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ur aims were to describe the distribution of 
αααα-smooth muscle actin (SMA)-containing cells in 

Dupuytren’s tissue in vivo and to determine the effects of 
selected agents in regulating the expression of SMA in 
Dupuytren’s cells in vitro. 

In selected hypercellular zones of Dupuytren’s 
nodules up to 40% of the cells contained SMA, as shown 
by immunohistochemistry. A lower percentage (20%) of 
SMA-containing cells was found in regions of lower 
cellularity. A notable finding was that treatment in vitro 
of Dupuytren’s cells with platelet-derived growth factor 
significantly reduced the content of SMA. Cells from the 
same patients showed a significant increase in expression 
of SMA in response to treatment with transforming 
growth factor, which confirmed recent findings. In 
addition, interferon-γ, which has been previously used as 
a treatment for Dupuytren’s disease in a clinical study, 
had no reproducible effect on the expression of this actin 
isoform. Our findings are of significance for the 
conservative management of contractures.
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O Dupuytren’s contracture, or palmar fibromatosis, is one of
several fibromatoses characterised by nodular or distributed
aggregates of immature fibroblasts dispersed in a dense col-
lagen matrix.1 As a result of the proliferation and action of
myofibroblasts in the palmar fascia, patients with
Dupuytren’s disease may have progressive and irreversible
flexion contractures of the phalangeal joints. Myofibroblasts
were first implicated as being responsible for contracture in
Dupuytren’s disease on the basis of their ultrastructural
identification in transmission electron-microscopic studies.2

Later investigations showed the expression of α-smooth
muscle actin (SMA) in cells from tissue explants.3 It was
also shown that myofibroblasts were capable of generating a
contractile force.3,4

Historically, surgery has been the main method of treat-
ment of Dupuytren’s disease, but the growing understanding
of the role of cytokines in the aetiology of the disease sug-
gests that non-surgical alternatives could be developed.
Modification of the disease may result from regulation of
the contractile cell phenotype by cytokines. A recent study5

has shown the effectiveness of using pharmacological
agents to reduce in vitro the contraction of Dupuytren’s
cells stimulated by lysophosphatidic acid. 

Luck6 described three phases through which Dupuytren’s
diseased tissue is believed to progress: proliferative, involu-
tional, and residual. The relative abundance and distribution
of myofibroblasts in Dupuytren’s tissue vary according to
the phase of the disease. During the proliferative stage,
when fascial fibroplasia causes a nodular lesion, myofibro-
blasts appear and contribute extensively to the nodule. The
involutional phase is marked by an alignment of the cells
with the lines of stress within the tissue, and the myofibro-
blasts show a similar pattern. In the residual phase, the
nodule is replaced by scar tissue and myofibroblasts can no
longer be identified. They appear to have been replaced by
mature fibroblasts.7 During the progression of the disease,
SMA is also expressed transiently. It appears and increases
during the proliferative phase, remains during the involu-
tional phase, and disappears during the residual phase.8

One objective of our study was to evaluate immunohisto-
chemically the distribution of SMA-expressing cells in
Dupuytren’s tissue in order to determine the number of
these cells in the various cellular regions which comprise
Dupuytren’s nodule and to establish the prevalence of this
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actin isoform in situ by direct examination of tissue sam-
ples. A second objective was to determine the effects of the
following cytokines on the expression of SMA in
Dupuytren’s cells in vitro by Western blot analysis: trans-
forming growth factor (TGF)-β1, platelet-derived growth
factor (PDGF)-BB, and interferon (IFN)-γ. Recent immuno-
fluorescence studies have shown that TGF-β1 can increase
the expression of SMA in cells isolated from Dupuytren’s
tissue9 and that IFN-γ can block the TGF-β1 stimulation of
SMA.10 Previous studies11,12 have shown a reduction of
SMA in fibroblasts from other sources treated with PDGF-
BB by Western blot analysis.

A recent study13 has used injections of purified clostrid-
ial collagenase to disrupt the Dupuytren’s nodule in the non-
surgical management of the disease. While the results are
promising there is a concern about the incidence of recur-
rence of the contracture. A direct comparison of the effects
of selected growth factors on the expression of SMA in
Dupuytren’s cells could be instructive in providing adjunc-
tive therapy for the enzymic treatment of the disease and to
reduce the incidence of recurrence. The value of our study
extends beyond Dupuytren’s disease. The development of a
non-surgical treatment for Dupuytren’s disease may also be
implicated in the management of other contractures.

