofibroblasts in
both the proliferative and involutional phases. TGF- induces significant effects
that are the same as in the wound healing process via fibrosis formation, collagen
type III formation, angiogenesis and glycosaminoglycan synthesis. These all are at
the same time elements of DD (Badalamente et al. 1996).

The formation of cords continues to mature, and in the early stage it can be
difficult to determine the margins between the nodule and the cord (Margo et al.
1997). As the maturing process advances, the amount of cells diminishes even
more in the cords and the amount of collagen increases and the cord begins to
contract the finger.
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2.2.3 Residual Phase

The final stage in the formation of DD is called the residual phase. The tissue is
less cellular—almost acellular and fibrotic—and therefore resembles mature scar
tissue. There are less myofibroblasts and locally they are even absent from parts of
the tissue. The few remaining cells are mainly fibrocytes. The nodules disappear
and tendon-like fibrotic cords become more and more pronounced. The amount of
type III collagen decreases, although it is still well represented in the tissue;
actually, extracellular deposits of collagen type I, III and IV can be detected. The
most powerful proliferating effect of TGF-B2 vanishes and fibroblasts do not
produce TGF-B2 anymore. Clinically, the flexion contracture forms rigid extension
lags of the finger joints (Wilutzky et al. 1998, Fitzgerald et al. 1999, Badalamente
et al. 1996, Michou et al. 2012).

2.3 Aectiology

Despite the vast amount of scientific research, the main reason for DD is still
unknown. The disease seems to have both a heritable and a sporadic form.
Estimates of the prevalence of DD have varied immensely in selected populations,
ranging from 2% up to 42% (Godtfredsen et al. 2004). Many different factors have
been named that predispose a person to the disease. The final triggering element or
elements, however, have not yet been discovered. Thus, heredity seems to have the
most essential role in the development of the disease. The disease does not directly
pass down in the family, but more likely the predisposition to it. Caucasian and
northwestern European origin gives a strong tendency to inherit the disease
(Gudmundsson et al. 2000). A sporadic form of DD is also acknowledged. It is
connected to palmar microtraumas caused by, e.g., manual labor. It is currently
accepted that DD develops because of an interplay between some endogenous
and/or exogenous factors that contribute to intrinsic susceptibility (Wilbrand et al.
2000). Several environmental or life habit factors seem to promote advancement
of the disease (Geoghegan et al. 2004).

The period of time from the beginning of appearance of the disease to restricted
extension of the finger/-s has been estimated to take a little less than 10 years
(Reilly et al. 2005). Clinically it has been noticed that some patients tend to
develop the disease in a much shorter time, and certain risk factors for more rapid
enhancement of DD have been pointed out. These high-risk patients seem to
develop the disease within only a few years, definitely in a shorter period of time
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than is conventionally assumed. The onset of DD at a younger age is associated
with the aggressive course of the disease (Hu et al. 2005).

2.3.1 Epidemiology

DD is a fibrotic disease that affects the palmar fascia. Similar to Mb Ledderhose,
there is fibrosis in the plantar fascia, and in Mb Peyron, in the penile fascia or
corpora cavernosa (Hart & Hooper 2005, Cutts et al. 2005). All these forms can be
found among high-risk patients (Gudmundsson ez al. 2013, Kan & Hovius 2012).
DD is exceptionally well represented in the Caucasian race, but can also be detected
in other human races, although in much fewer numbers (Sladicka ef al. 1996). The
prevalence of the disease increases with ageing and race (Mikkelsen et al. 1999).
Gudmundsson and collaborators have elucidated that its prevalence among young
male Caucasians aged 45—49 years is as high as 7.2%, but with ageing it rises as
high as 39.5% (age 70—74 years) (Gudmundsson ef al. 2000). Its global prevalence
has been estimated to be about 3—5%, but the prevalence estimates vary from 0.2%
to 56% depending on race, age and method of data collection. Geographic
variability inevitably plays an important role in this (Dibenedetti et al. 2011,
Lanting et al. 2013). This indicates that DD is a racial issue, and therefore it is
recognized as the “Viking disease” (Nunn & Schreuder 2014). Caucasians seem to
have a higher frequency of a positive presence of the HLA-DR1 phenotype, which
has been reported to probably predispose to DD (Brown et al. 2008, Michou et al.
2012).

Genetic susceptibility is well supported by epidemiological observations and
studies, and because of the obvious prevalence among the northern European stock.
Within the UK population the risk of the disease is found to be about 2.9-fold higher
in individuals with an affected sibling than in the general population (Picardo et al.
2012). Also, the sibling DD recurrence-risk ratio equaled 2.9 based on 95%
confidence intervals for the population prevalence (Hidocha et al 2006). According
to some studies the recurrence risk for DD with diseased siblings is even higher,
being 4,5-fold (Capstick et al. 2013). This also supports the high genetic basis for
the causation of DD.

A lower age of onset and the greater severity of DD is associated significantly
with a positive family history of the disease (Hindocha et al. 2006, Dolmans et al.
2012). Initially it was proposed that the disease is inherited as an autosomal
recessive trait, but after more research has been done, it has been found to be
inherited as an autosomal dominant trait with variable and incomplete penetrance,
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rarely autosomally recessive. Mitochondrial maternal heredity has been suggested.
It is possible that DD is a complex oligogenic or simple monogenic Mendelian
disorder (Picardo et al. 2012, Anderson et al. 2012, Yi et al. 1999, Michou et al.
2012). An autosomal dominant gene for DD susceptibly has been mapped to
chromosome 16q in a Swedish family with a five-generation inheritance, although
no specific causative gene could be identified (Hu FZ et al. 2005). Other
chromosomes like 6 and 11 may also contain genes for DD. Nonetheless, a probable
genetic association has been indicated in these chromosomes. Ultimately, the
disease is considered to be an oligogenic disorder of combined actions of alleles of
more than one gene (Ojwang et al. 2010, Michou et al. 2012).

Although the disease affects both genders, it is more richly represented in the
male gender. The male-to-female ratio varies between 4:1 and 10:1 and depends on
age. Ageing eventually equalises the ratio (Cutts et al. 2005, Stahl & Calif 2008).
It has been shown that androgen receptors co-localise with alfa-actin in
myofibroblasts in DD in both cell cultures and tissue samples. Myofibroblasts are
therefore target cells for androgens. This is proposed to explain the male
predominancy in the disease. It is accepted that testosterone can increase alfa-actin
synthesis and stimulate smooth muscle cell proliferation (Pagnotta et al. 2000).

The prevalence of DD increases with ageing. Males start to develop the disease
in the fifties, females a decade later

(Wilbrand et al. 2002, Ross 1999, Mikkelsen 1972). DD is considered to be a
disease of aged people in general, but it can be diagnosed even congenitally or in
children or adolescents (Foucher et al. 2001). Patients with a family history,
bilateral disease, ectopic lesions and radially expressing disease in the hand tend to
atypically have the aggressive form of DD at an early age. They also have a high
recurrence level (Ojwang et al. 2010). Without exception, these patients are young
men, with onset of DD before 50 years of age (Michou et al. 2012).

About 5% of DD patients also have diabetes. Its prevalence varies from 14%
to 56% depending on age and ethnic origin. Diabetes is admitted to be a significant
risk factor for DD. This especially concerns people with DM type 1. It is accepted
that diabetes acts as a triggering factor for DD. It is assumed that ischaemia caused
by microangiopathy and increased collagen production promotes the disease.
Nonetheless, DD among diabetic patients is described as milder than among non-
diabetic patients with DD (Picardo et al. 2012, Ross 1999, Wilbrand et al. 2002,
Chammas ef al. 1995). The adjusted relative risk for DD in the presence of diabetes
was considered to be 1.8 (1.2-2.6). With insulin-treated DM patients the risk was
as high as 4.4 (2.1-9.1) (Burke et al. 2007).
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Smoking is considered to raise the risk for DD, although the evidence is
somewhat contradictory. Still, smokers seem to have a three times higher
prevalence of DD than non-smokers. This has been demonstrated with rigorous
statistical methods in several studies (Burge ef al. 1997, Ross 1999, Godtfredsen et
al. 2004). The mechanism that leads to DD is microvascular changes that create
hypoxic conditions in tissue by narrowing the vessels (Picardo et al. 2012). The
adjusted relative risk is assumed to be 1.3 (1.2—1.5) when more than 20 cigarettes
are smoked per day (Burke et al. 2007).

