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ABSTRACT

Dupuytren’s disease is a progressive fibroproliferative disorder leading to reduced 

hand function. The main treatment is surgical correction but post-operative 

recurrence is high. Dupuytren’s is characterised by palmar and digital nodules and 

cords with increased myofibroblast proliferation and excessive extracellular 

matrix production.

Review of the literature establishes that transforming growth factor p-1 (TGFp-1) 

has been shown to increase myofibroblast differentiation, fibroblast proliferation 

and extracellular matrix production acting via an autocrine loop. 5-fluorouracil (5- 

fii) has been reported to reduce fibroblast proliferation and differentiation in vitro 

and to reduce adhesion formation in a tendon injury animal model.

The hypothesis tested in this project was that 5-fu would reduce the profibrotic 

characteristics o f fibroblasts in culture. 5-fu could therefore reduce the post

operative recurrence rates in Dupuytren’s disease.

The investigation would require the establishment o f the following cell cultures, 

tendon and Dupuytren’s from nine and 12 subjects respectively. Total collagen 

synthesis was investigated by measuring the incorporated radioisotope, tritiated 

proline, in collagenase digestible samples. It was found that total collagen 

synthesis was specifically and selectively reduced by 5-fu compared with non- 

collagenous protein synthesis when fibroblasts were incubated with or without 

exogenous TGFp-1.

Gene expression for collagen types I and III was measured by RT-PCR. Basal 

collagen type III expression was found to be increased compared with collagen 

type I expression for both control and Dupuytren’s fibroblasts. Basal collagen type 

III expression was increased for Dupuytren’s compared with control fibroblasts. 

Pre-treatment with 5-fu did not induce a reduction in gene expression for collagen 

types I and III compared with vehicle control treated cells.



TGFp-1 secretion was assessed by a sandwich ELISA. TGFp-1 secretion was 

found to be increased by fibroblasts from Dupuytren’s compared with controls. 

Pre-treatment with 5-fu did not induce a reduction in TGFP-1 secretion.

Gene expression for collagen and TGFp-1 was measured by reverse transcription- 

polymerase chain reaction. Basal TGFp-1 gene expression was found to be 

increased in Dupuytren’s fibroblasts compared with controls.

A double blind prospective randomised clinical trial investigating the effect o f 5- 

fu in reducing post-operative recurrence rates in Dupuytren’s disease has been 

established by the author. Experience to date has shown that 5-fu has not caused a 

delay in wound healing. 5-fu treatment did not adversely affect the early (up to six 

months) surgical outcome when compared with control treated digits. The clinical 

picture regarding recurrence rates will become clearer with increased length of 

follow-up and number o f patients.

The transition has therefore been made from in vitro investigation to commencing 

a prospective randomised controlled clinical trial.
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Introduction

It will be shown from the literature that Dupuytren’s disease o f the hand is a 

disabling and progressive fibroproliferative disorder. The main treatment is 

surgical correction but post-operative recurrence rates are high and pose a serious 

clinical problem.

The overall aim o f this work was to investigate whether topical application o f the 

anti-proliferative drug 5-fluorouracil (5-fu) could be used to reduce the recurrence 

o f disease. In vitro studies have been carried out to measure the effect o f 5-fu on 

the production o f extracellular matrix by Dupuytren’s fibroblasts and control 

tendon fibroblasts in cell culture. The action and synthesis o f a known pro-fibrotic 

agent, transforming growth factor P-1 (TGPp-l) will also be measured to 

investigate whether the effect o f 5-fu on collagen synthesis is mediated by 

TGFp-1.

A clinical trial has commenced into the effect o f 5-fu on recurrence.

Hypothesis

This thesis tests the hypothesis that 5-fu will reduce the profibrotic characteristics 

o f Dupuytren’s fibroblasts in culture and therefore 5-fu may reduce post-operative 

recurrence rates in Dupuytren’s disease.

Experim ental plan

Measurement o f baseline collagen, non-collagenous protein and total protein 

synthesis by Dupuytren’s fibroblasts in cell culture. Tendon fibroblasts were 

used as a control. C hapter 3, Section 1.

The effect o f positive and negative regulators (TGPp-l and PGE2 ) were 

assessed to ensure that the cell lines were responsive and allow comparison 

with down-regulating treatment (5-fu). C hapter 3, Section 1.
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• Investigation o f the effect o f 5-fh on collagen, non-collagenous protein and 

total protein synthesis by fibroblasts in vitro in the absence o f exogenous 

growth factors. Chapter 3, Section 2.

• Assessment o f the incubation o f cell cultures with exogenous TGPP-l after 

pre-treatment with 5-fu; effects on collagen, non-collagenous and total protein 

synthesis. Chapter 3, Section 3.

• Measurement o f TGPp-1 secretion by fibroblasts and how this was modulated 

by 5-fu. Chapter 3, Section 4.

• Investigation o f the effect o f 5-fu on gene expression for collagen types I and 

m. Chapter 3, Section 5.

• Investigation o f the effect o f 5-fu on TGPp-lgene expression. Chapter 3, 

Section 6.

• The setting up and early results o f a double blind prospective randomised 

clinical trial investigating the effect o f 5-fu on the post-operative recurrence 

rates o f Dupuytren’s disease o f the hand. Chapter 3, Section 7.
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Review o f  the Literature

1. DUPUYTREN’S DISEASE

1.1. Historical Background

Dupuytren's contracture o f the hand derives its eponymous name from the French 

surgeon Baron Guillaume Dupuytren (1777-1835). A fibroproliferative disorder 

affecting the palmar aponeurosis causing a contracture o f the fingers and palm had 

been described before. A review of the Icelandic Sagas from the 12^ and 13^ 

centuries (Whaley and Elliot 1993) mentions a number of people with fingers 

clenched into the hand cured by miracles or treated by traumatic rupture and by 

fasciotomy. There is an unsubstantiated view that the papal hand posture of 

benediction with the index and middle fingers extended, whilst the ring and little 

fingers flexed was due to an early Pope suffering from Dupuytren's disease (Elliot 

1999). However it is unlikely that even one of the more imperialistic popes, 

Innocent III (1198-1216) or Boniface VIII (1294-1304), would have been able to 

impose their deformity into the symbolism of the Roman church.

A Swiss surgeon, Felix Plater, from Basle described the case o f a stonemason in 

1614. It is considered to be the earliest description of contracture of the palmar 

fascia, even though his description could be another hand pathology.

’'''Contraction o f the fingers o f the left hand into the palm. A certain well-known, 

stone mason rolling a large stone, caused the tendons to the ring and little fingers 

in the palm o f the left hand to cease to function. They contracted and in so doing 

were loosed from the bonds by which they are held and became raised up, as two 

cords forming a ridge under the skin. These two fingers will remain contracted 

and drawn fo r e v e f  (Translation of the Plater’s Latin text, 1614, Elliot 1988).

Due to misinterpretation of the original Latin text the true anatomical nature of the 

disease was not fully realised until many years later (Belusa 1995). After Plater 

there appears to be no further mention in the literature until Henry Cline Sr, a 

pupil of John Hunter (1777).
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“The contraction o f the fingers which so frequently happens in laborious people 

arises from a thickening and shortening o f the fascia in the palm o f the hand, with 

out any alteration in the muscles and tendons. ” (Henry Cline’s notebook, 1777, 

Elliot 1999).

Cline dissected two hands and noted that the palmar fascia was the anatomical 

layer affected in 1777, the year of Dupuytren's birth. He noted its prevalence in 

manual workers, and proposed operative and traumatic fasciotomy as methods of 

treatment. Astley Cooper, who also wrote and lectured about the condition, met 

with Dupuytren at Guy’s Hospital, London, in 1826 (Elliot 1988).

Despite the writings of these renowned surgeons it is Dupuytren whose name has 

been attached to this condition after his lecture on 5th December 1831. He 

described an open palm technique using a transverse incision through the distal 

cutting skin and fascia with the same stroke o f the knife (Dupuytren 1831).

Dupuytren's disease has been discussed for centuries yet surgical results are poor 

requiring further investigation in order to improve treatment.

1.2. The Epidemiology of Dupuytren’s Disease

Dupuytren’s disease of the hand has been suggested as common in patients from 

Northern European stock. Although epidemiological studies are few Hueston 

(1985) suggested a Viking origin, but the disease can affect people from all racial 

backgrounds.

1.2.1. Race

Early (1962), in a population study around Manchester, demonstrated an overall 

prevalence of 4.2% (Male) and 1.4% (female). Mikkelson (1972) performed the 

largest epidemiological study reported, where a large proportion of the population 

o f Haugesund, Norway, was examined. A chest radiograph, as part of a mass 

screening program, was required o f all people over the age o f 16 years old. During
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this investigation the presence or absence of Dupuytren’s was assessed. From a 

total population of 27015, 16000 were examined and the overall prevalence was 

9.4% (Male) and 2.8% (female). In addition a recent study by Gudmundsson et al 

(2000) examined 1297 men and 868 women randomly selected from the 

Reykjavik area where the overall prevalence was found to 19.2% (Male) and 4.4% 

(female).

A number of studies into various racial groups have demonstrated that 

Dupuytren’s is not the exclusive pathology o f North Europeans (Ross et al 1999). 

Ushijima et al (1984) examined the pathology records o f 13142 patients who had 

soft tissue tumours removed from 1965 to 1981. Ushijima et al reported 62 cases 

of fibromatoses from the palm, hand, penis, and ectopic locations. The following 

year, Egawa (1985) reported the disease prevalence, in Japanese patients attending 

a private orthopaedic clinic. He found that 19% men and 9% women over 60 

suffered from Dupuytren’s disease. The apparent discrepancy between the 

number of fibromatoses tissue samples and the observed prevalence in the 

population examined possibly relates to reduced severity and slower progression 

of disease in the Japanese. Dupuytren’s disease is rarely seen in patients from the 

Indian subcontinent. Srivastava et al (1989) reported what was effectively a 

collection of ten case reports in patients from the Indian subcontinent living in the 

West Midlands and therefore the prevalence could not be calculated.

Reports from the USA have highlighted the uncommon presence of Dupuytren’s 

disease in the black population. Mitra and Goldstein (1994) discussed the cases of 

8 black individuals o f apparently pure racial heritage. The aetiological 

associations were similar, but the extent of the disease in this small study appeared 

less severe compared with Northern Europeans. Saboero et al (2000) presented a 

retrospective study using the hospital patient treatment file database to look at the 

racial groupings of patients treated for Dupuytren’s disease. A total of 9938 

patients out of 3,243,000 patients, who attended the Veterans Affairs Medical 

Centre, St Louis, Missouri, USA, were seen with Dupuytren’s in a ten year period 

listing patient demographics including racial background (Table 1.1.1). There are 

a number of weaknesses in this study, accepted by the authors, who felt that they
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led to under-reporting of disease prevalence. The population investigated only 

included patients who attended the hospital, ignoring those not seeking treatment.

Racial Group Number Percentage Prevalence

White 9071 91.3 0.73

Black 412 4.1 0.13

Hispanic 234 2.4 0.24

Native American 11 0.1 0.14

Asian 8 0.08 0.07

Unreported 202 2 -

Total 9938 100 0.31

Table 1.1.1. The racial group of patients treated for Dupuytren’s disease. The

number and percentage of the patients with Dupuytren’s disease and the 

prevalence within the racial group are listed (Saboero et al 2000).

1.2.2. Age and sex

The prevalence o f Dupuytren’s rises with increasing age, for both men and 

women. The sex ratio of the disease in men and women decreases with age from

8.4 (40-44 years old) to 1.2 (80-84) (Mikkelson 1972). Early (1962) and 

Gudmundsson et al (2000) reported similar trends. Mikkelson (1972) reported that 

the prevalence rose from 0.19% in men between 20 to 24 years of age to 30.8% 

between 85 to 89 years o f age. The disease onset in women appeared to occur 

later, with a prevalence of 0.29% in 40 to 44 year olds increasing to 25.0% in 80- 

84 year olds. Despite the tendency for Dupuytren’s disease to affect older patients 

there are a small number of histologically diagnosed cases in children below 13 

years old (Urban et al 1996).

Epidemiological studies have improved the understanding o f  the populations who 

develop Dupuytren’s hut have not aided the search for a more effective treatment.
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1.3. The Aetiology of Dupuytren’s Disease

The cause o f Dupuytren’s disease is far from fiilly understood, apart form a 

number of associations related to the pathogenesis of the disease. Hueston (1963) 

described the Dupuytren’s diathesis where by patients who have a positive family 

history, the presence of ectopic lesions and early onset o f disease tend to have 

more severe disease and higher recurrence rates (Roush and Stem 2000).

1.3.1. Genetic factors

Dupuytren’s disease of the hand occurs sporadically in the population however 

Goyrand (1833, cited by Skoog 1948) and Manson (1931) noted that some family 

members were affected more frequently.

Genetic factors have been investigated by population, family or cytogenetic 

studies. The prevalence of Dupuytren’s disease varies depending on the patients’ 

origin. Mikkelson’s population study (1972) in the Norwegian coastal town of 

Haugesund, showed that 28% of males over 60 years old were affected; this is 

consistent with a genetic susceptibility due to the proportion of people affected. 

There have been different hypotheses into the mode of inheritance, autosomal 

dominant, autosomal recessive or complex trait (Burge 1999).

Inheritance can be either homozygous or heterozygous. Ling (1963) found a high 

rate of positive family members by personally examining 832 relatives of 50 

patients; 101 relatives of 34 patients were affected. This implied a dominant 

hypothesis. On initial history taking, 16% of the 50 gave a positive family history 

however after examination, 68% were found to have affected relatives. Theime (A 

personal communication to James 1969 in Hueston Tubiana (eds) 1985) studied a 

small group of 44 offspring where both parents had Dupuytren’s. An autosomal 

dominant mode o f inheritance would give an expected incidence of 75% of the 

children whereas a recessive mode would give an expected incidence of 100%. 

The observed incidence matched the autosomal dominant hypothesis. Skoog 

(1948) found a positive family history in 22 out of 50 cases and reviewed other
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studies into the incidences in family members. He concluded that an autosomal 

dominant form of inheritance could account for familial cases.

Skoog (1948) felt that sporadic cases, with no family history, could not be 

explained by autosomal dominance and instead proposed an autosomal recessive 

mode of inheritance. Burch (1966) argued that Ling’s results were possibly more 

consistent with a recessive rather than a dominant mode o f inheritance.

Further difficulties arise due to variable expression and incomplete penetrance of 

a gene, the size o f families and the late age of disease onset. The quandary around 

the mode of inheritance is that certain families have strong inheritance whereas 

other cases appear to be sporadic. However, if  there is a high prevalence of the 

recessive allele in the population it may show features o f autosomal dominance. 

Debate may also arise around the fact that the susceptibility to non-genetic and 

environmental factors may be caused by genetic predisposition (Burge 1999).

Cytogenetic studies into Dupuytren’s scar tissue, performed on a small group, two 

women and eight men, have shown that there are abnormalities with chromosomes 

7 and 8 (Wurster Hill et al 1988), however a larger study involving 26 patients did 

not identify a typical pattern (Casalone et al 1997). The discovery of a 

“Dupuytren’s gene” would ultimately lead to a greater understanding of the 

disease and possible cure however studies to date are of insufficient breadth to 

fully examine this.

1.3.2. Alcohol

The association o f alcoholism with Dupuytren’s disease is in many undergraduate 

books but the weight of evidence is not conclusive. Wolfe et al (1956) found an 

increase in the incidence of Dupuytren’s in alcoholics with cirrhotic liver disease. 

A study compared a group of alcoholics, non-alcoholic hepatic disease sufferers 

and a control group who had 28%, 22% and 8% incidence respectively (Noble et 

al 1992). Even though the difference was not statistically significant the authors 

still felt the disease was increased in alcoholics. Burge et al (1997), using a self-
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assessment postal questionnaire, found that Dupuytren’s patients drank 

significantly more than control patients (7.3 vs 5.4 units/week respectively). 

However these are low levels of alcohol consumption and under reporting is the 

norm in all studies. A study looking at the incidence of Dupuytren’s and 

alcoholism in pensioners in the Royal Hospital, Chelsea also found no difference 

in alcoholism between sufferers and non-sufferers (Carson and Clarke 1993).

1.3.3. Smoking

A retrospective study by An et al (1988) o f 132 patients showed a significant 

association between smoking and Dupuytren’s disease but other studies have not 

demonstrated any link (Fraser-Moodie 1976). Burge et al (1997) made a 

questionable association of two factors and Dupuytren’s, smoking compounded by 

alcohol. This study of 245 Dupuytren’s patients compared with an age and sex 

matched control group but not socio-economically matched. More recently Yi et 

al (1999) showed that smoking and Dupuytren’s disease was positively associated 

and unfoundedly proposed that this was due to a decreased microvascular 

circulation. In addition an Icelandic population study by Gudmundsson et al 

(2000) confirmed that Dupuytren’s contracture was common among those with a 

history of smoking. It is difficult to comment on these studies as they are too 

small to draw any conclusions.

1.3.4. Occupation

An association between occupation and Dupuytren’s was mentioned in Henry 

Cline’s notebook (1777) (Elliot 1988).

‘‘The contraction o f the fingers which so frequently happens in laborious 

people... ”

Larger population studies have not confirmed these early anecdotal observations. 

Herzog (1951) studied 1000 steelworkers, 1000 miners and 1000 clerks and found 

no significant difference in the prevalence o f Dupuytren’s between the groups.
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Early (1962) found no relationship between occupation and Dupuytren’s in office 

workers and manual workers in the Crewe locomotive works. By comparison 

Mikkelson (1978) found a difference in the prevalence o f Dupuytren’s between 

hard and light work, however this difference only became significant in those over 

60. In a review article McFarlane (1995) concluded that there is no relationship 

between Dupuytren’s and manual labour.

1.3.5. Diabetes

A number o f studies have shown an increase in the prevalence of Dupuytren’s 

associated with diabetes. Noble (1984) reported that the prevalence of 

Dupuytren’s in a group of diabetics was 43% compared to 18% in a control group. 

Studies by Arkkila (1996) showed a marked increase in newly diagnosed 

Dupuytren’s in Type I diabetics for their age.

1.3.6. Epilepsy

Epilepsy has long been associated with Dupuytren’s disease being noted by Lund 

in 1941. The use o f the anticonvulsant, phenobarbitone, has been shown to be 

associated with an increase in Dupuytren’s (Froscher 1983) bringing into question 

whether it is the disease or the treatment that is the relevant factor. Arafa et al

(1992) investigated the incidence and severity o f Dupuytren’s in patients at two 

epileptic centers. The incidence was 12% and 38% for the two centers compared 

with 16% in a control group of non-epileptics from a fracture clinic. The 

difference in the severity of the disease was only statistically significant for 

patients over 50. It has also been shown that the electroencephalograph of 

Dupuytren’s sufferers demonstrated more abnormalities compared with controls 

(Zachariae 1970).

There have been numerous factors associated with Dupuytren’s disease but the 

mechanism by which this fibroproliferative disorder develops is still unknown.
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2. THE ANATOMY OF DUPUYTREN’S DISEASE

In order to understand the pathological anatomy it is important to understand the 

normal anatomy of the facial layers of the palm, as it is these structures that when 

diseased become the nodules and cords. McFarlane (1974) and McGrouther 

(1982) greatly added to the knowledge of how normal anatomy relates to the 

disease state. McFarlane (1974) studied 69 digits over 50 consecutive operations 

and discussed which normal bands become diseased cords (Figure 1.2.1 and Table 

1.2.1) leading to a number of important conclusions for surgical intervention. He 

showed that contracture of the metacarpo-phalangeal joint was caused by a 

pretendinous cord; proximal inter-phalangeal joint contracture is caused by a 

central, spiral or lateral cord. Neurovascular bundles are displaced towards the 

midline by a spiral cord and to a lesser extent by central or lateral cords.

McGrouther (1982) investigated the fibrous microanatomy of the human palm in a 

dissection study of fresh and preserved hands. This highlighted the 

interrelationship between the various layers of the longitudinal fibres and how 

they affected the surrounding structures. The superficial layers insert into the 

dermis between the distal palmar and proximal digital creases which when 

diseased cause skin involvement, skin pits and nodules. Intermediate depth fibres 

pass anteriorly to the transverse fibres of the palmar aponeurosis deep to the 

superficial transverse metacarpal ligament into the digit leading to joint 

contracture. Holland and McGrouther (1997) described the finer details o f the 

course o f the deep fibres in a further dissection study. These deep fibres passed 

dorsally both proximal and distal to the transverse fibres and when diseased, 

develop into pretendinous cords but do not necessarily cause joint contracture.

The details of the pathological anatomy and the deviation of the neurovascular 

bundles must be taken into account when approached surgically but even more so
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NORMAL BANDS

Grayson’s ligament 

Natatory ligament

Neurovascular bundle 

Pretendinous band

Cleland’s ligament 

Lateral digital sheet

Spiral band

Superficial transverse 
ligament

Spiral I 
cord

Pretendinous
cord

Central
cord

Spiral
cord

Intrinsic
muscle

Ü

Lateral
cord

Natatory
cord

DISEASED CORDS

Figure 1.2.1. The normal anatomieal structures and the diseased structures 
they become. Above, the normal fascial bands. Bottom left, diseased fascia 
associated with pretendinous cords. Bottom right, diseased fascia not associated 
with pretendinous cords. Taken from McFarlane (1974).

Normal bands Diseased cords

Pretendinous band Pretendinous cord

Central ftbro-fatty tissue Central cord

Deep extension of Gosset Spiral cord

Natatory ligament Natatory cord

Grayson's ligament Central, spiral or lateral cords

Cleland's ligament Spiral or lateral cords

Table 1.2.1. The normal anatomical structures and the diseased cord in 
D upuytren’s disease. Table modified from McFarlane (1984).
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when using blind or closed procedures such as percutaneous fasciotomy with 

depot injections o f collagenase (Badalamente and Hurst 2000).

Luck (1959) contributed to the understanding of the composition of the 

Dupuytren’s scar tissue at various stages along the pathogenesis. Luck divided this 

into three stages, proliferative, involutional and residual. The proliferative stage 

was characterised by a focal fibroplasia with abundant irregularly aligned 

fibroblasts and a minimal collagen content, which was clinically evident as a 

nodule. The involutional stage saw the alignment o f the fibroblasts along the 

stress lines, and their number decreased combined with an increase in the 

proportion of collagen. Joint contracture is said to occur at this stage. The residual 

stage was completed by full involution of the nodule leaving a dense almost 

acellular fibrous cord.

Dupuytren's disease presents with a specific appearance o f nodules and cords in 

consistent positions. It was essential to understand the diseased anatomy in 

Dupuytren's disease in designing the clinical trial and more accurately target the 

proposed treatment.

3. THE MYOFIBROBLAST

Gabbiani and Majno (1971) described fibroblasts with morphological and 

biochemical features of smooth muscle cells which they termed myofibroblasts 

(Gabbiani et al 1973). These cells were noted in specimens of Dupuytren’s tissue 

(Gabbiani and Majno 1972). Myofibroblasts are thought to be the active cell that 

generates the tissue contraction and Tomasek and Rayan (1995) showed that the 

contraction of collagen gels was proportional to the number of myofibroblasts 

present in the gel. Their presence in the dermis of Dupuytren’s patients has been 

postulated as a possible cause of recurrence (McCann et al 1993).

The main distinguishing characteristic of the myofibroblast is the expression of a- 

smooth muscle actin, which fibroblasts do not express (Schurch et al 1992). The
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actin microfilament bundles are arranged in parallel arrays either along the long 

axis o f the cell or at various defined angles to this. The bundles appear to be 

continuous with the extracellular matrix protein fibronectin at numerous 

specialised cell-to-stroma attachment sites at the plasma membrane, termed the 

fibronexus (Tomasek et al 1987, Tomasek and Haakama 1991). Magro (1995) 

demonstrated the integrin transmembrane glycoprotein as pi on myofibroblasts 

from Dupuytren’s tissue. This is a possible structural element by which the 

myofibroblast could transmit its contractile force to the extracellular matrix.

The expression of a-smooth muscle actin was transient in granulation tissue 

appearing in the wound closure phase and disappearing in the scar formation 

phase (Darby et al 1990). This was similar to Dupuytren's disease in that a - 

smooth muscle actin was expressed in the proliferative and involutional stages but 

not in the residual stage (Schurch et al 1992).

The myofibroblast has been implicated in extra cellular matrix production and 

scar contraction and was a potential cellular target for the proposed treatment.

4. THE EXTRACELLULAR MATRIX

The extracellular matrix provides cellular support and intercellular connection. 

This elaborately structured macromolecular complex gains its structural 

characteristics from the balance of fibrous proteins, collagen and elastin. Other 

important extracellular matrix components are proteoglycans, glycoproteins and 

fibronectin (Cambrey et al 1996).

4.1. The Collagen Superfamily

Collagen constitutes 30% of the body's total protein. Many types o f collagen have 

been identified and are listed by roman numerals in the order that they were 

discovered. The collagen's can be divided into banded fibril forming collagens (I,
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III, V and XI), non-fibrillar collagens (IV, VI to X and XII to XIX) and non-supra 

molecular forming collagens (IX, XII, XIV and XIX) (Van Der Rest and Garrone 

1991, Liu et al 1995).

Collagen type I has been identified as the most abundant o f the collagens 

accounting for 90% of the total. It is the major interstitial collagen and is 

distributed widely throughout the body (tendons, bone, ligaments, skin and lung) 

(Liu et al 1995, Bienkowski and Gotkin 1995). Collagen I is a triple helix 

comprised of a heterotrimer of three a(I) chains, normally a  1(1) and a2(I) chains, 

synthesised in a 2:1 stoichiometry. The chains are made up of a repeating 

tripeptide with glycine found at every third position (Gly-X-Y) and where the 

amino acid proline makes up approximately 20% of the total. This sequence is 

crucial to allow for the appropriate conformation in the helical folding of the 

polypeptide chains (Bienkowski and Gotkin 1995).

Collagen III is similar to collagen I but is a homotrimer o f a l(III). The proportion 

o f collagen III has been shown to increase in early healing of ligaments and 

tendons following injury (Liu et al 1995).

Collagen IV has been mainly found as an open lattice in the basement membrane 

not having the same structure as collagens I and III due to interruptions in the 

triple helix portion. Six collagen IV chains have been identified (Bienkowski and 

Gotkin 1995).

4.2. Collagen Metabolism

Collagen metabolism is under homeostatic control and there is a critical balance 

between production and removal of extracellular matrix proteins (Cambrey et al

1996). In addition there are important regulatory mechanisms that allow 

fibroblasts in a steady state, to change to a dynamic state of differentiation, 

development or repair (Clark 1993). The amount of collagen present in a tissue is 

dependent on the total synthesis and the total degradation. These mechanisms
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appear to be deranged in hypertrophic and keloid scarring and the fibromatoses, 

such as Dupuytren's contracture of the hand, Peyronie's disease o f the penis and 

Lederhosen’s disease of the sole of the foot.

4.2.1 Collagen synthesis

A major factor in collagen synthesis is the number o f collagen producing cells, 

which can be increased by proliferation or active recruitment from other areas, 

and the level of collagen synthesis by each cell. There are a number of substances 

that assist in this which are potent mitogens and chemoattractants for fibroblasts 

(Cambrey et al 1996). The rate of collagen gene transcription can be modulated by 

cytokines like interleukins-la and -ip , and transforming growth factor p-1 

(Bienkowski and Gotkin 1995).The collagen is initially produced in its precursor 

form, procollagen. The genes for proa 1(1) and proa2(I) chains are C O LlA l and 

C0L1A2 are situated on chromosome 17 and 7 respectively (Sandell et al 1996, 

Karsentry et al 1995). Post-translational modification occurs in the rough 

endoplasmic reticulum where the pro-collagen chains form triple helices. They are 

stabilised by hydroxylation of the prolyl and lysyl residues and glycosylation of 

the hydroxylysyl side chains. The precursor extensions are then cleaved after 

secretion allowing the collagen molecule to form fibrils by combining side by side 

or end to side. There are differing views on collagen fibril formation. In-vitro 

studies have shown collagen monomers to spontaneously form fibrils. Electron 

microscope studies have shown cells actively taking part in fibrilogenisis 

(Bienkowski and Gotkin 1995).

4.2.2 Collagen degradation

Collagen catabolism occurs via two principle pathways, an intracellular pathway 

degrading procollagen, and an extracellular pathway degrading fibrillar collagen 

(reviewed by Bishop and Laurent 1995). The intracellular pathway degrades a 

large proportion of pro-collagen before it is secreted but the pathway itself is 

poorly understood. Once the collagens are secreted they, and other components of 

the extracellular matrix, can be degraded by the extracellular pathway via a family
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of zinc endopeptidases called the matrix metalloproteinases (MMP) (Table 1.4.1) 

(Parsons et al 1997). These are secreted by fibroblasts and invasive cells, such as

MMP Enzyme common name Matrix substrates

MMP-1 Collagenase Fibrillar collagens

MMP-2 Gelatinase A (72-kDa) Collagens type IV and V 

Fibronectin

MMP-3 Stromelysin 1 Fibronectin, Laminin 

Non-fibrillar collagen

MMP-7 Matrilysin Fibronectin, Laminin 

Non-fibrillar collagen

MMP-8 Neutrophil collagenase Fibrillar collagens

MMP-9 Gelatinase B (92-kDa) Collagens type IV and V

MMP-10 Stromelysin 2 Fibronectin, Laminin 

Non-fibrillar collagen

MMP-11 Stromelysin 3 Serpin

MMP-12 Metalloelastase Elastin

MMP-13 Collagenase-3 Fibrillar collagens

MMP-14 Membrane-type 1 MMP Pro-MMP-2

Table 1.4.1. Matrix metalloproteinases and substrates. Taken from Parsons et 

4/(1997).

neutrophils and macrophages, in a latent form requiring activation for proteolytic 

activity. The actions of MMPs are modulated by tissue inhibitors of matrix 

metalloproteinases (TIMPs) (Woessner 1991, Birkedal-Hansen et al 1993). The 

amount o f collagen present is due to a balance o f synthesis and degradation. 