Materials and Methods

Tissue specimens were obtained from 13 patients undergo-
ing subtotal fasciectomy for Dupuytren’s contracture (Table
I). The indication for surgery was failure of conservative
management. The excised tissue was obtained for study
under a protocol which was approved by the Institutional
Review Board. Two patients had recurrence of the disease.
Samples from eight patients were allocated for SMA
immunohistochemistry and specimens from the remaining
five were designated for cell culture and Western blot analy-
sis of the effects of selected cytokines on the expression of
SMA. 

Immunohistochemistry. The specimens were rinsed with
phosphate-buffered saline solution (PBS) and fixed in for-
malin for seven days before being processed in the Tissue-
Tek Vacuum Filtration Processor. The samples were embed-
ded in paraffin. Microtomed sections, 7 µm thick, were
mounted on to glass microscope slides. Several sections
were fixed on each slide. The slides were stained with a
monoclonal antibody for SMA. 

In preparation for immunohistochemistry, the slides
were first deparaffinised in xylene and then rehydrated in
alcohol and water baths. The sections were digested for one
hour with 0.1% trypsin (Sigma Chemical Co, St Louis,
Missouri). After digestion, the slides were rinsed with PBS
before 3% H2O2 was added for ten minutes to quench
endogenous peroxidase. They were rinsed with PBS and
incubated with 30% goat serum (#G9023; Sigma Chemical
Co) for ten minutes to block non-specific sites. The primary
antibody, mouse monoclonal anti-smooth muscle actin anti-
body (Cat A2547, clone 1A4, Sigma Chemical Co), was
applied to all but one section on each slide. The last section
was treated with mouse serum at the same protein concen-
tration as that of the monoclonal antibody solution and
served as a negative control. The slides remained incubated
with these solutions for two hours and then were rinsed
with PBS. They were then incubated with the secondary
antibody, biotinylated goat anti-mouse immunoglobulin
(#B7151, Sigma Chemical Co) for two minutes before
being rinsed again with PBS. Extra Avidin-conjugated per-
oxidase was added for 20 minutes and the slides were
rinsed further with PBS followed by distilled water. The
labelling was developed by incubation with the substrate
reagent (00-2007, Zymed) for ten minutes. The slides were
then washed in distilled water before being placed in a bath
of the counterstain, Mayer’s haematoxylin, for 20 minutes.
Coverslips were applied to the slides with warmed glycerol
gelatin.
Immunohistochemical evaluation. The stained slides were
examined using a Vanox AH-2 microscope (Olympus,
Tokyo, Japan) by normal and polarised light. Four histologi-
cal zones were identified on the basis of their cellularity.
Vascular. These zones comprised a unique category of cel-
lularity since vascular smooth muscle always stained posi-
tive for SMA. This zone was not included in the evaluation
of expression of SMA in myofibroblasts because of the con-
founding presence of a large number of vascular cells. Vas-
cular zones were considered to be areas which contained
one or more blood vessels.
Hypercellular. These contained more than 100 cells per
mm2.
Moderately cellular. These had between 50 and 99 cells per
mm2.
Hypocellular. These contained fewer than 50 cells per mm2.

The percentage of the section represented by each of
these four zones was estimated. 

Cell morphology was determined according to nuclear
aspect ratio. The cells were categorised as either round,

Table I. Details of the 13 patients undergoing
subtotal fasciectomy for Dupuytren’s contracture

Case (specimen) Age (yrs) Gender

Immunohistochemistry 
1 26 F
2 44 M
3 58 M
4* 63 M
5 65 M
6 68 M
7* 73 M
8 74 M

Cell culture
9 55 M

10 61 M
11 65 M
12 67 M
13 79 M

*recurrence of the disease
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Table II. Summary of immunohistochemical results. For specimens 2,4 and 7, two regions of the biopsy were evaluated because of the
marked morphological differences

Case
specimen

Zone Morphology (% of totals) SMA+
of total
cells (%)

SMA + of 
crimped cells 
(%)Cellularity

% of 
section Round Oval Elongated

Elongated and 
crimp

1
Vascular 2 60 40 0 0 0
Hyper 2
Moderate 4 40 60 0 0 0
Hypo 92 0 20 70 10 0 0

2a
Vascular 15 40 50 8 2 94 90
Hyper 40
Moderate 15 20 30 30 20 40 50
Hypo 30 15 20 15 50 10 20