Alcohol consumption 40 g up to 80 g of alcohol per day is undisputedly
considered to predispose to DD. Therefore, alcoholics tend to have DD twice as
often as controls. According to some studies this is not related statistically to liver
diseases. However, it is accepted that estimating the influence of alcohol is difficult
because of the vast amount of confusing factors. It is difficult to separate smoking
from alcohol intake because they often go together. There are no good data to show
the dose-response relationship or the effect of cumulative consumption in the
development of DD. According to Burke et al. the relative risk for DD is 1.6 (1.5—
1.7) if more than 22 drinks are consumed per week (Burke et al. 2007). Free
radicals are considered to be the predisposing factor that links alcohol consumption
and DD. Alcohol is assumed to mediate the conversion of xanthine dehydrogenase
into xanthine oxidase, which can oxidise hypoxanthine and thereby produce free
radicals. This is accepted as the hypothesis explaining the prevalence of DD among
people with high alcohol consumption (Picardo et al. 2012, Burke et al. 1997, Ross
1999, Gudmundsson et al. 2001).

Epilepsy and/or anticonvulsive drugs like phenobarbitone has been considered
to predispose to DD. This presumption is controversial according various studies
and has been proved to be inconsistent nowadays (Geoghegan et al. 2004).

HIV (human immunodeficiency virus) has also been associated with DD. It
was noticed that AIDS patients of relatively young age got DD among other rare
infections and diseases because of their weakened immunity. According to studies,
apparently its prevalence is about 6% and somewhat the same as in the normal
population. Indisputably there is a marked discrepancy between the relatively
young age of AIDS patients and DD (Ross 1999). In fact, one study found that
36% of HIV patients were affected by DD. This patient group with advanced
infection possibly has a disturbed free radical metabolism (Picardo et al. 2012).
Weakened immunity may hold unrevealed effects in the development of DD.

A vast amount of data has been obtained concerning risk factors and DD. A
large study of 2919 operated DD patients, from 1956 to 2006, did not confirm any
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significant statistical correlation between DD and diabetes mellitus, alcohol
consumption, heavy smoking or epilepsy and the stage of the disease. An only
slightly higher prevalence risk for DD was detected compared with the normal
population. However, the amount of smoking and alcohol consumption are often
difficult to accurately determine, which has to be acknowledged (Loos ef al. 2007,
Becker et al. 2014). The conclusion of the study confuses the theory of DD, making
it more complicated to explain.

2.3.2 Occupation and trauma

A manual occupation is proposed as a cause a DD besides other risk factors.
Repetitive trauma of the hands, like vibration exposure, is assumed to produce
lesions and microruptures and haemorrhaging in tissue and therefore produce scar
and collagen fibres that eventually lead to DD. However, no specific work pattern
has been related to DD, nor has it been accurately determined what dose of trauma
or what time period or cumulativity is needed for correlation and to increase the
prevalence of DD. Many confusing matters disturb the conclusion and a consensus
has not been reached (Liss & Stock 1996). Manual work as a concept is not
sufficiently precise to be related to DD. According to this, it should be possibly to
get DD through other manual activities, like hobbies. The debate about trauma and
the aetiology of DD was started already by Baron Guillaume Dupuytren himself
and is still somewhat continuing (Descatha et al. 2011, Khan et al. 2004, Burke et
al. 2007). Some support for the hypothesis of an association between high manual
work exposure, vibration and DD thus does exist (Palmer et al. 2014,
Gudmundsson et al. 2000, Descatha et al. 2012). However, it is difficult to
distinguish when trauma caused by manual work should actually be considered an
injury behind DD (Rayn & Moore 2005). DD is not included as an occupational
disease to date.

A single injury to the hand causing DD has been reported. Factors like wrist or
hand fractures, previous surgery of the hand (trigger, carpal tunnel) or sometimes
hand infections seem to have a role in promoting DD (Rayan 2005, Elliot &
Ragoowansi 2005). Well-documented patient cases of 309 patients from Mc
Farlane’s series seem to confirm the possibility that occasionally a single injury can
precipitate the onset of DD (Mc Farlane 1991). Other confirming studies exist. In
a series of 235 patients with distal radius fractures, about 9% developed DD, and
all except one patient were females with only three having diathesis (Kelly ef al.
1992, Wichelhaus ef al. 2015). A causal relationship can be established only in
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young people, because the tendency to get DD increases with age. In other words,
it includes men diseased before age 40 and women at 50 without diathesis. The
following criteria somewhat define the concept of trauma possibly causing DD: the
disease is in the injured hand and unilateral, there is objective evidence of the injury
in the hand, the DD is in the area of the injury in the hand and the DD appears
within two years of the injury. There must also be histological evidence of DD
besides the previous factors (Mc Farlane 1991). Nonetheless, this theory has a weak
point; what is the role of a possible sporadic form of DD and its correlation with
trauma? This nongenetic form of the disease, more fibromatosis-like, is considered
to be non-progressive, sometimes even regressive and spontaneously healing,
unilateral without ectopic lesions, and in line with a single digit but generally
without finger contracture (Rayan 2005). This kind of palmar fibromatosis is to be
separated from actual DD, which is a progressive disease with diathesis affecting
the palmar fascia and which apparently requires operative actions to liberate the
flexion of fixed fingers. The non-genetic disease is believed to be less severe and
is considered not to cause finger contractions.DD patients with diathesis tend to
have ectopic lesions and more aggressive excursion. Understandably, it is
sometimes a vague and confusing line to separate these two groups in vivo. These
aetiologies can be overlapping.

Table 2. Epidemiology.

Epidemilogy /Risk factors

Caucasian race

genetic susceptibility

age

gender

diabetes mellitus,

epilepsy (phenobarbitones)?
smoking, alcohol consumption?
occupation/trauma

HIV?

2.4 Clinical presentation

In its early stages the disease can be difficult to diagnose. The disease is perceived
to be asymptomatic, and in the beginning there can be a small, palpable, but non-
annoying nodule on the palm of the hand or a thickening of the skin. Sometimes
there are skin pits and dimpling of the skin can be seen, while the dermis and
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fibrosis retract the skin above and it becomes tethered. The skin is pulled inward.
As the disease advances, the nodules grow bigger and proliferate, and then unite
with each other, forming a cord. The nodules are rich in cells and vascular
compared with cords. The main cell type is a myofibroblast, and apparently they
vanish in the maturing process, making way for collagen. The cord will go on
expanding from the palmar region towards a finger or fingers, parallel with the
tendons above them (Watson &Palm 1991). Before maturing to a constricting scar-
like cord, there is a mixed situation with both nodules and cords together in a tight
combination. At this point it is difficult to say where the nodules end and the cord
begins. With progression of the disease the nodules gradually regress, giving space
for the forming cord. However, this apparently is not always clearly noticeable in
vivo. Subcutaneous fat is replaced by fibrosis and eventually the cord longitudinally
reaches the finger and forms flexion deformity (Rayan 1999).

o

Fig. 5. Clinical presentation of typical DD contracture appearing in the ulnar digits.
(reprinted from Duodecim 2012;128:4 by permission)

The disease may sometimes begin and remain only in the digit area. (Rayan 1999)
The most affected finger is the ring finger (with 85.1%), but the little finger is also
quite often presented (with 45.4%) (Reilly et al. 2005, Misra et al. 2007). In some
studies the little finger holds first place (Dias & Braybrooke 2006). The middle
finger is affected less often (with 28.3%), then the thumb (with 3.0%) and least
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often the index finger (with 1.2%) (Mikkelsen 1976). Patients with a strong
diathesis tend to have ectopic regional lesions on the dorsum of the digits, called
Garrod’s nodules or knuckle pads. These fibrotic lesions rarely cause joint
contracture. They are situated on the dorsum of the PIP joints. Plantar fibrosis is
called Mb Ledderhose and penile fibrosis is called Mb Peyronie and they are
typically ectopic lesions involved in DD (Nugteren ef al. 2011). The prevalence of
Mb Ledderhose is about 6% and Mb Peyronie, about 2% in DD patients. Something
like 50% of DD patients have a bilateral disease, and it typically involves the two
ulnar digits. In very rare cases the disease has been described to extend to the wrist
and forearm region in the upper limp (Rayan 1999). There is no relation to
handedness.