Collagen degradation is thought to be due to a balance in the activities of MMPs 

and TIMPs. In addition fibroblasts can phagocytose portions of collagen fibrils 

that are then degraded by lysosomal proteases (Bienkowski and Gotkinl995).
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4.3 Dupuytren's and Collagen

The type of collagens produced in response to injury, as in granulation tissue, are 

altered compared with the steady state (Bailey et al 1973). The proportion of 

collagen III present in the extracellular matrix of Dupuytren’s tissue was increased 

compared to normal aponeurosis (Bailey et al 1977), and was an indication o f new 

collagen synthesis (Bazin et al 1980). The changes observed in Dupuytren's tissue 

was similar to granulation tissue, normal and hypertrophic scar.

Bailey et al (1977) separated collagen type 1 and 111 by electrophoresis of the total 

soluble collagen. He found that normal aponeurosis contained almost pure 

collagen type 1. In contrast, the proportion o f collagen 111 found in nodules and 

cords o f Dupuytren's patients was elevated compared with normal aponeurosis. 

Unaffected aponeurosis from a Dupuytren's patient also showed an increase in 

collagen 111, showing that pathological changes had occurred in areas distant from 

clinically affected regions. These findings were confirmed by Menzel et al (1979) 

who also suggested that an autoimmune mechanism might be involved in the 

disease process as low concentrations o f anticollagen antibodies were observed. 

Bazin et al (1980) confirmed findings to Bailey et al regarding the proportions of 

collagen type 1 and 111, using total pepsin digests. Bazin et al using 

immunofluorescent localisation also reported that type 1 staining occurred 

throughout the normal aponeurosis whereas type 111 was localised to the fine 

sheath around the bundle, compared with intense staining for type 111 in diseased 

fascia. Staining of the unaffected fascia from Dupuytren’s patients had 

characteristics of both. Notbohm et al (1995) not only showed an increase in 

collagen 111 content in Dupuytren’s tissue, but also a difference in the biochemical 

make up of collagen type 1.

The modulation o f collagen metabolism could result in less extracellular matrix 

production and reduced fibrosis.
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5. THE REGULATION OF MATRIX PRODUCTION

5.1. Growth Factors and Dupuytren’s Disease

Growth factors are naturally occurring peptides that influence a wide range of 

cellular activities such as proliferation and differentiation. In an attempt to 

discover the possible cause and pathogenesis for Dupuytren's disease of the hand, 

many studies have investigated a number of different growth factors, which are 

thought to cause fibroblast proliferation, differentiation to myofibroblast and 

extracellular matrix production.

Platelet-derived growth factor (PDGF), secreted by endothelial cells, acts as a 

mitogen on fibroblasts (Alioto et al 1994), and is associated with Dupuytren's 

affected tissue. Badalamente et al (1992) showed that myofibroblasts in 

Dupuytren’s scar tissue were strongly positive in immunocytochemical studies for 

PDGF. Baird et al (1993) demonstrated that Dupuytren’s tissue tended to express 

PDGF more than control fascia. Terek et al (1995) showed that the PDGF gene 

was expressed by Dupuytren’s tissue but not by normal fascia using polymerase 

chain reaction, whereas both Dupuytren’s and normal tissue expressed the PDGF- 

receptor gene.

Basic fibroblast growth factor (b-FGF) is a known stimulator of endothelial cell 

and fibroblast proliferation (Alioto et al 1994). The receptor for b-FGF was 

present in the fibroblast cell population derived from Dupuytren's tissue. Lappi et 

al (1992) showed that Dupuytren’s fibroblasts expressed b-FGF and had high 

affinity binding sites for b-FGF. Gonzalez et al (1992) showed that b-FGF and its 

receptor were present in Dupuytren’s tissue using immunohistochemistry, in situ 

hybridisation and western blotting. Baird et al (1993), using RT-PCR, 

demonstrated a significant increase in expression of b-FGF of Dupuytren’s tissue 

compared with controls.

Epidermal growth factor (EGF) acted as a mitogen on Dupuytren’s fibroblasts 

(Kloen et al 1995) and the receptors to EGF were expressed by myofibroblasts
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(Magro et al 1997). The regulatory factors Interleukin-la and Interleukin-Ip are 

over expressed in Dupuytren's tissue (Baird et al 1993).

Despite investigation into the various regulatory growth factors and their 

prevalence, the actual trigger o f Dupuytren's contracture is still unknown. One 

hypothesis that can be drawn from this is that the normal cytokine paracrine and 

autocrine activities, causing fibroblast differentiation and extracellular matrix 

production, become abnormal in Dupuytren’s disease. The transforming growth 

factor p family causes many of these changes and is the focus o f the following 

section.

5.2. Transforming Growth Factor p

A number of the transforming growth factors (TGF) have been investigated in 

relation to Dupuytren's contracture due to their fibrotic activity (TGFa by Magro 

et al 1997; TGFp by Hakkinen et al 1996, Roberts et al 1986, Alioto et al 1994, 

Kloen et al 1995, Bemdt et al 1995, Badalamente et al 1996). There are 5 known 

isoforms of TGFp, TGFp-1, 2, and 3 are found in man TGFp-4 and 5 are found in 

other vertebrates (Spom and Roberts 1992). TGFp-1 has been shown to stimulate 

collagen synthesis (Ignotz and Massague 1986), promote myofibroblast 

differentiation and the generation of contractile force (reviewed by Tomasek et al 

1999).

TGF P are a large family o f polypeptide signalling factors that control a number of 

diverse cellular functions such as cell proliferation, differentiation, motility and 

adhesion (reviewed by Massague 1998). The TGFps exhibit cell-specific 

fimctions; they halt the cell cycle of epithelial and haemopoietic cells and cause 

the proliferation and differentiation of mesenchymal cells such as fibroblasts 

(Massague 1998). They are intimately involved with wound healing and 

extracellular matrix production.
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Ignotz and Massague (1986) also showed an increase in collagen and fibronectin 

expression and their relative incorporation into the extracellular matrix in response 

to TGFp-1 by chick embryo fibroblasts. Saed et al (1999) demonstrated an 

increase in collagen III expression and smaller increases in collagen I synthesis 

due to TGFp-1 treatment in mésothélial cell cultures. Saed et al also showed an 

increase in the type III/I collagen ratio due to TGFp-1 treatment in hypoxic 

conditions. While studying the cutaneous fibrotic disorder scleroderma, Falanga 

and Julien (1990) suggested that receptors for TGFp-I were increased in the 

hypoxic state of scleroderma skin therefore modifying the effect of TGFp-1. The 

action of TGFp in other fibroproliferative states has been studied by Ghahary et al

(1993) who demonstrated an increase in TGFp-1 expression in hypertrophic bum 

scar tissue.

Further evidence about the action of TGFp-1 in wound healing has come from 

Chang et al (2000) who used a neutralising antibody to TGFp-1 in a rabbit flexor 

tendon wound healing model. Anti-TGFp-1 induced an improvement in the 

passive motion of the treated tendon repairs compared with vehicle only treated 

repairs. No difference was noted on histological investigation between the 

treatment and control groups.

5.2.1. The mechanism of action of transforming growth factor P

The members o f this family of polypeptides combine with transmembrane 

serine/threonine kinase receptors which cause the activation o f downstream 

signalling events resulting in signal relay to the nucleus (Engel et al 1998). The 

TGFp dimer causes the activation of a cell surface ligand receptor complex 

comprising two TGFp receptor II (TpR II) sub-units which combine and 

phosphorylate two TGFp receptor I (TpR I) sub-units. These in turn 

phosphorylate the down stream factors (Spom 1992). TGFp receptor III 

(betaglycan or endoglin) is not thought to have an intrinsic signalling function but 

instead regulates TGFp access to the signalling receptors.
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Much of the experimental work investigating the downstream pathways has been 

performed in Drosophila melanogastor, Caenorhadbitis elegans, and Xenopus. 

The proteins that make up the pathway have been termed the SMAD proteins due 

to their relationship to the product of the Drosophila gene, Mothers against 

decapentaplegic (Mad) and the sma gene o f C. elegans (Raftery et al 1995 and 

Sekelsky et al 1995). The SMAD pathway is highly conserved, as there is 98% 

homology between mouse Smad-2 and Xenopus Smad-2, the arthropods and the 

chordates having diverged in the animal evolutionary tree over 600 million years 

ago (Baker and Harland 1997). These are divided up into the pathway specific, the 

common mediator, and the inhibitory Smads (Visser et al 1998). Once activation 

occurs the SMAD complex translocates to the nucleus where with a DNA-binding 

protein, e.g. fast-1, promotes transcription of a number of effector genes 

(Kretzschmar and Massague 1998).

5.2.2. Transforming growth factor p-1 and Dupuytren's contracture

TGFp-1 has been shown to have a number of effects related to fibroplasia. TGPP- 

1 stimulated fibroblast proliferation (Badalamente et al 1996). TGFp-1 increased 

the deposition of extracellular matrix, decreased the synthesis of extracellular 

matrix proteases and increased the synthesis of protease inhibitors (Karsenty and 

Park 1995). Gabbiani and Majno (1972) proposed that the main cell type involved 

in causing the Dupuytren's contracture is the differentiated fibroblast, the 

myofibroblast. Vaughan et al (2000) showed that TGFP-1 promoted 

myofibroblast differentiation. Due to this combination of actions it is likely that 

TGFp-1 plays a major role in Dupuytren's contracture of the hand.

Studies have shown contradictory results concerning the effect o f TGFp-1 on the 

proliferation of fibroblasts from Dupuytren’s tissue. Certain studies have shown 

that TGFp-1 had no effect on proliferation (Alioto et al 1994) but the weight of 

the evidence favours a positive effect of TGFp-1 on fibroblast proliferation 

(Badalamente et al 1992, Kloen et al 1995). This was confirmed by work
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performed at this laboratory showing TGFp-1 increased proliferation by 

fibroblasts derived from Dupuytren's tissue (Jemec et al 2000).

TGFp-1 has been associated with myofibroblast differentiation in 

immunohistochemical studies on Dupuytren's tissue (Bemdt et al 1995), and has 

been shown to increase the differentiation of the in vitro fibroblast population to 

myofibroblasts (Jemec et al 2000). The effect o f TGFp-1 on differentiation was 

also modulated by the mechanical environment in which the fibroblasts are found 

(Arora et al 1999).

In vitro studies show that TGFp-1 has a positive stimulatory effect on collagen 

production by rat fibroblast cell lines and human dermal fibroblasts (Roberts et al 

1986, Hakkinen et al 1996). In-vivo studies injecting TGFp-1 subcutaneously into 

mice caused the growth of nodules with proliferating fibroblasts and small vessels 

(Roberts et al 1986). Fibroblasts derived from Dupuytren's tissue are more 

responsive than fibroblasts derived from normal palmar fascia with regard to 

collagen production when stimulated by TGFp-1 (Alioto et al 1994).

Fibroblasts and myofibroblasts have been shown to produce TGFp-1 using a 

number o f experimental techniques. Immunohistochemical techniques were used 

by Badalamente et al (1996) that showed intense staining of fibroblasts and 

myofibroblasts. Baird et al (1993) used RT-PCR to demonstrate an increase in 

TGFP-1 expression in Dupuytren’s tissue compared to palmar fascia. Kloen et al 

(1995) used the mink lung assay to measure TGFp-1 synthesis, and detected 

TGFp receptors in Dupuytren’s cultures.

These studies have demonstrated firstly that, fibroblasts secrete TGFp-1 and 

secondly, that TGFp-1 has potentiating affects on fibroblast function acting in a 

localised paracrine and autocrine loop (Massague 1998). It is possible that this 

autocrine loop becomes uncontrolled resulting in pathological scar formation with 

excessive collagen deposition (Border and Rouslahti 1992) as in a 

fibroproliferative state such as Dupuytren's disease of the hand.

45



Review o f  the Literature

5.3. Prostaglandin E%

Prostaglandin E2 (PGE2), one of the important family of inflammatory mediators, 

caused the inhibition of collagen synthesis in dermal fibroblasts (Varga et al 

1987). Varga et al assessed collagen synthesis by assaying the amount of 

collagenase digestible ([^"^C]-proline) labelled protein produced. They also showed 

that there was a similar decrease in the mRNA for collagen I and III, and 

fibronectin using dot-blot hybridisation to complimentary cDNA probes. These 

observations combined with inhibition of transcription studies using actinomycin- 

D indicated that the action of PGE2 in reducing collagen and fibronectin synthesis 

took place at the transcriptional level.

Hurst et al (1986) demonstrated that PGE2 induced a reduction in the contraction 

of fibroblasts derived from Dupuytren’s tissue. Badalamente et al (1988) showed 

an increase in PGE2 but an even larger increase in PGp2a, a known vasoconstictive 

agent, in Dupuytren’s tissue compared with normal fascia.

Growth factors have been implicated in the development o f fibroproliferative 

disorders and their modulation may help reduce fibrosis.

6. THE CURRENT TREATMENT OF DUPUYTREN’S 

DISEASE OF THE HAND

6.1. Surgical Treatment

Dupuytren’s disease of the hand results in a wide spectrum of deformity and 

therefore no one operative procedure can be applied to all cases. Surgery is the 

main mode of treatment for Dupuytren’s disease however post-operative 

recurrence and extension or progression of disease, away from the site of surgery, 

are acknowledged problems. Reported recurrence rates are high, ranging from 34 

to 71 % (Mayer et al 1986, Norotte et al 1988, Hoet F et al 1988, Romboutts et al
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1989, Adam and Loynes 1992, Vigroux and Valentin 1992, Brotherson et al 1994, 

Tropet et al 1994, Foucher et al 1995, De Maglio et al 1996, Duthie and Chesney

1997). In order to try and reduce the complication and recurrence rates numerous 

procedures have been advocated ranging from a minimal to a more radical 

approach (Reviewed by McGrouther 1988).

The aim of surgical intervention is to restore the hand function with the minimum 

of complications and there are many debates over aspects o f the surgical 

procedures. Numerous incisions have been proposed for the palm and digit from 

transverse palmar to longitudinal or zig zag (Jabaley 1999). The extent of 

dissection from a minimal fasciotomy to radical excision of the whole palmar 

aponeurosis has been debated (McGrouther 1988). Discussions between full 

wound closure, leaving the palm open to heal by secondary intention and full or 

split thickness skin grafting continue (Lubahn 1999).

Correction o f Dupuytren’s disease is well suited for day surgery as general, 

regional or local anaesthesia can be used. A pneumatic tourniquet ensures a 

bloodless field aiding dissection and reducing possible complications of damage 

to the neurovascular bundle (Wilson 1997). Post-operative hand therapy and 

wound management is important in improving the surgical outcome (Mullins 

1999).

6.2. Non-Surgical Treatment

Although surgery is the main form of intervention several non-surgical treatments 

of Dupuytren’s disease are available. They divide into three broad groups: 

mechanical elongation, radiotherapy and pharmacological treatment.

Various mechanical devices have been used in pre and post-operative forms of 

management. The use o f post-operative splintage is an accepted form of therapy to 

aid in reducing recurrence rates however the use o f pre-operative splintage is more 

controversial with none of the surgeons and therapists surveyed choosing its use 

(Abbott et al 1987).
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For severe cases, straightening of the digit and elongation of the contracted palmar 

fascia has been achieved by continuous elongation techniques (Messina and 

Messina 1991 and 1993). A number o f authors have now used this technique 

(Hodgkinson 1994, Brandes et al 1994, Citron 1998). The original description was 

o f a continuous extension device which was fixed to the 5^ metacarpal and the 

middle or distal phalanx. The contracted finger was distracted 2mm per day. 

Patients then underwent surgical excision of diseased tissue without skin grafting. 

If surgical excision was not carried out immediately the recurrence rate was high, 

60%, and rapid, by day ten thought to be due to contracture recurrence (Messina 

1993). The main indication for this form of treatment is therefore the pre

operative stretching out of the contracted digits in order to facilitate the surgical 

excision of the affected fascia. A less cumbersome device, the pipster, was 

designed by Hodgkinson (1994) to specifically extend a contracted proximal 

interphalangeal joint.

Radiotherapy has also been used in an attempt to reduce the progression of early 

Dupuytren’s contracture due to its antiproliferative ability (Keilholz et al 1996). 

Patients underwent two courses of daily fractionation of 5x3 Gy separated by six 

weeks. The five year follow-up study of 55 patients showed 77% had no disease 

progression but the study did not include a control group. A series published by 

Weinzierl (1993) with a seven year follow up of 39 patients came to the 

conclusion that there was no place for radiotherapy in the treatment of 

Dupuytren’s due to disease progression.

Pharmacological agents have been used in an attempt to treat Dupuytren’s 

contracture (reviewed by Hurst and Badalamente 1999). Numerous non-enzymatic 

treatments have been attempted such as dimethyl sulfoxide (DMSO), steroid 

injection and creams, free radical scavengers such as colchicine or allopurinol, y- 

interferon, the majority of which have been unsuccessful.

Bassot (1969) reported the use o f enzyme injection in two patients and in a larger 

series of 34 using a mixture of trypsin, a-chymotrypsin, hyaluronidase.
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thiomucase and lignocaine. Hueston (1971), terming the procedure “enzymic 

fasciotomy”, injected a modified formula because the above ingredients w^ere 

unavailable. After injection the digit was passively extended causing rupture and 

stretching of the diseased structures but no long-term follow-up study of these 

patients was reported. McCarthy (1992) reported poor long term follow-up using 

Hueston’s enzyme cocktail, with a 75% recurrence after two to three years 

following injection. Badalamente and Hurst (2000) have championed enzyme 

injection, using clostridial collagenase. They reported on a series of 35 patients, 

with a mean follow up of 20 months, for MCP joints, and 14 months, for PIP 

joints. The first six patients were used to define the dose required, 10000 U. 82% 

of patients achieved ftill range of movement from 0° to full extension within 14 

days o f injection. Three MCP joint contractures recurred at two years and one PIP 

joint contracture recurred at three months.

Presently a targeted cure is not possible so varied techniques have been described 

for the treatment o f Dupuytren’s disease o f  the hand aimed at dealing with the 

sequelea o f  the disease, all o f which have significant post-treatment recurrence 

rates.

7. THE PROPOSED TREATMENT OF DUPUYTREN’S 

WITH 5-FLUOROURACIL

The principle indication for the use of 5-fluorouracil (5-fii) is single or 

combination chemotherapy for the treatment of breast, gastrointestinal and ovarian 

cancers (Skeel 1991). 5-fu, a fluorinated pyrimidine, was first synthesised by 

Duschinsky and Plaven (1957) after it was noted that tumour cells used uracil 

more efficiently than non-malignant cells (Hiedelberger et al 1958).

LOWL
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OH

OH
N

CH3I Thymine

Uracil

N
□ 5-Fluorouracil

Figure 1.7.1. The similarity in the chemical structure of Thymine, Uracil and 

5-fluorouracil. The variations to the pyrimidine ring are shown in red boxes.

5-fu

Fluorouridine __
monophosphate

Fluorode^yuridine
monophosphate

Fluorodeoxyuridine
triphosphate

D>

^  RNA 
incorporation

Thymidilate
Synthetase

DNA
incorporation

Impaired RNA 
function

Inhibition of 
pyrimidine 
biosynthesis

Strand breaks 
Fragmentation

Figure 1.7.2. The proposed mechanism of action of 5-fu via its active 

metabolites. Incorporation into RNA and DNA impairs their function and 

inhibition of thymidilate synthetase reducing de novo pyrimidine synthesis.
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7.1. The Action of 5-Fluorouracil

5-fu, a nucleoside antimetabolite, has a similar structure to that of uracil and 

thymine (Figure 1.7.1). The activity of 5-fu depends on its ability to enter the cell 

and its affects on three groups of intracellular enzyme pathways: the anabolic, 

catabolic and uracil dependent target enzymes. It enters the cell via both 

facilitated transport uracil dependent mechanisms and non-facilitated diffusion. 

The anabolic pathways occur in most cells and converts 5-fu directly to the active 

nucleotides, fluorouridine monophosphate and fluorodeoxyuridine 

monophosphate. The catabolic or the uracil-degenerative pathway primarily 

occurs in the liver, where 5-fu is first reduced by dihydrouracil dehydrogenase and 

then hydrolysed nonenzymatically. The active metabolites are catabolised by acid 

or alkaline phosphatases and by specific nucleotidases (reviewd by Ardalan et al 

1981).

The therapeutic effect o f 5-fu is thought to occur due to a number of pathways 

(Figure 1.7.2). The enzyme thymidylate synthetase, involved in pyrimidine 

synthesis, is inhibited by the metabolite fluorodeoxyuridine monophosphate, 

effectively blocking DNA replication (Bender et al 1978). In addition, the 

metabolites of 5-fu are incorporated into nucleic acids impairing their function. 

The ribonucleotide fluorouridine tri-phosphate is incorporated into RNA affecting 

protein production. The deoxyribonucleotide fluorodeoxyuridine tri-phosphate is 

incorporated into DNA encouraging strand breaks (Johnston et al 1996).

7.2. The Use of 5-Fluorouracil in Malignant Disease

The primary indications (reviewed by Skeel 1991) for the use o f systemic 5-fu are 

cancer of the breast, colorectal, stomach, pancreas, oesophagus, liver, bladder and 

head and neck. Topical 5-fu is used for basal and squamous carcinomas of the 

skin (Skeel 1991). The systemic doses used are 500 mg/m^ intravenously on day 

1-5 every 4 weeks or 450-600 mg/m^ intravenously weekly, intracavity 500-1000 

mg for pericardial effusion, 2000-3000 mg for pleural or peritoneal effusions and 

intra-arterial (liver): 800-1200 mg/m^ as a continuous infusion on day 1-4,
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followed by 600 mg/m^ as a continuous infusion on days 5-21 (Skeel 1991). The 

main toxic effects at these dosages are myelosuppression, nausea and vomiting, 

mucocutaneous effects (including stomatitis, partial alopecia, hyperpigmentation, 

maculopapular rash, “hand-foot” syndrome with painful erythematous 

desquamation and fissures in the palms and soles) increased by sun-exposure and 

other miscellaneous effects such as neurotoxicity and increased lacrimation (Skeel 

1991).

7.3. The Use of 5-FIuorouraciI in Non-Malignant Disease

The therapeutic effect o f 5-fu has been utilised in ophthalmic surgery by the 

Miami filtration group, USA, and the Institute of Ophthalmology and Moorfields 

Eye Hospital, UK. High recurrence rates after trabeculectomy were due to 

scarring at the site o f surgery due in part to the over proliferation of fibroblasts. In 

vitro studies have shown that 5-fii reduces the proliferation of the Tenon’s capsule 

fibroblasts (Khaw et al 1992). In vivo studies performed in rabbits that have 

undergone glaucoma surgery and treated with 5-fluorouracil, show early delay of 

fibroblast proliferation. Patient trials are now progressing to assess the use of 5-fli 

after glaucoma surgery (Khaw personal communication).

Similarly the effect of 5-fu on retinal pigment epithelial cells has been 

investigated in relation to the problem of proliferative vitreoretinopathy, the major 

cause of failure after retinal detachment. 5-fu reduced fibroblast proliferation and 

the ability to contract fibroblast seeded collagen lattices (Kon et al 1998). The 

authors proposed that if applied clinically that it may reduce proliferative 

vitreoretinopathy.

Occelston et al (1997) investigated how 5-fu modulated functions related to scar 

formation and contracture by human ocular fibroblasts. The endogenous synthesis 

of TGFp-1 was initially increased after exposure to 5-fu. At the same time the 

number of TGFp-1 receptors was reduced. The production of extracellular matrix 

is markedly affected with a significant decrease in collagen type I and fibronectin
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synthesis, in contrast to an initial increase in collagen type III. The ability of the 

fibroblast to migrate is also reduced. All these factors return to normal over time.

5-fu has been investigated as a possible tool in reducing adhesions that form at the 

site of a flexor tendon injury. In vitro studies showed a reduction in collagen 

lattice contraction treated with 5-fu in fibroblast cell lines derived from synovial 

sheath and endotenon (Khan e/ al 1997). In vivo studies in rabbits (Akali et al 

1999) and chickens (Moran et al 2000) have demonstrated that 5-fu can reduce 

postoperative adhesions after tendon repair.

7.4. The Effect of 5-FIuorouracil in Dupuytren’s Disease

The investigation into the effect of 5-fu in Dupuytren's disease has been confined 

to in vitro studies on the characteristics exhibited by fibroblasts derived from 

Dupuytren's scar tissue. Jemec et al (2000) demonstrated that 5-fu reduced 

fibroblast proliferation and myofibroblast differentiation. This effect was 

maintained when the cells were cultured with exogenous TGPp-1. In addition the 

ability of fibroblasts to contract a collagen gel was reduced by the administration 

o f a single dose of 5-fu (Jemec MD thesis 1999).

5-fu has been shown to affect certain aspects o f  fibroblast function and could 

potentially reduce fibrosis in the clinical setting.

8. AIMS

Overall clinical aim

• To reduce the recurrence o f Dupuytren’s disease of the hand.

Experimental aims

• To investigate the collagen and non-collagenous protein synthesis by 

fibroblasts derived from Dupuytren’s scar tissue, and to determine how this 

would be modulated by exogenous growth factors.
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To examine the effect o f 5-fu on the collagen and non-collagenous protein 

synthesis by fibroblasts derived from Dupuytren’s scar tissue.

To investigate whether 5-fu modulates the action of TGPp-1 on collagen and 

non-collagenous protein synthesis by fibroblasts derived from Dupuytren’s 

scar tissue.

To assess how TGFp-1 secretion by cultured fibroblasts was modulated in 

response to 5-fu.

To investigate the gene expression of p-actin, collagen types I and III, and 

TGFp-1 by fibroblasts derived from Dupuytren’s scar tissue.

To investigate the effect of 5-fu on gene expression by fibroblasts derived 

from Dupuytren’s scar tissue.

To initiate a double blind prospective randomised clinical trial into the effect 

of 5-fu on the post-operative recurrence rates following corrective surgery for 

Dupuytren’s disease of the hand.
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CHAPTER 2

METHODS AND MATERIALS
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1. GENERAL TISSUE CULTURE

Following ethical committee approval samples o f Dupuytren's scar tissue and 

normal tendon were obtained. The Dupuytren’s tissue was excised at operation for 

Dupuytren’s contracture. For comparison human tendon was removed from 

patients who had undergone amputation due to traumatic injury but did not have 

Dupuytren's disease. The cell lines initiated are listed in Appendix I.

Cell culturing techniques were undertaken in a dedicated cell culture laboratory 

using sterile class II laminar airflow hoods (Lamin Air), provided by Heraeus 

instruments. Tissue culture was carried out in Heraeus temperature controlled 

(37°C), humidified, C 02 (5%) incubators.

1.1. Establishment O f Cell Cultures

An explant method was used to obtain primary cell cultures from the harvested 

material (personal communication with C Linge (RAFT)). The tissue was 

collected from plastic surgery theatres, wrapped in a moist swab. The surgical 

specimens were minced using a scalpel on a petri dish and macerated samples 

were placed in 3.5 cm petri dishes and overlaid with a coverslip, previously 

sterilised in 70% alcohol. 5ml o f standard fibroblast culture medium (Appendix 

II) was dispensed into each dish; before incubating the dishes at 37°C, 5% CO2 . 

The initial media change occurred when the first fibroblasts were seen on the 

coverslip or dish, and every 3 days thereafter.

1.2. Routine Propagation of Cell Cultures

Cell cultures were passaged just prior to confluence and split 1:3 in T75 cm^ cell 

culture flasks. All in vitro assays were carried out when the cell cultures were 

between the 3’̂*̂ and 4̂*̂ passage. The culture media was aspirated and the 

fibroblast monolayer incubated with phosphate buffered saline (PBS) to remove 

any excess media, as this would hinder the lifting o f the cell monolayer. The 

monolayer was then washed with 2ml o f 1:10 Trypsin:Versene solution, at 37 °C,
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until all cells had lifted from the flask surface. The trypsin:versene cell suspension 

was neutralised by adding 10ml o f culture media with 10% PCS. This was then 

aspirated and placed in a centrifuge tube and centrifuged at 1000 rpm for 5 

minutes. The supernatant was discarded and the cells resuspended in standard 

culture medium before dispensing into T75 flasks, (1:3 split).

1.3. Cell Viability and Counting

Cell viability and counting in a cell suspension was performed using a 

haemocytometer and Trypan Blue (Sigma Chemical Company, Poole, Dorset). 

