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T h e pathogenesis of the fibrotic disease Dupuytren ' s 
contracture remains unclear . The disease process in-
cludes two structurally distinct fibrotic elements, the nod-
ule and the cord. It has been proposed that as the disease 
progresses, nodules develop into cords. To corrobora te 
that hypothesis, the authors took advantage of cul tured 
fibroblast differences f o u n d between gap junct ion inter-
cellular communica t ion and fibroblast-populated colla-
gen lattice contraction. Paired fibroblast cell lines of nod-
ules and cords derived f rom four patients with 
Dupuytren 's disease were mainta ined in culture for at 
least eight passages. T h e presence of gap junc t ion inter-
cellular communica t ion in nodule- and cord-derived fi-
broblasts was d o c u m e n t e d and repor ted as a coupl ing 
index. T h e contract ion of free-floating nodule- or cord-
derived collagen lattices was also documen ted and re-
ported. Early passage (passage 4) cord-derived fibroblasts 
showed a significant increase in coupl ing index compared 
with passage 4 nodule-derived fibroblasts (4.0 ± 0.4 versus 
2.5 ± 0.3, respectively), where p £ 0.01. However, late 
passage (passage 8) nodule- and cord-derived fibroblasts 
were equivalent in their coupl ing index (4.1 ± 0.4 versus 
4.4 ± 0.4, respectively). Early passage nodule-derived fi-
broblast-populated collagen lattices contracted by 64 per-
cent, whereas late passage nodule-derived lattices showed 
less contract ion, at only 40 percent . Early and late passage 
cord-derived lattices contracted 46 and 37 percent , re-
spectively. All nodule- and cord-derived cell lines were 
statistically equivalent at lattice contract ion by passage 8. 
These in vitro studies suppor t the hypothesis that fibro-
blasts derived f rom Dupuytren 's contracture nodules 
change their phenotype after undergo ing repeated cell 
passage, acquir ing a cord-like fibroblast phenotype. Du-
puytren 's nodules represent the early, active fo rm of fi-
brosis in which cells are more proliferative, bet ter at fi-
broblast-populated collagen lattice contraction, and 
display less gap junc t ion intercellular communica t ion . 
T h e speculation is that alterations in gap junc t ion inter-
cellular communica t ion may be involved in the progres-
sion of Dupuytren ' s nodules to cords as the disease 
progresses. (Plast. Reconstr. Surg. 110: 187, 2002.) 

Dupuytren 's disease is a fibrotic process that 
leads to a flexion deformity of the hand.1 , 2 T h e 
disease is progressive and results in contracture 
of the palmar fascia, affecting the metacarpo-
p h a l a n g e a l a n d p r o x i m a l i n t e r p h a l a n g e a l 
joints.3 ,4 Recent reports reflect efforts to un-
cover the etiologic basis of Dupuytren 's disease 
and possibly develop new t rea tment strategies. 
A t rea tment that results in an improved out-
come over operative t rea tment has yet to be 
discovered. T h e r e f o r e , operat ive t r e a t m e n t 
cont inues to remain the best opt ion for Du-
puytren's disease. 

In 1959, Luck' classified the progression of 
Dupuytren 's disease into three stages. T h e first 
stage is the proliferative stage, marked by the 
proliferation and differentiat ion of fibroblasts. 
The second stage is the involutional stage. Dur-
ing this stage, the fibroblasts align themselves 
along lines of tension. T h e third and final stage 
is the residual stage represented by a reduct ion 
in cell density and the presence of thick colla-
gen cords. Over the years of investigating Du-
puytren's disease, these three biologic stages 
are still accepted and are considered the stan-
dard th rough which the disease is discussed. 