2b
Vascular 2 60 40 0 0 100
Hyper 28
Moderate 10 35 50 8 7 35 0
Hypo 60 10 20 30 40 5 2

3
Vascular 1 28 72 0 0 10
Hyper 52
Moderate 35 0 75 25 40 0 0
Hypo 12 0 32 17 51 0 0

4a
Vascular 1
Hyper 15 85 15 0 0 0
Moderate 20 72 28 0 0 0
Hypo 64 0 5 5 90 20 20

4b
Vascular 5 100 0 0 0 40
Hyper 3
Moderate 2 0 100 0 0 10
Hypo 90 0 0 5 95 2 0

5
Vascular 2
Hyper 28 95 5 0 0 30
Moderate 30 10 80 10 0 20
Hypo 40 5 5 85 5 0 0

6
Vascular 1 85 15 0 0 90
Hyper 75
Moderate 14 0 85 10 5 20 0
Hypo 10 0 10 40 60 0 0

7a
Vascular 15 30 70 0 0 95
Hyper 5
Moderate 45 0 15 15 60 5 2
Hypo 35 40 45 10 5 0 0

7b
Vascular 2 30 70 0 0 10
Hyper 20
Moderate 30 10 10 10 70 80 90
Hypo 48 10 20 65 15 10 0

8
Vascular 5 92 8 0 0 25
Hyper 40
Moderate 20 10 75 15 10 30 2
Hypo 35 5 30 23 42 1 1
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oval, or elongated according to the following criteria: 1)
round, length:width = 1; 2) oval, <1 length:width < 5; and 3)
elongated, length:width > 5.

Elongated cells were also analysed for crimp. Cells were
considered to be crimped if they had at least one fold along
their length, the period of which was generally comparable
to that of the crimp of the adjacent collagen matrix. The per-
centage of cells with each of the three morphologies was
determined in each of the four zones.

We evaluated only immunohistochemically prepared
slides on which the negative control section displayed no
noticeable presence of the chromogen. The smooth muscle
cells in the vascular zones were used as a positive control.
Cells were considered to be positive for smooth muscle actin
only if they stained with the same chromogen intensity which
was found in the vascular smooth muscle. The percentage of
SMA-positive cells was determined by dividing the number
of positively-stained cells by the total number of cells in the
zone and rounding the results to the nearest 5% (for values
greater than 5%). The percentage of the SMA-containing
cells among those which were crimped was also determined. 

Examination of the biopsied tissues from three patients
(cases 2, 4 and 7) showed notable differences in selected
regions, and these regions were evaluated separately.
Cell culture. The tissue samples were placed in PBS until
they were prepared for cell culture within three hours of
removal. After rinsing the tissue samples thoroughly with
PBS the fat and soft tissues surrounding the fibrotic lesion
were removed. Each sample was then divided into 1 x 1 x 2
mm sections. These were used as explants and placed into
two-dimensional six-well culture plates containing 2 ml of
Dulbecco’s modified medium (D-MEM F12) supplemented
with 10% heat-inactivated fetal bovine serum (Australian
Certified; Hyclone, Logan, Utah) and 1% antibiotic-antimy-
cotic solution prepared with 10000 U/ml of penicillin G
sodium, 10000 µg/ml of streptomycin sulphate, and 25 µg/
ml of amphotericin B in 0.85% saline (100X; Gibco BRL,
Grand Island, New York). The culture plates were placed in
an incubator at 37˚C in an atmosphere of 5% CO2 and 95%
air. The media were changed three times a week. The
explants were observed daily for signs of outgrowth. When
the fibroblasts from the explants achieved confluence, the
cell number was estimated using a haemocytometer, and the
cells were subcultured into four 25 ml culture flasks. The
amount of prepared medium added increased to 5 ml per
flask and the media continued to be changed three times a
week. When the cells in the flasks from the first or second
passage were 75% confluent, they were treated with the
selected cytokines (see below).
Cytokine treatment. The growth factors and doses which
we used included: TGF-β1, 1 ng/ml (Sigma Chemical Co);
PDGF-BB, 10 ng/ml (BioMimetic Pharmaceuticals Inc,
Franklin, Tennessee), and interferon-γ, 1000 U/ml (Sigma
Chemical Co). These doses were based on previous studies
performed on human gingival fibroblasts,11 cells isolated
from torn human rotator cuffs12 and on smooth muscle