Trypan Blue is pumped out o f a live cell in normal conditions and will appear 

phase bright in contrast to a dead cell, which will appear blue, as the dye is not 

removed. The cell suspension was diluted by a factor o f 20 by taking 5pl o f cell 

suspension and adding it to 95pi o f trypan blue in an Eppendorf tube. The Trypan 

Blue cell suspension is then placed between the haemocytometer and coverslip 

and counts are made using a microscope. The total number o f viable cells (phase 

bright) counted in each o f 3 large grids was averaged. The cell density (cells/ml) 

was calculated using the equation:

Mean cell number x dilution factor x 10  ̂ == Number o f cells / ml

An Olympus CK2 inverted phase contrast microscope was used for cell 

examination. Cell counts were performed using a Nebauer haemocytometer 

(Weber Scientific International).

1.4. Cryopreservation of Cells

The cells were harvested at passage 2 and counted. Up to 7x10^ cells were 

resuspended in 1ml o f cryopreservation media (10% DMSG (Dimethylsulfoxide, 

Sigma Chemical Company, Poole, Dorset) and 90% foetal calf serum). The vials 

were labelled with name, cell line, passage and date. Cryovials were insulated 

with tissue paper and then placed into a -80°C freezer for 24 hours. This allows
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for a gradual freezing at 1°C per minute and helps to protect the cells. These vials 

were later transferred to liquid nitrogen storage.

1.5. Thawing Cells From Frozen Storage

The cryovials were rapidly thawed by agitating in a 37°C water bath. The cells 

were then transferred to a centrifuge tube. The cryopreservative was diluted by 

slowly adding fibroblast culture media (5-8 ml) and gently agitating. The cells 

were centrifuged at 1000 rpm, for five minutes and the supernatant aspirated and 

discarded. The cell pellet was washed o f remaining cryopreservative by being 

resuspended in 10 ml o f culture media and recentrifuged. The supernatant was 

again discarded, the cell pellet was resuspended in 12 ml o f culture media and 

dispensed into a T 75 flask and incubated at 37 °C, 5% CO2 .

2. COLLAGEN AND NON-COLLAGENOUS PROTEIN 

ASSAY

The technique used for quantitating the collagen synthesis was based on the 

method described by Peterkofsky and Dieglemann (1971) that was modified as a 

microassay by Dieglemann et al (1990). The only difference between this assay 

and Dieglemann's is that eppendorfs were used for the centrifugation steps rather 

than 24 well plates, in order that it could be carried out in these laboratories. This 

methodology was carried out in 24 well plates (Greiner) and 1.5 ml eppendorfs. 

This makes it more economical as smaller quantities o f cells, culture media and 

growth factors are required. The two main aspects o f this assay were the detection 

and quantification o f the radiolablled amino acid incorporation into all proteins, 

and the use o f collagenase first described by Peterkofsky and Dieglemann (1971). 

This microassay measured the amount of tritiated (^H) proline that became 

incorporated into protein over a 24 hours period o f incubation and then separated 

collagen and non-collagen protein using purified bacterial collagenase (Figure 

2 .2 . 1).
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Cells seeded and g r ^ n  to confluence------

Pre-incubation (Ascorbic acid and 2%FCS). 
▼

Treatment +/- 5-fluorouracil

Incubation Tritiated prolinc5|aCi/ml 
Ascorbic acid 
2%FCS
+/- TGF13, or PGE2

Culture media 
aspirated for assay

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0 0 0 0

0 0 0 0

Cell counts

Bovine serum albumin 
Trichloroacetic acid 
Proline “Cold” }
Buffer

Buffer and Collagenase

Wash X  10

SCINTILLATION 
Remove Supernatant 
BLANK
Remove Supernatant 
COLLAGEN 
Remove Remainder 
NON-COLLAGEN

Figure 2.2.1. Flow diagram summarising the preparation of samples for use 
in the collagen assay.
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2.1. Preparation of Cell Culture

Fibroblasts were seeded into 24 well plates with 0.5-1 x 10̂  cells/well and 

incubated with standard fibroblast culture medium (Appendix II) gently agitating 

the plates ensuring even spacing o f the cells. The plates were then incubated at 

37°C, 5% CO2. Once cells appeared visually confluent, they were incubated for a 

further 24 hours prior to replacing the culture media with pre-incubation media 

(Appendix H) containing 2% PCS. This ensured that the cells were quiescent but 

still able to synthesise protein. The media contained ascorbic acid, an important 

cofactor in collagen production, and was immediately used after preparation due 

to its rapid breakdown. The plates were incubated for 24 hours at 37°C, 5% CO2.

2.2. Treatment with S-Fluorouracil

Following the 24 hours o f pre-incubation the media was aspirated and the 

monolayer was gently washed with 1 ml o f PBS. This was aspirated and replaced 

with various concentrations of 5-fluorouracil (5-fu) (David Bull Laboratories, 

Warwick) diluted in phosphate buffered saline (PBS) (Sigma) and a vehicle 

control, all o f which were conducted in replicates o f four. Four different 

concentrations o f 5-fu were prepared 50, 25, 2.5, 0.25 mg/ml. The cells were 

exposed to 1 ml o f the vehicle control and treatment substances for five minutes. 

This was then aspirated and discarded after which all wells were then washed 

twice with 1 ml o f PBS. The fibroblast monolayers were then covered with 500 pi 

of incubation media (Appendix II) that differs fi*om the pre-incubation media by 

the addition o f 5pCi/ml o f L-proline (NEN Life Science Products). The plates 

were then incubated at 37°C, 5% CO2 for 24hrs.

The incubation media also had exogenous growth factors added. TGF6-1 in a final 

concentration o f 5 ng/ml was used as a positive control for collagen and non- 

collagenous protein synthesis. Prostoglandin E2 (PGE2), with a final concentration 

of 50 or 100 ng/ml, was used as a negative control for collagen synthesis.
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The incubation media (500pl) from each well was then aspirated and dispensed 

into an eppendorf. The monolayer was then washed with 500pl o f PBS that was 

aspirated and pooled with the culture media to ensure that all the media is 

removed for the collagen assay. This 1 ml from each well was labelled and kept at 

-80 °C until they could be analysed.

Cell counts were performed for each well by adding 250 pi o f 1:10 

Trypsin:Versene solution and incubated at 37 °C until the cells were rounded and 

in suspension. The Trypsin:Versene solution was neutralised by adding 750 pi o f  

standard fibroblast culture media and cell viability and counting were performed 

as described in Chapter 2, Section 1.3.

2.3. Determination of Collagen and Non-Collagen Synthesis

It is important to remove all unincorporated L-proline as this will distort the 

measurement o f L-proline that is incorporated into protein. This is performed 

by repeatedly washing the precipitated protein from the media. The proteins and 

polypeptides in the media were precipitated by the addition o f trichloroacetic acid 

(TCA). The precipitation o f all proteins and polypeptides occurred when the final 

concentration o f TCA is 5%. These steps were performed at 4 °C.

The amount o f protein in the media samples is small so a carrier protein, 25pi of 

bovine serum albumin solution (64mg/ml), was first added to each eppendorf in 

order to stabilise the protein pellet during TCA precipitation. TCA was added to 

each eppendorf to give a final concentration o f 5%. Each sample was agitated at 

4°C for 20 minutes and then centrifuged at 13000 rpm for 10 minutes at 4°C. The 

supernatant, carrying unincorporated isotope, was discarded and the protein pellet 

resuspended in 900pl o f 2mM proline and TCA added. lOOpl o f 50% TCA was 

added, yielding a solution with a final concentration o f 5%, sufficient to 

precipitate the proteins. This cycle o f washing and precipitation was repeated a 

further eight times: the penultimate agitation lasted for 12 hours.
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Following the last centrifugation, protein pellets were then resuspended in 500 pi 

of incubation cocktail (Appendix III) and 25 pi 0.2 M sodium hydroxide (NaOH) 

prior to incubation at 37°C for 90 minutes.

After cooling to 4°C the protein was precipitated with TCA (500 pi o f 10% TCA) 

and pellets were formed. Each sample was agitated for 20 minutes and then 

centrifuged at 13000 rpm for 10 minutes at 4°C. The resulting supematent was 

aspirated and dispensed into a scintillation vial. A further 500 pi 5% TCA was 

used to wash the pellets and this was aspirated and pooled with the previous TCA 

wash. The scintillation vials were then filled with 3.5 ml o f scintillation fluid. 

These were labelled "Blank".

The remaining protein pellet was resuspended in 500 pi o f incubation cocktail 

containing 50 pg/ml CLSPA collagenase (Worthington Biochemicals). The 

collagenase is stored 1 mg/ml dissolved in 0.005 M CaCb, 0.05 M Tris, pH 7.4. 

The collagenase was used to solublise the collagen derived peptides so they could 

be separated from the non-soluble non-collagenous protein. The highly purified 

(chromatographically) bacterial collagenase was very pH sensitive and can be 

inactivated by the excess TCA. The pH is kept at 7.5 to ensure optimal enzymatic 

activity. This is achieved by adding a titrated amount o f 0.2 M NaOH to each 

sample. Each eppendorf was again incubated at 37°C for 90 minutes.

After cooling to 4°C the protein was precipitated with TCA (500 pi o f 10% TCA) 

and pellets were formed. Each sample was agitated for 20 minutes and then 

centrifuged at 13000 rpm for 10 minutes at 4°C. The resulting supematent was 

aspirated and dispensed into a scintillation vial. A further 500 pi o f 5% TCA was 

used to wash the pellets and this was aspirated and pooled with the previous TCA 

wash. The scintillation vials were then filled with 3.5 ml o f scintillation fluid. 

These were labelled "Collagen".

The remaining protein pellet was solublised in 500 pi o f warm 0.2 M NaOH, 

which was aspirated and dispensed into scintillation vials. The eppendorfs were
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then washed with 1 ml o f 0.2 M Hydrochloric acid (HCl) that was pooled with the 

alkali sample. The scintillation vials were then filled with 3.5 ml o f scintillation 

fluid. These were labelled "Non-Collagen".

For each sample there were three scintillation vials labelled 

"Blank"(B),"Collagen"(C) and "Non-Collagen"(NC). They were each counted for 

10 minutes giving a result o f counts per minute (cpm).

2.4. Calculations

The "Blank" (B) data, which represented the background scintillation counts, were 

deducted from the "Collagen" (C) and "Non-Collagen" (NC) data. Each sample in 

the scintillation vial had been diluted with 3.5 ml o f scintillation fluid and was 

therefore multiplied by 3.333 (i.e. 1.5 ml sample + 3.5 ml scintillation fluid = 5 ml 

Total; 1.5/5 = 3.333). Proline incorporation into protein is disproportionate giving 

a ratio o f 1:5.4 (non-collagenous protein: collagen). The non-collagen data was 

corrected by multiplying by 5.4.

Collagen Synthesis = (C - B) x 3.333

Non-collagen Protein Synthesis = (NC - B) x 3.333 x 5.4

The values for collagen synthesis and non-collagenous protein synthesis were 

normalised to cell number giving the values in counts per minute per 10"* cells 

(cpm/lO'  ̂ cells). Total protein (TP) was calculated by the summation o f the 

collagen synthesis and non-collagen protein synthesis.

2.5. Statistical Analysis

For each cell line (Dupuytren's fibroblasts n=4, tendon fibroblasts n=4) the mean 

of four replicates and standard error for collagen synthesis and non-collagenous 

protein synthesis o f each treatment were calculated (cpm/1 O'* cells). All results 

were compared to the untreated and unstimulated controls and expressed as a
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percentage change from the control, where the control is given as 100%. The 

mean and the standard error were calculated for the results for the four cell lines 

derived from Dupuytren’s scar tissue and tendon.

An unpaired student t-test was used to compare the groups. The analysis was 

performed using SigmaStat statistics software, version 2.0 (Jandel corporation).

3. TRANSFORMING GROWTH FACTOR p-1 ASSAY

A sandwich enzyme linked immunosorbant assay (ELISA) (Belanger 1973, 

Mailoni 1975) is a technique used for the detection and quantification o f a specific 

antigen, human TGFp-1 (personal communication from AD Cambrey (RAFT)) 

(Figure 2.3.1). This test requires two antibodies that bind to different epitopes on 

the antigen. Unlabelled antibody to the TGFp-1 was first bound to the solid state, 

a PVC microtiter plate, so that the surface was saturated. To minimise non

specific binding, the remaining sites were blocked by incubating with blocking 

buffer. The solutions containing the TGFp-1 (standards and test samples) were 

then added to the wells and allowed to bind to the capture antibody. Unbound 

proteins were washed away before detection antibody was added in excess to 

ensure that maximum antibody-antigen binding occurred. A biotin labelled 

detection antibody was then added. The biotin bound tightly to avidin that was 

labelled with the enzyme horseradish peroxidase (HRP), forming a stable 

complex. A chromogenic substrate solution was then added which turns yellow 

when positive due to the action of the peroxidase (Figure 2.3.1).

3.1. Preparation of Cell Culture Media Samples

Fibroblasts were seeded into 24 well plates with 0.5-1x10^ cells/well and 

incubated with standard fibroblast culture medium (Appendix II) gently agitating 

the plates ensuring even spacing o f the cells. The plates were then incubated at 

37°C, 5% CO2. The initial experimental design had serum free media (Appendix

II) for pre-incubation and incubation periods which was subsequently changed to
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media containing 2 % FCS (Appendix II). Once cells appeared visually confluent, 

they were incubated for a further 24 hours prior to replacing the culture media 

with pre-incubation media.

3.2. Treatment with 5-Fluorouracil

Following the 24 hours o f pre-incubation the media was aspirated and the 

monolayer was gently washed with I ml o f PBS. This was aspirated and replaced 

with four different concentrations o f 5-fluorouracil (5-FU) 50, 25, 2.5, 0.25 mg/ml 

(David Bull Laboratories, Warwick) diluted in phosphate buffered saline (PBS) 

(Sigma) and a vehicle control, all o f which were conducted in replicates of four. 

The cells were exposed to the 1 ml o f the vehicle control and treatment substances 

for five minutes. This was then aspirated and discarded after which all wells were 

then washed with 1 ml o f PBS twice. The fibroblast monolayers were then 

covered with 500 pi o f media for the 24 hour incubation period.

The incubation media (500pl) from each well was then aspirated and dispensed 

into an eppendorf. The monolayer was then washed with 500pl o f PBS that was 

aspirated and pooled with the culture media to ensure that all the media is 

removed for the collagen assay. This 1 ml from each well was labelled and kept at 

-80 °C until they could be analysed.

Cell counts were performed for each well by adding 250 pi o f 1:10 

TrypsiniVersene solution and incubated at 37°C until the cells were rounded and 

in suspension. The TrypsiniVersene solution was neutralised by adding 750 pi o f  

standard fibroblast culture media and cell viability and counting were performed 

as described in Chapter 2, Section 1.3.

3.3. Sample Concentration

Media samples that had been pre-incubated and incubated in serum-free 

conditions contained low concentrations o f TGFp-1 and were concentrated using 

centrifugal filter units, Ultraffee-CL (Millipore). 3ml o f culture media was loaded
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into the filter unit and centrifuged at 3000 rpm until the sample volume had been 

reduced to 250 pi. 1 ml o f PBS was added and centrifuged for a further 20 

minutes until the retained volume was reduced to below 200 pi. The remaining 

sample is aspirated and made up to 200 pi with PBS. These samples were kept at 

-80 °C until assayed.

3.4. Preparation of the 96 Well ELISA Plate

A 96 well Maxisorp ELISA plate (Nunc) was coated with 100 pl/well o f a 2.5 

pg/ml solution o f murine monoclonal antibody against human TGFp-1 (R&D 

Systems) diluted to in PBS, pH 7.5. The sealed plate was incubated at room 

temperature overnight. Unbound antibody was eluted from each well by washing 

twice with 200 pi o f wash buffer (Appendix III) three times. Binding to non

specific sites was minimised by incubating the plate with 200 pl/well o f blocking 

buffer (Appendix III) for one hour at room temperature. Blocking buffer was 

aspirated and each well washed three times. Each well was aspirated and then 

washed with 200 pi o f wash buffer.

3.5. Preparation of Standards and Samples

The standards were prepared from active TGFp-1 (Ipg/pl, R&D Systems) and 

doubling dilutions made from 2000 pg/ml to 3.9 pg/ml in diluent. The test 

samples contained both active and latent forms o f TGFp-1. Since only active 

TGFp-1 is detected by this assay, all samples require pre-activation. Culture 

media (350 pi and 200pl) was dispensed into eppendorfs and acidified with 24 pi 

5M hydrochloric acid per ml sample for 15 minutes at room temperature. Each 

sample was then neutralised by adding 40 pi o f neutralising solution (Appendix

III) per ml o f sample. The pH of the resulting sample was 7.5. All samples were 

cross-checked using pH sticks (BDH) and their pH adjusted with neutralising 

solution if  required. Activated samples and standards were then dispensed into the 

ELISA wells as indicated (Figure 2.3.2) and incubated overnight at 4 °C.
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OPD > OPD OPD

Avadin-HRP

Biotin labelled detection antibody

Antigen TGF6-1

Capture antibody

TGFB

Figure 2.3.1. Sandwich enzyme linked immunosorbant assay (ELISA) 
showing the different layers.
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Figure 2.3.2. Microtiter plate with concentrations of TGFB-1 standards.
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3.6. Detection and Quantification

Unbound TGFp-1 from samples and standards was removed and the wells washed 

four times as before. 100 pl/well of 50 ng/ml biotin-labelled chicken anti-human 

TGFp-1, (R&D Systems) was dispensed and incubated for 1 hour at room 

temperature. The wells were again aspirated and washed six times. 100 pl/well of 

1/1000 diluted in diluent avidin-HRP (ExtrAvadin Horse Radish Peroxidase 

conjugate, Sigma Co) was dispensed and incubated for two hours at room 

temperature.

The wells were aspirated and washed eight times as before, then 200pl/well of 

aqueous substrate solution added (o-phenylenediamine dihydrochloride [O.P.D.] : 

urea, hydrogen peroxide. Sigma). The avidin joins irreversibly to the biotin 

allowing the enzyme HRP to react with the colourless substrate, OPD forming a 

yellow product. The plate was covered and incubated for 20 - 60 minutes at room 

temperature.

H2O2 + OPD ►H2O + OPD-0

HRP

Colourless  ► Yellow

This reaction is light sensitive and therefore the plates were not placed in direct 

light. The reaction was monitored throughout in order to choose the optimum time 

to halt the reaction, to ensure that the samples had developed adequately relative 

to the standards. The reaction was halted by the addition o f 50 pi /well o f 2M 

sulphuric acid. The optical density (OD) o f each well was determined at 492 nm 

using a microplate reader (Biorad-model 550, using Microplate manager version 

4.0).
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3.7. Calculating the Unknown TGFP-1 Concentrations

A standard curve was produced from the standards o f each plate, plotting the OD 

reading (y Axis) against the concentration o f TGFp-1 (x Axis) (Figure 2.3.3). The 

regression coefficient for the standard curve was used to calculate the unknown 

TGFpi concentrations in each test sample. These values were corrected for the 

dilution factor (3 ml o f conditioned incubation media per well and 1ml o f PBS 

used to wash monolayer). The data was then normalised for cell number.

3.8. Statistical analysis

For each cell line (Dupuytren's fibroblasts n=4, tendon fibroblasts n=4) the mean 

and standard error o f replicates (n=3) for TGFp-1 concentrations for each 

treatment were calculated (pg/ml). The TGFp-1 concentration was then 

standardised against cell number (pg/lO"̂  cells) The mean and the standard error 

were calculated for the four cell lines derived from Dupuytren's scar tissue and 

tendon.

An unpaired students t-test was used to compare the groups. The analysis was 

performed using SigmaStat statistics software, version 2.0 (Jandel Corporation).

4. RNA EXTRACTION PROTOCOL

The extraction o f RNA required the effective disruption o f the cells to release 

their contents, dénaturation o f the nucleoprotein complexes, inactivation o f the 

endogenous ribonuclease (RNase) activity, reducing the potential for the addition 

of outside RNase activity, and the removal o f contaminating genomic DNA, 

proteins and cellular debris. If these principles are not adhered to the integrity, 

purity and yield o f the RNA will be compromised. Extraction was performed 

using a commercially available kit (RNeasy, Qiagen).

69



Methods and Materials

0.6 1
y = 0.1733Ln(x)-0.4617 ♦ 

= 0.9591 j /
0.4 -

Oo\

10 100 1000
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Figure 2.3.3. A standard curve for the TGFB-1 assay. TGFB-1 concentration 
(pg/ml) is plotted against the absorbance at a wavelength of 490 nm. These results 
are from a representative ELISA plate.
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Immediate deactivation o f the endogenous RNase is the most important step to 

take. The common sources o f RNase contamination are from skin and bacteria 

and moulds on airborne dust particles. It is important to maintain an RNase free 

environment and this can be helped by the use o f sterile disposable plasticware, 

sterile technique and the wearing o f gloves.

4.1. Cell Culture Preparation

Fibroblasts were seeded into T75 flasks with IxIO  ̂ cells and incubated with 

standard fibroblast culture medium (Appendix II) gently agitating the flasks which 

ensured even spacing o f the cells. The plates were then incubated at 37°C, 5% 

CO2. Once cells appeared visually confluent, they were incubated for a further 24 

hours prior to replacing the culture media with pre-incubation media containing 

2% FCS. This ensured that the cells are quiescent but remained synthesising 

protein. The media contained ascorbic acid, an important cofactor in collagen 

production, and was immediately used after preparation due to its rapid 

breakdown. The flasks were incubated for 24 hours at 37°C, 5% CO2.

4.2. Treatment with 5-Fluorouracil

Following the 24 hours o f pre-incubation the media was aspirated and the 

monolayer was gently washed with 5 ml o f PBS. This was aspirated and replaced 

with 25 mg/ml o f 5-fluorouracil (5-fu) (David Bull Laboratories, Warwick) 

diluted in phosphate buffered saline (PBS) (Sigma) and a vehicle control. The 

cells were exposed to 5 ml o f the vehicle control and treatment substances for five 

minutes. This was aspirated and discarded after which the flasks were washed 

twice with 5 ml o f PBS. The fibroblast monolayers were covered with 12 ml o f  

low serum incubation media (2% w/v) (Appendix H) and the flasks were 

incubated at 37°C, 5% CO2 for 24 hours.

The incubation media from each well was then aspirated and discarded. The 

monolayer was then washed with 10 ml o f PBS. The fibroblasts were collected by 

adding 2 ml o f 1:10 Trypsin: Versene solution and incubated at 37 °C until the
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cells were rounded and in suspension. The TrypsiniVersene solution was 

neutralised by adding 10 ml o f standard fibroblast culture media. This was then 

aspirated and placed in a centrifuge tube and cell viability and counting were 

performed as described in Chapter 2, Section 1.3. The centrifuge tube was 

centrifuged at 1000 rpm for five minutes. The supernatant was discarded and the 

cells resuspended in 10 ml o f standard culture media and again centrifuged at 

1000 rpm for five minutes and the supernatant was discarded, to ensure all 

Trypsin: Versene was removed. The cells were resuspended in 500 fû o f lysis 

buffer (10/il |8-mercaptoethanol to 1 ml o f RLT buffer) and snap fi*ozen at -80 °C 

until required. RLT buffer, supplied with the kit, was proprietary and therefore the 

composition was not published. However, it contained more than 25% guanidine 

thiocyanate.

4.3 RNA Extraction

The samples were then thawed and the cell suspension taken up in a 1ml syringe 

fitted with a 25 gauge needle in order to shear the remaining intact cells. The 

lysate was mixed with 500 pi 70% ethanol (Analar grade ethanol diluted with 

RNase-free distilled water) and loaded onto the mini-columns. The columns were 

centrifuged at 10,000 rpm for 15 seconds in a Microcentaur microcentrifuge, 

trapping the RNA on the membrane. The columns were then washed firstly with 

wash buffer RW l, and then with wash buffer RPE (20% RPE and 80% analar 

grade ethanol). Wash buffers RWl and RPE, supplied with the kit, were 

proprietary and therefore the compositions were not published. Wash buffer RWl 

contained less than 25% guanidine thiocyanate and wash buffer RPE contained no 

hazardous components. The RNA was eluted fi"om the membrane in 50 pi of  

diethylpyrocarbonate (DEPC) treated water after centrifuging at 10,000 rpm for 1 

minute. A 5 pi aliquot o f the extracted RNA was taken for spectrophotometric 

readings, and the remaining 45 pi was stored at -80°C.
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4.4 Measurement of Purity, Concentration and Total Yield

A 5 |il aliquot o f the extracted RNA was diluted with 195 fil (1:40 dilution factor) 

of diethylpyrocarbonate (DEPC) treated water and its absorbance determined 

spectrophotometrically. The spectrophotometer was zeroed and absorbance 

readings were made at 260 nm (A260) and 280 nm (A280).

The purity o f the extracted RNA was estimated by comparing the ratio of 

absorbances A26o:A2go. Pure RNA gave a ratio o f 2.0, however variations in 

starting materials and potential protein contamination yielded a lower ratio. 

Sample ratios between 1.7 and 2.1 were deemed to contain RNA o f acceptable 

purity.

The concentration and subsequently the total yield o f RNA were calculated from 

the A260 reading.

mRNA concentration = A260 x 40 x dilution factor (40)

( /xg/ml X 10̂  )

mRNA yield (/ig) = mRNA concentration x total volume o f eluted RNA

The remaining total RNA would then be investigated for specific gene expression 

by reverse transcription-polymerase chain reaction (RT-PCR).

5. THE MEASUREMENT OF GENE EXPRESSION

The reverse transcription-polymerase chain reaction (RT-PCR) is a technique 

whereby specific, low abundance mRNAs may be detected and is an accepted 

technique for the investigation o f gene expression by tissues or cultured cells 

(Tamuzzer 1996, Magro 1997). The reverse transcription (RT) reaction converts 

the mRNA to complementary DNA (cDNA) due to the action o f the enzyme
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reverse transcriptase. The resultant cDNA was amplified in the polymerase chain 

reaction (PCR). DNA products were separated using submerged gel 

electrophoresis using 2% agarose.

5.1. The Reverse Transcription Reaction

The conversion o f mRNA to cDNA was carried out using the reverse transcription 

(RT) reaction using 2 pg o f total RNA in a final volume o f 100 pi containing the 

reaction substrates (Appendix IV). The enzyme reverse transcriptase allows for 

the conversion o f mRNA to cDNA.

The RT reaction conditions were controlled by a thermal cycler (Hybaid OMN-E 

96x0.2ml block, Hybaid ltd, UK) (Appendix IV). The resulting cDNA was stored 

at -20 °C prior to amplification via the polymerase chain reaction.

5.2. The Polymerase Chain Reaction

A 5 pi aliquot o f each cDNA underwent amplification by PCR in a final volume 

of 50 pi, containing the reaction substrates (Appendix IV).

Specific human oligonucleotide primers are used for amplifying the various 

variable portions for Collagen I, III, TGFp-1 and Beta actin (Appendix IV). jS- 

actin is the housekeeping gene used as an internal cellular control. The changes in 

mRNA tested (Collagen types I, III and TGFp-1) were compared with the internal 

control. It is important that the mRNA level did not alter with the treatments 

given. The level o f expression o f the test mRNAs was compared to the level o f the 

housekeeping gene.

Initially the mRNA samples underwent PCR for jS-actin to ensure that there was 

no change due to the treatments (5-fii) to which the fibroblasts were exposed. 

Subsequently both the /3-actin and a single test mRNA primers (Collagen types I, 

III and TGpp-1) were added to the PCR reaction samples in order to compare 

with the /3-actin.
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The conditions for the RT reaction, controlled by a thermal cycler, were repeated 

cycles o f initiation by heat dénaturation, annealing (primer binding), extension 

and completion o f synthesis (Appendix IV). These samples were kept at -20°C 

until the southern blotting was carried out.

5.3. Gel Electrophoresis

The amplified cDNA products from the RT-PCR reaction were separated by 

electrophoresis on 2% agarose gels containing 25 ng/ml ethidium bromide in

0.045 M Tris-borate/1 mM EDTA buffer. The bands were visualised by 

ultraviolet light and compared with the 100 base pair molecular weight marker 

before being photographed (Appendix IV).

5.4. Image Analysis

Gel analysis was performed using the Kodak ED AS (Electrophoresis 

Documentation and Analysis Software) System 120 package. The gels were 

scanned using an ultraviolet source and a Kodak DC 120 digital camera. Lanes 

and then bands were identified using Kodak Digital Science ID Image Analysis 

Software (Version 2.0) and the intensities measured. The net intensities for jS- 

actin were measured and then compared to net band intensities for TGFjS-l and 

collagen types I and III to arrive at relative band intensities (TGFjS-l//3-actin, 

collagen type I//3-actin, collagen type III /jS-actin).

5.5. Statistical Analysis

The mean and the standard error were calculated for the various time points and 

treatments for the 4 cell lines derived from Dupuytren's tissue and tendon.

The Mann Whitney Rank sum test was used to compare the groups. The analysis 

was performed using SigmaStat statistics software, version 2.0 (Jandel 

Corporation).
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6. CLINICAL TRIAL

The clinical trial entitled "Dupuytren's Disease: The in vivo application o f 5- 

Fluorouracil after fasciectomy", was approved by the Mount Vernon and Watford 

Hospitals Local Research Ethics Committee (No. EC97057). This was a double 

blind (patient and assessors) prospective randomised trial.