Characterized as a fibromatosis, Dupuytren 's 
disease contains two fibrotic structures that are 
c lear ly i d e n t i f i a b l e , t he n o d u l e a n d t h e 
cord.4,7,8 The nodu le contains a dense popula-
tion of fibroblasts, with a high propor t ion be-
ing myofibroblasts, a highly vascularized tis-
sue. 1 , 4 , 9 , 1 0 M y o f i b r o b l a s t s a r e spec i a l i z ed 
fibroblasts, identified by their expression of the 
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a-smooth muscle isoform of actin.11 In contrast 
to the nodule , the cord is a collagen-rich struc-
ture that is relatively avascular, acellular, and 
devoid of" myofibroblasts. Different schools of 
t hough t exist regarding the development of 
cords. O n e scheme is that the nodu le develops 
into the cord as the disease progresses over 
time.12 It implies that the phenotype of the 
nodu le fibroblast changes into the phenotype 
of the cord fibroblast. Ano the r view is that the 
two structures represent d i f ferent stages of the 
disease and arise independently.1 3 The impli-
cation he re is that both the nodule cell pheno-
type and the cord cell phenotype are derived 
f r o m a separate precursor cell. 

We wish to demons t ra te that the cord fibro-
blast phenotype is derived f rom nodule fibro-
blasts. To quantify that possibility, two pheno-
typic markers were selected and studied. T h e 
first involves changes in the contract ion of fi-
broblast-populated collagen lattices.14 The sec-
o n d involves changes in gap junctional inter-
ce l lu la r c o m m u n i c a t i o n be tween c u l t u r e d 
nodu le and cord fibroblasts in monolayer cell 
culture. Intercellular communica t ion between 
gap junctions involves the development of a 
channe l s tructure between two cells that allows 
the passage of molecules with a molecular 
weight less than 1000.15 T h e proposit ion is that 
in Dupuyt ren ' s disease, immature proliferative 
cells (nodules fibroblasts) will have less inter-
cellular communica t ion between gap junc t ions 
compared with more mature cord-derived fi-
broblasts.16 It should follow that the matura-
tion of nodule-derived fibroblasts into cord fi-
broblasts will be associated with an increase in 
gap junct ional intercellular communicat ion . 

METHODS 

Cell Culture 

Nodules and cords f r o m four patients under-
going primary surgery for Dupuytren 's disease 
were collected. Each pat ient had at least a 30-
degree metacarpophalangea l joint contracture 
a n d a 20-degree p rox ima l i n t e rpha l angea l 
j o i n t contracture . Each individual nodule and 
cord tissue specimen was cut into sixteen 1 X 1 
m m pieces. T h e specimens were then placed in 
35-mm tissue cul ture dishes. Four pieces of 
e i ther the nodule or the cord were placed per 
dish, resu l t ing in a total of f o u r nodu le -
designatecl and four cord-designated 35-mm 
dishes. A glass coverslip was placed over tissue 
pieces and 1 ml of Dulbecco modif ied Eagle 

medium, supp lemented with 10% fetal bovine 
serum (referred to as complete Dulbecco mod-
ified Eagle med ium) , was added. Medium was 
c h a n g e d twice a week unti l the cells had 
r e a c h e d con f luence . From each c o n f l u e n t 
35-mm dish, the glass coverslip was removed, 
and the cells were f reed by trypsin and passed 
into a 60-mm tissue culture dish. When the 
60-mm plates reached confluence, they were 
each passed into a 10-cm dish. Each 10-cm dish 
was passed by equally distributing trypsin-freed 
cells between two 10-cm dishes (about 500,000 
cells per dish). Each 10-cm dish conta ined 
about L06 fibroblasts when it reached conflu-
ence. By passage 4, there were a pair of 10-cm 
dishes derived f rom each initial 35-mm dish. 
Eight paral le l pairs of nodu le - a n d cord-
cultured cell lines were therefore established. 
All cell lines were regarded as being in early 
passage at passage 4. A 10-cm plate f r o m each 
cell line at passage 4 was saved for study. Cell 
cultures were mainta ined for fou r m o r e pas-
sages. At passage 8, which was designated as 
late passage in these experiments , a 10-cm 
plate f r o m each cell line was saved for study. 
Because these fibroblast cell lines were derived 
f r o m individuals over the age of 65 years, the 
fou r cell lines became senescent between pas-
sages 10 and 12. 