cells.14 One or two 25 ml flasks were prepared for each
agent and the untreated control group. The flasks were incu-
bated with the agent and 5 ml of prepared medium for four
days. The control cultures received only the culture
medium. The cells were then removed from the flasks by
digestion with trypsin. They were centrifuged, resuspended
in PBS and counted. The solution was then centrifuged
again, the PBS removed, and lysis buffer added at 0.5 ml per
2 million cells and placed in the freezer until a Western blot
analysis was performed.
Smooth muscle actin Western blot analysis. Tubes con-
taining the lysis buffer and cells from the tissue digest and
cell cultures were microcentrifuged and the supernatant
removed. Protein extracted from smooth muscle cells
(human aorta) served as the positive control. To perform the
protein assay, 0.15 µg/µl of bovine serum albumin was used
in amounts of 10, 20, 40 and 60 µl, with 200 µl of dye. dd
H2O was added to bring the total amount to 1000 µl and a
standard curve plotted. Then 20 µl of supernatant from each
sample was added to 780 µl of ddH2O and 200 µl of dye.
The mixture was incubated for ten minutes at room temper-
ature and readings were taken at a wavelength of 595 nm.

The following amounts of protein were analysed: 5 µg of
the smooth muscle cell control, 10 µg of specimens 9 to 12
and 15 µg of specimen 13. Stacking and resolving gels were
prepared for gel electrophoresis. The protein standard and
sample were prepared with sample buffer, heated in boiling
water for five minutes, and loaded into wells of the gel. The
gel was run in 1X running buffer (Tris/Glycine/SDS) for 1.5
hours at 110 volts. 

The blot was transferred by soaking the gel, membrane,
filter paper, and sponge in the transfer buffer for ten min-
utes. After loading the system into the holder, it was run for
one hour at 100 volts. After removal, the membranes were
washed in the transfer buffer for five minutes and placed in
5% dry milk overnight. They were then incubated with the
primary anti-SMA antibody for two hours and rinsed three
times in transfer buffer for ten minutes each. This was fol-
lowed by application of the secondary antibody and a lumi-
nol-based chemiluminescent detection system. Films were
digitised for densitometric analysis using NIH Image
processing and analysis software (National Institutes of
Health, Bethesda, Maryland). The results were reported as a
percentage of the densitometric readings of the positive
smooth muscle cell control.

Results

Histological examination revealed wide variation in the
composition of the tissue within individual histological sec-
tions and among samples from different patients (Table II).
The regions stratified on the basis of cell number density as
hypercellular, moderately cellular, and hypocellular, gener-
ally had histological features which coincided with the three
stages of progression of the disease, namely proliferative,
involutional, and residual.
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The specimens were generally of low vascularity with
the vascular area representing 5% or less of the section,
except in two cases where it reached 15% (Figs 1a and b).
Two specimens (1 and 4b) had tissue with few cells. Most of
the histological sections comprised hypercellular and mod-
erately cellular material. The relative amounts of these two
tissues varied among samples. The greatest amount of
hypercellular material in a section was 75% (specimen 6).
Cell morphology. The cells found throughout the regions of
high and low cellularity had an appearance consistent with
fibroblasts, some plump (rounded) and others elongated
(Fig. 1c). The hypervascular regions were generally popu-
lated by round or oval cells while the areas of low cell
number density contained elongated cells (Table II). The
rounded cells did not appear to be transverse views of elon-
gated cells because the diameter of the nucleus was greater
than the thickness of the nucleus of the elongated cells.
These plump cells were more likely to be fibroblasts with
abundant cytoplasm, immature fibroblasts or undifferenti-

ated mesenchymal cells. In some sections rounded cells in a
hypercellular material blended into a hypocellular fibrocol-
lagenous matrix with elongated and crimped cells (Fig. 1c).
Elongated cells with crimp (Fig. 1d) were only found in the
moderately cellular and hypocellular regions (Table II).