6.1. Patient Recruitment, Selection and Randomisation

Patients were recruited from the routine hospital waiting list, Mount Vernon 

Hospital, Middlesex, UK. Contact was first made by telephone. An initial 

appointment was arranged to discuss the proposed study and whether they 

fulfilled the inclusion criteria (Appendix V), a key factor being the involvement of 

two digits with primary Dupuytren's contracture in order that each patient would 

have 5-fu treated and control digits. They were all given an information sheet 

outlining the reason for the trial, treatment and risks (Appendix VI). A second 

appointment was arranged by post (Appendix VII) when the trial patients were 

consented (Appendix VIII), the treatment timetable (Appendix DC), was discussed 

and pre-operative assessment began.

6.2. Pre-Operative Assessment

6.2.1. History

The hand therapy team completed a full clinical and family history questionnaire 

(Appendix X).

6.2.2. Clinical assessment

The Dexter® Evaluation and Therapy System (Dexter), developed by Cederon 

Medical, Inc, was used to assess all patients (Figure 2.6.1). This is a computer- 

based system (IBM PC and Dexter V4.86 software) that assesses patients using a 

number o f validated tools (JAMAR grip dynamometer. Electronic goniometer.
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A. B

C. D.

E. F.

Figure 2.6.1. Pre- and post-operative clinical assessment of hand function 
using the Dexter® Evaluation and Therapy System (Dexter). A, IBM PC
computer-based system using Dexter V4.86 software. B, digital image capture 
system. Electronic goniometer measuring C, joint flexion and D, joint extension. 
E, JAMAR grip dynamometer. F, extension deficit measured with a ruler.
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digital image capture system) and scoring systems.

The patient's hand was first observed and the extent and type o f disease was 

noted. Isometric grip strength was measured by a JAMAR grip dynamometer 

connected to Dexter. The patients were asked to grip maximally and as quickly as 

possible. Active ranges o f motion (in degrees, °) o f digit joints, metacarpo

phalangeal (MCP), proximal interphalangeal (PIP) and distal interphalangeal 

(DIP), were measured using an electronic goniometer connected to Dexter. Total 

active motion (TAM) was calculated from these. Flexor, extensor, thumb 

extension and abduction span were measured with a ruler. Thumb opposition was 

assessed using the Kapandji score out o f nine (Kapandji 1992). Digital images 

were taken using a video (Sony Handycam Video High-8) and the digital image 

light table and box. All this data was either automatically or manually stored in 

the database.

To aid the comparison, the joint motions were compared with published normal 

range o f motion, giving the joint motion as a percentage o f normal (%). Mallon et 

at (1991) measured 120 young adults (18-35 years) arriving at figures for TAM, 

MCP, PIP and DIP joint motion (Appendix XI). Normal thumb MCP and PIP 

joint movement was taken from the American Medical Association: Guides to the 

evaluation o f permanent impairment (1990) (Appendix XI).

6.2.3. Photography

The hospital medical photographer took pre-operative photographs with a Pentax 

KIOOO 35mm camera and a Tamron 90mm lens. Three views (volar, dorsal and 

ulnar) were taken o f full active flexion and extension. Lighting was directed 

frontally and down with a fill-in from below with rim lighting.
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6.3. Procedure

6.3.1. Anaesthesia

The patients underwent routine general anaesthesia with no regional blocks 

performed.

6.3.2. Operative technique

All operative procedures were performed in the Plastic Theatre Unit at Mount 

Vernon hospital. The patient was placed supine using an arm table to support the 

upper limb. The skin was prepared with aqueous Chlorhexidine (Adams 

Healthcare Leeds, UK) and draped as required. In order to decide which o f the 

two digits were to be allocated as treatment or control, twenty numbered 

envelopes were prepared with "Radial" and "Ulna" written on ten cards each. The 

lead surgeon opened the cards as the patient was being induced.

The skin over the Dupuytren’s cords or nodules was marked and incisions were 

made over them. The cords or nodules were exposed taking due care to identify 

the neuro-vascular structures. A 1cm section o f the cords were marked and 

excised (Figure 2.6.2.A). Following the excision either 0.5ml o f 5-fu (25mg/ml) 

or 0.5ml o f normal saline was introduced into the excision zone using a 2 ml 

syringe and a blunt 18 gauge drawing up needle (Figure 2.6.2.B). Great care was 

taken not to contaminate the skin edges with the treatments or control fluids, and 

in ensuring that there was no cross contamination o f 5-fu and control normal 

saline between the wounds. This was left for five minutes after which the 

remaining fluid was aspirated and the excision was repeatedly lavaged with 

normal saline. Z-plasties were inserted in areas o f skin tightness. The wounds 

were closed with 4/0 prolene (Ethicon, Johnson & Johnson). A large bulky 

dressing was applied for 24 hours and the arm was elevated. The patient was 

started on a course o f oral antibiotics (cefuroxime 250 mg twice a day for five 

days). The patient was not informed o f which digit was the control and which was 

treated with 5-fu.
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A.

B.

Figure 2.6.2. Operative technique and 5-fu treatment. Minimal dissection over 
cord, 1 cm section marked and excised from the little and middle digits, A. The 
delivery of either 0.5 ml of 5-fu (25 mg/ml) or normal saline (vehicle control) into 
the excision zone for five minutes, B.
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6.4. Post-Operative Treatment and Wound Care

The trial patients were treated the same way as routine patients as regards to post

operative wound care and hand therapy. The patients returned to have their sutures 

removed at seven days post-operatively. They were monitored for complications 

such as wound infection, skin slough and wound edge necrosis.

6.4.1. Hand therapy

All patients were seen on the ward by the hand therapy team (Occupational 

Therapists and Physiotherapists) to advise on elevation and given a post-operative 

exercise protocol (Appendix XII).

After discharge patients were seen initially twice weekly and then as required 

until complete wound healing. Patients had thermoplastic night splints custom 

made (3mm Orthoplast by Johnson & Johnson) to be worn for three months. The 

splint keeps the wrist at 30° extension and the MCP and interphalangeal joints in 

neutral position. The splint was remoulded on the return visits when necessary. If 

the hand became swollen retrograde massage or contrast bathing (alternately 

bathing the hand for 30 seconds in hot water and then cold water) would be 

started.

Scar-softening therapy was commenced when the wound was fully healed. The 

patient started with scar massage 5-6 times daily with lubricant cream (Eucerin 

fi-om Beiersdorf, UK, ltd). For the finger, silicone gel (Siligel by Nagor ltd) and 

digital pressure garment (Silipad digital cap pressure garment by Silipos) was 

applied to the digital scars. For palmar scars. Putty Elastomer (North Coast Inc) 

was made up and moulded to the relevant area and held in place using the night 

splint. Persistent proximal interphalangeal joint flexion is routinely treated with a 

Capener finger splint (Exeter Mobility Centre). Patients were seen in the hand 

therapy clinic until maximal range o f movement had returned.
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6.5. Post-Operative Follow-Up

Patients were recalled by the hand therapists to perform post-operative 

assessments. The same hand therapist performed both the pre-operative and post

operative clinical assessments not knowing which digit was the control and which 

digit was treated by 5-fu.

3 months

A full clinical examination was performed as described above.

6 months

A full clinical examination was performed and clinical photographs were taken. 

Yearly fo r  5 years

A full clinical examination will be performed and clinical photographs were 

taken.

6.6. Statistical Analysis

The median and range were calculated for the range o f joint motions (° and %) for 

control and treatment digits o f six patients.

A paired students t-test was used to compare the treatment and control groups. 

The analysis was performed using SigmaStat statistics software, version 2.0 

(Jandel Corporation).
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1. BASAL COLLAGEN AND NGN-COLLAGENOUS PROTEIN 

SYNTHESIS BY CULTURED FIBROBLASTS

1.1 Introduction

The fibroblast is the main cell type to produce extracellular matrix in scar formation 

(Clark RA 1993). The total amount o f extracellular matrix laid down depends on a 

fine balance between synthesis and degradation (Laurent 1987).

It was important to assess the basal extracellular matrix metabolism o f fibroblasts 

derived fi*om control and diseased tissue. The control fibroblasts were derived from 

normal human tendon removed from band trauma patients, as this was more readily 

available than palmar fascia. Disease fibroblasts were derived from surgically excised 

Dupuytren’s scar tissue. To determine the basal extracellular matrix metabolism 

collagen and non-collagenous protein synthesis was assessed. Once basal rates bad 

been determined the effect o f exogenously applied mediators, positive and negative 

fibroblast stimulators, were assessed in order to determine the responsiveness of the 

cell lines. A positive stimulator, TGFB-1, was investigated to ensure that the cell lines 

used were fully reactive. A negative stimulator, PGE2, was employed to define a 

reduced level o f collagen synthesis against which results might be compared with 

later experiments involving treatments to reduce the functional ability o f the 

fibroblasts.

1.2 Aim

Preliminary studies were performed to investigate the collagen and non-collagenous 

protein synthesis by fibroblasts explanted fi-om Dupuytren’s tissue and tendon, and to 

determine how this was affected by exogenous growth factors.
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1.3 Methods and Materials

Fibroblast monolayers were incubated with media containing exogenous growth 

factors, TGF6-1 and PGE2. Conditioned media was assayed in order to determine the 

collagen and non-collagen protein synthesis via the incorporation o f tritiated [^H]- 

proline (Chapter 2, Section 2).

1.4 Results

Figure 3.1.1 depicts the effects o f TGF6-1 on collagen synthesis by representative 

cell lines from tendon, (A), and Dupuytren’s tissue, (B), fibroblasts. Collagen 

synthesis by untreated tendon fibroblasts was 231.1 ± 23.7 cpm/lO"* cells. This rose 

significantly to 641.0 ± 174.3 cpm/lO"̂  when incubated with TGFB-1 (36°C for 24 

hours) (p<0.05) which represented a 177% increase over levels without TGFB-1. 

Collagen synthesis by Dupuytren’s fibroblasts showed a similar trend, with a 

significant increase in collagen synthesis when compared with unstimulated cells, 

409.0 ± 12.5 cpm/lO"̂  cells, with TGFB-1 treated cells, 707.5 ± 57.2 cpm/ 10  ̂

(p<0.05), representing a rise o f 73%.

The effects o f TGFB-1 on non-collagenous protein synthesis by representative cell 

lines from tendon, (A), and Dupuytren’s tissue, (B), fibroblasts are shown in figure

3.1.2. The non-collagen synthesis by untreated tendon fibroblasts was 553.7 ± 131.4 

cpm/1 O'* cells which rose to 1540.2 ± 454.2 cpm/lO"* when incubated with TGFB-1. 

This represented a 179% increase above unstimulated cells. However the difference 

was not statistically significant. Non-collagen synthesis by Dupuytren’s fibroblasts 

did show a significant increase when comparing unstimulated controls, 825.2 ±25.7  

cpm/1 O'* cells, with TGFB-1 treated cells, 1303.0 ± 113.6 cpm/1 O'* (p<0.05) 

representing a 58% increase above control levels.
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Figure 3.1.1. The effect of TGFB-1 on collagen synthesis by cultured fibroblasts.
The bars in each graph represent the response of a single representative cell line, 
where each cell line was sampled in n=4 replicates, standardised against cell number, 
and expressed as cpm/10  ̂ cells. * p < 0.05. A. The collagen synthesis by fibroblasts 
derived from normal tendon is significantly increased from unstimulated fibroblasts 
* i  compared with those incubated with exogenous TGFB-1 223. B. The collagen 
synthesis by fibroblasts derived from Dupuytren’s scar fibroblast is significantly 
increased from unstimulated fibroblasts compared with those incubated with
exogenous TGFB-1 223
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Figure 3.1.2. The effect of TGFB-1 on non-collagenous protein synthesis by 
cultured fibroblasts. The bars in each graph represent the response of a single 
representative cell line, where each cell line was sampled in n=4 replicates, 
standardised against cell number, and expressed as cpm/io"^ cells. A. The non
collagen synthesis by unstimulated fibroblasts derived from normal tendon
fibroblasts compared with those incubated with exogenous TGP6-1223, B. The non
collagen synthesis by fibroblasts derived from Dupuytren’s scar is significantly 
increased from unstimulated fibroblasts ■ ■  compared with those incubated with 
exogenous TGP6-1 223. * p < 0.05.
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Figure 3.1.3 illustrates the effects o f TGFB-1 on total protein synthesis by 

representative cell lines from tendon, (A), and Dupuytren’s tissue, (B). Total protein 

synthesis by tendon fibroblasts appeared to rise in response to TGFB-1, 784.7 ± 154.4 

cpm/lO"̂  cells to 2181.1 ± 627.4 cpm/lO"̂ , respectively. This rise represented a 178% 

increase above unstimulated cells, however this difference did not prove to be 

statistically significant. Total protein synthesis by Dupuytren’s fibroblasts rose 

significantly when comparing unstimulated cells, 1234.2 ± 37.5 cpm/lO"̂  cells, with 

TGFB-1 treated cells, 2010.5 ± 158.0 cpm/lO"̂  (p<0.05). This represented a 63% rise 

above unstimulated cells.

The effects o f PGE] on collagen synthesis by representative cell lines fi*om tendon, 

(A), and Dupuytren’s tissue, (B) are depicted in figure 3.1.4. Collagen synthesis by 

untreated tendon fibroblasts was 189.4 ±21 . 9  cpm/lO"̂  cells. PGE2 induced a dose 

dependent reduction in collagen synthesis. A significant reduction to 120.0 ±21 . 2  

cpm/lO"̂  by PGE2 (100 ng/ml) (p<0.05) represented a 37% reduction in collagen 

synthesis below control levels. Collagen synthesis by untreated Dupuytren’s 

fibroblasts, (B), was 188.2 ± 52.5 cpm/1 O'* cells. Dupuytren’s fibroblasts exhibited a 

small reduction in collagen synthesis in response to PGE2 corresponding to a decrease 

of 24% and 22% (50 and 100 ng/ml respectively) compared with unstimulated 

controls. However this reduction did not prove to be statistically significant.

Figure 3.1.5 shows the effects o f PGE2 on non-collagenous protein synthesis by 

representative cell lines fi*om tendon, (A), and Dupuytren’s tissue, (B). Non- 

collagenous protein synthesis by untreated tendon fibroblasts was 189.4 ± 21.9 

cpm/lO'* cells and this was not significantly altered by PGE2. Non-collagen synthesis 

by untreated Dupuytren’s fibroblasts was 450.3 ±216.7 cpm/10'* cells. The reduction 

in non-collagen synthesis in response to PGE2 by Dupuytren’s fibroblasts, 51.8% and 

47.6% below control levels (50 or 100 ng/ml respectively), was not statistically 

significant.
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Figure 3.1.3. The effect of TGFB-1 on total protein synthesis by cultured 
fibroblasts. The bars in each graph represent the response of a single representative 
cell line, where each cell line was sampled in n=4 replicates, standardised against cell 
number, and expressed as cpm/lO"  ̂cells. A. The total protein synthesis by
unstimulated fibroblasts derived from normal tendon compared with those
incubated with exogenous TGFB-1 ZZ3 . B. The total protein synthesis by fibroblasts
derived from Dupuytren’s scar is significantly increased from unstimulated
fibroblasts compared with those incubated with exogenous TGFB-1 2Z3 . * p < 
0.05.
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Figure 3.1.4. The effect of PGE2 on collagen synthesis by cultured fibroblasts.
The bars in each graph represent the response of a single representative cell line, 
where each cell line was sampled in n=4 replicates, standardised against cell number, 
and expressed as cpm/io"^ cells. A. The collagen synthesis by fibroblasts derived from 
normal tendon was significantly decreased by PGE2 (100 ng/ml). * p < 0.05. 
Unstimulated PGE2 (50 ng/ml) ZZ3, PGE2 (100 ng/ml) S S  . B. The collagen 
synthesis by fibroblasts derived from Dupuytren’s scar fibroblast. Unstimulated H I , 
PGE2 (50 ng/ml)CO, PGE2 (100 ng/ml) E S  .
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Figure 3.1.5. The effect of PGE2 on non-collagenous protein synthesis by 
cultured fibroblasts. The bars in each graph represent the response of a single 
representative cell line, where each cell line was sampled in n=4 replicates, 
standardised against cell number, and expressed as cpm/lO"  ̂ cells. A. The non
collagen synthesis by fibroblasts derived from normal tendon. Unstimulated H i  , 
PGE2 (50 ng/ml) 223 , PGE2 (100 ng/ml) . B. The non-collagen synthesis by 
fibroblasts derived from Dupuytren’s scar. Unstimulated , PGE2 (50 ng/ml) 
,™ ,P G E 2 (1 0 0  ng /m l)K S .
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The effects o f PGE2 on total protein synthesis by representative cell lines from 

tendon, (A), and Dupuytren’s tissue, (B), fibroblasts are illustrated in figure 3.1.6. 

Total protein synthesis by untreated tendon fibroblasts was 560.9 ± 66.4 cpm/1 O'* 

cells, and this was not significantly altered by PGE2 at either dose tested (50 or 100 

ng/ml). The total protein synthesis by Dupuytren’s fibroblasts is reduced to 360 ±

42.9 cpm/10'* (PGE2 50 ng/ml), however this was not statistically significant.

The representative cell line data compares well with the cumulative data from the two 

groups o f fibroblasts. Figure 3.1.7 shows the effect o f TGFfi-1 on n = 4 tendon cell 

lines and n = 4 Dupuytren’s cell lines. Incubation with TGFB-1 causes a significant 

increase in collagen synthesis, 289.0 ± 61.3 % change from control by tendon cell 

lines. The apparent increase in collagen synthesis to 214.5 ± 48.7 % change from 

control, for Dupuytren’s cell lines did not reach statistical significance (p=0.057). 

There was no significant difference between the two treated cell line groups.

Figure 3.1.8 illustrates the effect o f TGFB-1 on fibroblasts from the two patient 

groups, n = 4 tendon cell lines and n = 4 Dupuytren’s cell lines. Incubation with 

TGFB-1 induces a significant increase in non-collagen synthesis by tendon cell lines

211.5 ± 39.6 % change from control (p<0.05 compared with unstimulated cells). As 

with collagen synthesis by Dupuytren’s cell lines, the apparent increase in non

collagen synthesis to 183.1 ± 4 1 .9  % change from control, did not reach statistical 

significance. There was no significant difference between the two treated cell line 

groups.

The effect o f TGFB-1 on total protein synthesis from the two patient groups, n = 4 

tendon cell lines and n = 4 Dupuytren’s cell lines is depicted in figure 3.1.9 and 

compares well with the representative cell line data. Incubation with TGFB-1 caused 

a significant increase in total protein synthesis both by tendon, 236.7 ±31.5 % change 

from control, and Dupuytren’s cell lines, 183.1 ± 41.9 % change from control (p<0.05
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Figure 3.1.6. The effect of PGE2 on total protein synthesis by cultured 
fibroblasts. The bars in each graph represent the response of a single representative 
cell line, where each cell line was sampled in n=4 replicates, standardised against cell 
number, and expressed as cpm/lO"  ̂cells. A. The total protein synthesis by fibroblasts 
derived from normal tendon. Unstimulated PGE2 (50 ng/ml) 223 PGE2 (100 
ng/ml) . B. The total protein synthesis by fibroblasts derived from Dupuytren’s 
scar. Unstimulated , PGE2 (50 ng/ml) 223  ̂PGE2 (100 ng/ml) tSS] ,
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Figure 3.1.7. The effect of exogenous growth factors (TGFB-1 and PGE2) on 
collagen synthesis. Collagen synthesis by both tendon (♦) and Dupuytren’s scar (♦) 
fibroblasts shown as percentage change from untreated control fibroblasts. The 
controls were calculated as 100%, marked by a solid horizontal line. The data points 
represent the means of the 4 replicates for each cell line. The solid bars represent the 
mean response within each group of cell lines. t<0.05 and tt<0.01 represent a 
significant difference between unstimulated controls and treatments.
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Figure 3.1.8. The effect of exogenous growth factors (TGFO-1 and PGE2) on 
non-collagen synthesis. Non-collagen synthesis by both tendon (♦ ) and Dupuytren’s 
scar ( ♦ ) fibroblasts shown as percentage change from untreated control fibroblasts. 
The controls were calculated as 100%, marked by a solid horizontal line. The data 
points represent the mean response of the 4 replicates for each cell line. The solid 
bars represent the response within each group o f cell lines. |<0.05 and tt^O.Ol 
represent a significant difference between unstimulated and treated cells. *<0.05 
represents a significant difference between tendon and Dupuytren’s cells for 
individual treatments.
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Figure3.1.9. The effect of exogenous growth factors (TGFB-1 and PGE2) on total 
protein synthesis. Total protein synthesis by both tendon (♦ ) and Dupuytren’s scar 
( * ) fibroblasts shown as percentage change from untreated control fibroblasts. The 
controls were calculated as 100%, marked by a solid horizontal line. The data points 
represent the means of the 4 replicates for each cell line. The solid bars represent the 
mean response within each group of cell lines. f<0.05 and tt<0.01 represent a 
significant difference between unstimulated and treated cells.
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compared with imstimulated cell lines). However no significant difference was noted 

when comparing responses between Dupuytren’s and tendon fibroblasts.

Figure 3.1.7 illustrates the effect o f PGE2 (50 and 100 ng/ml) on tendon cell lines 

and Dupuytren’s cell lines. PGE2 (100 ng/ml) induced the greatest reduction in 

collagen synthesis by tendon fibroblasts to, 63.4 ± 8.9 % change from control 

(p<0.01). Dupuytren’s fibroblasts appear to be more sensitive to PGE2 exposure, with 

a maximal reduction in collagen synthesis, 76.0 ± 6.6 % change from control 

occurring in response to 50 ng/ml PGE2 (p<0.05 compared with unstimulated cell 

lines). There was no significant difference in the responses between tendon and 

Dupuytren’s fibroblasts.

The representative cell line data again compares well to the data from the two patient 

groups. The effect o f PGE2 on tendon and Dupuytren’s cell lines is shown in figure 

3.1.8. Dupuytren’s cell lines again appeared to be more sensitive to PGE2 . Non

collagen synthesis by tendon cell lines was not significantly altered by PGE2 . PGE2 

induced a significant reduction in the non-collagen synthesis by Dupuytren’s cell 

lines with the greatest reduction occurring at a dose o f 50 ng/ml PGE2 (48.2 ± 6.8 % 

change from control, p<0.01 compared with unstimulated cell lines).

Figure 3.1.9 depicts the effect o f PGE2 on the two patient groups, tendon and 

Dupuytren’s cell lines, which compared well to the representative cell line data. 

Similarly to the non-collagen synthesis data Dupuytren’s cell lines again appeared to 

be more sensitive to PGE2 . Total protein synthesis by tendon cell lines was not 

significantly altered by PGE2 . Whereas PGE2 (50 ng/ml) induced the greatest 

reduction to 56.4 ± 6.5 (% change from control) by Dupuytren’s cell lines (p<0.01 

compared with unstimulated cell lines).
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1.5 Discussion

Both control and Dupuytren’s fibroblasts are responsive to the exogenously applied 

mediators used in these experiments, the positive stimulator TGFB-1 and the negative 

stimulator PGE]

Alioto et al (1994), using ^"^C-proline uptake, showed that increasing doses o f TGFp- 

1 (10 pg/ml to 3ng/ml) caused a dose dependent increase in both collagen and non- 

collagenous protein synthesis. Alioto et al demonstrated a 90% increase in collagen 

synthesis by Dupuytren’s fibroblasts, compared with a 114.5% increase presented 

here. Alioto et al demonstrated a 40% increase in non-collagen synthesis by 

Dupuytren’s fibroblasts whereas our data showed a similar pattern 83.1% increase by 

Dupuytren’s fibroblasts. The TGFp-1 induced increase in collagen and non-collagen 

synthesis by Dupuytren’s cell lines noted here are o f the same order o f magnitude as 

that published by Alioto et al results using a different isotope, but the same technique.

Varga et al (1987), using dermal fibroblasts and proline labelled with 

demonstrated a down-regulation in collagen synthesis induced by PGE] (lOOng/ml) to 

60 % (% change from control) compared with data presented here o f a 63.4% and 

76.0% (% change fi’om control) for tendon and Dupuytren’s fibroblasts respectively. 

PGE], a cytokine known to down-regulate collagen synthesis in dermal fibroblasts, 

has been shown to have a similar effect in fibroblasts derived fi’om both tendon and 

Dupuytren’s tissue. A reduction in non-collagen synthesis by tendon and Dupuytren’s 

fibroblasts was also induced by PGE].

S u m m a ry

• Basal collagen and non-collagen protein synthesis fo r both control and 

Dupuytren’s fibroblasts was observed.
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•  Collagen and non-collagen protein synthesis by both control and Dupuytren's 

fibroblasts could be significantly up-regulated in response to TGFfi-1.

•  TGFfi-1 (5ng/ml) had a significant but non-selective effect on fibroblast 

metabolism.

•  PGE2 induced significant down-regulatory effect on collagen and non

collagen synthesis by Dupuytren’s fibroblasts. PGE2 reduced collagen 

synthesis by control fibroblasts but had no effect on non-collagen synthesis.

5-fu is an anti-proliferative agent that has been used to reduce post-operative scarring 

and fibrosis (Akali et al 1999). The efficacy o f 5-fu treatment in down-regulating 

collagen synthesis, a major component o f fibrotic plaques, was investigated using the 

in vitro model system outlined in this section.
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2. THE EFFECT O F 5-FLUOROURACIL ON DE NOVO  COLLAGEN 

SYNTHESIS BY CULTURED FIBROBLASTS

2.1. Introduction

5-fluorouracil (5-fu) has been shown to act as an anti-proliferative agent (Khaw et al 

1992). It is thought to occur via the inhibition o f thymidilate synthetase, depleting the 

cell o f thymidine nucleotides thereby inhibiting DNA synthesis; and by incorporation 

into RNA, impairing RNA metabolism and function (Balis et al 1983). Occleston et 

al (1997) showed that 5-fu reduced extracellular matrix synthesis (collagen type I and 

fibronectin) compared with untreated controls for ocular fibroblasts.

Post-operative recurrence rates following corrective surgery for Dupuytren’s disease 

is high (McGrouther 1986). 5-fu may have the potential to reduce fibroblast potential 

in Dupuytren’s tissue and therefore make a useful therapy for reducing recurrence 

rates. In order to determine whether or not 5-fu may be a suitable clinical treatment in 

vitro investigation were performed first.

2.2. Aim

The aim o f these experiments was to investigate the effect o f 5-fu on collagen and 

non-collagenous protein production by diseased fibroblasts derived from Dupuytren’s 

scar tissue.

2.3. M ethods and M aterials

Fibroblast monolayers in culture were treated with 5-fu for five minutes and then 

incubated for 24 hours. Conditioned media was assayed in order to determine the 

collagen and non-collagen synthesis using the methods described in Chapter 2, 

Section 2.
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2.4. Results

Figure 3.2.1 A depicts the effect o f 5-fu on collagen synthesis by a single 

representative tendon fibroblast cell line. The collagen synthesis by tendon fibroblasts 

treated with vehicle control was 222.4 ± 7.6 cpm/lO"^ cells. Collagen synthesis was 

significantly reduced by 5-fli compared with untreated cells. The reduction appeared 

maximal at a dose o f 0.25 mg/ml yielding collagen synthesis rates o f 101.2 ± 7.6 

cpm/10^ cells. This represented a reduction to 46% o f unstimulated cells (p<0.05). 

Concentrations o f 5-fu above 25 mg/ml did not result in a significant reduction in 

collagen synthetic activity. By comparison the effects o f 5-fu on collagen synthesis 

by a representative Dupuytren’s fibroblast cell line are shown in figure 3.2.I.B. The 

collagen synthesis by Dupuytren’s fibroblasts exposed to vehicle alone was 274.4 ±

33.9 cpm/lO"^ cells. 5-fli sharply reduced collagen synthesis at all concentrations 

assayed. Maximal reduction, 89.0 ±15.7  cpm/lO"* cells, was observed in response to

2.5 mg/ml 5-fii. This represented a reduction to 33% of unstimulated cells (p<0.05).

Figure 3.2.2.A shows non-collagen synthesis by a single tendon fibroblast cell line. 

The non-collagen synthesis by fibroblasts treated with vehicle control was 507 ± 54.9 

cpm/lO"^ cells. 5-fii did not significantly alter the non-collagen synthesis by tendon 

fibroblasts. Figure 3.2.2.B depicts the non-collagenous protein synthesis by an 

individual Dupuytren’s cell line. 5-fii (50 mg/ml) maximally reduced the non

collagen synthesis from 503.6 ± 22.5 cpm/lO"^ cells (vehicle control treated cells) to 

255.7 ± 11 .1  cpm/lO"^ cells (p< 0.05, compared with vehicle control treated cells). 