Two groups of cell lines were studied: an 
early passage group represented by nodu le and 
cord fibroblast cell lines at passage 4 and a late 
passage g roup represented by nodule and cord 
fibroblast cell lines at passage 8. Established 
cell lines of normal dermal fibroblasts were 
used for comparison with the nodule and cord 
cell lines. T h e normal dermal cell line used in 
these studies was between passage 20 and 24 
and has been previously described.17 

Scrape Loading 

Fibroblasts harves ted in the i r f o u r t h or 
eighth passage were plated in 35-mm dishes 
and grown near conf luence , approximately 
250,000 cells. The med ium was removed, and 
the cell monolayer was rinsed in phosphate-
buffered saline. To each dish, approximately 1 
ml of dye solution, 20 m g / m l Lucifer yellow in 
phosphate-buffered saline, and 5 m g / m l rho-
damine dextran (Molecular Probes, Eugene, 
Ore.) was added. A commercial glass cutter 
with a keen cutt ing wheel was used to scratch a 
fine linear wound in the cell monolayer. The 
row of in jured fibroblasts in the monolayer 
were permeable to both dyes, which en te r dam-
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aged cells only. Intact, un in ju red cells were no t 
capable of taking u p either dye in the absence 
of gap junctions. Within injured cells, only the 
Lucifer yellow dye could pass through patent 
gap junct ions established between the in jured 
cell and its un in ju red neighbors. The large-size 
r h o d a m i n e d e x t r a n pa r t i c l e s r e m a i n e d 
t rapped within the scrape-injured cell. After a 
2-minute incubation per iod at room tempera-
ture, the dye solution was removed, and the 
cells were rinsed with phosphate-buffered sa-
line.18'19 The scratched monolayer was fixed in 
b u f f e r e d 4% p a r a f o r m a l d e h y d e / p h o s p h a t e -
buffered saline, pH 7.2. 

Only cells in jured by the glass cutter wheel 

were labeled with both rhodamine dextran and 
Lucifer yellow dyes. Unin ju red cells linked to 
in jured cells by gap junct ion channels were 
labeled with Lucifer yellow dye but not rhoda-
mine dextran. A coupling index was deter-
mined and repor ted by viewing the fibroblasts 
at the scratch mark with a f luorescent micro-
scope equ ipped with appropr ia te green and 
red fluorescent filters. The ratio of Lucifer yel-
low-labeled cells, which appear as yellow-green 
fluorescent cells, to the rhodamine dextran— 
labeled cells, which appear as red f luorescent 
cells, is the coupl ing index. Figure 1 is repre-
sentative of such an exper iment . The greater 
the ratio of yellow-green cells to red cells, the 

Fk;. 1. Scrape loading of a fibroblast cell culture monolayer. A monolayer of early passage 
nodule fibroblasts was in jured by the wheel of a glass cutter, which created a scratch or narrow 
scrape through the cell layer. In the panel above, visualized with a filter for rhodamine , the scrape 
is the pa th going right to left. The fibroblasts residing in the path of the wheel of the glass cutter 
take up rhodamine dextran, which stains those cells. In the panel below, visualized with a filter 
for Lucifer yellow, is the same field shown in the panel above. There is a greater n u m b e r of cells 
staining for Lucifer yellow (below) than for rhodamine dextran (above). This difference dem-
onstrates (hat both injured and un in jured cells take up Lucifer yellow, but rhodamine dextran 
is restricted to the injured cells (above). The Lucifer yellow entered the un in ju red cells t h rough 
gap junction channels formed between in jured and ne ighbor ing un in ju red cells. Original 
magnification, 35X. 
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higher the coupl ing index and the greater the 
n u m b e r of cell-sharing gap junction channels . 

Fibroblast-Populated Collagen Lattice Contraction 

Native soluble collagen f r o m rat tail t endons 
was isolated by acetic acid extraction and salt 
precipitated with NaCl.17 Briefly, tendons were 
teased f rom rat tails and stirred in ice-cold 0.5 
M acetic acid for 2 days. All subsequent steps 
were carried out at 4°C. T h e solubilized colla-
gen was cleared by centr ifugation. The colla-
gen was precipitated by the addition of 10% 
wt/vol NaCl, stirred for 4 hours, and the colla-
gen was collected by centr i fugat ion. The colla-
gen pellet was resuspended in 100 mM acetic 
acid and then exhaustively dialyzed against 1 
mM HC1, frozen, lyophilized, weighted, resus-
p e n d e d in sterile 1 mM HC1 at 5 m g / m l , and 
stored at 4°C until needed . 