Luckily, this flexion contracture of the fingers tends to take years to form
(Picardo et al. 2012).

Table 3. Presentation of DD in the hand.

Finger Percentage
4 finger 85.1%
5.finger 45.5%
3.finger 28.3%
1.finger 3.0%
2.finger 1.2%

Frozen shoulder syndrome, a fibrotic adhesive capsulitis of the shoulder, has same
histopathological features as DD (Raykha et al. 2014). In vivo these two diseases
may both be found together in the same patient. In a study by Smith et al, DD was
8.27 times more common in patients with frozen shoulder than in the general
population (Smith et al. 2001).

2.5 Recurrency

Despite the meticulous research, DD remains unsolved. As long as the actiology
remained unrevealed, the treatment options will continue to be unsatisfactory. The
main problem is that, to date, only the causes of the disease but not the ultimate
reason for it can be cured. There are different methods for eliminating the rigid cord
and freeing the digit for extension. The problem connected to this matter is the high
level of recurrence regardless of the excision method chosen. Recurrence is to be
distinguished from a lack of extension after operation; recurrence is a new disease
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emerging in a previously operated area, with distinguishable nodule or cord
formation. A lack of extension can be caused by many reasons, e.g., scar tissue, but
not necessarily by the disease. In both situations the deformity more or less disables
everyday functions (Gudmundsson et al. 2000, Dias & Braybrooke 2006). Still,
there is the problem of the variety of definitions of recurrence. (Werker et al. 2012)

A consensus on this has been established by 24 hand surgeons from different
countries by using the Delphi method. In brief, the agreement is as follows: a cord
or a nodulus with finger contracture of a joint > 20 degrees is passive extension
deficit after treatment. This should ease comparisons between different treatment
methods in the future (Felici et al. 2014).
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Fig. 6. Normal structure of a digit B.DD contracture in a digit yellow line = a digital nerve
red line = a digital blood vessel (reprinted from Duodecim 2012 by permission).

The result of surgery often shows a poor functional outcome if the deformity is
severe at the time of the procedure (Ebskov et al. 2000, Rodrigo et al. 1976). In
such cases expectations should be cautious, and even more so if already a few
operations have been done previously in the same area. Also, the proximal
interphalangeal joint seems to be more demanding than the metacarpal joint.
Residual flexion contracture at the time of surgery is a predictor of a worse
outcome, especially in a recurrent PIP contracture (Misra ef al. 2007, Honner et al.
1971). The result after the operation is also a somewhat subjective opinion and
therefore complicates estimation and comparisons of functional outcomes and

48



situations between patients. By measuring extension lag, it it possible to get an
objective result of the operation.Thus, even a mild contracture may cause a
disability if many digits are affected, or even more so if the disease is bilateral. Not
to mention that poor surgical techniques or incomplete excision will lower the good
level of the outcome of the excision (Dias & Braybrooke 2006). Skin tension is
known to stimulate proliferation of Dupuytren’s tissue, and this assumably also has
an impact on recurrence in vivo if the skin closure is tight (Citron et al. 2003).
Recurrence rates after dermofasciectomy have been noticed to diminish obviously
(Abe et al. 2007). The disease is disabling when well matured and with possibly
several fingers affected and severely contracted.

The risk and high ratio of recurrence it is connected to patients with DD
diathesis. The risk increases according to some studies by about 71% compared
with the baseline risk of 23% in patients without diathesis (Hindocha ef al. 2006).
Also the aggressive behaviour of the disease comes along with diathesis. DD is
estimated to progress from a nodular form to a constricting cord in an average of
about ten years after diagnosis made with a single nodule. With the aggressive
type of DD, progression is more rapid and a constricting cord may develop in only
a few years (Hueston 1985). Some specific factors have been evaluated that
distinctly raise the risk of recurrence (Reilly et al. 2005). Bilateral disease, a family
history of DD, ectopic lesions (DD found outside the palmar fascia) and ethnicity
are considered to raise the risk of a greater tendency for recurrence and make the
disease behave aggressively (Hueston 1985). Bilateral expression of DD increases
the odds of recurrence by 48% compared with a unilateral disease. Also, young age
at the onset of DD, male gender and somewhat radial expression of the disease in
the hand suggest a raised risk for more aggressive behaviour (Abe ef al. 2004).
There is acceptance that the recurrence rate after surgery varies from 22% with no
known risk factors to 71% with many risk factors. According to studies, the higher
the risk, the more diathesis factors are present that predispose to DD (Hindocha et
al. 2000).

2.6 Treatment options

The deforming cord is tense and consists of very strong material that does not
rupture easily. The very first therapeutic approach was implemented in 1831 by
Guillaume Dupuytren, who did the first fasciotomy for a DD patient. Nonoperative
treatment is available, but with progressing disease these options are often all too
insufficient, time-consuming or difficult or complicated to carry out. The present
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opinion about treatment methods favours surgical treatments and collagenase
injection treatment. Clinically, all other methods are only supportive and
connectable to operative choices. The nonsurgical methods include, e.g., digit
extension with devices, splints, radiation, dimethyl sulfoxide, physical therapy,
ultrasonic therapy, steroids, S5-fluorouracil, Tamoxifen and anti-gout medications
(Bulstrode et al. 2004, Ketchum et al. 2000, Kuhn et al. 2002, Betz et al. 2010).
Gamma-interferon has been cautiously promising, but no long-term studies have
been done and it involves the problem of possible long-time complications. /n vitro
model studies with Interferon have shown inhibited contraction of Dupuytren’s
fibroblasts (Sanders ef al. 1999). Radiation in the early proliferative stage of DD
has shown variable success according to studies and is more commonly used in
Germany (Bentz ef al. 2010). Yet, disagreements on the results in long-term studies
still exist. Because of the side effects, it is not considered a normal treatment
tradition in other countries, and also because radiation is considered to be a
treatment for malignant diseases, which DD is not (Hurst & Badalamente 1999).

It is possible to achieve the best correction of the contracture surgically or with
collagenase (Badalamente ef al. 1999, Badalamente et al. 2002, Ball 2013). Yet,
to date, only the consequences but not the disease can be cured.

The guidelines and criteria for operation have been established. The tabletop
test is positive when the patient can no longer place the palm of the hand and the
finger/fingers flat on a table surface. This test is considered a simple test to evaluate
the option of an operation. The test correlates quite well with the situation of the
MCP joint being contracted at least 30—40 degrees, which is agreed on as the
reasonable limit for operative treatment. With the PIP joint, even less contraction
is allowed as the threshold because of the difficulty to achieve and maintain full
extension after the operation. This is especially so if the situation is already severe
at the time of the operation. The rate of complication increases with the severity of
the disease, particularly when the PIP joint exceeds the angle of 60 degrees before
surgery (Benson et al. 1998, Bulstrode et al. 2005). Also the amount of previous
operations on the same finger obviously raise the rate of complication because of
scar tissue.

The available surgical techniques to be chosen from depend on the severity of
the disease, the age and demands of the patient, and no less, somewhat also the
surgeon’s preference for a certain type of technique.

Percutaneous needle fasciotomy (PNF) is simple, cheap and easy to perform
even as an outpatient procedure in the office. It involves surprisingly few
complications if done by a person acquainted with the method and finger anatomy.
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It is done with a 25-gauge needle; the cord is cut with the needle percutaneously or
through a mini wound, preferably as a percutaneous fasciotomy with a blade. There
are a few ways to do the cutting, but eventually the cord is sliced into two pieces
so that the tethering and tightening effect is undone. PNF works best with low-
demanding patients with high operation risks, because it is less invasive and it can
be done as an outpatient procedure. It works best only in mild cases affecting the
MCP joint. The cost of the treatment is understandably low (Rijssen et al. 2006).
The problem is the high rate of recurrence. According to different studies, the risk
of recurrence can be up to 65% within a 33-month follow-up. According to van
Rijssen et al., the risk of recurrence is up to 84.9% at a five-year follow-up. Even
higher recurrence risk has been proposed (Rijssen ef al. 2006, Stanbury et al. 2011,
Ball et al. 2013).