This represented a reduction to 51% o f unstimulated cells.
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Figure 3.2.1. The effect of 5-fu on fibroblast collagen synthesis in vitro 
(representative cell lines). Collagen synthesis is expressed as opm/lO"* cells, with 
each symbol representing the mean of four replicates; * represents p < 0.05 compared 
with vehicle control treated cells. A. The effect of increasing concentration of 5-fu on 
collagen synthesis by a normal tendon fibroblast cell line. B. The effect of increasing 
concentration of 5-fu on collagen synthesis by a Dupuytren’s fibroblast cell line.
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Figure 3.2.2. The effect of 5-fu on fibroblast non-collagenous protein synthesis in 
vitro (representative cell line). Non-collagenous protein synthesis is expressed as 
cpm/lO"  ̂ cells, with each symbol representing the mean of four replicates; * 
represents p < 0.05 compared with vehicle control treated cells. A. The effect of 
increasing concentration of 5-fu on non-collagenous protein synthesis by a normal 
tendon fibroblast cell line. B. The effect of increasing concentration of 5-fu on non- 
collagenous protein synthesis by a Dupuytren’s fibroblast cell line.
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Total protein synthesis by a single tendon cell line in response to 5-fu was 

demonstrated in figure 3.2.3.A. The total protein synthesis by cells treated with 

vehicle control was 730.2 ± 57.0 cpm/lO"^ cells. 5-fu did not significantly change total 

protein synthesis at any o f the doses assayed. Figure 3.2.3.B illustrates the response 

o f a single Dupuytren’s cell line. The total protein synthesis by cells treated with 

vehicle control was 778.6 ± 12.8 cpm/10^ cells. 5-fii caused a significant dose 

dependent reduction in protein synthesis compared with unstimulated cells. Maximal 

reduction in protein synthesis occurred in response to 50 mg/ml 5-fu (388.9 ± 23.4 

cpm/lO"^ cells, p< 0.05). This represented a reduction to 49% o f unstimulated cells.

To date the effects o f 5-fu on a single representative cell line, from each patient 

group, has been shown. Figure 3.2.4 illustrates the effect o f 5-fu on collagen 

synthesis by groups o f tendon and Dupuytren’s fibroblasts (n=4 respectively). Data is 

expressed as a % change from vehicle control treated cells, with collagen synthesis by 

control cells represented as 100%. 5-fu caused a dose dependent decrease in collagen 

synthesis by both tendon and Dupuytren’s fibroblasts. The effect o f 5-fli on tendon 

cell lines is maximal at 25 mg/ml reducing collagen synthesis to 57.4 ± 3.5 % change 

from control (p<0.05, compared with vehicle control treated cells). Dupuytren’s 

fibroblasts appear to be more sensitive, with regard to dose o f 5-fu, with the greatest 

reduction in collagen synthesis occurring at 0.25 mg/ml to 68.0 ± 7.5 % change from 

control (p<0.05, compared with vehicle control treated cells). These data show that 5- 

fu acted as a negative regulator o f collagen synthesis causing a significant reduction. 

This reduction tended to be greater than the effect o f incubating fibroblasts with 

exogenous PGE2 , a known down regulator o f fibroblast collagen synthesis (Chapter 

3, Section 1).

Non-collagenous protein synthesis by four cell lines o f tendon and Dupuytren’s 

fibroblasts in response to 5-fu is shown in figure 3.2.5. The non-collagen synthesis
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Figure 3.2.3. The effect of 5-fu on fibroblast total protein synthesis in vitro 
(representative cell line). Total protein synthesis is expressed as cpm/lO"  ̂ cells, with 
each symbol representing the mean of four replicates; * represents p < 0.05 compared 
with vehicle control treated cells. A. The effect of increasing concentration of 5-fu on 
total protein synthesis by a normal tendon fibroblast cell line. B. The effect of 
increasing concentration of 5-fu on total protein synthesis by a Dupuytren’s fibroblast 
cell line.
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Figure 3.2.4. The effect of 5-fu on fibroblast collagen synthesis in vitro (grouped 
data from four cell lines). Collagen synthesis is expressed as a percentage change 
from the vehicle control treated cells. The vehicle control treated cells are ascribed a 
value of 100%. Each symbol represents the mean ± SEM % change in collagen 
synthesis in response to 5-fu by tendon (■ n=4 cell lines) or Dupuytren’s fibroblasts 
( ♦ n=4 cell lines). * p< 0.05 represents significant differences between vehicle
control treated and 5-fu stimulated fibroblasts.
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Figure 3.2.5. The effect of 5-fu on fibroblast non-collagenous protein synthesis in 
vitro (grouped data from four cell lines). Non-collagenous protein synthesis is 
expressed as a percentage change from the vehicle control treated cells. The vehicle 
control treated cells are ascribed a value of 100%. Each symbol represents the mean ± 
SEM % change in non-eollagenous protein synthesis in response to 5-fu by tendon 
(■ n=4 cell lines) or Dupuytren’s fibroblasts ( ♦ n=4 cell lines).
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for vehicle control treated cells was therefore 100%. 5-fu did not significantly alter 

the non-collagen synthesis by tendon cell lines. This data follows a similar pattern to 

that exhibited by the single tendon cell line in figure 3.2.2.A. In addition, 5-fu failed 

to significantly alter non-collagenous protein synthesis by the Dupuytren’s cell lines

3.2.5. This contrasts with reduced non-collagenous protein synthesis observed with 

the single Dupuytren’s fibroblast cell line shown in figure 3.2.2.B.

Figure 3.2.6 demonstrates the in vitro effects o f 5-fu on cumulative de novo protein 

synthesis by groups o f fibroblasts derived from tendon and Dupuytren’s tissue. 

Collagen synthesis represents a small proportion o f the total protein synthesis and 

therefore the reduction in collagen synthesis was not great enough to make a 

significant impact on the total protein synthesis. No significant change in total protein 

synthesis by either tendon or Dupuytren’s fibroblasts in response to 5-fu was 

observed.

2.5 Discussion

It had previously been hypothesised that the anti-scarring effect o f 5-fu was due to a 

reduced proliferation rate by ocular fibroblasts (Khaw et al 1992). Occelston et al 

(1997) demonstrated a decrease in collagen type I synthesis by ocular fibroblasts but 

did not measure the total or non-collagenous protein production and could therefore 

not determine whether the effects observed were selective and specific.

Our data demonstrates that 5-fu significantly reduced collagen synthesis by 

fibroblasts derived from both tendon and Dupuytren’s tissue. This assay was able to 

quantify changes in total collagen synthesis but was not capable o f distinguishing 

changes in proportions o f the different collagen types. The effect o f 5-fu on the 

individual collagen types that are important in Dupuytren’s contracture is unknown. 

Our data suggests that 5-fu did not affect non-collagenous protein synthesis. This 

implies that 5-fu selectively and specifically down-regulates collagen production.
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However the reduction in collagen synthesis was not great enough to make a 

significant impact on the total protein synthesis.

Dupuytren’s fibroblast cell lines appeared to be more sensitive than tendon 

fibroblasts with regard to the dose o f 5-fu required to induce the largest reduction. 

The largest reduction by tendon fibroblasts was caused by a dose 2.5 mg/ml 

compared with 0.25 mg/ml for the Dupuytren’s fibroblasts.

S u m m a ry

5-fu induces a significant reduction in collagen synthesis compared to 

untreated controls.

5-fu at the dosage used does not significantly alter non-collagenous or total 

protein synthesis.

Therefore these data show that 5-fu has a selective and specific action on 

fibroblast metabolism.

Control and Dupuytren’s fibroblast cell lines each respond to 5-fu but 

Dupuytren’s fibroblasts appear to be more sensitive to the action o f  5-fu.

The mechanism o f action o f 5-fu (Bender et al 1978, Balis et al 1983) includes 

depleting the cell o f thymidine nucleotides thereby inhibiting DNA synthesis, and 

impairing RNA metabolism and function. However this does not explain or allow for 

a specific and selective action on cell metabolism. TGPP-1, the pro-fibrotic mediator 

involved in wound healing, is both produced by and acts on the fibroblasts in an 

autoregulatory manner (Kloen et al 1993). Badalamente et al (1994) showed
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immunohistochemically that there was intense staining for TGFp-1 receptors in 

Dupuytren’s tissue. In view o f this information it was decided to modify our in vitro 

model to assess the role o f TGFp-1 on the 5-fu induced reduction in collagen 

synthesis.
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3. TRANSFORMING GROWTH FACTOR C-1 MODULATES THE 

EFFECT OF 5-FLUOROURACIL ON PROTEIN SYNTHESIS IN  

VITRO

3.1 Introduction

TGFp-1 plays an important role in wound healing (Spom and Roberts 1989). TGPp- 

1, released by degranulating platelets, induced the formation o f new blood vessels 

and collagen production in the wound environment. This combined with the increased 

action o f TGFp-1 in Dupuytren’s disease (Kloen et al 1995), suggests that surgical 

treatment may lead to an even greater pro-fibrotic environment. This may be a factor 

in the high recurrence rates seen in all surgical series o f Dupuytren’s disease.

The data presented in Chapter 3, Section 2 shows a selective and specific reduction in 

collagen synthesis compared with non-collagenous protein synthesis in response to 5- 

fu. The hypothesis to be tested in this section that the action o f 5-fu may modulate the 

effect o f TGFP-1.

3.2 Aim

To examine whether 5-fii modulates the action o f TGFp-1 on collagen and non- 

collagenous protein production by control fibroblasts derived from normal human 

tendon compared with diseased fibroblasts derived from excised Dupuytren’s scar 

tissue.

3.3 Methods and Materials

Fibroblast monolayers were pre-treated with 5-fu followed by incubation with media 

containing exogenous TGFp-1 (5 ng/ml) as described in Chapter 3, Section 2.
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3.4 Results

The effect o f TGPp-l incubation following pre-treatment by 5-fu, on collagen 

synthesis by a representative tendon fibroblasts cell line is shown in Figure 3.3.1. 

TGPP-1 significantly increased collagen synthesis (507.7 ± 27.0 cpm/lO"^ cells) 

compared with unstimulated cells (139.7± 15.4 cpm/lO"^ cells, p<0.05) representing 

an increase o f 263 %. Pre-treatment with 5-fu followed by TGPP-1 stimulation 

(5fu+TGPp-l) yielded a lower level o f collagen synthesis compared with cells 

stimulated with TGpp-1 alone. Pre-treatment o f cells with 5-fu in excess o f 2.5 

mg/ml resulted in a significant reduction in collagen synthesis. This reduction 

appeared maximal with 50 mg/ml 5-fu (192.0 ± 24.9 cpm/lO"* cells) representing a 

62% reduction compared with TGPP-1 control cells (p<0.05). 5-fu was not able to 

totally prevent the positive effects o f TGpp-1 at any concentration assayed.

Figure 3.3.2 illustrates collagen synthesis by a representative Dupuytren’s fibroblasts 

cell line. Collagen synthesis was significantly increased when comparing 

unstimulated cells, 96.9 ± 8.7 cpm/lO"^ cells, with cells incubated with TGPp-1, 434.4 

± 96.9 cpm/lO"^ cells (p<0.05). This represented a 348% increase in collagen 

synthesis. This increase in collagen synthesis induced by TGPp-1 was maintained 

despite pre-treatment with 5-fu, except at the highest dose o f 5-fu. Pre-treatment with 

the maximal dose o f 5-fu (50 mg/ml) induced a significant decrease in collagen 

synthesis when compared with TGpp-1 stimulated cells (167.1 ± 29.2 cpm/lO"^ cells, 

p<0.05), representing a reduction o f 62% in collagen synthesis.

Figure 3.3.3 depicts the non-collagen synthesis by a representative tendon fibroblast 

cell line. TGPp-1 induced a significant increase in non-collagen synthesis (1197.7 ± 

120.0 cpm/lO"^ cells) compared with unstimulated control cells (508.9 ± 54.9 cpm/lO'^ 

cells, p<0.05). This represented a 135% increase in non-collagen synthesis. Pre-
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Figure 3.3.1. How pre-treatment with 5-fu affects collagen synthesis by tendon 
fibroblasts stimulated by TGFB-1. Collagen synthesis is expressed as cpm/lO"^ cells, 
with each symbol representing the mean of four replicates; * p < 0.05 represents a 
difference compared with vehicle control treated cells; t  P ^  0.05 represents a 
difference compared with cells incubated with TGFB-1 (5ng/ml).
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Figure 3.3.2. How pre-treatment with 5-fu affects collagen synthesis by 
Dupuytren’s fibroblasts stimulated by TGFB-1. Collagen synthesis is expressed as 
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treatment by 5-fu and incubation with TGFp-1 did not induce a reduction in non

collagen protein synthesis when compared with TGFp-1 stimulated cells.

The effect o f TGFp-1 incubation on pre-treatment by 5-fu on non-collagen synthesis 

by a representative Dupuytren’s fibroblasts cell line is shown in figure 3.3.4. TGFp-1 

induced a significant increase in non-collagen synthesis (1056.8 ± 114.1 cpm/lO"* 

cells) compared with unstimulated control cells (421.1 ± 29.6 cpm/lO"^ cells, p<0.05), 

representing a 151% increase. Pre-treatment with 5-fu yielded a lower level o f non

collagen synthesis compared with cells incubated with TGFp-1 alone. 5-fii induced a 

dose dependent and significant decrease in non-collagen synthesis when compared 

with the cells treated with TGFp-1 alone. The reduction in non-collagen synthesis 

was greatest when treated with 2.5 mg/ml 5-fu (433.6 ± 17.3 cpm/lO"^ cells). This 

represented a decrease o f 59% compared with TGFp-1 treated cells (p<0.05). As with 

collagen synthesis 5-fu was not able to totally reverse the positive effect o f TGFp-1.

Figure 3.3.5 depicts the total protein synthesis by a representative tendon fibroblasts 

cell line. Total protein synthesis was significantly increased when comparing 

unstimulated controls (730.2 ± 51.0cpm/10'^ cells) with cells incubated by TGFp-1 

(1704.3 ± 145.8 cpm/lO"* cells, p<0.05) representing a 130% increase. Pre-treatment 

with 5-fu did not induce a reduction in total protein synthesis by TGFp-1 stimulated 

cells.

The effect o f TGFp-1 treatment following pre-treatment by 5-fu, on total protein 

synthesis by a representative Dupuytren’s fibroblasts cell line is shown in figure

3.3.6. TGFp-1 induced a significant increase in total protein synthesis by Dupuytren’s 

fibroblasts (1491.2 ± 202.6 cpm/lO"^ cells) compared with unstimulated controls 

(518.0 ± 32.4 cpm/lO"^ cells, p<0.05), representing a 188% increase. Pre-treatment by 

5-fu induced a dose dependent and significant decrease in total protein synthesis 

when compared with the TGpp-1 stimulated controls. This reduction was maximal
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Figure 3.3.4. How pre-treatm ent with 5-fu affects non-collagen synthesis by 
D upuytren’s fibroblasts stimulated by TGFB-1. Non-collagenous protein synthesis 
is expressed as cpm/lO"  ̂ cells, with each symbol representing the mean of four 
replicates; * p < 0.05 represents a difference compared with vehicle control treated 
cells; t  P < 0.05 represents a difference compared with cells incubated with TGFB-1.
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when treated with 2.5 mg/ml 5-fu, 642.0 ± 34.2 opm/lO"̂  cells (p<0.05). As with 

collagen and non-collagen synthesis by Dupuytren’s fibroblasts, 5-fu was not able to 

totally prevent the positive effect o f TGFp-1.

The effect o f TGFp-1 treatment following pre-treatment by 5-fu, on collagen 

synthesis by both patient groups (n=4 both tendon and Dupuytren’s cell lines) was 

represented as a percentage change from unstimulated controls are shown on Figure

3.3.7. The unstimulated controls incubated with culture media without exogenous 

TGFp-1 were ascribed a value o f 100%. TGFP-1 induced a significant increase in 

collagen synthesis from unstimulated control fibroblasts to 299 ± 47 % for tendon 

(p<0.05) and 271 ± 8 2  % for Dupuytren’s fibroblasts (p<0.05). However there is no 

significant difference between the responses o f tendon and Dupuytren’s groups. 5-fu 

induces a significant reduction in collagen synthesis by tendon cell lines which is 

maximal at 50 mg/ml 5-fu (133.2 ± 10.9 %) when compared with TGFp-1 treated 

controls (p<0.005). Pre-treatment by 5-fu o f the Dupuytren’s fibroblasts tends to 

reduce collagen synthesis. 5-fu does not reduce collagen synthesis to the level of 

unstimulated controls for both Dupuytren’s and tendon cell lines.

Figure 3.3.8 illustrates the effect o f TGFP-1 treatment following 5-fu pre-treatment, 

on non-collagen synthesis by tendon and Dupuytren’s fibroblast cell lines (n=4 both 

patient groups). The data is represented as a percentage change from unstimulated 

controls. TGFp-1 induced a significant increase in non-collagen synthesis from 

unstimulated controls by tendon and Dupuytren’s fibroblasts cell lines to 240.0 ± 22.8 

% (p<0.05) and 217.9 ± 37.2 % (p<0.05) respectively. There is no significant 

difference when comparing the responses o f tendon and Dupuytren’s groups for the 

various treatments. The TGFp-1 induced increase in non-collagen synthesis by 

tendon fibroblast was maintained despite 5-fu pre-treatment when compared with 

unstimulated controls. However when comparing the effect o f 5-fu with controls 

treated by TGFp-1 alone, a dose dependent reduction was observed which was 

maximal at 25 mg/ml 5-fu (186.8 ± 30.2 %, p<0.05). The reduction in non-collagen
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Figure 3.3.7. How pre-treatment with 5-fu affects collagen synthesis by tendon 
and Dupuytren’s cell lines stimulated by TGFB-1. Collagen synthesis is expressed 
as a % change from the vehicle control treated cells. The vehicle control treated cells 
are ascribed a value of 100%. Each symbol represents the mean ± SEM % change in 
collagen synthesis in response to 5-fu by tendon ( ■ n=4 cell lines) or Dupuytren’s 
fibroblasts (♦ n=4 cell lines). * p< 0.05 represents a difference compared with 
unstimulated controls, t  p < 0.05 represents a difference compared with vehicle 
control treated cells incubated with TGFB-1.
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Figure 3.3.8. How pre-treatment with 5-fu affects non-collagen synthesis by 
tendon and Dupuytren’s cell lines stimulated by TGFB-1. Non-collagenous 
protein synthesis is expressed as a % change from the vehicle control treated cells. 
The vehicle control treated cells are ascribed a value of 100%. Each symbol 
represents the mean ± SEM % change in total protein synthesis in response to 5-fu by 
tendon (■ n=4 cell lines) or Dupuytren’s fibroblasts (♦ n=4 cell lines). * p< 0.05 
represents a difference compared with unstimulated controls, t  P < 0.05 represents a 
difference compared with cells incubated with TGFB-1.
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Figure 3.3.9. How pre-treatment with 5-fu affects total protein synthesis by 
tendon and Dupuytren’s cell lines stimulated by TGFC-1. Total protein synthesis 
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incubated with TGFB-1.
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synthesis induced by 5-fu in Dupuytren’s cells was not statistically significant when 

compared with TGFp-1 treated controls. Pre-treatment with 5-fu does not reduce 

collagen synthesis to the level o f unstimulated controls for both Dupuytren’s and 

tendon cell lines.

The effect o f TG pp-l treatment following pre-treatment by 5-fu, on total protein 

synthesis for both patient groups (n=4 both tendon and Dupuytren’s cell lines) was 

represented as a percentage change from unstimulated controls are shown on Figure 

3.3.9. TGFp-1 induced a significant increase in total protein synthesis from 

unstimulated control fibroblasts by tendon and Dupuytren’s fibroblasts (255.2 ± 24.7 

%, p<0.05 and 227.5 ± 44.2 %, p<0.05 respectively). The increase in total protein 

synthesis by tendon cell lines in response to TGFP-1 was maintained despite the pre

treatment with 5-fu when compared with unstimulated controls. However when 

compared with TGFp-1 treated controls 5-fu induced a reduction which is maximal at 

25 mg/ml 5-fu (186.8 ± 30.2 %, p<0.05). The reduction in total protein synthesis by 

5-fu treated Dupuytren’s cell lines was not statistically significant when compared 

with TGFP-1 treated controls. Pre-treatment with 5-fu does not reduce collagen 

synthesis to the level o f unstimulated controls for both Dupuytren’s and tendon cell 

lines.

3.5 Discussion

TG pp-l significantly up-regulated the collagen, non-collagen and total protein 

synthesis by control and Dupuytren’s fibroblasts as shown in results Chapter 3, 

Section 1. Roberts et al (1986) also demonstrated an up-regulation in these 

parameters using the same experimental method, but with a lower dose o f TGFp-1 

(132 pg/ml to 2.5 ng/ml) and with fibroblasts derived from normal human and rat 

dermis.
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The increased collagen, non-collagen and total protein synthesis in response to 

TGFp-1 stimulation was modulated to varying degrees by 5-fu, depending on 

fibroblast type. Dupuytren’s fibroblasts tended to be more sensitive compared with 

controls to 5-fu pre-treatment, as TGpp-l induced increase in collagen synthesis was 

prevented with high concentrations o f 5-fu (50 mg/ml). However there was no 

statistical difference between the Dupuytren’s and control cell lines. The tendency for 

the Dupuytren’s cell lines to be more sensitive to the effects o f 5-fu compared with 

tendon fibroblasts was also shown in the data presented in Chapter 3, Section 2 in cell 

lines not incubated with exogenous TGFp-1.

S u m m a ry

• TGFp~l caused a significant increase in collagen, non-collagen and total 

protein synthesis by tendon and Dupuytren's fibroblasts.

• Pre-treatment with 5-fu significantly reduced collagen, non-collagen and total 

protein synthesis, by tendon and Dupuytren 5 cell lines stimulated by TGFfi-1, 

in a dose dependent manner.

• When analyzing the individual patient groups Dupuytren’s cell lines appeared 

to be more sensitive to the effect o f 5-fu compared with tendon cell lines 

although this was not statistically significant.

5-fli has been shown to modify TGFP-1 induced changes in cell metabolism. In order 

to more precisely assess the interplay between TGFp-1 and 5-fli its effect on 

endogenous secretion o f TGFp-1 was investigated.
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4. ENDOGENOUS PRODUCTION OF TRANSFORMING GROWTH

FACTOR C-1 BY CULTURED FIBROBLASTS

4.1 Introduction

5-fu caused a selective and specific down regulation in collagen synthesis by both 

tendon and Dupuytren’s fibroblasts reported in Chapter 3, Section 2. The TGFp-1 

autocrine pathway may play a role in this effect. We postulated that the reduction in 

the cells ability to produce collagen may be due to a combination o f factors; firstly, 5- 

fu may induce a direct reduction in collagen synthesis and secondly, 5-fu may reduce 

basal TGpp-1 synthesis leading to a down-regulation o f the autocrine pathway. It is 

therefore important to investigate the action o f 5-fu on TGpp-1 synthesis by 

fibroblasts.

4.2 Aim

To assess how TGpp-1 secretion by cultured fibroblasts, derived from Dupuytren’s 

scar tissue, was modulated in response to 5-fu.

4.3 Methods and Materials

TGPp-1 levels, assessed by ELISA, were measured in conditioned media from 

cultured fibroblasts treated by 5-fu and vehicle alone (Chapter 2, Section 3). TGpp-1 

is secreted in an inactive or latent form, LT-TGpp-1, which must be cleaved to form 

the active protein. This assay artificially activates all LT-TGPp-1, via acidification, 

thereby measuring total active TGPp-1 secretion.
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4.4 Results

TGFp-1 secreted by fibroblasts incubated in serum-free media was insufficient to be 

measured with any degree o f accuracy by the sandwich ELISA, since TGFp-1 

concentrations o f 10 pg/ml or less were below the lower limit o f the assay. Table

3.4.1 lists the absorbence values o f TGFp-1 in conditioned media after incubation for 

24 hours, showing that they were all below the threshold. Conditioned media 

concentration by ultracentrifugation using a Milipore sample concentrator (molecular 

weight 10 000 cut off) failed to yield levels o f TGFp-1 above the lower threshold of 

the assay. In order to determine the effects o f 5-fu on TGFp-1 secretion by these 

cells, the basal level o f production was enhanced. To this end all subsequent 

experiments were conducted with media containing a low serum concentration (2 % 

w/v).

TGFP-1 secretion (OD)

5-fu Treatment 

(mg/ml)

Dupuytren's fibroblasts 

conditioned media

Tendon fibroblasts 

conditioned media

Median Range Median Range

Media control 0.008 0.002 0.021 -0.005 -0.029 0.011

0 0.014 0.002 0.026 0.022 -0.011 0.070

0.25 0.030 0.016 0.044 0.030 0.006 0.075

2.5 0.026 0.001 0.041 0.032 -0.005 0.094

25 0.013 -0.001 0.034 0.015 -0.018 0.059

50 0.038 0.018 0.064 0.036 0.000 0.068

Table 3.4.1. Fibroblast secretion of TGFP-1 in serum free media. The optical 

density is shown as median and range where n=4 cell lines.
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Figure 3.4.1.A shows the effect o f 5-fli on TGFp-1 concentration in conditioned 

media from a representative tendon fibroblasts cell line. The level o f TGFp-1 in 

unconditioned media was 177.2 ± 3 1 .4  pg/ml. The level o f TGFp-1 in conditioned 

media from unstimulated tendon fibroblasts rose to 251.7 ± 31.4 pg/ml representing 

an endogenous level o f secretion o f 74.5 pg/ml. Stimulation o f tendon fibroblasts by 

5-fri lead to a sharp rise in TGFp-1 secretion, becoming maximal at 0.25 mg/ml (p < 

0.01). 5-fu induced a 131% increase in endogenous secretion o f TGFp-1, at this 

concentration compared with unstimulated cells. Higher concentrations o f 5-fu did 

not further enhance TGFp-1 secretion.

Figure 3.4.1.B shows the effect o f 5-fu on TGFp-1 concentration in conditioned 

media by a representative Dupuytren’s cell line. The level o f TGFp-1 in 

unconditioned media was 182.9 ± 4.2 pg/ml. The level o f TGFp-1 in conditioned 

media from unstimulated tendon fibroblasts rose to 358.2± 7.1 pg/ml representing an 

endogenous secretion level of 175.3 pg/ml, once media control values were 

subtracted. Stimulation o f Dupuytren’s fibroblasts gave rise to a small increase in 

endogenous TGFp-1 secretion at 0.25 mg/ml corresponding to a 33% increase above 

that secreted by unstimulated cells. Higher concentrations o f 5-fu did not significantly 

alter TGFp-1 secretion by these cells.

The effect o f 5-fu on the endogenous secretion o f TGFp-1 by tendon and Dupuytren’s 

fibroblasts was further investigated. A total o f four cell lines were analysed (in 

triplicate) and results normalised against cell number to take any changes in 

proliferation into account. Figure 3.4.2 illustrates the comparison between TGFp-1 

secretion by tendon and Dupuytren’s cell lines, and illustrates the effect o f 5-fu. Both 

groups o f cell lines secrete TGFp-1, although tendon fibroblasts appear to secrete 

almost half that secreted by Dupuytren’s fibroblasts. The difference was maximal 

when treated by 5-fu (0.25 mg/ml) (6.0 ±1 .6  pg/lO"  ̂cells and 10.9 ± 1.1 pg/lO"  ̂cells
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Figure 3.4.1. The effect of 5-fu on TGFB-1 secretion by cultured fibroblasts 
(representative cell lines). Each data point represents the mean response o f a 
representative cell line with n=4 replicates each sampled in triplicate. TGF6-1 
secretion was quantified as pg/ml. The TGF6-1 concentration in unconditioned media 
is marked. A. The effect of increasing concentrations of 5-fu on TGF6-1 secretion by 
control fibroblasts. B. The effect o f increasing concentrations of 5-fu on TGF6-1 
secretion by Dupuytren’s fibroblasts. * p < 0.05, ** p < 0.01 and *** P < 0.001 
represents a significant difference compared with unconditioned media control.
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Figure 3.4.2. Comparing the effect of 5-fu on the TGFB-1 secretion by tendon 
and D upuytren’s fibroblasts. Endogenous TGF6-1 secretion was quantified as 
pg/ml, and standardised against cell number, and expressed as pg/10 cells. Each 
symbol represents the mean TGF6-1 secretion ± SEM pg/lO"  ̂cells by tendon (■ n=4 
cell lines) or Dupuytren’s fibroblasts (♦n=4 cell lines). * P < 0.05 represents the 
difference between tendon and Dupuytren’s cell lines.
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for tendon and Dupuytren’s cell lines respectively, p<0.05). Incubation with 5-fu 

resulted in a slight increase in TGpp-1 secretion by both tendon and Dupuytren’s cell 

lines, compared with unstimulated controls however this was not statistically 

significant.

4.5 Discussion

The initial studies showed that the ELISA technique used was not sensitive enough to 

measure TGPp-1 synthesised by fibroblasts in serum-free conditions. Sample 

concentrations remained too low to be measured accurately, despite sample 

centrifugal concentration. It was therefore decided to incubate the fibroblasts in low 

serum levels (2% w/v) in order to induce endogenous secretion o f TGPp-1, so 

making measurements by the sandwich ELISA easier. In addition, measurements 

obtained in this way would be analogous to the measurements o f collagen synthesis 

as similar conditions were used (Chapter 3, Section 2) and would accurately reflect 

the in vitro conditions.

These data comparing conditioned and unconditioned media show that the fibroblast 

cell lines tested were able to synthesise TGPp-1. Previously published data by Kloen 

et al (1995) reported a greater TGPp-1 synthesis by dermal fibroblasts compared with 

fibroblasts explanted from Dupuytren’s tissue. The fibroblasts from a 

fibroproliferative disorder may be expected to produce higher amounts compared 

with normal fibroblasts and no explanation was given for this apparent discrepancy 

by the authors. This may imply that dermal fibroblasts were not a good choice for 

controls. Our findings have shown that fibroblasts from Dupuytren’s scar tissue 

produce significantly more TGPp-1 than control fibroblasts.