Fibroblast-populated collagen lattices were 
manufac tu red with fibroblasts f rom both early 
and late passage paired nodule and cord cell 
lines. Fibroblasts (100,000) were suspended in 
1.5 ml of complete Dulbecco modif ied Eagle 
m e d i u m and combined with 2.5 mg of collagen 
solution (0.5 ml) , making a total volume of 2.0 
ml. T h e solution was rapidly mixed, af ter which 
a 0.5-ml a l i quo t was p laced in a 16-mm-
diameter well (area, 201 mm 2) within a 24-well 
tissue culture plate (Corning Cell Wells No. 
25820, Corning, N.Y.). Plates were placed in a 
37°C incuba to r in a water-saturated a tmo-
sphere with 95% air and 5% C 0 2 , where the 
collagen polymerized in less than 90 seconds. 
Thirty minutes af ter casting, the lattices were 
de tached f r o m the walls of the wells with a glass 
rod. A stereomicroscope with a fixed ruler in 
place was used to measure the diameters of 
each lattice. From the d iameter measurements , 
the area of each lattice was calculated and re-
c o r d e d . Statistical analysis was c o m p l e t e d 
th rough Student 's t test. 

R E S U L T S 

Scrape Loading 

Fibroblasts derived f r o m early passage (pas-
sage 4) n o d u l e s f r o m p a t i e n t s with Du-
puytren 's disease had a coupl ing index of 2.5 
± 0.3. Fibroblasts f rom passage 4 cords f rom 
patients with Dupuytren 's disease had a cou-
pling index of 4.0 ± 0.4. T h e coupling index 
dif ference between early passage cord-derived 
a n d nodule-derived fibroblasts was significant p 
< 0.01. The greater coupl ing index of cord-

derived fibroblasts demons t ra ted greater gap 
junct ional in terce l lu lar communica t i on be-
tween these cells compared with early passage 
nodule-derived fibroblasts. 

After eight passages, the coupl ing index for 
the late passage nodule-derived fibroblasts had 
increased to 4.1 ± 0.4. T h e coupl ing index for 
late passage cord-derived fibroblasts remained 
unchanged at 4.4 ± 0.4, which was the same as 
the coupl ing index for early passage cord cells. 
Hence, cord-derived fibroblasts f rom patients 
with Dupuytren 's disease had no change in 
their coupling index th rough cont inued cell 
passage. However, nodule-derived fibroblasts 
f r o m pat ients with Dupuyt ren ' s disease in-
creased their coupl ing index th rough contin-
ued cell passage (Table I). As a point of refer-
e n c e , n o r m a l d e r m a l f i b r o b l a s t s h a d a 
coupling index of 3.8 ± 0.8. Hence, the cou-
pling index of cord-derived fibroblasts was sim-
ilar to normal dermal fibroblasts, whereas the 
coupl ing index of nodule-derived fibroblasts 
was lower than normal dermal fibroblasts. 

Fibroblast-Populated Collagen Lattice Contraction 

T h e f ib roblas t -popula ted collagen lattice 
contraction data are summarized in Table II. 
Farly passage fibroblasts derived f rom nodules 
had reduced their lattice area f rom 201 mm- to 
72 ± 20 m m 2 at 24 hours, a 64 percent de-
crease in area (p S 0.01). Early passage cord-
derived fibroblasts had reduced their lattice 
area to 108 ± 6 mm 2 , a 46 percent decrease in 
area. The di f ference between early passage 
nodule and early passage cord lattice contrac-
tion was significant (p ^ 0.01). 

Late passage nodule-derived fibroblasts be-
came less effective at lattice contraction. The 
passage 8 nodule-derived lattice contracted to 
120 ± 30 mm 2 , a 40 percent decrease in area. 
The late passage cord-derived lattice had con-
tracted to 126 ± 6 mm 2 , a 37 percent decrease 
in area. Late nodule-derived and cord-derived 

T A B L E I 

F i b r o b l a s t C o u p l i n g I n d e x 

Coupling Index, 
Passage 4 

Coupling Index, 
Passage 8 

D u p u y t r e n ' s n o d u l e f i b r o b l a s t s 2 .5 ± 0 .3* 4.1 ± 0 .4 
D u p u y t r e n ' s c o r d f i b r o b l a s t s 4 .0 ± 0 .4 4 .4 ± 0 .4 
F o r e s k i n d e r m a l f i b rob l a s t s 3 .8 ± 0 .8 3 .8 ± 0 .8 

Mean ± SD of four pairs of cell lines derived f rom surgically excised 
Dupuytren 's nodules and cords are presented. Two culture dishes f rom each cell 
line were subjected to scrape loading. 