Open palm surgery where the wounds are left open to heal over time is no
longer favoured because of the long healing time and discomfort. Also, the radical
technique where the whole palmar fascia including the macroscopically healthy
part of it is excised has been abandoned. Invasiveness increases complications.
However, it is accepted that DD invades the whole aponeurosis of the affected hand
in addition to the visible cords and nodules (Quaglino et al. 1997).

Limited fasciectomy is less invasive than open palm techniques or radical
fasciectomy, as a limited skin wound is required. Only the cord and nodules causing
contractura are excised through a zigzag incision, not the entire fascia. This
technique is considered to be a standard, although the method is always patient-
and disease-dependent. Complications are reported to be about 17% overall. A
complication can be a wound-healing problem, like infection or skin necrosis, or
more permanent such as a digital nerve irritation or damage or arterial damage.
Even CRPS (Complex regional pain) syndrome is possible. Tendon ruptures are
rare. Recurrence rates vary widely in different series because of the threshold of
acceptance of the concept of recurrence. The nature of the disease probably also
affects to recurrence. The rate also rises over time, suggesting that it is the disease
progressing rather than the operation that determines recurrence. With limited
fasciectomy recurrence is about 33% and up to 50% at the five-year follow-up. But
there is variation in the numbers of recurrence; even rates as minimal as 20.9%
have been proposed (Ball et al. 2013). The large variation in the numbers exists
because of the lack of good randomised studies.
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Fig. 7. Fasciectomy of a digit. (reprinted from Duodecim 12/4 by permission).

Dermatofasciectomy includes excision of the involved fascia and the skin above it.
A skin graft or a regional hand tissue flap is used to cover and close the wound.
This is needed when the local skin is too tethered or diminished to cover the wound,
especially in recurred cases or very severe cases (Ekerot 1995). It is also advisable
to use skin grafts for closure in young patients with a high risk of recurrence due
diathesis, even at the first operation. The rate of recurrence is much lower, being
about 30%, and according to some studies no recurrence underneath a skin graft
could be indicated (Brotherston et al. 1994). This method highly supports the
theory that skin tension and mechanical stress may enhance the production of
fibrosis, and furthermore also the stem cells which have the ability to change into
fibroblasts and myofibroblasts to promote fibrosis. Stem cells are colonised in
subcutaneous tissue and the dermis (Hidocha et al. 2011, Igbal et al. 2012). By
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eliminating the possible factors of recurrence, patients will assumebly have a longer
disease-free time period. DD may recur at the edges of the skin graft, but rarely if
never underneath it (McGrouther 1999).

Fig. 8. Two different alternatives for making the skin insicions to avoid skin tension.
(reprinted from Duodecim 2012/4 by permission).

Collagenase injection is an alternative choice besides the operative and non-
operative options. The criteria for using it are the same as with surgery. Purified
collagenase is an enzyme, derived from the bacterium Clostridium histolyticum,
and it has collagenolytic properties (Starkweather ef al. 1996). Collagenase in an
adequate dose injected into the cord will rupture the cord formed of collagen type
IIT after a period of incubation. After a certain time (minimum 24 h), the finger is
manipulated to full extension and by this manner the cord is ruptured. Only
elements consisting of the same type of collagen as DD, like tendons or ligaments,
are at risk of a rupture too if accidentally injected. Thus, with experience with the
injection technique, this is a possible but rare complication. More often skin tears,
haematoma, pain, blisters, swelling, regional lymphadenopathy, pruritus,
tenderness or oedema will emerge. Collagenase is considered an enzymatic
fasciotomy (Gilpin et al. 2010).

The complications are mostly short-term, and therefore as an outpatient and
noninvasive method, it is a reasonable treatment option for certain patients. The
therapeutic results are also comparable with fasciectomy. Recurrence is still
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somewhat under surveillance as are postoperative complications, which at the
moment are considered mostly short-term. As a relatively fresh method, injection
therapy has been studied meticulously and recurrence has been determined more
accurately compared with conventional operative methods. Recurrence after
collagenase in a treated MCP joint revealed no high recurrence with 0% (50 degrees
or more contracture in the joint), and low recurrence (5 - 50 degrees of contracture)
was found in about 33.3% in a follow-up of 12 months. With the PIP joints the
results were not this good (Sood et al. 2014, Hurst & Badalamente 1999,
Badalamente & Hurst 2000). The study by CORDLESS (= Collagenase option for
reduction of Dupuytren long-term evaluation of safety study) has evaluated the
five-year results of collagenase injection treatment to date. More than 20% and up
to 39% of the treated MCP joints and 66% of the PIP joints recurred.

The overall recurrence rate was 47% and it is considered to be comparable with
the rates after surgical treatments (Peimer et al. 2015).
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3 Aims of the study

1. To evaluate whether there are differences in the palmar fascia between
conventionally progressing DD and aggressively progressing DD and to find
out if there is a factor or factors which could predict the behaviour of the
disease.

2. To evaluate and compare the gene expression profile of the palmar fascia in
Dupuytren’s disease and a health one to reveal the pathogenesis of DD and to
identify gene expression changes associated with the disease.

3. To evaluate if there is specific chromosomal imbalance indicated by changes
in DNA copy numbers when comparing DD samples and healthy references.
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4 Materials and methods

4.1 Increased cellularity and proliferation in Dupuytren’s disease
and correlation with the aggressive progression of the disease

The material was derived from the palmar fascia of twenty-one Dupuytren’s disease
patients and five control patients. The control patients had carpal tunnel disease,
and a suitable piece of their palmar fascia was taken in connection with a normal
carpal tunnel neurolysis. The operations were carried out by a hand surgeon or a
resident according normal practice for limited fasciectomy and the criteria for the
surgical protocol. Contracture of the MCPJ of more than 20 degrees or an annoying
nodulus in the mid palm was the threshold for the surgery. The operations were
done in Oulu University Hospital between October 1999 and October 2001
according the guidelines and approval of the Faculty of Medicine at the University
of Oulu. The DD patients were divided into two groups, one with patients without
previous history of DD surgery and the other group with a previous fasciectomy
and a recurrence of the disease within about two years after the operation. This
determination was a somewhat cautious estimation based on the medical history of
the patient (the previous fasciectomy was done two years before the next one done
in the study) or after two years of a follow-up period, after which the situation was
checked by a surgeon by phone. This way all the operated patients in the study and
possible recurrence were controlled. In the beginning there were seven patients
with previous operations and 14 patients with no history of DD operation. During
the follow-up the disease recurred with four patients originally in the non-
aggressive group, and therefore in the end there were altogether 11 patients in the
aggressive group and 10 patients in the conventional or non-aggressive group. The
operations were done under a tourniquet and brachial plexus block or general
anaesthesia.

Eighteen of the patients were men and three were females; no females were
included in the non-aggressive group. There were three males and two females in
the control group.

The mean age in the non-aggressive group was 63 years (range from 43 years
to 81 years). In the aggressive group the mean age was 55 years (range from 37
years to 75 years).
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4.1.1 Immunohistochemistry

The excised samples consisted of the entire diseased tissue, which was preserved
immediately in the operating theatre in a formalin solution and delivered to the
pathology department for further processing. The samples were cut, fixed and
handled according to the standard routine.

All the specimens were first stained with HE staining to determine cellularity
and the amount of collagen in the samples.The results were categorised into three
groups depending on the cellularity and amount of collagen. (+ = minor, ++ =
moderate, +++ = major)

Immunohistochemical stainings were performed on formalin-fixed and
paraffin-embedded tissue sections. Then they were prepared for antibody
application by deparaffination and rehydration. a-SMA antibody was retrieved by
heating the tissue section in a sodium citrate buffer. For Ki-67 application the
specimens were kept in a Tris/EDTA buffer, and for Factor

XllIa, in trypsin at room temperature. For MSA and tenascin antibody they
were incubated in pepsin at 37 °C. An ultra vision kit was used for anti-a-SMA,
anti-MSA, anti factor XIIla and tenascin. A non-biotinylated Envision kit was used
for Ki-67. Haematoxylin was used for counterstaining and the stainings were
divided into three categories according to the intensity of the positive reaction. The
classification was - for no positive reaction, + for weak, ++ for moderate and +++
for a strong positive reaction.
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Fig. 9. a) Haematoxylin- eosinofil staining shows the nodular structure of Dupuytren’s
tissue (HE, original magnification x 20). b) HE staining shows the myofibroblasts in
the nodules (HE, original magnification x 400). c) and alfa SMA (original magnification
x 100). d) Spindle-shaped myofibroblasts express anti-a-SMA proteins in Dupuytren’s
contracture alfa SMA, original magnification x 400).