5-fu treatment did not significantly affect TGpp-1 secretion when comparing 

conditioned media from untreated and treated fibroblast monolayers. This compares
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with data that showed that 5-fh had no significant effect on the non-collagenous 

protein (Chapter 3, Section.2) synthesis by both cell line groups.

This assay measures total active TGFp-1 and can therefore not determine whether 

Dupuytren’s fibroblasts actually secrete more LT- TGFp-1 or active TGFp-1 than 

tendon fibroblasts. In addition this assay measures the soluble TGFp-1 in the media 

and does not take into account that which is sequestered in the extracellular matrix or 

cells.

S u m m a ry

The sandwich ELISA used for the detection o f  TGF/3-1 has a minimum 

threshold.

Fibroblast monolayers synthesised TGFp-1 when cultured in media 

containing low serum (2% w/v).

Dupuytren’s fibroblasts produced significantly more TGFp~l than control 

fibroblasts.

•  5-fu did not significantly alter TGFP-1 synthesis by control or Dupuytren’s 

fibroblasts.

5-fu decreased collagen synthesis (Chapter 3, Section.2) which appeared not to be 

related to an alteration in the de novo synthesis o f TGFp-1, therefore 5-fu may act on 

gene transcription directly. This investigation is detailed in the next section.
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5. M ESSENGER RNA SIGNALLING FO R COLLAGEN TYPES I AND 

III BY FIBROBLASTS IN  VITRO

5.1 Introduction

We have shown that 5-fh induces a selective and specific down-regulation of 

fibroblast collagen synthesis (Chapter 3, Section 2). However, the technique used to 

assess these changes measured alterations in total collagen and did not delineate 

changes occurring to specific collagen types. Collagen types I and III are the 

predominant forms o f collagen in Dupuytren’s contracture (Bailey et al 1977). By 

investigating the mRNA expression for specific extracellular matrix proteins, 

collagen types I and III, we could demonstrate whether this effect was due to 

alterations at the transcriptional or post-transcriptional levels. If  the mechanism of 

action o f the 5-fu induced reduction in collagen synthesis could be discovered then a 

more directed form of therapy could be generated.

Reverse transcriptase-polymerase chain reaction (RT-PCR) is now a widely used 

experimental method, more easily allowing the detection o f specific low abundance 

mRNAs from tissue samples and, as in this case, cell cultures. Changes in the target 

mRNAs are compared against the gene transcription o f a standard or internal control. 

The internal control chosen must not alter with time or due to the treatment being 

assessed.

5.2 Aim

To investigate by RT-PCR the expression o f mRNA for p-actin and collagen types I 

and III by fibroblasts from Dupuytren’s tissue and to determine if  this is modulated 

by 5-fii.
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5.3 Methods and Materials

Total RNA was extracted (Chapter 2, Section 4) from cultured fibroblasts derived 

from Dupuytren’s tissue (n=4) and normal human tendon (n=4) at 0, 6 and 24 hours 

following a five minute exposure to 5-fu or vehicle control only (PBS). Changes in 

collagen types I and III compared to p-actin, were quantified using RT-PCR (Chapter 

2, Section 5).

5.4 Results

The house-keeping gene, p-actin, was initially investigated for its use as the standard 

against which all other gene expression was compared. Figure 3.5.1 demonstrates the 

elecrophoretic separation o f p-actin RT-PCR products in an agarose gel by a 

representative tendon fibroblast cell line. A single band appears in each lane. The 559 

base pair (bp) band corresponds to P-actin. The figure clearly shows that p-actin 

expression remains constant during the 24-hour period, regardless o f treatment. 

Following densitometric scanning, this data combined with that collected for three 

other cell lines was plotted graphically (figure 3.5.2). P-actin transcription appeared 

to increase slightly 6 hours post exposure to vehicle control but returned to basal 

levels at 24 hours, no significant differences were observed. A similar trend occurred 

upon exposure to 5-fu. This data showed that P-actin expression by tendon fibroblasts 

was not significantly altered over time or upon exposure to 5-fu.

The effect o f 5-fli on P-actin expression by a representative Dupuytren’s fibroblast 

cell line was investigated. Figure 3.5.3 illustrates a single 559 bp band appearing in 

each lane. The figure clearly showed that p-actin expression remained constant 

during the 24-hour period, regardless o f treatment. After scanning densitometry, this 

data and that collected for three other cell lines were plotted in the graph in figure 

3.5.4. P-actin transcription did not significantly alter over the time course o f the
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Figure 3.5.1. Photograph depicting B-actin expression by a representative tendon 
cell line. A 2% agarose gel stained with ethidium bromide showing the effect of 5-fu 
on the expression of 0-actin (559 bp). 100 bp marker is placed on the left of the gel. 
0, 6 and 24 hour time points are shown and exposure with vehicle control (vc) and 5- 
fu.
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Figure 3.5.2. The effect of 5-fu on the transcription of B-actin by tendon 
fibroblast cell lines. Transcription of 6-actin is expressed in arbitrary units. Each 
data point represents the mean ± SEM of n=4 cell lines exposed to vehicle (■ ) or 5-fu 
( ♦ ) .
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Figure 3.5.3. Photograph showing B-actin expression by a representative 
Dupuytren’s cell line. A 2% agarose gel stained with ethidium bromide showing the 
effect of 5-fu on the expression of 6-actin (559 bp). 100 bp marker is placed on the 
left o f the gel. 0, 6 and 24 hour time points are shown and exposure with vehicle (vc) 
and 5-fu.
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Figure 3.5.4. The effect of 5-fu on the transcription of B-actin in Dupuytren’s 
fibroblast cell lines. Transcription of 6-actin is expressed in arbitrary units. Each 
data point represents the mean ± SEM of n=4 cell lines exposed to vehicle (■ ) or 5-fu 
( * ) .
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experiment or as a result o f exposure to 5-fu. It was established that p-actin 

expression did not change in either tendon or Dupuytren’s fibroblasts, and was 

subsequently used as the control against which all other gene expression could be 

compared.

Figure 3.5.5 demonstrates the electophoretic separation o f collagen type I and p-actin 

RT-PCR products, by a representative tendon fibroblast cell line, in an agarose gel. 

Two bands, stained with ethidium bromide, appear in each lane. There is a 352 bp 

band which corresponds to collagen type I as well as a band corresponding to P-actin. 

The figure clearly shows that P-actin remained constant, regardless o f treatment, 

indicating that any changes in the intensity o f the collagen type I band occurred 

independently o f the house-keeping gene. Following densitometric scanning, collagen 

type I expression is represented as relative band intensity (collagen type I/p-actin). 

Figure 3.6.2 illustrates the effect o f 5-fu on collagen type I expression by tendon 

fibroblasts (n=4 cell lines). Basal collagen type I expression (time=0 hours) was 0.26 

± 0.006. Treatment o f tendon fibroblasts with vehicle only (PBS) resulted in a 

significant and sustained increase in collagen type I expression at 6 hours and 24 

hours, 0.33 ± 0.01 and 0.35 ± 0.04 respectively (p<0.01 compared with t=0 hours). 

The increase in collagen type I expression by fibroblasts treated with 5-fu was less 

pronounced and only significantly raised at 24 hours 0.41 ± 0.01 (p<0.05 compared 

with t=0 hours). There was no significant difference between 5-fu and vehicle treated 

fibroblasts.

Similar experiments were performed with Dupuytren’s fibroblasts. Figure 3.5.7 

shows the electophoretic separation o f collagen type I and p-actin RT-PCR products 

in an agarose gel. Figure 3.5.8 shows the effect o f 5-fu exposure for collagen type I 

expression for all four Dupuytren’s cell lines. Basal expression (t=0 hours) was 0.20 

± 0.03. Collagen type I expression by Dupuytren’s fibroblasts did not significantly 

change over time or by exposure to 5-fu compared with vehicle control.
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Figure 3.5.5. Photograph illustrating collagen type I expression by a 
representative tendon cell line. A 2% agarose gel stained with ethidium bromide 
showing the effect of 5-fu on the transcription of collagen type I (352 bp) and 6  -actin 
(559 bp). 100 bp marker is placed on the left of the gel. 0, 6  and 24 hour time points 
are shown and exposure with vehicle control (vc) and 5-fu.
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Figure 3.5.6. The effect of 5-fu on the transcription of collagen type I by tendon 
fibroblasts. Transcription of collagen type I is expressed as a ratio of the band 
intensities of collagen type I/B-actin. Each data point represents the mean ± SEM of 
n=4 cell lines exposed to vehicle control (■) or 5-fu (♦).* p <0.05, and ** p<0.01 
represent significant changes from 0  hours to subsequent time points.
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Figure 3.5.7. Photograph depicting collagen expression by a representative 
Dupuytren’s cell line. A 2% agarose gel stained with ethidium bromide showing the 
effect o f 5-fu on the transcription of collagen type I (352 bp) and B -actin (559 bp). 
100 bp marker is placed on the left of the gel. 0, 6 and 24 hour time points are shown 
and exposure with vehicle control (vc) and 5-fu.
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Figure 3.5.8. The effect of 5-fu on the transcription of collagen type I in 
Dupuytren’s fibroblasts. Transcription of collagen type I is expressed as a ratio of 
the band intensities of collagen type I/B-actin. Each data point represents the mean ± 
SEM of n=4 cell lines exposed to vehicle control (■ ) and 5-fu (♦ ).
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Figure 3.5.9 shows the electophoretic separation o f collagen type III and p-actin RT- 

PCR products, by a representative tendon fibroblast cell line, in an agarose gel. There 

is a 251 bp band which corresponds to collagen type III as well as a band 

corresponding to P-actin. p-actin expression again remained constant. Following 

densitometric scanning, collagen type III expression is represented as relative band 

intensity (collagen type I/p-actin). Figure 3.5.10 illustrates collagen type III 

expression for four tendon cell lines. Basal collagen type III expression was 0.47 ± 

0.1 (t=0 hours). There is no statistical difference between collagen type III expression 

levels by tendon fibroblasts at t=0 hours and subsequent time points for vehicle 

control treated cells. Collagen III transcription for 5-fu treated tendon cells almost 

doubled (0.80 ± 0.15) 24 hours post exposure (p<0.05). However, owing to the 

variation in expression levels by control cells at t=24 hours, 5-fu treatment was not 

found to cause a significant alteration in collagen type III expression compared with 

control cells, at this time point.

Similar experiments were performed with Dupuytren’s fibroblasts. Figure 3.5.11 

shows the electophoretic separation o f collagen type III and p-actin RT-PCR 

products, in an agarose gel. Figure 3.5.12 shows the effect o f 5-fu pre-treatment on 

collagen type III expression over a 24 hour time period for the grouped Dupuytren’s 

cell lines. Basal expression was 1.16 ± 0.078 (t=0 hours). Unstimulated Dupuytren’s 

fibroblasts did not significantly alter collagen III expression over the 24 hour time 

course o f the experiment. Collagen III transcription by 5-fu treated fibroblasts did not 

alter 6 hours after exposure but did appear to markedly increase to 1.68 ± 0.26 (t=24 

hours). This corresponds to a 45% increase in type III expression. However, due to 

one o f the four cell lines not showing a difference between 5-fu and vehicle only 

treatment the apparent increase was non-significant when comparing all four cell 

lines.

A summary o f the basal expression characteristics o f both tendon and Dupuytren’s 

fibroblasts are shown in figure 3.5.13 (t=0 hours). Levels o f collagen type I
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Figure 3.5.9. Photograph showing collagen type III expression by a 
representative tendon cell line. A 2% agarose gel stained with ethidium bromide 
showing the effect of 5-fu on the transcription o f collagen type 111 (251 bp) and 6 - 
actin (559 bp). 100 bp marker is placed on the left o f the gel. 0, 6  and 24 hour time 
points are shown and exposure with vehicle control (vc) and 5-fu.
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Figure 3.5.10. The effect of 5-fu on the transcription of collagen type III in 
tendon fibroblasts. Transcription of collagen type III is expressed as a ratio of the 
band intensities of collagen type III/6 -actin. Each data point represents the mean ± 
SEM of n=4 cell lines exposed to vehicle control (■ ) and 5-fu (♦ ).* p <0.05 represent 
significant changes from 0  hours to subsequent time points.
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Figure 3.5.11. Photograph showing collagen type III expression by a 
representative Dupuytren’s cell line. A 2% agarose gel stained with ethidium 
bromide showing the effect of 5-fu on the transcription o f collagen type 111 (251 bp) 
and B-actin (559 bp). 100 bp marker is placed on the left of the gel. 0, 6 and 24 hour 
time points are shown and exposure with vehicle control (vc) and 5-fu.
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Figure 3.5.12. The effect of 5-fu on the transcription of collagen type III by 
Dupuytren’s fibroblasts. Transcription of collagen type III is expressed as a ratio of 
the band intensities of collagen type IIl/B-actin. Each data point represents the mean 
± SEM of n=4 cell lines exposed to vehicle control (■) and 5-fu (♦). The apparent 
difference in transcription by fibroblasts 24 hours post exposure to 5-fu is not 
significant.
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expression by tendon (0.26 ± 0.006) and Dupuytren’s (0.20 ± 0.034) fibroblasts were 

not found to be significantly different. Tendon fibroblasts express collagen type III 

(0.47 ± 0.1) in addition to type I. By comparison Dupuytren’s fibroblasts express far 

higher levels o f collagen type III (1.16 ± 0.08) compared with tendon fibroblasts

(p<0.01).

Figure 3.5.14 represents a summary o f expression characteristics o f the effects o f 5-fu 

pre-treatment on collagen expression by tendon and Dupuytren’s fibroblasts at t=24 

hours post-exposure. Collagen type I expression by unstimulated Dupuytren’s 

fibroblasts was significantly lower than tendon fibroblast expression (p<0.01). 

However, analysis o f collagen type I expression by 24 hours post exposure to 5-fu 

showed that 5-fu pre-treatment did not significantly change collagen type I 

expression by either Dupuytren’s fibroblasts or controls. Collagen type III expression 

by unstimulated tendon fibroblasts was 34% lower than levels expressed by 

Dupuytren’s fibroblasts (p<0.05). Pre-treatment o f tendon fibroblasts with 5-fu did 

not result in significant changes in collagen type III expression. By contrast, 5-fu pre

treatment increased collagen type III expression by Dupuytren’s fibroblasts by 65%, 

but as stated previously it was not significant due to patient variability.

5.5 Discussion

p-actin expression did not appear to alter in response to 5-fu, it made a suitable 

standard against which expression o f the target genes under investigation might be 

compared.

Tendon and Dupuytren’s fibroblasts have been shown to express both collagen type I 

and III in vitro. Collagen type III is expressed at much greater levels in Dupuytren’s 

fibroblasts compared with tendon fibroblasts whist levels o f collagen type I 

expression are similar. Data suggests that pre-treatment with 5-fu does not alter 

collagen type I expression by either cell lines or the expression o f type III by tendon
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Figure 3.5.13. Comparison of basal collagen types I and III expression by tendon 
and Dupuytren’s scar fibroblasts in vitro. Gene expression (t=0 hours) is 
represented as a ratio against the B-actin house-keeping gene, with bars representing 
mean ± SEM for n=4 cell lines per patient group. * p<0.05 and ** p<0.01 represent 
statistically significant differences between the groups indicated.
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Figure 3.5.14. The effect of 5-fu on collagens type I and III expression by tendon 
and D upuytren’s fibroblasts in vitro (t=24 hours). Gene expression is represented 
as a ratio against the 6-actin house-keeping gene with bars representing mean ± SEM 
for n=4 cell lines per patient group. * p<0.05 and ** p<0.01 represent statistically 
significant differences between the groups indicated. Tendon cell lines untreated*-^, 
and treated with 5-fu m n  . Dupuytren’s cell lines untreated and treated with 5- 
fu ,n n i.
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fibroblasts. However there does appear to be a trend towards increasing collagen type 

III expression by Dupuytren’s fibroblasts in response to 5-fu.

These data are not easily explained knowing the mechanism o f action o f 5-fu. With 

inhibition o f the enzyme thymidilate synthetase and disruption o f DNA and RNA 

function, a reduction in the gene expression might have been expected. Use o f a more 

extensively staged time course (0, 1 ,2 ,4 , 6, 24 hours) or a longer pre-treatment with 

5-fu would be required to exclude such a possibility. However a specific and selective 

reduction in total collagen synthesis at the protein level was seen under similar 

conditions (Chapter 3, Section 2). Since no significant changes in collagen mRNA 

expression were observed, data suggests that the 5-fu induced reduction in secreted 

collagen may occur as a result o f a post-transcriptional or translational event.

These data are consistent with previous studies showing an increase in the ratio of 

collagen type Ill/collagen type I in the pathological state compared with normal 

palmar aponeurosis (Bailey et al 1977, Menzel et al 1979, Bazin et al 1980 and 

Notbohm et al 1995). The finding that tendon cell lines express a greater degree o f 

collagen type 1 compared with Dupuytren’s cell lines is also consistent with tendons 

being predominantly composed of collagen type 1, with little collagen 111 (reviewed 

by Liu et al 1995).

Sum m ary

p-actin expression was not affected by exposure to 5-fu or vehicle control 

over the 24 hour time period investigated and therefore was used as an 

internal control
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• 5-fu did not significantly affect the expression o f mRNA fo r  collagen types I  

and III by fibroblasts from Dupuytren’s tissue and controls,

• Collagen III expression was significantly elevated in Dupuytren’s fibroblasts 

compared with controls.

The effect o f 5-fu on TGFp-1 gene expression was then investigated using RT-PCR.
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6. MESSENGER RNA SIGNALLING FOR TRANSFORMING GROWTH

FACTOR B-1 BY CULTURED FIBROBLASTS

6.1 Introduction

TGFp-1 is an important pro-fibrotic agent (Duncan et al 1999) and is implicated in 

the pathogenesis o f Dupuytren’s disease (Alioto et al 1994). It is a powerful 

stimulator o f collagen synthesis. Data presented in Chapter 3, Section 2 demonstrated 

that 5-fu treatment resulted in a reduction in collagen synthesis, without a 

concomitant reduction in the secretion o f TGPp-l (Chapter 3, Section 4).

Data presented in Chapter 3, Section 4 demonstrated an increase in TGPp-1 secreted 

by Dupuytren’s fibroblasts compared with tendon fibroblasts. Many factors may 

influence TGPp-1 secretion including rates o f transcription or translation. In order to 

determine whether the observed increase in TGPp-1 secretion by Dupuytren’s 

fibroblasts had occurred as a direct result o f increased transcription, we measured the 

mRNA levels specific for TGPp-1.

6.2 Aim

To investigate TGpp-1 gene expression by fibroblasts from Dupuytren’s scar tissue 

in response to 5-fu.

6.3 Methods and Materials

Total RNA was extracted (Chapter 2, Section 4) from cultured fibroblasts derived 

from Dupuytren’s scar tissue (n=4) and normal human tendon (n=4) at 0, 6 and 24 

hours following a five minute exposure to 5-fu or vehicle control only (PBS).

149



Results

Changes in TGpp-1 compared to P-actin, were quantified using RT-PCR (Chapter 2, 

Section 5).

6.4 Results

Figure 3.6.1 demonstrates the electophoretic separation o f TGFp-1 and P-actin RT- 

PCR products, by a representative tendon fibroblast cell line, in an agarose gel. Two 

bands, stained with ethidium bromide, appear in each lane. There is a 249 bp band 

which corresponds to TGpp-1 as well as a 559 bp band corresponding to p-actin. 

Following densitometric scanning, TGFp-1 expression is represented as relative band 

intensity (TGFp-1/p-actin). Figure 3.6.2 illustrates the effect o f 5-fu on TGFp-1 

expression by tendon fibroblasts (n=4 cell lines). Basal TGFP-1 expression (time=0 

hours) was 0.20 ± 0.04. Treatment o f tendon fibroblasts with vehicle only (PBS) 

resulted in a transient increase in TGFp-1 expression at 6 hours, 0.30 ± 0.03 (p<0.05 

compared with t=0 hours), returning to basal levels by 24 hours post-exposure. 

Treatment with 5-fu resulted in a similar significant but sustained increase in TGFp-1 

expression, rising to 0.31 ± 0.04 at t=6 hours and then 0.34 ± 0.02 at t=24 hours (p< 

0.05 and p<0.01 compared with t=0 hours respectively). There was no significant 

difference between 5-fu and vehicle control treated cells.

Similar experiments were conducted with Dupuytren’s fibroblasts. Figure 3.6.3 

demonstrates the TGFp-1 and P-actin RT-PCR products derived from a 

representative Dupuytren’s fibroblast cell line. The profile appears similar to Figure

3.6.1, with two bands in each lane. Densitometric analysis from this gel and three 

other cell lines are shown graphically in Figure 3.6.4. This figure illustrates TGFP-1 

expression by Dupuytren’s fibroblasts in response to 5-fu. Basal TGFp-1 expression 

was determined as 0.37 ± 0.02 (t=-0 hours). Following treatment with vehicle (PBS)
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Figure 3.6.1. Photograph depicting TGFB-1 expression by a representative 
tendon cell line. 2 % agarose gel stained with ethidium bromide with bands for 
TGF6-1 (249 bp) and 6 -actin (559 bp). 100 bp marker is placed on the left of the gel. 
0, 6  and 24 hour time points are shown and exposure with vehicle control (vc) and 5- 
fu.
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Figure 3.6.2. The effect of 5-fu on TGFB-1 expression by tendon cell lines. TGF6 - 
1 expression is represented as a ratio of the band intensities of TGF6-1/6 -actin. Each 
data point represents the mean ± SEM of n=4 cell lines exposed to vehicle control (■ ) 
or 5-fu (♦). * p <0.05, and ** p<0.01 represent significant changes from 0 hours to 
subsequent time points.
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Figure 3.6.3. Photograph depicting TGFB-1 expression by a representative 
D upuytren’s cell line. 2% agarose gel stained with ethidium bromide with bands for 
TGFB-1 (249 bp) and B-actin (559 bp). 100 bp marker is placed on the left of the gel. 
0, 6  and 24 hour time points are shown and exposure with vehicle control (vc) and 5- 
fu.
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Figure 3.6.4. The effect of 5-fu on TGFB-1 expression by D upuytren’s cell lines.
TGFB-1 expression is represented as a ratio of the band intensities of TGFB-l/B- 
actin. Each data point represents the mean ± SEM of n=4 cell lines exposed to vehicle 
control ( ■ ) or 5-fu ( ♦ ). * p <0.05 represent significant changes from 0 hours to 
subsequent time points.
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only, TGFp-1 expression was found to decrease significantly at both 6 hours and 24 

hours post-exposure (0.31 ± 0.02 p<0.05; 0.32 ± 0.01 p<0.05 respectively). By 

comparison 5-fu appeared to transiently decrease TGFp-1 expression (t= 6 hours) 

returning to basal levels 24 hours post 5-fu exposure (no significant differences were 

observed).

Figure 3.6.5 represents a summary o f the basal expression characteristics o f tendon 

and Dupuytren’s fibroblasts. Dupuytren’s cell lines expressed significantly more 

TGFp-1, 0.37 ± 0.02, than normal tendon cell lines, 0.20 ± 0.04 (p< 0.01). This 

represented an increase o f 85% by Dupuytren’s fibroblasts compared with controls.

In order to compare directly the effects o f 5-fu stimulation on TGFp-1 expression, 

data from groups o f both tendon and Dupuytren’s fibroblasts are represented in figure 

3.6.6. Data shown in this graph illustrated changes in TGFp-1 expression 24 hours 

post-exposure to vehicle only or 5-fu. Although there appeared to be a trend towards 

increasing TGFp-1 expression following treatment with 5-fu no statistically 

significant difference was found when compared with vehicle only treatment for 

either control or Dupuytren’s cell lines.

6.5 Discussion

This data shows a significant increase in basal TGFp-1 expression by Dupuytren’s 

cell lines compared with those fi*om tendon. It is interesting that fibroblasts derived 

from Dupuytren’s disease, a fibroproliferative disorder where TGFp-1 has been 

implicated (Alioto et al 1994), express higher levels. However this difference was not 

maintained over the experimental period. The increase in gene expression relates well 

to data presented in Chapter 3, Section 4, which showed that the amount o f secreted 

TGFp-1 was significantly higher for Dupuytren’s fibroblasts.
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Figure 3.6.5. Comparison of basai TGFC-1 expression between tendon and 
D upuytren’s scar fibroblasts in vitro. Gene expression (t=0 hours) is represented as 
a ratio against B-actin with bars representing mean ±  SEM for n=4 cell lines per 
patient group. * p<0 . 0 1  represents significant differences between the groups 
indicated.
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Figure 3.6.6. Comparison of TGFC-1 expression between tendon and 
D upuytren’s fibroblasts 24 hours following pre-treatm ent with 5-fu. Gene 
expression is represented as a ratio against B-actin with bars representing mean ± 
SEM for n=4 cell lines per patient group. Treatments are illustrated as follows; 
untreated tendon treated 5-fu tendon ZZ3 , untreated Dupuytren’s 5-fu 
treated . No significant difference is observed between treatments with in the cell 
line group or between cell lines with regard to treatment.
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Dupuytren’s and tendon cell lines appear to react differently to 5-fu exposure. 

Whereas tendon fibroblasts showed a significant increase in TGFp-1 expression from 

0 hours to 24 hours post-exposure (Figure 3.6.2), Dupuytren’s cell lines did not 

(Figure 3.6.4). This implies that TGFp-1 expression by Dupuytren’s fibroblasts was 

both constitutively and maximally active, which means that further treatment could 

not elevate TGFP-1 expression levels. TGFp-1 expression by tendon cell lines was 

increased by 5-fu to a level similar to that observed in Dupuytren’s fibroblasts after 

24 hours (Figure 3.6.6).

The selective and specific reduction in collagen protein synthesis induced by 5-fu 

(Chapter 3, Section 2) did not appear to be caused by a concurrent reduction in 

TGFp-1 expression. An alternative mechanism, not incorporating the TGFp-1 

autocrine loop, or changes in translation and post-translational modifications to 

TGFp-1, may possibly be involved.

S u m m a ry

• Dupuytren’s fibroblasts expressed a higher basal level o f  TGFfi-l compared 

with tendon fibroblasts.

•  TGFP-1 expression by tendon fibroblasts was increased 24 hours post 5-fu 

exposure.

• TGFP-1 expression by Dupuytren’s fibroblasts was not significantly altered 

24 hours post-exposure to 5-fu.

It has been established that 5-fu reduces collagen synthesis in vitro (Chapter 3, 

Section 2) without altering the secretion or expression o f TGFp-1 by Dupuytren’s
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fibroblasts. Since post-operative recurrence rates o f Dupuytren’s disease have been 

high (McGrouther 1986), the next goal was to determine the efficacy o f 5-fii as an 

intra-operative therapy to reduce recurrence rates in patients with Dupuytren’s 

disease.
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7. A CLINICAL TRIAL USING 5-FLUOROURACIL INTRA- 

OPERATIVELY TO REDUCE RECURRENCE RATES OF 

DUPUYTREN’S DISEASE

7.1 Introduction

The high post-operative recurrence rate is a large frustration for patients, hand 

therapists and surgeons when dealing with Dupuytren’s disease o f the hand. 5-fu has 

been used by ophthalmic surgeons to reduce the post-operative recurrence rates 

associated with glaucoma filter surgery (The fluorouracil filtering surgery study 

group 1989). The success o f this treatment was in part due to a reduction in the 

proliferating Tenon’s capsule fibroblasts (Khaw et al 1992). Dupuytren’s disease is a 

fibroproliferative disorder that may benefit from exposure to 5-fu, reducing the 

activity o f the fibroblasts and leading to a reduction in post-operative recurrence 

rates.

Studies performed in this laboratory have demonstrated that 5-fu can induce a 

reduction in collagen production (Chapter 3, Section 2). In addition 5-fu has been 

shown to reduce proliferation rates o f fibroblasts, myofibroblast differentiation 

(Jemec et al 2000) and the contractile potential o f Dupuytren’s fibroblasts (Jemec 

MD Thesis). These in vitro studies have demonstrated that 5-fli reduced certain pro- 

fibrotic characteristics and therefore could undergo in vivo investigation.

There is no animal model for Dupuytren’s disease that can be used as the logical step 

from in vitro to in vivo studies into a treatment. Therefore a human clinical trial was 

initiated. A number o f criteria must be fulfilled before approval from the local ethics 

committee can be granted (ICH harmonised tripartite guideline for good clinical 

practice). Patients must be informed o f the reasons behind the intended research and 

the possible benefits o f the treatment. When consenting the patient must be made 

aware o f the fact they are enrolling in a clinical trial, they must be informed o f any
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anticipated risks associated with the procedure and those related to the new treatment. 

They are free to withdraw from the trial at any point without incurring any penalty.

7.1 Aim

To investigate the effect o f 5-fu in reducing postoperative recurrence rates in 

Dupuytren’s disease.

7.2 Methods and Materials

A double blind prospective randomised clinical trial was designed, initially 

incorporating 20 patients (Chapter 2, Section 6).