The fibrocollagenous regions in areas of low cellularity
showed a crimp with a peak-to-peak spacing (period) of 10
to 20 µm (Fig. 1d) which was prominent in polarised light
microscopy (Fig. 1e). The crimped region often occupied a
large percentage of the tissue area. Many of the elongated
cells in zones of crimped collagen showed the same period
of the crimp along their length (Table II; Fig. 1d).
SMA immunohistochemistry. Virtually all the cells in
some regions of the tissues stained positive for SMA (Table
II; Fig. 1c). There was, however, a wide variability in the
percentage of SMA-positive cells in the regions with vari-
ous cellularities, with the greatest percentages in the hyper-
cellular and moderately cellular zones (Table II). There was
difficulty, however, in definitively identifying SMA-staining

Fig. 1

SMA immunohistochemical micrographs from selected regions in specimen 2. Figure 1a – Section showing SMA-containing vascular smooth muscle cells
around vessels cut in transverse (left) and longitudinal section (running horizontally). Figure 1b – Negative control section (a serial section) for Figure 1a
stained with a mouse serum instead of the SMA antibody. Figure 1c – A hypercellular region consisting of a large percentage of SMA-expressing cells
which can be seen towards the bottom right. More elongated and crimped cells, many of which contain SMA, can be seen running horizontally in the middle
of the section and to the left. A hypocellular zone can be seen in the upper left. Figure 1d – SMA containing elongated cells show the same crimp pattern
as that of the fibrocollagenous matrix. The period of the crimp is about 10 µm. Figure 1e – Polarised light micrograph of an area similar to that in Figure
1d showing the crimp of the tissue.
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cells in the hypocellular regions because of the very narrow
profile of many of the elongated cells, as shown by some of
the cells in Figure 1d. Therefore there may have been a
greater percentage of SMA-expressing cells in this zone
than had been recorded. There was, however, a marked dif-
ference in the percentage of SMA-staining cells in the
hypercellular, moderately cellular, and hypocellular zones
(Fig. 2). One-factor analysis of variance (ANOVA) showed
a significant effect of zone on the percentage of SMA-
expressing cells (p = 0.007).

In some specimens (2a and 7b) most of the elongated/
crimped cells contained SMA (Table II; Fig. 1d). There was,
however, no systematic finding in this regard since many
crimped cells did not stain for SMA in other samples.
SMA Western blot analysis and the effects of selected
cytokines.  In four of the five specimens allocated for West-
ern blot analysis cytoplasmic  protein extracted from cells
immediately after isolation from the tissue digests showed
the presence of SMA (Fig. 3). The most prominent band in
the film was at the 42kDa location coincident with the SMA
extracted from the smooth muscle cell controls. In each of
these cases, however, an unexplained second band was also
present which did not appear in the cytoplasmic protein
extracted from the cultured cells (Fig. 3). SMA was detecta-
ble in varying amounts in the cells from the three patients
(specimens 9, 10 and 11) evaluated after the first passage
and in both specimens (12 and 13) analysed after passage 2.

A consistent finding was the decrease in the SMA content
of cells treated with PDGF-BB and an increase in those
treated with TGF-β1 (Fig. 3). Treatment with IFN-γ had a
variable effect in these cells. Comparison of the relative
amounts of SMA in the untreated and treated Dupuytren’s
cells was performed using densitometry of the Western blot
films. The intensity of a band of SMA from an untreated or
treated Dupuytren cell sample was divided by the intensity

of the SMA band from a sample of the smooth muscle cell
control on the same gel. In this way the amount of SMA in
the Dupuytren’s cells was expressed as a percentage of that
found in smooth muscle cell controls. This method of com-
parison was used for the samples from four patients (9 to 12)
for which the same amount of cytoplasmic protein (10 µg)
extracted from the Dupuytren’s samples and control smooth
muscle cells was analysed (Fig. 4). The 10 µg sample of
cytoplasmic protein from the Dupuytren’s cells contained
more than 50% of the content of SMA found in 5 µg of pro-
tein from the smooth muscle cell control. The difference of a
factor of two in the amount of protein analysed suggested
that the cells from the Dupuytren’s specimens had approxi-
mately 25% of the SMA content of smooth muscle cells.
Treatment with PDGF-BB resulted in a reduction of 65% in
the SMA content of the cells (Fig. 4), and treatment with
TGF-1 an increase of 3.4-fold in the content of SMA.