4.2 The discovery of ROR2 protein and myoglobin in Dupuytren’s
disease

The samples were recruited from the palmar fascia of 12 Dupuytren patients in
normal limited fasciectomy. The operations were carried out by two hand surgeons
between April 2002 and August 2003 in Oulu University Hospital. All the patients
were men, and three healthy hand trauma patients were accepted as control patients.
Their ages were 18, 19 and 31 years. The mean age of the Dupuytren patients was
59 years (range 31 yr to 78 yr). Nine of the patients had a recurred disease and eight
of them also had a positive diathesis. The protocol for the surgery was according to
the normal custom; 30 degrees of extension limitation in the MCPJ or an annoying
mid palmar cord. The fasciectomy was performed under general anaesthesia and a
tourniquet. The samples were then divided into two halves to be used for
immunohistochemical staining and RNA and protein isolation. For the RNA and
protein analysis, the samples were further divided into two more randomized pools
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(D1 and D2) to improve the reliability of the study. Both of these pools contained
six Dupuytren patients. There were three patients in the healthy control pool. The
study protocol was approved by and according to the Ethical Committee of the
Faculty of Medicine.

4.2.1 Isolation of total RNA and microarray analysis

A DNA microarray (DNA chip or biochip) is a collection of microscopic DNA spots
attached to a solid surface. When the surface is glass or silicon, the chip is known
as an Affy chip or an Affymetrix. A microarray measures the expression levels of a
large number of genes simultaneously or the genotypes of multiple regions of a
genome. A specific DNA sequence is included in the spot, which can be a short
section of a gene or other DNA element to hybridize a cDNA or cRNA sample. A
DNA microarray can be used to detect RNA (cDNA after reverse transcription) that
may or may not be translated into proteins.

All the recruited samples were cut into 15-micron cryosections and pulverized.
Total RNA was isolated from the samples by using a Trizol protocol (GIBCO-BRL,
Gaithersburg, MD) and then purified with a Qiagen RNeasy Mini Kit (Qiagen,
Hilden,

Germany) according to the manufacturer’s instructions. For further analysis
with a microarray, the RNA was pooled into a healthy pool and into the two
diseased sample pools, D1 and D2. Affymetrix GeneChip expression Analysis
Technical Manual (Affymetrix, Santa Clara, CA) was used in the experiment.
Affymetrix HGU133 A contains more than 22 000 probe sets for over 14 500 genes,
which includes almost the whole human genome. The samples were hybridised
once.

4.2.2 Analysis of protein expression with Western Blot and Dot Blot

The proteins were isolated from the samples according to the Trizol reagent
protocol. The pooled samples (H, D1 and D2) were run on a 10% sodium dodecyl
sulfate-polyacrylamide gel and then filtered with an Immobilon P filter (Millipore
Corp, Bedford, Ma). To prevent non-specific binding, the samples were kept
incubated with phosphate-buffered saline supplemented with 5% nonfat dry milk
(Valio, Helsinki, Finland) for 60 min. The filter was first incubated overnight at
room temperature with primary antibodies against myoglobin (Novocastra
Laboratories Ltd., Newcastle upon Tyne, United Kingdom), then treated with
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peroxidase-conjugated secondary antibody (DAKO A/S, Glostrup, Denmark),
followed by incubating with ABComplex solution (DAKO) including avidin and
biotinylated horseradish peroxidase. For final protein detection, ECL Western
blotting reagents (Amersham Pharmacia Biotech, Buckinghamshire, United
Kingdom) were used according to the product protocol.

Individual samples were analysed for myoglobin protein expression by dot
blotting. One healthy and two DD samples had to be excluded because of low
protein content. So the final dot blot was performed to two healthy and ten DD
samples. The proteins (18 microg) were transferred onto Protran filters (Schleicher
and Schuell GmbH, Dassel, Germany) and handled similarly to the Western filters
above. The intensities of the dots were then measured using Scion Image software
(Scion Corporation, Frederick, MA).

A H D1 D2

17kDa—>

Fig. 10. (A) Myoglobin Western blot showing the expected 17 kDa band in the healthy
sample (H) but not in either of the pooled diseased samples (D1 and D2).

4.2.3 Immunohistochemical analysis

Immunohistochemical staining was performed on 3-pm-thick formalin-fixed
paraffin sections. The samples were then prepared for the primary antibodies of
ROR2; first by deparaffination and rehydration, after which they were microwaved
for 15 min (300 W) in 10 mM Tris/EDTA (ph9) for epitope retrieval. Endogenous
peroxidase activity was inhibited by incubation with peroxidase blocking solution
(ChemMate; DakoCytomation, Glostrup, Denmark) for 5 min. The primary
antibodies of ROR2 (1:100) were incubated for 30 min at RT. A ChemMate Dako
enVision Detection Kit (ChemMate) and Labvision Autostainer (Labvision Corp,
Fremont, CA) were used for detection.

The sections were counterstained with Mayer’s haematoxylin. A section
incubated with a non-immune primary antibody was used as a negative control.
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Fig. 11. Immunohistochemical analysis of ROR2 protein expression showed expression
in diseased tissue (A) but not in healthy control tissue (B). 300 x magnification was
used.

4.3 Gene copy number changes can be detected in Dupuytren’s
disease by array analysis

Palmar fascia samples were obtained from 18 patients with Dupuytren’s disease
between 2003 and 2006 in the University Hospital of Oulu by two hand surgeons
without any specific patient preselection. All the patients had DD and were entitled
to fasciectomy. The criteria and protocol to proceed with the fasciectomies were as
in th previous studies, and with the approval of the Ethical Committee of the
Faculty of Medicine. Only one of the diseased samples was from a female, the rest
were male samples, and there were two samples taken from the same male patient
(total 19 samples). Reference male and female DNAs were extracted from pooled
peripheral blood cells of healthy donors. The mean age was 66.3 years (between 51
yr and 81 yr). Four males had diathesis. The samples were maintained in liquid N2
until DNA extraction was performed. Oligonucleotide aCGH and data analyses
were conducted. CGH means comparative genomic hybridisation, which is a
molecular cytogenetic method for analysing copy number variations in the DNA of
a test sample compared with a reference sample, without the need for culturing
cells. This is a quick and efficient techniquefor detecting either gains or losses in
terms of either whole chromosomes or subchromosomal regions (a portion of a
whole chromosome). A DNA microarray combined with CGH techniques gives a
more specific form of array; the aCGH, which can allow a locus-by-locus measure
of copy number variations with increased resolution even as low as 100 kilobases.
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aCHG was performed using Agilent’s 60-mer oligonucleotide-based
microarray according to the manufacturer’s instructions (Human Genome CGH
Microarray Kit 44B; Agilent Technologies, Palo Alto, CA, USA). DNA from the
samples was extracted via the normal protocol. After hybridisation and post-
hybridisation washes the arrays were scanned with an Agilent laser confocal
scanner and analysed using CGH Analytics software (version 3.1: Agilent
Technologies).
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5 Results

5.1 Cellularity, collagen, Alfa-SMA and Ki-67

Cellularity was examined in the Dupuytren samples and was found to be scant in
four aggressive cases, moderate in five and abundant in two cases. It was
noteworthy that cellularity was presented less in the non-aggressive cases than in
the aggressive samples. In one case the amount was the same as in the controls, and
in eight cases it was scant and in one case moderate and in one abundant.

The amount of collagen found was small in four aggressive cases and moderate
in seven cases; there was no large amount of collagen in any of these cases. In non-
aggressive cases, the amount of collagen was small in two cases, moderate in six
cases and large in two cases. There was a small tendency for larger presentation of
collagen in the non-aggressive group. In our study no macrophages or lymphocytes
existed in the DD samples. No cells or any other findings were discovered in the
normal palmar fascia of the control specimens.