* Significant difference as de te rmined by Student 's ( tes t (p s 0.01). 
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T A B L E II 

F i b r o b l a s t P o p u l a t e d C o l l a g e n L a t t i c e C o n t r a c t i o n a t 2 4 

H o u r s 

Are a f rom Area from 
Pas isage 4 Passage 8 

D u p u y t r e n ' s n o d u l e fibroblasts 72 ± 20 m m 2 * 120 ± 30 m m 2 

D u p u y t r e n ' s corcl fibroblasts 108 ± 6 m m 2 * 126 ± 6 m m 2 

Mean ± SD of four pairs of cell lines derived from surgically excised 
Dupuvtren 's nodules and cords. Four fibroblast populated collagen lattices for 
each cell line were measured; hence, each mean ± SD represents 16 measure-
ments. 

* Significant difference as de te rmined by Student 's t test (p < 0.01). 

lattices were equal in lattice contraction. T h e 
normal dermal-derived lattice contract ion was 
64 ± 0, a 68 percent reduct ion in area. Normal 
dermal lattice contraction was therefore equiv-
alent to early nodule-derived lattice contrac-
tion, which was greater than cord and late 
nodule-derived lattice contract ion. 

D I S C U S S I O N 

There are different schools of thought of 
how a Dupuytren 's cord develops dur ing the 
progression of the disease. Hueston 1 2 suggests 
that cords advance f rom nodules. However, 
Gosset13 suggests that the two structures repre-
sent dif ferent stages of the disease and arise 
independent ly . Hueston favors that a precur-
sor cell develops into a nodu le phenotype, 
which undergoes a change, leading to the de-
velopment of a cord phenotype. Gosset puts 
forward the not ion that a precursor cell devel-
ops into a nodule phenotype and ano ther pre-
cursor cell develops into a cord phenotype. 
The in vitro findings f rom this repor t suppor t 
Hues ton ' s theory that the nodules develop into 
the cords, represent ing a progression of the 
disease state. Because it is too difficult to study 
sequential palmar fascia specimens within pa-
tients afflicted with Dupuytren 's disease, the in 
vitro investigation of fibroblasts derived f rom 
nodules and cords is a practical approach. 

Early passage nodu le -de r ived f ibroblas ts 
seemed to be representative of the diseased 
state of Dupuytren 's contracture . Cells in a 
proliferative state demons t ra te r educed cell 
coupl ing through intercellular communicat ion 
between gap junctions.1 6 The nodule is fo rmed 
dur ing the proliferative phase of Dupuytren 's 
disease, and therefore, gap junctional intercel-
lular communica t ion in fibroblasts derived 
f rom nodules is initially reduced. As the nod-
ule-derived cells unde rgo cont inued passage in 
culture, they seem to lose their proliferative 
phenotype and develop into a more mature 
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cell phenotype. The mechanism that links de-
creased intercellular communica t ion between 
gap junc t ions and cell proliferation is clear. 
Another possibility is that nodule-derived fibro-
blasts represent a diseased state in which they 
are defective in intercellular communica t ion 
between gap junct ions . During their mainte-
nance in culture, these nodule fibroblasts un-
dergo a change that restores their ability to 
create funct ional gap junct ion channels. 