One-factor ANOVA showed that the effect of treatment
with cytokine on the content of SMA was statistically sig-
nificant (p = 0.0006, Fig. 4). Two-tailed, paired Student’s t-
tests showed that the PDGF-BB-induced decrease and TGF-
β1-induced increase in expression of SMA were statistically
significant (p = 0.028 and p = 0.049, respectively). There
was no statistically significant effect of IFN- (p = 0.2) on the
content of SMA of the cells.

The effect of treatment with PDGF-BB on cell prolifera-
tion was marked (Fig. 5). There was a ten-fold increase in
cell number after the four-day treatment.  This compared
with an approximate twofold increase in the untreated con-
trol cells. One-factor ANOVA showed a significant effect of
treatment with cytokine on the increase in cell number (p <
0.0001). Post-hoc testing using Fisher’s protected least-
squares differences showed that the difference between the
PDGF-BB group and the other three groups was statistically
significant (p < 0.0001).
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Western blot films showing the SMA content of cells from the five speci-
mens allocated for this analysis after the first or second passage.
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Discussion

The variability of the cellularity of Dupuytren’s nodules was
clearly in evidence in our study, within sections from the
same nodule.  SMA-expressing cells were found in regions
with different cellularity, with the percentage of SMA-con-
taining cells decreasing with decreasing cellularity of the
region. As has been previously found,8 the percentage of
SMA-containing cells was elevated in the proliferative
phase. SMA-expressing cells all but disappeared during the
residual phase8 which was characterised by a low cell-
number density. The zones with uniform crimp of the fibro-

collagenous matrix were of interest. The fact that the con-
stituent SMA-containing cells in these regions showed the
same crimp suggests that they have a role in producing the
buckling force which may have been responsible for creat-
ing this architectural feature. 

Immunohistochemistry may thus be of value in demon-
strating the percentage of SMA-containing cells and give an
indication of their state of contraction based on their buck-
led appearance. It is not clear, however, that such a study of
biopsied material could be of value in providing a guide to
the prognosis of the disease in a particular patient. This is
due in part to the variability of the histological composition
of the tissue comprising the lesion and to the known transi-
ence of SMA expression.15 Thus while it is known that
SMA-expressing connective-tissue cells can stay in a con-
tracted state indefinitely in much the same way that smooth
muscle cells maintain tone,16 in some cases there may be a
down-regulation of SMA expression or apoptosis of the
SMA-containing cells.17

The demonstration of the prevalence of SMA-containing
cells in Dupuytren’s tissues in our study further focuses
attention on the regulation of the expression of this isoform
of actin as a means of controlling the disease. A notable
finding was the significant decrease in SMA in PDGF-BB-
treated Dupuytren’s cells. A comparable result had been
previously obtained in a study using human gingival fibro-
blasts.11 PDGF-α and PDGF-β along with TGF-β have
been found to be elevated in Dupuytren’s nodules, com-
pared with healthy tissues.18 PDGF is produced in the dis-
eased tissue19 and it appears to have a role in the
proliferative stage of this disease.20 It binds to cell-mem-
brane receptors on the myofibroblasts during both the pro-
liferative and involutional stages of Dupuytren’s.20

Furthermore, PDGF has been shown to have dose-depend-
ent mitogenic effects.21 Other effects attributed to PDGF
include increased synthesis of type-III collagen,22 the reor-
ganisation of actin filaments23 and the stimulation of the
production of arachidonic acid which can be converted to
prostaglandin.23 It is possible that the effect of PDGF in
down-regulating expression of SMA may be a homeostatic
mechanism to counter the up-regulating effect of TGF-β.
Alternatively, it may be that the rapid cell proliferation stim-
ulated by PDGF precludes the expression of this particular
actin isoform. These findings warrant further study includ-
ing a dose-response analysis.

Our finding of a significant increase in expression of
SMA by treatment with TGF-β1 of Dupuytren’s cells in
vitro, coincided with recent immunofluorescence studies
which have shown that TGF-β1 increased the percentage of
SMA-containing cells in Dupuytren’s tissue.24 The expres-
sion of TGF-β in Dupuytren’s tissue has been considered to
be important because of its multiple effects which could
promote the processes underlying the pathogenesis of the
disease: mitogenesis,25 chemotaxis26 and the synthesis of
collagen and fibronectin.27 TGF-β can also induce expres-
sion of SMA,28 suggesting that stimulation of fibroblasts by
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TGF-β may induce their differentiation into myofibroblasts.
Furthermore, in a released collagen lattice contraction assay,
TGF-β1 has been shown to increase the force of contraction
generated by myofibroblasts obtained from Dupuytren’s tis-
sue.9 It would be interesting in future studies to determine if
PDGF-BB could reduce or prevent the stimulation by TGF-
β of the expression of SMA in Dupuytren’s cells.