The Dupuytren’s tissue samples indicated more positive results in the
immunohistochemical stainings for a-SMA. These spindle- shaped cells contain
alpha smooth muscle actin, which can be detected and is therefore a reliable marker
for myofibroblasts. The HE staining showed a greater intensivity of a-SMA within
the aggressive population; there were two weak reactions, nine moderate and no
strong reactions. On the contrary, the non-aggressive samples showed no reaction
in three cases, weak reaction in four, moderate reaction in three cases and no strong
reaction.

MSA (a muscle specific antigen) did not show a distinct difference between the
samples. A minor tendency for larger presentation was detected in the aggressive
sample group. There was no scant reaction, eight mild, three moderate and no
strong reaction. In the non-aggressive group, one scant, nine mild and no moderate
or strong reactions were found.

Ki-67 is a marker that indicates all cell proliferation, e.g., in cancers but also
in various active cell actions like wound healing. This protein was found in cellular
arcas and was presented in aggressive samples; weakly in seven cases and
moderately in four. There were no strong cases. In non-aggressive sample staining
the protein was scantly found in four cases, mildly in four and moderately in two.
As with the aggressive cases, there were no strong findings. The result indicates
activity in the aggressive type of Dupuytren’s tissue by its larger presentation.
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There are four different tenascin members of the tenascin gene family.
Tenascins are highly expressed during embryonic development, tissue repair and
pathological situations such as chronic inflammation and cancer. Some of them
have the ability to bind to fibronectin and block interaction with specific syndicans.
Tenascins are extracellular matrix proteins. Their expression is located in the
cellular areas. (Midwood and Orend 2009) In this study expression was weak in
five aggressive samples and moderate in six, and there was no strong reaction.
There were nine weak, one moderate and no strong reactions in the non-aggressive
samples. A mildly stronger expression may be considered to exist in the aggressive
group.

Factor XIII is a plasma transglutaminase enzyme of the blood coagulation
system that crosslinks fibrin. It is a fibrin-stabilising factor and it requires calcium
as a cofactor to be active. (Byrnes et al. 2015) Stellate dendrocytic cells are
expressed in the areas surrounding Dupuytren nodules and they are positive for
factor XIIla. Dendrocytes are associated with fibrotic conditions. In aggressive
cases there were four mild and seven moderate cases but no strong or scant cases.
In non-aggressive cases there were similarly no scant or strong cases but eight mild
and two moderate cases.

5.2 ROR2 protein and myoglobin

In an mRNA microarray analysis, 127 genes had a clear, at least eight-fold change
in the expression profile in one pooled diseased sample from pools D1 and D2 (At
the time of the study, the D1 pool consisted of diseased DD patients and the D2
pool consisted of aggressive-type DD patients) compared with healthy control
samples. At least a four-fold change was indicated when the healthy control sample
was compared with a diseased sample (D1 or D2). The alteration was either an
increase or a decrease in the gene’s expression. The genes were divided into
different main groups according to the role or function of the gene in cell behaviour.
The categorised groups were named as follows: immune response, angiogenesis,
apoptosis, carbohydrate metabolism, cell adhesion and cell-matrix adhesion, cell
cycle and proliferation, cell differentiation, transcription, development, signalling
and signal transduction, protein synthesis and folding, oxygen transport, muscle-
specific genes and other genes. A gene from every category was brought up,
according to its potential contribution to the development of DD, and to emphasize
the possible worthiness of some genes in the pathogenesis of DD. This was done
especially when the category was large. If the genes were summarised into the same
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paragraph, it could have diminished the importance of a single gene. Of the total
127 genes, 27 genes were present in both the healthy samples and the DD samples.
Four belonged to the immune response category (S100A8, IL6, PTX3, SERPINA
1), two each were from the cell adhesion (DAMI12, DSG2), others (RNU17D,
COX6A2) and development categories (LIM, ADAMTSY), three each were from
the signalling ( CXCL2, CCL2, CALCA) and oxygen transport categories (HBA1,
HBB, HBA2), and eleven were from the muscle category (TTN, KBTBD10, MB,
NEB, MYBPCI1, TTID, ACTC, DES, CASQ1, MYOZ1, TPM1) . There were genes
that were totally absent from the diseased samples and vice versa. Most genes
absent from DD tissue belonged to the muscle category, like myoglobin, although
it was exceptionally present in both healthy and diseased samples. The other genes
absent from the diseased samples belonged to the immune response category and
others category (e.g. STIP1, AMPD1). Genes involved in carbohydrate metabolism
exhibited the greatest changes in expression levels (e.g. ENO3, PGAM?2).

5.2.1 Confirmation of microarray results at the protein level

Despite the gene expression, the genetic code does not always process further into
the protein level. Although genes contain the information required to make a cell,
it is the proteins that determine the shape and structure of the cells. A Western blot
and immunohistochemistry were done to verify protein expression. With the
Western blot it was confirmed that myoglobin protein was detected from the pooled
healthy sample, but in neither of the pooled diseased samples. To further analyse
the individual samples, a dot blot was performed using two healthy samples, five
of the D1 samples and five of the D2 samples. The diseased samples showed
varying but lower expression than the healthy samples with the strongest expression
level. The dot blot therefore confirmed the findings of the Western blot.

Since ROR2 is linked to other hand deformities, it was selected for further
study at the protein level. This was done by immunohistochemical staining, which
revealed ROR2 protein expression in diseased samples but not in healthy samples,
thus confirming the microarray results.

5.3 No chromosomal imbalance in the analysed samples

The study detected no chromosomal imbalance in any of the 19 samples. Thus far
46 gene expression alterations have been found in other studies, yet no common
pattern has been discovered. Most of these expressions are involved in tissue
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development and cellular differentiation (e.g., collagen degradation, ossification
and myofibroblast differentiation). Twenty-four of the altered genes were found to
be overexpressed (i.e., CSF1, TMSB10, COL5A2, WNT5A, RHOA, P4HA2,
CTNNA1, RUNX2, HSPB1, LRRCI17, PTN, SHANK2, ARCNI, CTNI,
TUBAI1A, DAD1, MMP2, TCF4, MAFB, GNAS, APP, TMSB4X, PRKX and
GD11) and the remaining twenty-two were found to be underexpressed (i.e.,
ECHSI, CLEC3B, CD14, TNF, TFP12, EPB49, AKR1C1, CD81, LSP1, WNT11,
GDP1, DCN, ALDH2, ATP7B, TNFSF12, CCL5, LAMA3, LIPE, CYB5A, ACP5,
SYMPK and 1CAMI1). In contrast, none of these genes was affected in our study
by either DNA copy number gains or losses within the samples.
(http://www.cangem.org/)

The CGH method can reveal gains and losses of genes of approximately 35
kilobases in the whole genome, and the indicated changes should be present in at
least 50% of the cells. Alterations outside this resolution threshold can exist, and it
is also possible that the frequency of aberrant cells was lower than 50% within the
samples. The presence of nonrecurrent numerical/structural clonal and sporadic
(non-clonal) numerical/structural changes in up to 50% of the metaphases in
previous conventional cytogenetic and interphase in situ hybridisation studies has
been analysed. This has been reported especially among +7 and +8. It is quite
possible that these alterations are therefore most probably the result of abnormal
growth of trisomic fibroblasts with a selective growth advantage over
cytogenetically normal fibroblasts in the in vitro condition. Taking these
observations into account and including the absence of DNA copy number changes
in our study, it can be suggested that the presence of trisomies in DD is most
probably related to a Darwinian model in vitro with a higher proliferative capacity
over cells with a normal karyotype.

Table 4. Clinical characteristics of the palmar fascia of 18 DD patients studied by aCGH;
M = male, F = female.

Sample Age/Sex  Smoking Hereditary trait Recurrence Patient features

no.

DC1 M/68 - - - healthy

DC2 F/62 - - - coronary heart disease,
hypertension

DC3 M/68 - - - hypertension

DC4 M/70 - brother - hypertension, bronchial
asthma,

hypercholesterolinemia,
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Sample Age/Sex  Smoking Hereditary trait Recurrence Patient features

no.