Early passage nodu le -de r ived f ibroblas ts 
were equivalent to normal dermal fibroblasts at 
fibroblast-populated collagen lattice contrac-
tion. Early passage nodule-derived fibroblasts 
were bet ter at lattice contraction when com-
pared with both late passage nodule fibroblasts 
and all cord-derived fibroblasts. It seems that 
cord fibroblasts and late passage nodule fibro-
blasts are poor at lattice contract ion, suggest-
ing that aging in Dupuytren 's disease reduces 
the capacity of fibroblasts to reorganize colla-
gen. It is repor ted that late passage, normal 
h u m a n dermal fibroblasts are bet ter at lattice 
contract ion than early passage fibroblasts.14 

This suggests that late passage nodu le fibro-
blasts may be losing some of their capacity to 
interact with collagen, leading to the assump-
tion that nodu le fibroblasts in Dupuytren ' s dis-
ease have an altered phenotype that is main-
tained in cell culture. 

The re is a relationship between optimal fi-
broblast-populated collagen lattice contract ion 
and gap junct ional intercellular communica-
tion. The inclusion of intercellular communi-
cation between gap junc t ion uncouplers in the 
casing of lattices inhibits lattice contraction.1 7 

The elimination of connexin 43 expression, 
the protein responsible for gap junct ion chan-
nel structures in transfected rat osteoblasts, 
also leads to the inhibit ion of popula ted colla-
gen lattice contraction.2 0 However, with fibro-
blasts derived f rom nodules in Dupuytren ' s dis-
ease, which show r e t a r d e d gap junc t iona l 
intercellular communicat ion, there is no inhi-
bition of lattice contract ion. Nodule-derived 
fibroblasts that have u n d e r g o n e cont inued cell 
passage in vitro and cord-derived fibroblasts 
demonst ra te defective lattice contract ion asso-
ciated with normal levels of intercellular com-
municat ion between gap junctions. In the case 
of late passage nodule and cord fibroblasts, gap 
junctional intercellular communica t ion seems 
to be i n d e p e n d e n t of o p t i m i z i n g la t t ice 
contraction. 

The re are reports that suggest the nodule of 
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Dupuytren ' s disease represents the contractile 
e l emen t of the disease process.1,4 21 Populations 
of myofibroblasts, as def ined by their expres-
sion of a-smooth muscle actin, reside in nod-
ules but no t in cords. Dupuytren 's cords are 
relatively acellular in comparison to the nod-
ules and do no t contain myofibroblasts. How-
ever, a pat ient will commonly show nodules in 
the palm of the h a n d and not demonst ra te 
Dupuytren ' s contractures. T h e development of 
Dupuytren ' s contracture occurs af ter the ap-
pearance of cords. This in vivo picture creates 
a d i lemma in associating the nodu le with the 
contractile state of the disease. It is suggested 
that myofibroblasts conta ined within nodules 
are not responsible for genera t ing the forces of 
D u p u y t r e n ' s c o n t r a c t u r e . 6 , 1 4 In t h e f r e e -
f loat ing lattice contraction model , myofibro-
blasts are absent; hence, there is no experi-
mental evidence for a role of myofibroblasts in 
lattice contract ion.2 2 In vitro, early passage 
nodule-derived fibroblasts, which are not myo-
fibroblasts, seem to be the contractile cell of 
Dupuytren ' s disease. It is unclear what role 
myofibroblasts have in the progression of the 
disease. 

O n e thought is that the Dupuytren 's disease 
process represents a maturat ion of fibrotic tis-
sue. T h e nodule contains immature cells rep-
resent ing an early stage of the disease. The 
matura t ion of these cells leads to the endstage 
of the disease and the format ion of a fibrotic 
cord. T h e concept follows the matura t ion of 
granulat ion tissue into a scar dur ing wound 
healing. Immature granulat ion tissue has an 
increased cell density and increased myofibro-
blasts; like the nodule , as granulat ion tissue 
matures into a scar, cell density decreases and 
m y o f i b r o b l a s t s d i s a p p e a r , m u c h like t h e 
cord.2 3 , 2 4 However, Dupuyt ren ' s cont rac ture 
a n d the process of wound heal ing by contrac-
tion have some contrasts. W o u n d contraction 
is a rapid process that proceeds soon after 
injury, whereas Dupuytren ' s contracture is a 
slow contractile process that occurs long after 
the appearance of fibrotic tissue. Wound con-
traction will cont inue as long as the wound is 
not completely epithelialized. In contrast, Du-
puytren 's contracture occurs u n d e r an intact 
epidermis. It suggests that fibroblasts derived 
f r o m patients with Dupuytren ' s disease have an 
unusual fibroblast phenotype that contr ibutes 
to the disease state. 