A cytokine produced by helper T lymphocytes, IFN-γ, is
believed to suppress the differentiation of myofibroblasts.
Treatment with IFN-γ has been shown to decrease expres-
sion of SMA in cultured fibroblasts29 and in addition, to
block effectively changes in the expression of SMA and the
formation of fibronectin fibrils and fibronexus which are
normally incurred by exposure to TGF-β1.9 Furthermore,
IFN-γ can reduce the contractile force caused by
Dupuytren’s myofibroblasts treated with TGF-β1. A pilot
study to determine the effects in vivo of the treatment of
Dupuytren’s disease with IFN-γ has shown that this can
decrease the amount of SMA expressed in the myofibro-
blasts, decrease the size of the nodule, and decrease symp-
toms.30 In contrast to these previous findings our study did
not reveal a meaningful effect of IFN-γ in reducing the
expression of SMA in Dupuytren’s cells. Additional work
will be necessary to resolve the differences in response to
IFN-γ found in this and previous studies.

Our study may provide a useful basis for the comparison
of the relative effects of selected cytokines on the expression
of SMA in Dupuytren’s disease. This could be helpful in
identifying novel strategies for the non-surgical treatment of
this often debilitating problem. Moreover, our findings could
provide insights in new approaches to the management of
other fibrotic contractures such as joint contractures.

The authors are grateful for the assistance of Sandra Zaptaka-Taylor with
the histology and help with the initial Western blots from Xiu-Ying Zhang,
MD. The efforts of Mark Koris, MD, in providing specimens are also appre-
ciated. This study was supported in part by the Harvard Centre for Cranio-
facial Tissue Engineering, Brigham Orthopaedic Foundation and the US
Department of Veterans Affairs. The PDGF was kindly provided by BioMi-
metic Pharmaceuticals, Inc, Franklin, Tennessee.

No benefits in any form have been received or will be received from a
commercial party related directly or indirectly to the subject of this article.

References

1. Tomasek JJ, Vaughan MB, Haaksma CJ. Cellular structure and biol-
ogy of Dupytren’s disease. Hand Clin 1999;15:21-34.

2. Gabbiani G, Majno G. Dupuytren’s contracture: fibroblast contrac-
tion? An ultrastructural study. Am J Path 1972;66-1:131-8.

3. Tomasek J, Rayan GM. Correlation of alpha-smooth muscle actin
expression and contraction in Dupuytren’s disease fibroblasts. J Hand
Surg [Am] 1995;20:450-5.

4. Rayan GM, Tomasek JJ. Generation of contractile force by cultured
Dupuytren’s disease and normal palmar fibroblasts. Tissue Cell
1994;26:747-56.

5. Rayan GM, Parizi M, Tomasek JJ. Pharmacologic regulation of
Dupuytren’s fibroblast contraction in vitro. J Hand Surg [Am]
1996;21:1065-70.

6. Luck JV. Dupuytren’s contracture: a new concept of the pathogenesis
correlated with surgical management. J Bone Joint Surg [Am] 1959;41-
A:635-64.

7. Chiu HF, McFarlane RM. Pathogenesis of Dupuytren’s contracture: a
correlative clinic-pathological study. J Hand Surg 1978;3:1.

8. Schürch W, Skalli O, Gabbiani G. Cellular biology. In: McFarlane
RM, McGrouther DA, Flint MH, eds. Dupuytren’s disease: biology and
treatment. London: Churchill Livingstone, 1990:31-47.

9. Vaughan MB, Tomasek JJ. Transforming growth factor-1 induction of
myofibroblast functional differentiation. FASEB J 1997;11: A4.

10. Vaughan MB, Tomasek JJ. The effect of TGF-β and IFN-γ on myofi-
broblast focal adhesion formation and fibronectin fibril assembly.
FASEB J 1998;12:A47.

11. Comut AA, Shortkroff S, Zhang X, Spector M. Association of fibro-
blast orientation around titanium in vitro with expression of a muscle
actin. Biomat  2000;21:1887-96.