DMII
DC5 M/71 - - + healthy
DC6 M/73 - - - hypertension
DC7 M/57 - - - healthy
DC8 M/65 - - + healthy
DC9 M/72 - - bronchial asthma,

- hypercholesterolinemia
DMII, prostata hyperplasia

DC10 M/78 - - - healthy

DC11 M/80 - - - healthy

DC12 M/62 - - - Charcot-Marie-toothdisease,
MB Menier

DC13 M/51 + - - coronary heart disease,
hypercholesterolinemia

DC14 M/52 + brother,sister,father - healthy

DC15 M/e7 - mother - healthy

DC16 M/81 + - - hypertension

DC17 M/60 + brothers - arrhytmia

DC18A M/59 - - - healthy

DC18B M/59 - - - healthy

5.4 Microarray analysis

To more thoroughly understand the pathogenesis of DD, investigations have been
done to reveal the genetics behind the disease. Microarray analysis and reverse
transcription polymerase chain reaction (RT-PCR) microarray analysis have been
used to examine the expression of a focused panel of genes and more profoundly
solve gene expressions found in DD tissue (Sheils et al. 2003, Rehman et al. 2008).

A DNA micoarray is a collection of microscopic DNA spots attached to a solid
surface. A probe (a short section of a gene or other DNA element) containing a
specific DNA sequence is used to hybridise a cDNA or cRNA sample under high-
stringency conditions. This process can be detected and quantified by detecting
fluorophore-, silver- or chemiluminescense-labeled targets to determine the relative
abundance of nucleic acid sequences in the target. This method uses the normal
coupling process of nucleotides as a tool to reveal the forming proteins. RT-PCR,
for instance, clones expressed genes by reverse transcribing the desired RNA into
its DNA complement by the use of reverse transcriptase. Then the cDNA is
amplified using traditional PCR. Different types of arrays can be used; for example,
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when the probe is on a silicon surface it is called an affymetrix. Glass or plastic is
also used as the surface to which the probes can attach (Burgess 2001). The
microarray technique presents data that only give expression ratios, and therefore
only trends can be deduced from it. A large number of expression levels is obtained,
and this vast amount of data can be difficult to analyse unless a large number of
genes are to be elucidated simultaneously for comparison or the total genome is to
be harvested. The method involves several distinct stages and analysis of the data
before the final information is ready. Finally, to verify the results they must be
further processed to detect the absolute gene expression levels and proteins. This is
usually done with Northern blots, Western blots or immunohistochemical staining.
On the other hand, the power of microarray data indeed comes from analysis of not
just one but several subjects and identification of common patterns of gene
expression (Pan et al. 2003). Microarrays differ in fabrication, workings, accuracy,
efficiency and cost. Some are qualitative and some quantitative in the manner of
detecting gene expressions.
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6 Discussion

In this study we wanted to find and examine elements in DD tissue that could help
predict the nature of the disease in affected patients. Even recently it has been
proposed that it can be demanding to point out histological differences between
aggressive and conventional DD tissue (Degree ef al. 2009, Wilbrand et al. 2003).
The problem stands especially with younger males who tend to develop an
aggressively behaving disease with a strong tendency to recur in a short time
despite meticulous surgical techniques. Recurrence can take place within a few
years compared with the normal time period of several years and extension lag. All
too often these patients seem to form contractures that are difficult to treat finally.
With this kind of medical history, the probability of multiple operations and
treatments, in the end, promises no good results.

We started by collecting DD samples and employing immunnohistochemical
stainings to compare the results between diseased, healthy control and aggressively
recurred samples. We did get results, as the study reveals. Immunohistochemical
staining is simple to carry out. It is also, if appropriately implemented, quite reliable
and a relatively cheap and very common procedure for examining samples.
Histological alterations have been confirmed by other studies too, concerning
differences between aggressively and conventionally behaving DD (Balaguer ef al.
2009).

To continue, gene and protein expressions were examined for possible
differences between healthy and DD samples. The method chosen was the mRNA
microarray technique, because of the vast information it delivers. This on the other
hand, hides the dilemma it includes. It is always a decision to justify which results
you consider meaningful and important in the end. ROR2 is undoubtedly a
significant discovery because of its close relation to the Wnt pathway. Via this
pathway it has an impact on different cell processes. Even though no chromosomal
imbalances were found in this study, it still revealed that these possible changes in
genomes do not require large amounts of cells to happen. More accurate
microarrays have detected these alterations and confirmed that they require only a
minimal amount of cells to enable chromosomal imbalances.

The number of patients and samples derived can be considered not large
according to some opinions. This has to be considered. The sample material was
sought to be relatively optimal; the control samples were from patients critically
chosen to be as healthy as possibly, so that no confusing elements could disturb the
results. On the contrary, the diseased samples were chosen to be average
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presentations of DD patients. Some logistical problems with sample transportation
unexpectedly emerged. So, a few of the original samples were lost for this reason,
diminishing the total amount of material. In the end, some of the patients declined
to take part in the study for different reasons.

We were able to show differences between conventional and aggressive-type
DD tissues. Even with the present studies, despite microarray techniques, it has
been difficult to expose the elements behind aggressively recurring DD. On the
contrary, plenty of epidemiological and clinical studies have been published about
the aggressiveness of the disease and the possible issues predicting it (Hidocha e
al. 2006, Tubiana 1999, Couto-Gonzalezet et al. 2010, Degreef et al. 2009,
Wilbrand ef al. 2003).

6.1 Increased cellularity and a-SMA of the DD samples

Stronger expression of alpha-SMA in aggressive DD tissue was indicated in our
study along with greater cellularity. Although the recruited samples were limited in
number, the same results have recently been discovered and confirmed by a study
from Lukas A Holzer in 2013 (Holzer et al. 2013). In DD, histological studies are
mainly small randomised samples, which does not necessarily diminish the value
of the result when the studies have been meticulously and properly carried out, and
therefore they are comparable with epidemiological studies with a larger amount
of material. Nonetheless, the limited number always raises a question of valid
generalisation of the results. Still, many similar studies with same the information
support each other and the conclusion. The amount of alpha-SMA was shown to be
clearly higher in active DD tissue than in nonactive residual DD tissue along with
the expression of VEGF and HIF-1 alpha. These seem to behave in the same
manner as alpha-SMA according a study by Latha Satish (Satish 2013). Alpha-
SMA was investigated in DD samples in the involutional phase; nonetheless the
main observation was that alpha-SMA reflects activity in contracting tissue. It can
be assumed that the more contraction, the more advanced the disease is also
clinically, and therefore the tissue can be considered a more aggressive form.
Alpha-SMA is a marker for myofibroblasts and therefore it is logical that a large
amount of it will raise the amount of cellularity in the tissue. Myofibroblasts are
the core for contraction and in enhancing the disease (Tiirker ef e/ 2013).
Concerning the other results in the study of the first stage, clear but vaguer
results of increased expressions of tenascin and Factor XIIla were seen. These
expressions were moderate in our results and therefore not treated further in the
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study. According to other studies, higher levels of tenascin have been observed in
more aggressive forms of DD. It is connected to fibrotic diseases and cell migration
(Shih et al. 2009, 2012). Although not as evident, the amount of tenascin still did
appear to be expressed in the same manner in our study. Ki-67 showed more
expression and a tendency to be present in aggressive tissue, also predicting
recurrence of DD. This result did support other studies (Vujic ef al. 2014).

6.2 Expression of ROR2 protein

Ror2 was considered to be the most important discovery in the study of the second
stage; it revealed differences between normal and DD tissue by means of a
microarray. We were able to reveal ROR2 protein in Dupuytren tissue and therefore
reinforce the presence of this protein in pathologic fibrotic conditions such as DD
for the first time. It has been suggested that ROR2 and the Wnt5a pathway have a
certain role in controlling the Wnt canonial pathway by down- or up-regulating by
working as an antagonist or agonist (Minami et al. 2010).