7.3 Results

The results discussed will only include the six patients that have been followed up for 

six months. The current situation on patient follow up is listed in Appendix XIII.

Patient demographics and other details relevant to Dupuytren’s disease were collected 

by the hand therapists at the time o f pre-assessment (Table 3.7.1). All patients were 

male, median age o f 66.5 years (range 52 to 69). There was a positive family history 

in two out o f six, one patient admitted to excessive alcohol intake (>28 units/week), 

three patients suffered from non-insulin dependent diabetes mellitus and none were 

epileptic. The clinical details o f which hands and digits were affected by Dupuytren’s 

and the treatments given are also listed in table 3.7.1. Pre-operative assessment and 

the latest photographs for the six patients with six month follow-up are shown in 

figures 3.7.1-6.

Figure 3.7.7 (A) shows the changes in total active movement, measured in degrees, 

for all the control and treatment digits from the pre-operative assessment to the three
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Patient Age

(yrs)

Positive

family

history

Associated aetiological factors Clinical picture

Diabetes Epilepsy Alcohol

> 28

units

Vascular

disease

Racial

origin

Work Ectopic

lesions

Dominant

hand

Affected

hand

Control

Digit

Treatment

Digit

1 52 Yes No No No No Northern

Europe

Heavy

manual

No R L Little Middle

2 68 No No No Yes Yes Northern

Europe

Heavy

manual

Knuckle

pads

L L Thumb Little

3 69 Yes NIDDM No No Yes Northern

Europe

Light

manual

Knuckle

pads

R B Little Ring

4 69 No No No No No Northern

Europe

Light

manual

No R L Little Ring

5 64 No NIDDM No No No Northern

Europe

Non

manual

No B B Ring Middle

6 65 No NIDDM No No Yes Northern

Europe

Heavy

manual

No L B Middle Ring

Table 3.7.1. The medical history and clinical picture of the six patients who have completed 6 months post operative follow up. This 
table details patient age, positive family history in a first degree relative, possible contributing factors, diabetes (non-insulin dependent 

^  diabetes mellitus NIDDM), vascular disease (cardiac, stroke, peripheral), racial origin, ectopic lesions (knuckle pads, penis, feet) and the 
% clinical picture, hand dominance, affected hands (R= right, L= left, B=bilateral), control and treatment digits.
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A.

B.

Figure 3.7.1. The preoperative state and 6 month postoperative follow up of 
patient 1. The preoperative photos are on the left and 6 month follow up on the right 
for, A, volar views in full active extension, white arrow heads indicate trial digits, B, 
ulnar views in full active extension, C, ulnar views in full active flexion.
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A.

B.

C.

Figure 3.7.2. The preoperative state and 6 month postoperative follow up of 
patient 2. The preoperative photos are on the left and 6 month follow up on the right 
for, A, volar views in full active extension, white arrow heads indicate trial digits, B, 
ulnar views in full active extension, C, ulnar views in full active flexion.
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B.

C.

Figure 3.7.3. The preoperative state and 6 month postoperative follow up of 
patient 3. The preoperative photos are on the left and 6 month follow up on the right 
for, A, volar views in full active extension, white arrow heads indicate trial digits, B, 
ulnar views in full active extension, C, ulnar views in full active flexion.
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A.

B.

C.

Figure 3.7.4. The preoperative state and 6 month postoperative follow up of 
patient 4. The preoperative photos are on the left and 6 month follow up on the right 
for, A, volar views in full active extension, white arrow heads indicate trial digits, B, 
ulnar views in full active extension, C, ulnar views in full active flexion.
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B.

Figure 3.7.5. The preoperative state and 6 month postoperative follow up of 
patient 5. The preoperative photos are on the left and 6 month follow up on the right 
for. A, volar views in full active extension, white arrow heads indicate trial digits, B, 
ulnar views in full active extension, C, ulnar views in full active flexion.

164



Results

B.

C.

Figure 3.7.6. The preoperative state and 6 month postoperative follow up of 
patient 6. The preoperative photos are on the left and 6 month follow up on the right 
for, A, volar views in full active extension, white arrow heads indicate trial digits, B, 
ulnar views in full active extension, C, ulnar views in full active flexion.
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and six month follow-up appointments. No complications were noted during surgery or in 

the post-operative period. The time for the wounds to completely close was not 

affected by 5-fu treatment (Table 3.7.2). The two patients, five and six, with wound 

healing o f more than 14 days were non-insulin dependent diabetics.

Patient Wound healing (days)

Control 5-fu

1 14 14

2 14 14

3 14 14

4 14 14

5 18 10

6 17 17

Median 14 14

Table 3.7.2. The length of time for wound healing (days) for the control and 
treatment digits for individual patients.

The median and range for the pre-operative total active motion for the control digits 

was 199.5° (104 to 236°) which demonstrated an initial improvement increasing to 

236° (138 to 284°) at three months and then 224° (146 to 268°) at six months. The 

mean pre-operative total active motion for the 5-fu treated digits was 228° (167 to 

277°) increased to 242° (207 to 287°) at three months and improved again to 260.5° 

(222-285°) at six months. There was no statistical difference between the 5-fu 

treatment and control digits.

The joint movement data was converted into a percentage o f normal values. Joint 

movement for the index, middle, ring and little digits was compared against mean 

ranges o f movement published by Mallon et al (1991). Thumb movement was taken 

from the American Medical Association evaluation o f permanent impairment. Figure
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Figure 3.7.7. How total active motion changes post-operatively. (A), total arc of 
motion in degrees and, (B), total arc o f motion as a % of normal joint movement. 
Each data point represents the median of six patients for control digits (*), and 5-fu 
treated digits (■). Pre-assessment, three and six month post-operative follow-up 
assessments are shown.
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3.7.7 (B) illustrates the changes in total active movement, represented as a percentage 

o f normal movement, for all the control and treatment digits from the pre-operative 

assessment to the three and six month follow-up appointments. The median and range 

for the pre-operative total active motion for the control digits was 71.5% (56 to 96%) 

showing an initial improvement by increasing to 83% (60 to 99%) at three months 

and then levelling off to 83% (57 to 104%) at six months. This represented an 

increase o f 11.5% o f total active motion from the pre-operative assessment to three 

months follow-up with no change from three to six months (Table 3.7.3). The mean 

pre-operative total active motion for the 5-fu treated digits was 77.5% (56 to 96%) 

increased to 82% (70 to 100%) at three months and improved again to 89% (78 to 

100%) at six months. This represented a smaller increase compared with control 

digits o f 4.5% of total active motion from the pre-operative assessment to three 

months follow-up. However the total range o f motion continued to improve with a 

further increase o f 7.0% from three to six months (Table 3.7.3). However, there was 

no statistical difference between the 5-fu treatment and control digits.

Difference in total active motion as a % of normal

Treatment 0 to 3 months 0 to 6 months 3 to 6 months

Control 11.5 (-13 to 26) 11.5 (-16 to 30) 0.0 (-8 to 6)

5-fu 4.5 (1 to 16) 11.5 (Oto 19) 7.0 (-1 to 13)

Table 3.7.3. The change in total active motion as a % of normal from pre
assessment to three and six months. Pre-assessment is noted as 0 months. The 
differences in the medians are given.

Figure 3.7.8 shows the joint motion of, (A), the metacarpo-phalangeal (MCP) joint 

and, (B), proximal inter-phalangeal (PIP) joints. Joint motion is represented as a 

percentage o f normal motion for the pre-assessment, three and six month follow-up 

appointments. The mean pre-operative MCP joint motion for the control digits was 

53% (33 to 92%) increased to 73.5% (56 to 96%) at three months and again to 79.5%
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Figure 3.7.8. How MCP and PIP joint motion changes post-operatively. (A), 
MCP and, (B), PIP joint motion is represented as a % of normal joint movement. 
Each data point represents the median of six patient results for control digits (♦), and 
5-fu treated digits (■). Pre-assessment, three and six month post-operative follow-up 
assessments are shown.
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(58 to 92%) at six months. This represented an initial increase o f 20.5% o f MCP joint 

motion from the pre-operative assessment to three months follow-up increasing a 

further 6.0 % from three to six months (Table 3.7.4). The mean pre-operative total 

active motion for the 5-fu treated digits was 53.5% (41 to 82%) increasing to 63% (56 

to 103%) at three months and a further increase to 68.4% (55 to 97%) at six months. 

This represented a smaller increase compared with control digits o f 9.5% from pre

operative assessment to three months follow-up with a further increase o f 5.4% from 

three to six months (Table 3.7.4). The mean pre-operative PIP joint motion for the 

control digits was 72.5% (33 to 105%) increased by 3.0% to 75.5% (40 to 116%) at 

three months. This initial increase in PIP joint movement for the control digits was 

followed by a decrease of 8.5% to 67% (30 to 114%) at six months. The mean pre

operative PIP joint motion for the 5-fu treated digits was 87.5% (64 to 97%) 

increasing to 89.5% (69 to 102%) at three months and again to 93 % (82 to 108%) at 

six months. This represented an initial increase o f 2.0% from pre-operative 

assessment to three months follow-up followed by a larger increase o f 3.5% from 

three to six months (Table 3.7.4). Although these suggestions suggest a trend towards 

greater joint movements a result o f 5-fu treatment there was no statistical difference 

between the 5-fu treatment and control digits.

Difference in joint movement as a % of normal

Joint Treatment 0 to 3 months 0 to 6 months 3 to 6 months

MCP Control 20.5 (4 to 42) 26.5 (-3 to 59) 6.0 (-15 to 22)

5-fu 9.5 (3 to 22) 14.9 (2 to 32) 5.4 (-6 to 12)

PIP Control 3.0 (-24 to 34) -5.5 (-34 to 30) -8.5 (-13 to 5)

5-fu 2.0 (-9 to 17) 5.5 (-3 to 18) 3.5 (-6 to 13)

Table 3.7.4. The change in MCP and PIP joint motion as a % of normal from 

pre-assessment to three and six months. Pre-assessment is noted as 0 months. The 

differences in the medians are given.
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7.5 Discussion

There are a number o f positive points to be gleaned from the clinical trial even at this 

relatively early stage o f assessment. The recruitment o f patients with primary disease 

in two digits in one hand has gone smoothly with only two candidates refusing to join 

the trial due to anxieties over the distance needed to travel for follow-up.

The mechanism for patient follow-up, employing hand therapists making contact with 

the patient by telephone has been 100% efficient. No follow-up time point has been 

missed. The same therapist assessed the patients pre- and post-operatively thereby 

minimising assessor variation and ensuring good patient co-operation. Both patient 

and assessing hand therapist have been unaware o f which digit has received control 

and which received 5-fu treatment. This has enabled the assessment bias to be kept to 

a minimum.

Due to the known action o f 5-fu there was a potential for delayed wound healing to 

occur. No difference in wound healing has been observed when comparing control 

digits with 5-fu treated digits (Table 3.7.4). There are a number o f possible 

explanations. The treatment technique was performed correctly and no contamination 

o f the wound edges occurred during application, exposure period or aspiration and 

washing. Alternatively the dose o f 5-fu used, 25 mg/ml, was not high enough to 

impair wound healing.

The data from six patients with six month follow-up show that there is no difference 

between the 5-fu treated and control digits. 5-fu does not adversely affect surgical 

outcome at this stage o f follow-up. It is too early to comment on the efficacy o f 5-fu 

treatment in the reduction o f post-operative recurrence rates in Dupuytren’s patients 

due to the current small sample size and the early stage o f follow up. However there 

are a number o f trends which are becoming apparent. The long term in vivo effects o f 

5-fu will become clearer as the number o f patients and length o f post-operative
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follow up increases. Recruitment and follow-up o f trial patients will continue leading 

to the completion o f the trial fulfilling the original aim.

S u m m a ry

• No complications have occurred,

•  No delay in wound healing has been noted.

•  5-fu has not adversely affected post-operative results and conclusions regarding 

the effect on recurrence rates in Dupuytren 5 disease require increased patient 

numbers and duration o f follow-up.
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CHAPTER 4

GENERAL DISCUSSION

173



General Discussion

1. GENERAL DISCUSSION

The main mode of treatment for Dupuytren’s disease o f the hand continues to be 

surgical but post-operative results, using various techniques, are poor with high 

recurrence rates 34-71 % (Mayer et al 1986, Norotte et al 1988, Ho et F et al 1988, 

Romboutts et al 1989, Adam and Loynes 1992, Vigroux and Valentin 1992, 

Brotherson et al 1994, Tropet et al 1994, Foucher et al 1995, De Maglio et al 1996, 

Duthie and Chesney 1997). A large proportion o f patients therefore develop further 

reductions in hand function requiring repeated surgical procedures.

There are a number of aetiological factors associated with Dupuytren’s disease but 

we do not know the trigger that induces the fibroproliferative reaction, consisting of 

increased proliferation, myofibroblast differentiation, scar contraction and 

extracellular matrix production. Due to uncertainty over the cause o f Dupuytren’s, 

treatments have been targeted at reducing the effect? of the disease. It is therefore a 

worthy aim to reduce the rate o f recurrence.

5-fu has been used by ophthalmic surgeons to reduce the recurrence rates in 

glaucoma filter surgery due to its ability to reduce the proliferation o f fibroblasts 

(Khaw 1992). A summary of the purported effects o f 5-fli, in vitro, is shown in figure

4.1. Jemec et al (2000) reported that 5-fu induced a reduction in proliferation and 

myofibroblast differentiation by fibroblasts derived from Dupuytren’s tissue. The 

ability o f fibroblasts to contract a collagen lattice was also reduced by 5-fu (Jemec 

MD thesis 1999).

The effect of 5-fu, on in vitro extracellular matrix metabolism and controlling factors 

will be discussed; and the place o f 5-fu in the treatment of Dupuytren’s disease will 

be considered.
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NORMAL 
FIBROBLAST

DUPUYTREN’S
FIBROBLAST

Proliferation
Myofibroblast
differentiationContraction 5-fu

EXTRACELLULAR
MATRIX

METABOLISM

Figure 4.1. The role of 5-fu in the pathology of D upuytren’s contracture. A
summary of previous work regarding 5-fu and Dupuytren’s disease where 5-fu has 
been shown to inhibit fibroblast proliferation, myofibroblast differentiation and 
fibroblast contractility The in vitro  investigation presented here has focused on 
the effect of 5-fu on extracellular matrix production and growth factor secretion.
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1.1 The Effect of Pro-Fibrotic Mediators on Collagen Synthesis

TGFp-1 is an important pro-fibrotic mediator (Roberts et al 1986) that has been 

associated with the pathogenesis of Dupuytren’s disease. Alioto et al (1994), using 

’"^C-proline uptake, showed that increasing doses o f TGFp-1 (10 pg/ml to 3ng/ml) 

caused a dose dependent increase in both collagen and non-collagenous protein 

synthesis. Alioto et al demonstrated a 90% increase in collagen synthesis by 

Dupuytren’s fibroblasts. This compares well with the data presented here of a 114.5% 

increase by Dupuytren’s fibroblasts. Increases were also seen in non-collagenous 

protein synthesis, Alioto et al demonstrated a 40% increase in non-collagen synthesis 

by Dupuytren’s fibroblasts compared with our data showing an 83.1% increase by 

Dupuytren’s fibroblasts. The TGFp-1 induced increase in collagen and non-collagen 

synthesis by Dupuytren’s cell lines noted here are o f the same order o f magnitude as 

that published by Alioto et al using a different isotope.

Alioto et al used normal palmar aponeurosis as the source o f control fibroblasts. The 

data in this thesis used the more readily available fibroblasts derived from tendons 

taken from trauma patients. TGFp-1 induced a lower increase in collagen and non

collagen protein synthesis by control fibroblasts derived from palmar aponeurosis 

compared with normal tendon. The collagen synthesis by fibroblasts from palmar 

aponeurosis increased by 50% whereas tendon fibroblasts increased by 189%. This 

represents almost a four fold difference. TGFp-1 induced a 25 and 111.5% increase in 

non-collagen protein synthesis by fibroblasts from palmar aponeurosis and tendon 

respectively, representing just over a four fold difference. These differences call into 

question the choice of control fibroblasts. The choice of tendon was in part due to 

availability of tissue. Fibroblasts from “normal” palmar aponeurosis at first would 

appear to be a better control, but patients may be liable to develop Dupuytren’s 

disease in the future.
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The increased collagen, non-collagen and total protein synthesis in response to 

TGFp-1 stimulation was modulated to varying degrees by 5-fu depending on 

fibroblast type studied. However 5-fu was not able to completely inhibit the increased 

fibroblasts metabolism, induced by TG pp-l, to below the levels of untreated cells. 

Dupuytren’s fibroblasts tended to be more sensitive to 5-fu pre-treatment as the 

TGFp-1 induced increase in collagen synthesis was reduced with high concentrations 

o f 5-fu (50 mg/ml). TGFp-1 up-regulation seems to afford tendon fibroblasts greater 

protection from the effect of 5-fu.

1.2 The Down Regulation of Collagen Synthesis

The ability to down regulate fibroblast metabolism was assessed by incubating the 

fibroblast monolayers with PGE2 . Varga et al (1987), using *"‘C-proline, demonstrated 

a down-regulation in collagen synthesis by dermal fibroblasts in response to PGE2 . 

PGE2 induced a 40% reduction. This compared well with data presented (Chapter 3, 

Section 1) where PGE2 treatment resulted in a 36.6 and 24% reduction by control and 

Dupuytren’s fibroblasts respectively. A reduction in non-collagen synthesis was also 

induced by PGE2 , in control and Dupuytren’s fibroblasts. The effect o f 5-fu could 

then be assessed in comparison with a known down-regulator of fibroblast function.

Occelston et al (1997), using ELIS As, investigated the long-term effect of 5-fu on 

ocular fibroblasts. Exposure to 5-fu (0.25-25 mg/ml) for five minutes lead to a 

decrease in collagen I and fibronectin synthesis throughout the experimental period of 

48 days. Collagen type III production initially increased after exposure to 5-fu but 

subsequently decreased to control levels. The data presented here compares well with 

the published data. The exposure time, five minutes, and dose o f 5-fu (0.25-50 

mg/ml) were similar yet the experimental time period was shorter. The presented data 

focussed on the initial 24 hours post-exposure. Despite the difference in experimental 

periods the presented data showed a significant reduction in the collagen synthesis of 

43% and 32% below vehicle only treated cells for control and Dupuytren’s cell lines
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respectively. This work showed that 5-fu reduced extracellular matrix production and 

agrees with the conclusions reached by Occelston et a l

Occelston et al were not able to discuss the selective nature of the effect o f 5-fu as 

non-collagenous protein or total protein synthesis were not measured. Whereas the 

presented data (Chapter 3, Section 2) demonstrated that 5-fu had no significant effect 

on non-collagenous protein synthesis. 5-fu was therefore shown to have a selective 

and specific down regulatory effect on collagen synthesis.

The reduction induced by 5-fu tended to be greater than the effect of incubating 

fibroblasts with a known down-regulator o f fibroblast collagen synthesis, PGE2 

(Chapter 3, Section 1) but was o f the same order o f magnitude. It is possible that the 

observed selective action o f 5-fu acts through a similar pathway to PGE2 . PGE2 is 

known to induce an increase in intracellular cyclic-AMP (cAMP), an increase in the 

intracellular degradation of collagen prior to secretion and a decrease in the 

transcription of types I and III pro-collagen (Varga et al 1987). However it is not 

currently known whether 5-fu affects the intracellular collagen degradation pathway 

or the intracellular levels of cAMP. One cannot therefore comment on the relative 

importance o f the intracellular degradation pathway compared with the 

transcriptional and/or translational controls for collagen production.

Dupuytren’s fibroblast cell lines appeared to be more sensitive than tendon 

fibroblasts with regard to the dose of 5-fu used. The largest reduction in collagen 

synthesis by tendon fibroblasts was in response to a dose o f 2.5 mg/ml 5-fu compared 

with 0.25 mg/ml with the Dupuytren’s fibroblasts. This is an important point to take 

into consideration when moving into the clinical setting. It is preferable that a greater 

reduction in collagen synthesis is induced in Dupuytren’s fibroblasts compared with 

normal fibroblasts. The ideal situation would be to down-regulate the scar forming 

ability of Dupuytren’s tissue while still allowing normal post-operative wound 

healing to occur.
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1.3 Collagen Types I and III Gene Expression

The gene expression of collagen types I and III were investigated; as they had been 

noted as the most abundant and variable collagen types present in Dupuytren’s tissue 

(Notbohm et al 1995) and in tendon (reviewed by Liu et al 1995). Other collagens 

are present, such as types IV and VI (Magro et al 1996), but are less abundant and so 

were not investigated.

The cell lines examined were derived from different tissues, Dupuytren’s tissue and 

normal tendon, which were comprised of different profiles o f collagen subtypes. 

Normal tendon is predominantly made up o f collagen type I with small amounts of 

collagen type III (reviewed by Liu et al 1995). However the amount o f collagen type 

III synthesised is increased during wound healing and tendon repair, increasing the 

ratio of collagen type III to type I, which is in part controlled by TGFp-1. As in the 

healing tendon, new extracellular matrix is laid down in the developing Dupuytren’s 

nodule, and collagen type III is a large component of this. Due to the 

fibroproliferative character of Dupuytren’s disease both involved and non-involved 

palmar fascia from the patient has been reported to demonstrate an increased ratio of 

collagen type Ill/type I compared with normal palmar aponeurosis, which is 

characteristic of the pathological state. This has been shown by a number of authors 

using different experimental techniques (Bailey et al 1977, Menzel et al 1979, Bazin 

et al 1980 and Notbohm et al 1995).

The data presented here regarding gene expression compares well with the published 

data regarding the presence of the collagen subtypes in the tissues. Both tendon and 

Dupuytren’s cell lines express collagen types I and III. Collagen type I expression by 

tendon cells was increased compared with Dupuytren’s cell lines. More collagen type 

III was expressed by Dupuytren’s fibroblasts compared with tendon fibroblasts. 

These data relate well to normal tendons being comprised o f mainly collagen type I, 

but with the potential to produce type III in the wound healing situation. Dupuytren’s
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scar tissue has an increased ratio o f type III to type I collagen which is consistent with 

the increased collagen type III expression.

1.4 The Effect of 5-Fluorouracil on Collagen Gene Expression

It was important to investigate further the mode o f action of 5-fu, and start looking at 

other points along the collagen synthesis pathway, to help explain where the changes 

induced by 5-fu occurred. The effect of 5-fu on gene expression o f individual 

collagen types I and III was therefore investigated (Chapter 3, Section 5).

Pre-treatment with 5-fu did not alter collagen type I expression by either group of cell 

or the expression of type III by tendon fibroblasts. However collagen type III 

expression by Dupuytren’s fibroblasts appeared to increase in response to 5-fu 

compared with vehicle only treated cells, although this was not significant. Taken 

together these data imply that the reduction seen in collagen protein synthesis was not 

due to a preceding change in gene expression but due instead to modifications 

occurring after transcription.

1.5 Controlling Factors in Wound Healing and Fibroproliferation

TGFp-1 is both secreted by fibroblasts and has a potentiating affect on fibroblasts via 

an autocrine loop (Massague et al 1990). Presented data showed that TGFp-1 induced 

a significant increase in collagen and non-collagen protein synthesis. It was therefore 

postulated that the selective reduction o f collagen synthesis was not only due to a 

direct down-regulatory action of 5-fu but also to a reduction in TGFp-1 secretion 

leading to the down-regulation of the autocrine loop.
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1.6 The Measurement of TGFp-1

TGPp-1 secretion was increased by Dupuytren’s fibroblasts compared with those 

derived from tendon. There are a number of reasons for this but initially consideration 

must be given to the assay and what it is measuring.

TGFp-1 is released as an inactive complex that can not interact with cellular receptors 

(Massague1990) or be detected by the ELISA technique. The inactive or latent 

complex comprises o f a TGpp-l dimer with two TGpp-1 pro-region polypeptides 

linked to a glycoprotein. Active TGPp-1 can be released from the latent complex by 

plasmin, chaotropic agents and extremes of pH (<4 or >9). An acidification step was 

therefore used to convert all secreted TGPp-1 to the active form for detection by 

ELISA. Other assays must be used to differentiate between the relative concentrations 

of latent and active forms, such as the mink lung assay (Hansen et al 1989, Kloen et 

al 1995).

The sandwich ELISA technique measures the concentration o f total active TGPp-1 

secreted into the culture media. It dose not take into account the TGpp-1 that is 

sequestered by surrounding extracellular matrix laid down by fibroblast monolayers 

in cell culture vessels (reviewed by Massague 1998). TGpp-1 is known to bind with 

high affinity to proteoglycans and betaglycans and with low affinity to other matrix 

components. This binding acts in numerous ways; to protect TGPP-1 from 

extracellular degradation, as a storage reservoir, a sustained release system or a way 

to clear TGPp-1. Taipale et al (1992) showed that a major fraction o f secreted LT- 

TGPp-1 is deposited and remains associated with the pericellular matrices of cultured 

fibroblasts. However our preliminary measurements demonstrated that less than 1% 

of TGPp-1 was bound to the extracellular matrix attached to the cell culture vessels, 

over the time course of our experiments.
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Only after these aspects have been taken into consideration can alterations in mRNA 

transcription, translation and post-translational modifications be considered as a 

reason for a variation in TGpp-l concentration.

1.7 The Secretion of TGFp-1

Dupuytren’s fibroblasts have been shown to produce more TGpp-1 than control 

fibroblasts (Chapter 3, Section 4). This difference was most significant at 0,25 mg/ml 

5-fu (p<0.05) where the endogenously secreted TGPP-1 in cell conditioned media 

was almost double, 10.9 compared with 6.0 pg/10"  ̂ cells by Dupuytren’s and control 

fibroblasts cell lines respectively. Kloen et al (1995) investigated the presence of 

TGPp-1 in conditioned media derived from Dupuytren’s and dermal fibroblasts using 

the mink lung cell inhibition assay. The mink lung assay (Hansen et al 1989) 

measures the inhibition of cell growth using the colorimetric tétrazolium salt (MTT)- 

assay, which measures the reduction o f MTT by mitochondrial succinyl 

dehydrogenase present in viable cells. Only the active form of TGpp inhibits mink 

lung cell growth, so sample measurements obtained before and after activation of the 

sample can yield valuable information regarding the proportion o f latent-TGPp-1 to 

active TGPp-1 ratio. In addition, neutralising antibodies can be used to study the 

individual TGPp isoforms. Kloen et al demonstrated that dermal fibroblasts produced 

more active and total TGPp-1 than Dupuytren’s fibroblasts. This was an unexpected 

finding and the authors did not comment on why this had occurred. It was not 

possible to directly compare the amounts of TGPp-1 produced by Kloen et al with the 

presented data (Chapter 3, Section 4) as Kloen did not relate the raw optical densities 

from the mink lung assay to actual TGPp-1 concentration or relate changes to 

variation in cultured cell number.

This again raises the question of the correct choice o f control fibroblasts to compare 

with Dupuytren’s fibroblasts. As a fibroproliferative disorder fibroblasts derived from 

Dupuytren’s tissue may be expected to produce more TGpp-1 than “normal” control
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cells. Indeed we have shown that control fibroblasts, derived from tendon, produce 

less TGFp-1 than Dupuytren’s fibroblasts.

The level o f basal TGFp-1 gene expression by Dupuytren’s cell lines was 

significantly raised compared with tendon (Chapter 3, Section 6). TGFp-1 expression, 

24 hours post-exposure to vehicle control, remained higher for Dupuytren’s cell lines 

but was not statistically significant. The increase in TGFP-1 gene expression 

demonstrated by Dupuytren’s cell lines was mirrored by the elevation in TGFp-1 

secretion.

TGFp-1 has been implicated in the pathogenesis of Dupuytren’s disease (Alioto et al 

1994) and other fibroproliferative disorders. The presented data has demonstrated a 

combined increase in both TGFp-1 gene expression and TGFP-1 secretion by cells 

derived from a fibroproliferative disorder compared with healthy control fibroblasts. 

This may in part be due to the positive autocrine effect o f TGFp-1 (Kim et al 1989), 

whereby increased TGFp-1 gene expression was stimulated by increases in TGFp-1 

secretion.

1.8 The Effect of 5-Fluorouracil on the Secretion of TGFP-1

5-fu had a similar effect on TGFp-1 protein secretion of Dupuytren’s and control cell 

lines but was subsequently found to exhibit different effects with regard to gene 

expression. 5-fu did not alter TGFp-1 secretion, when comparing conditioned media 

from untreated with 5-fu treated fibroblast monolayers (Chapter 3, Section 4). This 

compares with data that showed that 5-fu had no significant effect on the non- 

collagenous protein synthesis by both cell line groups (Chapter 3, Section 2). 

Occelston et al (1997) demonstrated an initial increase in TGFp-1 secretion by ocular 

fibroblasts in response to 5-fu, hypothesising that this was a reaction to a sub-lethal 

cell injury or stress.
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Gene expression by tendon fibroblasts for TGFp-1 significantly increased from 0 to 

24 hours post-exposure to 5-fli whereas Dupuytren’s cell lines remained at basal 

levels. The initial increase in TGFp-1 secretion in response to 5-fu demonstrated by 

Occelston et al (1997) agreed with the increase in TGFp-1 gene expression 

demonstrated by control fibroblasts derived from tendon. However the gene 

expression by Dupuytren’s fibroblasts did not increase. A possible explanation could 

be that the TGFp-1 gene expression was already at its maximum and therefore could 

not be further induced, whilst control cell lines had a lower basal expression and 

could therefore be up-regulated. This implies that exposure to 5-fli did not lead to a 

change in the ability o f Dupuytren’s fibroblasts to induce fibrosis via a change in 

TGFp-1 expression. TGFp-1 expression by control cell lines rose, demonstrating an 

increased potential to induce fibrotic changes via a TGFp-1 dependent mechanism. 