12. Premdas J, Tang JB, Warner JP, Murray MM, Spector M. The pres-
ence of smooth muscle actin in fibroblasts in the torn human rotator cuff.
J Orthop Res 2001;19:221-8.

13. Badalamente MA, Hurst LC. Random, placebo double blind study of
a non-surgical treatment of Dupuytren’s disease. Orthop Res Soc
2000;142.

14. Hansson GK, Hellstrand M, Rymo L, Rubbia L, Gabbiani G. Inter-
feron gamma inhibits both proliferation and expression of differentia-
tion-specific alpha smooth muscle actin in arterial smooth muscle cells.
J Exp Med 1989;170:1595-608.

15. Darby I, Skalli O, Gabbiani G. Alpha-smooth muscle actin is tran-
siently expressed by myofibroblasts during experimental wound heal-
ing. Lab Invest 1990;63:21-9.

16. Boswell CA, Joris I, Majno G. The concept of cellular tone: reflections
on the endothelium, fibroblasts, and smooth muscle cells. Perspect Biol
Med 1992;36:79-86.

17. Desmouliere A, Redard M, Darby I, Gabbiani G. Apoptosis mediates
the decrease in cellularity during the transition between granulation tis-
sue and scar. Am J Pathol 1995;146:56-66.

18. Baird KS, Crossan JF, Ralston SH. Abnormal growth factor and
cytokine expression in Dupuytren’s contractures. J Clin Pathol
1993;46:425-8.

19. Terek RM, Jiranek WA, Goldberg MJ, Wolfe HJ, Alman BA. The
expression of platelet-derived growth-factor gene in Dupuytren contrac-
ture. J Bone Joint Surg [Am] 1995;77-A:1-9.

20. Badalamente MA, Hurst LC, Grandia SK, Sampson SP. Platelet-
derived growth factor in Dupuytren’s disease. J Hand Surg [Am]
1992;17:317-23.

21. Alioto RJ, Rosier RN, Burton RI, Puzas AE. Comparative effects of
growth factors on fibroblasts of Dupuytren’s tissue and normal palmar
fascia. J Hand Surg [Am] 1994;19:442-52.

22. Ross R, Raines E, Bowen-Pope DF. The biology of platelet-derived
growth factor. Cell 1986;46:155-69.

23. Habenicht AJ, Gomset JA, King WC, et al. Early changes in phos-
phatidylinositol and arachidonic acid metabolism in quiescent Swiss
3T3 cells stimulated to divide by platelet-derived growth factor. J Biol
Chem 1981;256:12329-35.

24. Vaughan MB, Howard EW, Tomasek JJ. Transforming growth factor-
beta1 promotes the morphological and functional differentiation of the
myofibroblast. Exp Cell Res 2000;257-1:180-9.

25. Leof EB, Proper JA, Goustin AN, et al. Induction of c-sis mRNA and
activity similar to platelet derived growth factor by transforming growth
factor beta: a proposed model for indirect mitogenesis involving auto-
crine activity. Proc Natl Acad Sci USA 1986;83:2453-7.

26. Postlethwaite AE, Keski-Oja J, Moses HL, Kang AH. Stimulation of
the chemotactic migration of human fibroblasts by transforming growth
factor beta. J Exp Med 1987;165:251-6.

27. Roberts AM, Sporn MB, Assoian RK, et al. Transforming growth fac-
tor type beta: rapid induction of fibrosis and angiogenesis in vivo and
stimulation of collagen formation in vitro. Proc Natl Acad Sci USA
1986;83:4167-71.

28. Desmouliere A, Geinoz A, Gabbiani F, Gabbiani G. Transforming
growth factor-beta1 induces alpha-smooth muscle actin expression in
granulation tissue myofibroblasts and in quiescent and growing cultured
fibroblasts. J Cell Biol 1993;122:103-11.

29. Desmouliere A, Rubbia-Brandt L, Abdiu A, et al. Alpha-smooth mus-
cle actin is expressed in a subpopulation of cultured and cloned fibro-
blasts and is modulated by gamma-interferon. Exp Cell Res 1992;201-
1:64-73.

30. Pittet B, Rubbia-Brandt L, Desmouliere A, et al. Effect of gamma-
interferon on the clinical and biologic evolution of hypertrophic scars
and Dupuytren’s disease: an open pilot study. Plast Reconstr Surg
1994;93-6:1224-35.