The canonial pathway has been revealed and connected firmly to fibrotic
conditions in many studies (Bowley et al. 2007, Degreef et al. 2009, Degreef et al.
2009). ROR2 regulates the canonial Wnt pathway at the level of TCF/LEF-
mediated transcription. Hypoxia initiates a shift of ROR1 to a more invasive ROR2
phenotype in melanoma, for example. ROR2 contributes to the invasiveness of
cells, respectively (O’Connell et al. 2013). Hypoxia is considered to promote DD,
so this aspect of a microenvironmental change and a lack of oxygen can guide the
phenotypic plasticity of cells via Wnt pathways. A weakness in our study is that we
did not investigate the role of ROR2 and its possible connection to the
aggressiveness of DD. Furthermore, in malignant diseases like osteosarcoma,
Wnt5a/Ror2 induces invasive properties by inducing matrix metalloproteinase 13
(MMP-13) (Enomoto et al. 2009). Increased amounts of metalloproteinases
(MMPs) have been discovered in DD samples, among these MMP13 (Johnston et
al. 2008). ROR2 acts as a receptor to the Wnt pathway. Wnt5a is well expressed
in human inflammatory diseases, as in keloid conditions and abnormal wound
healing. In the study by Shinichi Igota et al., treatment of normal and keloid tissue
fibroblasts with recombinant Wnt5a protein increased the level of total Beta-
catenin. This may indicate that Wnt5a is a potential trigger for the canonial pathway
(Igota et al. 2013). Furthermore, this will open the possibility to approach the key
of the pathology of DD in a new manner and through a new connection. In mouse
studies, ROR2 induces renal fibrosis by epithelial-to-mesenchymal transition of
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cells via the Wnt5a pathway. The induced fibrosis is linked to the induced amount
of MMP-2, respectively. MMP-2 is associated with the transition phase of the
epithelial-to-mesenchymal process and Wnt5a-ROR2 seems to work via it (Li e?
al. 2013). A connection to fibrosis has been detected.

Myoglobin, the protein found in muscle tissue, has the ability to bind iron and
oxygen and is therefore similar and related to haemoglobin, which works through
same function in red blood cells. Myoglobin is not generally accepted as being
found in smooth muscle. In our study, myoglobin expression was reduced from
52.0- to 90.5-fold. Interestingly, the sample pool containing recurrent DD samples
showed stronger expression of myoglobin, which confirms the result of the first
study. The smooth muscle myosin in DD is proposed to be of different quality than
conventional smooth muscle myosin or laminin; although it is categorised in a non-
muscle group, it is able to contract (Tomasek ef al. 1986). The result reflects this:
DD tissue contains some levels of myoglobin; recurrent tissue more abundantly.

6.3 No chromosomal imbalance attributed to DNA copy number
changes

In this study for the very first time we used the 44K oligonucleotide-based array
comparative genomic hybridisation to detect any gene number changes. This
method accurately reveals the number of changes of approximately 35 kilobases in
the whole genome when at least 50% of the cells have the alteration. We were not
able to find any gains or losses of genes to reinforce the claim of copy number
changes responsible for DD, when the change is not present in the majority of the
DNA sequences. The same result was proposed in a study by Michael Pampel ef al.
(2010) with a single nucleotide polymorphism array analysis that revealed the
chromosomal locus of hereditary gingival fibromatosis (Pampel et al. 2010).
Moreover, the chromosomal imbalances found in previous studies may be caused
by trisomies related to a Darwinian in the culturing and a selection of trisomy-
carrying cells with a higher proliferative capacity over normal controls. Trisomies
occur most often in chromosomes 7 and 8 (Dal Cin ef al. 1999, Bonnici et al. 1992).
This so-called trisomy theory has been the explanation for the genetic imbalance in
DD so far. Since this, other studies have been done with more higher-resolution
genome-wide screening to provide more number variations and their associations
with DD (Shih et al. 2010, Shih ef al. 2012). Gene copy number variations have
been detected in 10q22, 16pl12.1 and 17pl2. Nine other chromosomal regions
including 6p21 (HLA locus) may contain gene copy polymorphisms in DD (Shih
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et al. 2010, Michou et al. 2012). In the light of these new studies with information
from larger arrays, we are aware now that copy number alterations exist.

By now it has been evidenced that DD includes genetic alterations compared
with healthy controls. The connection between DD and changes in chromosomes
number 6, 11 and 16 has been proved by genome-wide studies (Michou et al. 2012).
It has also been admitted that it is an inheritable disorder. The problem in resolving
the disease is partly because of the lack of firm information on the possible pattern
of inheritance and where the possible genetic change or mutation takes place in the
cell. Autosomal dominance with variable penetrance is considered the most likely
mode of inheritance, but whether it is a complex oligogenic or a simple monogenic
Mendelian disorder is still somewhat under debate (Michou et al. 2012, Wurster-
Hill et al. 1988, Burge P 1999). Clinically, the difficulty of studying the disease
arises from the fact that the incidence of Dupuytren’s disease grows with age and
it can emerge sporadically and exclude a generation to express itself again in the
next generation in the future. What’s more, the limited number of members affected
in the family also complicates the research. The disease seems to behave somewhat
unforeseeably (Bobinski et al. 2004). To recall family history requires good and
precise documentation and gathering of knowledge. Other occurring hand
deformities may confuse the truth. It has been demonstrated that mutations such as
duplications or deletions, which both impact the number of the human
chromosomes, or even qualitative changes as aberrations, will cause abnormal
protein expressions and lead to anomalies, different diseases and syndromes (Choy
et al. 2010).

DD is a difficult target to study despite the new gene array technology. Mostly
because it still remains without a confirmed pattern of genetic inheritance. No
single gene has been detected to cause the disease. Whether it can be actually
divided into two different subgroups—the inherited type and the sporadic type
caused by mutations or possibly triggered by different traumas and repetitive
physical stress of the hand or a systemic disease like diabetes mellitus or some
factor—is still not recognised. After resolving the aetiology we will know if these
are even to be separated.

Microarrays have evidenced that there are hundreds of genes with significantly
higher expression levels and even more than a thousand genes with lower gene
expressions in DD compared with normal controls. Many of the identified genes
are, in principal, potential candidates for triggering DD. The increased fibrosis and
cell adhesions because of the lack or because of the induced affect of this factor or
factors in control, is the key in the disease (Forrester et al. 2013).

75



Depending on the microarray technology or application, the resolution and
sensitivity to elucidate genes varies. Furthermore, the data obtained by microarray
depends, e.g., on the number of probes under examination. All abnormalities such
as reciprocal translocations, inversions or ring chromosomes do not affect gene
copy number, but they measure the relative amount of mRNA expressed in
experimental conditions. Yet, difficulties exist in correlating changes between
protein expression and mRNA expression even when the complete genome is
known. It is possible that in some phases of the discase mRNA expressions are
stronger than the expected protein expression it represents in the same phase.

Despite the knowledge of expression profiles of DD to date, more valid
information may still be held in the introns of genes (microRNA) or in qualitative
changes in addition to quantitative changes in chromosomes. Probably the
aetiology of DD is a result of simultancous occurrences of aberrations in several
networks containing both internal and environmental factors.
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7

Conclusions

On the basis of the present study, the following codutions can be made:

1.

Alpha-SMA, a marker for myofibroblasts, was more frequently expressed in
the aggressive type of tissue of DD than in conventional DD tissue.
Myofibroblasts are the main cell type in DD and especially present in the
proliferative stage. More vast representation of it in samples was connected to
the aggressiveness of the disease. Ki-67, the actual marker for proliferation,
was also more widely represented in aggressive tissue samples. Some
difference, with vaguely stronger expression of tenascin, was found in the
aggressive DD sample group in our study. High cellularity in the DD samples
clearly predicted the aggressiveness and recurrence of DD.

It was indicated that more than 2000 genes were altered in the comparison
between DD and healthy reference samples, and there was at least an eight-
fold expression difference in 127 genes. This result was to be verified to define
the actual protein level, and genes considered to be interesting, such as ROR2
and myoglobin, were chosen. ROR2 plays an important part in the Wnt5a
pathway through which it effects and controls many cell functions and
structures. ROR2 inevitably was richly presented in DD tissue also at the
protein level. Muscle-related genes were the largest category with the greatest
changes among differentially expressed genes. Myoglobin was detected in both
healthy and DD samples, but showed a 90-fold down-regulation in DD
samples.

No chromosomal gains or losses could be detected with 44K oligonucleotide-
based array comparative genomic hybridisation. Despite this we can not rule
out the possibility that such alterations can exist outside the solution threshold
used in the study nor that the frequency of aberrant cells was lower than 50%
within the samples.
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