Extrapolating this to the clinical situation, 5-fu may increase the wound healing 

potential o f normal fibroblasts but not increase the fibroproliferative tendency of 

Dupuytren’s tissue thereby helping to reduce recurrence.

However, the observed increase in gene expression did not lead to a corresponding 

rise in TGFp-1 secretion within 24 hours. By comparison Occelston et al (1997) 

demonstrated that the increase in TGFp-1 secretion occurred beyond the experimental 

time period investigated here. Therefore the early increase in gene expression noted 

here may lead to a later increase in secretion for the control fibroblast cell lines.

1.9 The Mechanism of Action of 5-Fluorouracil

The postulated action of 5-fu on extracellular matrix synthesis and certain regulatory 

factors is summarised in Figure 4.2. The putative mechanism of action would lead to 

a global inhibition of fibroblast function due to 5-fu but the data presented in this 

thesis points to a more targeted action.
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Collagen 
1 and III 

expression 
Section 3.5)

TGFB-1 
expression 

(section 3\6)
Non-collagen 
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(section 3.2)

Collagen 
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(section 3.2)
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Figure 4.2. A summary of the in vitro  actions of 5-fu presented in this thesis. A
diagrammatic representation of a fibroblast with its nucleus, showing, aspects of 
extracellular matrix synthesis and growth factor metabolism, and whether 5-fu had an 
inhibitory effect, — , or no effect, .

185



General Discussion

The fluorinated pyrimidine, 5-fu, was designed to function as a nucleic acid 

antagonist, by substituting fluorine for hydrogen (Duscbinsky et al 1957), and it was 

noted that tumour cells utilised labelled uracil to a greater extent than normal tissues 

(Heidelberger et al 1958). It bas been reported that 5-fu works in a number o f ways. 

The active metabolite o f 5-fu, fluorodeoxyuridine monophosphate, inhibits 

tbymidylate synthetase leading to impairment o f DNA synthesis due to the reduction 

in de novo tbymidylate biosynthesis (Bender et al 1978). Incorporation o f the active 

metabolites into RNA in preference to uracil, impairs the maturation o f pre-ribosomal 

RNA (Ardalan and Glazer 1981).

The impairment of pre-ribosomal RNA by 5-fu would lead to a reduction in all 

mRNA translation. However 5-fu has been shown to induce a selective and specific 

reduction in collagen synthesis, whereas non-collagenous protein synthesis and 

TGPp-1 secretion are not affected at 24 hours post 5-fu exposure. There are a number 

o f possible explanations for this. One such explanation is that the experimental time 

course o f 24 hours was long enough for the collagen synthesis to be affected but 

insufficient for changes in other protein secretion to become apparent. However these 

findings may point to another mode o f action for 5-fu that results in the targeted 

down-regulation o f collagen synthesis.

In a more recent review, Ghoshal and Jacob (1997) have shown that ribosomal RNA 

binding protein was reduced in cells treated with 5-fu impairing maturation. 

Treatment of cells with 5-fu caused an accumulation of pre-mRNAs that have not 

undergone splicing to remove exons and introns. This was due to either the 

incorporation o f 5-fu into the pre-mRNA, altering its recognition, or by incorporation 

o f 5-fu into the splicing machinery, inhibiting its action. Translational miscoding may 

be induced by the replacement of uracil by 5-fu leading to the production of altered 

proteins. These findings again point to a global down-regulation o f cell metabolism 

but as already outlined this did not agree with the observed findings.
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In trying to investigate this further it was proposed that the down-regulation of 

collagen synthesis by 5-fu was due to a primary effect, compounded by a parallel 

down-regulation in the TGpp-1 autocrine pathway. The presented data demonstrated 

that 5-fu did not affect TGPP-1 secretion, at any dose, by Dupuytren’s or control 

fibroblasts. There was no significant difference between 5-fu and vehicle only treated 

cell lines with regard to TGPp-1 gene expression. It was therefore concluded that 

down-regulation of collagen synthesis in response 5-fu was not due to a change in 

TGpp-1 production.

There are a number of aspects that were not investigated. Gene expression did not 

alter when comparing 5-fu with vehicle only treated cells for either Dupuytren’s or 

control cell lines, however the stability o f mRNA was not studied. This could play a 

significant role in reducing the proportion that undergoes translation due to the 

incorporation of the 5-fu metabolite into mRNA. There may also be variable 

translation from the same amount of mRNA due to differential incorporation of 5-fu 

metabolites into either the messenger or ribosomal RNA. The intracellular 

degradation of newly synthesised collagen is an important but poorly understood 

pathway. There are possible differences in the activity o f these pathways between 

Dupuytren’s and control cell lines which could lead to collagen degradation being 

higher for the controls compared with Dupuytren’s, thereby resulting in more 

collagen synthesis in the diseased state. This pathway may be affected by 5-fu 

interfering with subsequent collagen synthesis.

The accepted mode of action of 5-fu would appear to cause a global reduction in 

cellular metabolism and not a specific action. This is at odds with our findings that 5- 

fu caused a specific and selective down-regulation o f total collagen synthesis 

compared to non-collagenous protein synthesis and there are a number o f possible 

and as yet unexplored causes (Figure 4.3). PGE2 is known to induce a selective down 

regulation of collagen synthesis via a mechanism inducing an increase in intracellular 

cAMP (Varga et al 1987). It is not known whether 5-fu selectively reduces collagen
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Figure 4.3. Possible pathways whereby 5-fu treatm ent could lead to a reduction 

in collagen synthesis. 5-fu may increase intracellular cAMP and alter the balance of 

MMPs and TlMPs leading to a reduction in total collagen laid down.
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synthesis using a cAMP pathway. 5-fu could also act by altering the balance of 

MMPs and TIMPs, the enzymes involved in the extracellular collagen degradation 

pathway. An increase in relative MMP activity compared with TIMP activity would 

lead to a reduction in total collagen.

1.10 The Clinical Trial

To test the strength of a hypothesis one must embark on a patient clinical trial. The 

potential risks involved were identified and strategies put in place to reduce them. For 

this study bone marrow suppression and delays in wound healing were the identified 

risks. The possibility for bone marrow suppression in response to 5-fu was thought to 

be very low due to the dose used and the duration o f exposure compared with the 

intravenous dose used as a chemotherapeutic agent. The risk of a delay in wound 

healing was reduced to a minimum due to ensuring that no skin edge contamination 

occurred during the procedure.

1.10.1. Patient assessment

Potential patients, who fulfilled the inclusion criteria, were identified, enrolled and 

assessed by the hand therapist. The mainstay o f assessment and follow-up was 

clinical examination using the Dexter computer based hand function assessment 

system and clinical photography. Two other methods were investigated to try and aid 

follow-up, silicone casting of the affected hand and 3-dimensional (3-D) ultrasound 

scanning o f the soft tissues.

Initially silicone casts were made of the patients’ hand in full extension, to enable 

greater clinical evaluation of post-operative outcome relating to digit extension and 

recurrence rates of Dupuytren’s disease (Figure 4.4). Casting gave an exact copy of 

the hand and the position it was in, including a good indication o f the cutaneous 

involvement. However, patients proved unable to hold their hand in full extension for 

the time required for the mould to set. As a result the deformities observed in the
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Figure 4.4. Silicone casts of four hands with D upuytren’s contracture. The
apparent disease state of these casts was worse than the real clinical picture.
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Figure 4.5. A 2-dimensional ultrasound of the volar surface of the ring finger.
The structures indicated are the proximal inter-phalangeal joint (white arrow), the 
flexor tendons running across the scan (green arrowhead) and the hypo-echoic 
Dupuytren’s tissue (outlined in red).
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casts appeared far worse than the actual clinical picture. We postulated that a device 

to ensure full extension might be useful but would be cumbersome and concluded 

that it would hinder hand casting. Therefore this method o f assessment was 

abandoned after the six patients had undergone their pre-assessment.

High frequency ultrasound is an important imaging modality for soft tissues, 

including the musculo-skeletal system. The possibility o f perfecting 3-dimensional 

ultrasound data acquisition and compounding would be o f particular use in the 

investigation of hand pathology. It was hoped that pre- and post-operative imaging of 

the Dupuytren’s cords and nodules could be performed. The progress o f the 

Dupuytren’s tissue following resection and treatment could be followed and the 

relationship between treatment and the disease progression could be explored. An 

example o f a 2-dimensional ultrasound of a Dupuytren’s patient is shown in Figure 

4.5. Unfortunately it remained in the developmental stage with regard to hardware 

and software and did not prove to be a reliable method for patient assessment and 

trial follow-up. However the system has great potential and when fully validated 

should prove to be a valuable tool for the investigation o f hand pathology. It would 

help to decrease the potential hazards of percutaneous procedures, such as the 

injection o f substances into Dupuytren’s nodules and cords, as in the promising trial 

with collagenase (Badalamente and Hurst 2000). By incorporating a colour Doppler 

modality into 3-dimensional ultrasound, the visualisation o f displaced digital 

neurovascular bundles, due to a spiral cord, would greatly enhance these “blind” 

procedures.

1.10.2. Surgical outcome

The clinical trial will last five years and this thesis has discussed the initial surgical 

results, which have been very encouraging. The use o f an internal control in the form 

of selecting patients with two affected digits has limited the number of patients that 

could be entered into the trial but has greatly strengthened the trial. The use o f an 

internal control minimises intra-assay variability due to patient variation.
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One of the identified potential risks was delayed wound healing. The data regarding 

time taken for complete wound closure has shown that 5-fu does not cause a delay 

compared with the control digits. Contamination o f the vehicle control treated wound 

with 5-fu would lead to similar healing times, however the application o f 5-fu was 

carried out so that this would not occur.

The six month follow-up data for six patients has shown that 5-fu does not have any 

adverse effects on joint angles, total active motion, PIP and MCP joint movement 

compared with vehicle only treated cells. It is likely to be too early to elicit a 

difference due to treatment. As the length of follow-up increases along with patient 

numbers any effect that 5-fu has on Dupuytren’s disease, especially regarding 

recurrence rates, will become clearer. It is hoped that the positive early results will 

continue and eventually improve surgical outcome. Another possible explanation for 

there being no difference at this stage could be contamination o f the control excision 

zone with 5-fu. Contamination of the excision zone may have occurred due to 

tracking through the tissue planes, although this was minimised by the length of 

exposure and the careful aspiration of 5-fu and subsequent washing o f the wound. 

Contamination of the control wound via an external route did not occur.

2. CONCLUSIONS

The synthesis o f collagen has been reduced by the targeted action o f 5-fu and a 

clinical trial has been started to test its efficacy in reducing post-operative recurrence 

rates.

• Collagen protein synthesis was selectively and specifically down-regulated in 

response to 5-fu. This was observed in both Dupuytren’s and control 

fibroblast cell lines.
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• Our data suggests that these effects were due to post-transcriptional events.

• Dupuytren’s fibroblasts secreted more TGPp-l than control fibroblasts, which 

was due to an elevated TGFp-1 gene expression.

• 5-fu did not alter TGPP-1 transcription or secretion in vitro.

• The selective and specific effect o f 5-fu on collagen synthesis was not due to 

down-regulation o f the TGpp-1 pathway.

• The reported mode of action of 5-fu would be expected to result in a global 

effect on cellular metabolism, however these data have demonstrated a 

targeted action with regard to collagen synthesis.

• During our clinical trial 5-fu has not caused any delay in wound healing in 

treatment digits compared with controls.

• Treatment by 5-fu has not adversely affected the surgical outcome with regard 

to joint angles.

• The effect o f 5-fu on recurrence rates will become clearer as the length of 

follow-up and patient number increases.

3. FUTURE DIRECTION OF RESEARCH

There are a number of aspects that would merit further research that have become 

apparent while writing this thesis. These either relate directly to work presented here 

or look at other areas concerned with Dupuytren’s disease.
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Further investigation into the down-regulatory action o f 5-fu by looking at other 

points along the collagen synthesis pathway to identify where the effect occurs. 

To investigate whether a PGE2 like effect occurs by measuring intracellular cyclic 

AMP concentrations in response to 5-fu.

Investigations into the effect of 5-fu on matrix metalloproteinases and their 

inhibitors.

Studies into whether 5-fu alters the proportions o f active and latent TGFp-1.

Studies into the effect o f anti-TGFp-1 antibodies on fibroblasts derived from 

Dupuytren’s disease and how this compares with the action o f 5-fu.

• The continuation of the clinical trial.

• A clinical trial investigating the percutaneous injection o f 5-fu into early

Dupuytren’s disease with the aid of validated 3-D high frequency ultrasound

guidance. Investigating the effect of single or multiple injections on disease

progression.
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APPENDIX I-List of Dupuytren’s and control fibroblast cell lines.

Dupuytren's cell lines
Patient Sex Age/yrs Hand Digit

1 Male 58 Right Ring
2 Female 50 Left Little
3 Male 61 Left Ring
4 Male 32 Left Little
5 Male 64 Left Ring
6 Male 67 Right Little
7 Male 51 Right Little
8 Male 57 Right Ring
9 Male 55 Right Little
10 Male 57 Left Thumb
11 Male 57 Left Ring
12 Male 65 Right Little

Table 1. The age o f the patient, hand and ray that the Dupuytren’s scar was excised 
from.

Control cell lines
Patient Sex Age/yrs Hand Digit

1 Female 70 Left Middle
2 Female 38 Right Ring
3 Male 75 Right Middle
4 Female 66 Left Index
5 Male 53 Left Ring
6 Male 51 Left Middle
7 Male 52 Left Ring
8 Male 40 Left Middle
9 Male 62 Left Little

Table 11. The age o f the patient, hand and ray that the tendon originated from.
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APPENDIX Il-Cell culture media

Reagent Final concentration
Foetal calf serum 10%
Penicillin/streptomycin lU/ml
L-glutamine ImM
Hepes 7 mM
Prepared in Dulbeeco’s Modified Eagle Medium (DMEM)

Table 1. Composition of standard fibroblast culture medium.

Reagent Final concentration
Bovine serum albumin 1 mg/ml
Transferrin 1 pg/ml
Penicillin/streptomycin lU/ml
Hepes 7 mM
L-glutamine ImM
Prepared in Dulbeceo’s Modified Eagle Medium (DMEM)

Table 11. Serum free culture media.

Reagent Final concentration
Foetal calf serum 2%
Penicillin/streptomycin lU/ml
Hepes pH 7.5 120 mM
L-glutamine ImM
Hepes 7 mM
Prepared in Dulbecco’s Modified Eagle Medium (DMEM)

Table 111. Low serum culture media (2% serum).
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Reagent Final concentration
L-proline 2 mM
Ascorbic acid 50g.g/ml
Foetal calf scrum 2%
Penicillin/streptomycin 1 U/ml
L-glutaminc 4 mM
Hepes 7mM
Prepared in Dulbecco’s Modified Eagle Medium (DMEM)

Table IV. Pre-incubation media for collagen assay listing reagents and their final 
concentrations.

Reagent Final concentration
L-proline 5|iCi/ml

L-proline 2 mM
Ascorbic acid 50|ig/ml
Foetal calf serum 2%
Penicillin/streptomycin 1 U/ml
L-glutamine 4 mM
Hepes 7 mM
Prepared in Dulbecco’s Modified Eagle Medium (DMEM)

Table V. Incubation media for collagen assay listing the reagents and the final 
concentrations.
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Appendix

Reagent Final concentration
N-ethylmaleimide 2.5 mM
Hepes pH 7.5 120 mM
CaCh 0.5 mM
Prepared in distilled water

Table I. Incubation cocktail for collagenase digestion.

Reagent Final concentration
Tween 20 0.05%
Sodiun chloride 150 mM
Tris base (pH 7.3) 20mM
Made up in distilled water

Table II. ELISA wash buffer (Tween in Tris buffered saline).

Reagent Final concentration
Tween 20 5%
Sucrose 5%
Tris base(pH 7.3) 20mM
Made up in PBS

Table III. Blocking buffer for ELISA.

Reagent Final concentration
Sodium Hydroxide 2.5M
Hepes (pH 8.0) 350mM
Made up in distilled water

Table IV. Neutralising buffer for ELISA.
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APPENDIX IV-RT-PCR reaction substrates, conditions and primer sequences.

Reagents Quantity
Extracted RNA 2 n g
Oligo (dt) 2.5 mM
Human placenta ribonuclease inhibitor 50 U/ml
Deoxyribonucletides (Promega) 200 pM (each)
Tris-HCI, pH 8.3 10 mM
MgCh 2 mM
KCI 50 mM

RNA Moloney murine leukaemia virus 
(MMLV)-RT
(Life technologies, Gaithersberg, MD)

400 U (200U/pg RNA)

Made up with distilled water to lOOpl

Table I. Reaction substrates for the RT reaction, first cDNA synthesis, made up to 
100 pi.

Number of cycles Temperature / ®C Duration / min
1 25 10

42 60
94 5

Table 11. Reverse transcription reaction conditions.

Reagents Quantity
cDNA from RT reaction 5 pi
3 and 5 PCR primers 50 pmol (each)
Deoxyribonucletides (Promega) 200 pM (each)
Tris-HCl, pH 8.3 10 mM
MgCL 2 mM
KCI 50 mM
AmpliTaq (Perkin Elmer Cetus Corp.) 1.25 U
Made up with distilled water to 50pl

Table 111. Reaction substrates for the polymerase chain reaction made up to 50 pi.
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Number of cycles Temperature / ®C Duration / min
35 95 1

60 2
72 3

1 72 7

Table IV. Polymerase chain reaction conditions.

Target protein Primer Sequences
B-Actin Upstream 5' AAG GAG GAG TAT GAC GAG TCC G 3’

Downstream 5' GCC TTC ATA CAT CTC AAG TTG G 3'
Collagen type I Upstream 5' AGT GGT TAG TAG TGG ATT GAC C 3'

Downstream 5' TTG CCA GTC TCC TCA TCC 3'
Collagen type III Upstream 5' GTG GTG ACA AAG GTG AAA GAG G 3'

Downstream 5' ATC CTC TTT CAC CTC TGT TAG C 3'
TGFB-1 Upstream 5' CTA CTA CGC CAA GGA GGT CAT 3'

Downstream 5' TTG CTG AGG TAT CGC GAG GAA 3'

Table V. Primer sequences for Collagen types I, III and TGpp-1 templates (Saed et al 
1999).

Target protein Fragment size / Base pairs (bp)
p-Actin 559
Collagen type I 352
Collagen type III 251
TGFP-1 249

Table VI. Expected size of RT-PCR products (base pairs bp).
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Age < 70 yr.

Onset o f disease < 5 yr.

Extent o f disease Two digits in the hand affected

Cords/nodules Active phase

No previous surgical procedures in the hand
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APPENDIX Vl-Patient information sheet

DUPUYTREN’ S DISEASE. IN VIVO APPLICATION OF 
5-FLUOROURACIL AFTER FASCIOTOMY

The only proven treatment of Dupuytren’s disease is surgery, but at present all surgical methods for 
Dupuytren’s disease carries a high recurrence rate (up to 71%). After any operation, the normal wound 
healing response involves cells dividing in order to heal the wound, producing a scar. In eye surgery 
5-Fluorouracil, a drug which inhibits this cellular division, is used in a similar situation to control the 
scar formation and thereby prevent recurrence.

5-Fluorouracil is not a new drug, but is used in larger doses for treatment of certain types of cancer, in 
keloid (lumpy overgrown scars in the skin) and eye surgery. Due to the drug’s action of inhibiting cell 
division, the main unwanted side effect which can be anticipated is a delayed healing of the wound, 
though this has not been encountered in either the eye or the skin. In doses up to 400 times the dose 
proposed here, given directly into the bloodstream, side effects can include suppression of the bone 
marrow and inflammation of the mucous membranes, such as mouth, throat, nose and intestines etc. 
Due to the much lower dose and the fact that it will be applied locally, we do not anticipate these to 
occur.

The use of this drug applied in the hand for Dupuytren’s disease is new and we would therefore like to 
invite you to participate in this research clinical trial. Your participation in this trial will be greatly 
appreciated as it will enable us to evaluate its use in Dupuytren’s disease.

Any participation in this trial is entirely voluntary and you may withdraw from the study at any 
time without affecting your future treatment.

We propose to perform a fasciectomy (divide the cords) and apply 5-Fluorouracil to the areas of 
excision for five minutes straight after the operation. The concentration used (25mg/ml) has been 
shown to reduce the cell division in Dupuytren’s cells for 14 to 21 days only. After the 5-Fluorouracil 
application the wound will be rinsed with sterile water and closed in the normal fashion. You will 
receive the same post operative treatment and rehabilitation, i.e. physiotherapy and occupational 
therapy, as with those patients not in the trial.

To be able to evaluate any effect more accurately, we propose to scan your hand before, 6 and 12 
months after the operation with an ultrasound scanner. This does not involve any X-rays and will take 
approximately twenty minutes.

You will be asked to complete a short questionnaire at your first follow up appointment concerning the 
treatment.

If there are any urgent problems after you are discharged from hospital, you may speak to the on-call 
SHO in plastic surgery by phoning the hospital number 01923-826111. For less urgent problems, you 
should attend the next Plastics Dressing Station (PDS) clinic.

Thank you for helping in this clinical research trial and hopefully together, we can improve the future 
treatment of patients with Dupuytren’s disease.
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APPENDIX VII-Letter to patients arranging pre-assessment appointment

Dupuytren's Contracture of the Hand,
The 5-Fluorouracil Trial into reducing Post operative recurrence rates.

15* October 1999

Dear

Thank you for agreeing to consider entering this clinical trial into reducing the 
recurrence rates after surgery for Dupuytren's contracture of the Hand. We have 
enclosed an information sheet outlining the proposed trial.

After explaining what is proposed and answering any questions we would like to start 
the pre-operative assessment. This will involve taking a full history, clinical 
examination and photographs, followed by making a cast of the affected area for later 
comparison. This will all be performed at Mount Vernon Hospital.

A 3-dimensional ultrasound scan of the hands will be performed at the Middlesex 
Hospital in order to assess the depth and extension o f the scar tissue.

Please could you come to Hand Therapy in the Princess Christian Rehabilitation Unit 
on
The date and time for the hand scan will be sent to you in the near future.

Thank you again for helping us in this work. If  you would like to speak to me please 
call on 01923-835815.

Yours sincerely

Neil Bulstrode 

Surgical Research Fellow
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APPENDIX VIII-Trial consent form

5-Fluorouracil trial into reducing recurrence rates in Dupuytren’s 
disease of the hand.

Date

I agree to participate in this trial with the
understanding that I may withdraw at any point.

I have been fully informed about the hypothesis behind the trial, the process of 
assessment, the operative and trial details and the risks have been explained.

Signature of Participant 

Signature of Physician 

Signature of Witness
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APPENDIX IX-Treatment timetable for the clinical trial.

Pre-assessment

A full clinical examination was performed and clinical photographs were taken (No 

more than 2 weeks before the operation).

Operation

Randomisation o f treatment and control digit. Operative procedure. Instilling of 5-fu 

or normal saline.

Hand therapy and wound care

Post-operative trial follow-up 

3 months

A full clinical examination was performed as described above.

6 months

A full clinical examination was performed and clinical photographs were taken.

Yearly for 5 years

A full clinical examination was performed and clinical photographs were taken.
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APPENDIX X-History, pre-assessment and follow-up form

5-Fluorouracil trial into reducing recurrence rates in Dupuytren’s 
contracture of the hand.

Trial No
Hospital
Hospital No
Surname
Name
Address

Tel
Date o f Birth 
Sex
Date of pre-op investigations 
Info Sheet
Clinical examination 
Photos
Operation Date 
Wound/Dressing

3 month

6 month

12 month
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5-Fluorouracil trial into reducing recurrence rates in Dupuytren’s 
contracture of the hand.

Trial No
Hospital
Hospital No
Surname
Name
Address

Tel
Date of Birth 
Sex
Family Origin 

Father 
Mother

Family history of DD 
Father 
Mother 
Brother 
Sister 
Son
Daughter
Grandfather
Grandmother
Other

Associated Disease
Epilepsy idiopathic
Epilepsy acquired
Diabetes insulin dependent
Diabetes non-insulin dependent
Alcoholism mild
Alcoholism severe
Chronic cardiopulmonary disease
Carpal Tunnel Syndrome
Trigger
DeQuervains
Vascular Disease
Other
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History o f Trauma

Time from trauma to onset of DD

Hand Dominance

Hand Involvement

Onset of Disease(years ago)

Age of Onset of Disease

Other areas involved 
Feet 
Penis
Knuklepads

Occupation/Hobby

Occupation
Heavy manual 
Light manual 
Non manual 
Unknown

Presence o f Palmaris Longus
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Pre operative clinical assessment 
Date
Hand involvement

Palm minimal skin involvement 
Palm severe skin involvement 
Thumb 
Thumb web 
Index 
Middle 
Ring 
Little
Previous operation on (this hand these fingers)
Right THUMB INDEX MIDDLE RING LITTLE
ROM ext/flex MOP

PIP
DIP ######

Total active movement
Flexor deficit ######
Extensor deficit ######
Thumb-Extension span
Thumb-abduction span
Thumb-opposition
Grip Strength (JAMAR)
Duration of contracture

Left THUMB INDEX MIDDLE RING LITTLE
ROM ext/flex MOP

PIP
DIP ######

Total active movement
Flexor deficit ######
Extensor deficit ######
Thumb-Extension span
Thumb-abduction span
Thumb-opposition
Grip Strength (JAMAR)
Duration of contracture

Comments
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Operation date 

Age at this operation

Surgeon

Operated Hand

Treated Digit

Control Digit

Type o f operation Palm 
Incision Palm 
Type o f closure Palm

Type o f operation Fingers 
Incision Fingers 
Type o f closure Fingers

Wound/Dressing Clinic attendance

Date Clinical picture
Control digit Trial Digit
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Post operative assessment 
Date

THUMB INDEX MIDDLE RING LITTLE
ROM ext/flex MCP

PIP
DIP ######

Total active movement
Flexor deficit ######
Extensor deficit ######
Thumb-Extension span
Thumb-abduction span
Thumb-opposition
Grip Strength (JAMAR)
Duration of contracture

Comments
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Appendix

MCP PIP DIP TAM

Little 118 109 66 297

Ring 114 111 69 294

Middle 103 109 76 288

Index 101 108 75 284

Thumb 60 80 - 140

The range o f movement (degrees) of metacarpo-phalangeai, proximal and distal inter- 

phalangeal joints and total active motion of thumb, index, middle, index and ring 

fingers. These figures were compared with the data from the clinical trial in order to 

convert it to a range of motion as a % of normal. Index, middle, index and ring, 

Mallon Qt al (1991). Thumb, American Medical Association Guides to Evaluation of 

Permanent Impairment (1990).
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Appendix XII -  Patient exercise protocol

Hand Therapy Unit
M ount Vernon Hospital

D U P U Y T R E N S  
P O S T - O P  ADVI CE

Following your hand surgery it is im portant to  com plete the  following exercises to  
increase your movement and strength and also to  minimise scar formation in your hand. 
You will need advice on when to  begin specific activities again.

T )  C O M P L E T E T H E S E  EXERCISES_________ TIM ES EVERY H O U R :

• Place your hand on the table with your palm facing upwards. A c tiv e ly  straighten all 
your fingers so that your finger tips touch the  table.

• W ith  the  o th e r hand passively  straighten each finger only as shown by your 
physiotherapist. Care must be taken no t to  over straighten joints.

• A c tiv e ly  bend all your fingers in to  make a fist (bending all the joints in your fingers).

• P assively  bend all your fingers into a fist with the  o th e r  hand.

• A c tiv e ly  spread your fingers as far apart as possible and then close them  together.

• A c tiv e ly  bend your thumb to  the base of your little finger and then straighten 
your thum b backwards.

• A c tiv e ly  bend and straighten your wrist.

/ D O ’S:
Keep your hand in the air to  minimise swelling.
Lift your arm  above your head regularly to  maintain shoulder m ovem ent.
Bend and straighten your elbow regularly to  maintain m ovem ent.
You need to  w ear your night splint until your scar softens around 3-6 months.
Do ask advice from your physiotherapist on w hen to  begin specific activities again.

^  D O N ’T:
DRIVE U N T IL Y O U R  S T IT C H E S  A R E  R EM O V ED .

You con contort your Physiotherapist and Occupational Therapist on: 0 1923  8 4 4 4 4 7
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Appendix Xlll-Current enrolment in clinical trial

Patient Pre-operative

assessment

Operation Post operative follow np

3 Month 6 month

1 X X X X

2 X X X X

3 X X X X

4 X X X X

5 X X X X

6 X X X X

7 X X X -

8 X X X -

9 X X X -

10 X X - -

11 X X - -

12 X X - -

13 X X - -

14 X X - -

Summary of all enrolled patients participating in the clinical trial showing their pre- 

and post-operative assessments. A (x) denotes completed, (-) denotes not completed.
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