T h e role of growth factors on the pathogen-
esis of Dupuytren 's disease has been report-
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ed.25-28 In particular, t ransforming growth fac-
tor-j3 (TGF-/3) in vitro i n d u c e s f ib rob las t 
proliferation, increases a-smooth muscle actin 
expression, and increases the deposition of col-
lagen, all f undamen ta l to the progression of 
Dupuytren 's disease.26,211 With o ther mesenchy-
mal cell types, TGF-j3 increases intercellular 
communicat ion between gap junctions.30,31 If 
TGF-/3 is responsible for the initiation of the 
proliferative stage of Dupuytren 's disease, nod-
ule-derived fibroblasts would be expected to 
show increased cell coupling. However, the op-
posite is seen in nodule fibroblasts, in which 
there is less gap junctional intercellular com-
municat ion. Of interest, there is a repor t that 
shows TGF-/3 leading to a decrease in intercel-
lular communica t ion between gap junctions. 
Transfected osteoblastic cell lines result in an 
altered phenotype and show reduced cell cou-
pling when treated with TGF-/3.'-' On the basis 
of these exper imental findings, nodule fibro-
blasts behave like a cell with an altered pheno-
type and no t like normal dermal fibroblasts. 

T h e proliferative stage of Dupuytren 's dis-
ease represents the development of the nod-
ule, and th rough in vitro aging of nodu le fi-
broblasts, the cord-like fibroblast phenotype 
develops. T h e di lemma of the clinical charac-
teristics of palmar contracture and how it re-
lates to nodules and cords is c o m p o u n d e d by 
the findings presented here. The presence of 
both nodules and cords in the disease state 
seems to be necessary for the genera t ion of 
palmar contracture.4 It suggests that the nod-
ule, combined with the cord structure, repre-
sents the contractile unit of Dupuytren 's dis-
ease. O n the basis of cell pheno type , the 
nodule is responsible for generat ing the con-
tractile forces, which lead to the characteristic 
flexion deformity of Dupuytren 's disease.1,9,10 

On the o the r hand , it seems that the cord is 
needed to transmit those genera ted forces. It is 
suggested that the cord radiates out and makes 
contact with distant regions of the fascia. As the 
nodule generates contractile force, that force is 
radiated out and is l inked to the distant fascia 
by means of the cords. The concept is that 
nodules develop into a complex contractile 
unit by the generat ion of cords that radiate out 
into the pa lmar fascia. Hence, in Dupuytren 's 
disease, the nodule-cord complex is the con-
tractile unit responsible for the genera t ion of 
palmar contracture . 
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Discussion 

Dupuytren's Disease: Physiologic Changes in Nodule and Cord 
Fibroblasts through Aging in Vitro 

by Kurds E. Moyer, M.D., Dennis R. Banducci , M.D., William P. Graham, III, M.D., and H . Paul Ehrlich, Ph.D. 

Discussion by Edward E. Tredget, M.I)., M.Sc., F.R.C.S.(C.) 

Since the original description of palmar fi-
bromatosis by the in famous Guil laume Du-
puytren on December 5, 1831, at the Hotel 
Dieu in Paris,1 physicians have recognized the 
intr iguing characteristic features of this fo rm 
of fibroproliferative disorder as a progressive 
contractile fibrosis that involves the tissues of 
the pa lmar fascia and the deep dermis of the 
skin. It occurs in genetically predisposed racial 
groups and their family members , particularly 
blue-eyed Celtic descendants of the Vikings.-
Dupuyt ren ' s con t rac tu re is of ten associated 
with o t h e r fo rms of f ibromatosis in fascial 
s tructures of o ther regions of the body. Exten-
sive clinical exper ience has demonst ra ted that 
it responds to surgical removal of the diseased 
tissues, but it usually responds best when the 
w o u n d s are closed with full- thickness skin 
grafts to avoid the major and most f r equen t 
surgical complicat ion, that is, recurrence in 
the site of resection.3 Despite this familiarity 
with Dupuyt ren ' s disease and major advances 
in cellular a n d molecular biology, the patho-
genesis of Dupuyt ren ' s contracture and o ther 
fibroproliferative disorders continues to escape 
us. Thus ou r approach to t rea tment remains 
c rude a n d not totally effective. Many questions 
remain unanswered and include the following: 
What is the genetic link that predisposes some 
racial groups and families to fibroproliferative 
disorders a n d not others? What is the basic 
initiating event that triggers the selective acti-
vation of some regions of previously quiescent 
tissues? Which cells are responsible for the 
pathophysiology? Why, af ter extensive removal 
of these locally activated abnormal cells and 

tissues, does the disease readily recur? Unfor-
tunately, these questions are c o m m o n to all 
forms of fibroproliferative disorders, including 
hyper t rophic scarring and keloids familiar to 
plastic surgeons,4 bu t involve virtually all tissues 
and organs that sustain injury f rom disease or 
t rauma. They respond with a wound healing 
response that is excessive and compromises 
funct ion , including hepatic fibrosis, atheroscle-
rosis, proliferative retinal diseases, glomerulo-
sclerosis, and many o ther forms of fibroprolif-
erative disorders. 

In this article, Dr. Paul Ehrlich and his col-
leagues cont inue an accomplished, career-long 
investigation of the cellular features of fibro-
blasts in contractile disorders. ' Despite the lim-
itations of the in vitro environment , they sug-
gest that a subset of fibroblasts, those in the 
nodular regions of Dupuytren 's contracture, 
are activated to contract their extracellular ma-
trix e n v i r o n m e n t by m e a n s of an energy-
d e p e n d e n t , cy toske le ta l -media ted process . 
O n c e ac t iva ted , they i n t e r c o m m u n i c a t e 
through intracellular gap junc t ions to a lesser 
extent than fibroblasts located in the normal 
dermis of the skin. These f indings are consis-
tent with the recognized impor tance of inter-
cellular communicat ion th rough specific mem-
brane channel proteins, connexins, which are 
unde r connexin gene regulation. They appear 
to impar t tissue i n t e r d e p e n d e n c e and ho-
meostasis th rough growth control of intercon-
nected cells.6 Deletion of d i f ferent connexin 
genes f rom mice has provided in vivo evidence 
for the impor tance of gap junction intercellu-
lar communicat ion in the control of abnormal 
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cell growth in carcinogenesis ' and now, possi-
bly, fibroproliferative disorders.8 In addit ion, 
their f indings are consistent with the recogni-
tion of the role of t ransforming growth fac-
tor-j3, one well-recognized immunosuppressive 
and f ibrogenic family of cytokines that have 
b e e n iden t i f i ed in f ibro t ic tissues of Du-
puytren 's contracture , 9 hyper t rophic scars,10 

and o the r fibroproliferative disorders. Trans-
fo rming growth factor-j8 is known to deplete 
gap junction intercellular communica t ion in 
osteoblasts." The floating fibroblast-populated 
dermal lattice model given to us by Bell and 
Ehrlich is a useful in vitro model of the con-
tracting matrix in which t ransforming growth 
factor-^! is known to stimulate matrix-lattice 
contraction.1- This article is also consistent 
with the growing unders tand ing that the myo-
fibroblast is a cell with p rominen t f ibronectin 
fibrils and f ibronexus junctions distinct f rom 
the basement membrane . It stains positive for 
vimentin and a-smooth muscle actin in stress 
fibers but is likely no t as contractile as o the r 
"activated" fibroblasts observed in different fi-
broproliferative disorders.13 '14 It likely resem-
bles the cord or aged fibroblast of Dupuytren 's 
contracture previously activated, now d o r m a n t 
and quiescent in the stabilized matrix that may 
be commit ted to apoptosis as the matrix re-
models and cellularity is reduced. The subset 
of activated fibroblasts in the diseased tissue 
seems to be proliferative and moves in the 
tissues expressing matrix metalloenzymes nec-
essary for advancement through the matrix, 
dragging the trailing componen ts through the 
tissues until physical forces of resistance pre-
vent fu r the r movement and contraction. The 
cell then reverts to the do rman t phenotype 
typical of the cord fibroblast or the mature scar 
fibroblast .1 4 , 5 

Unfortunately, this evolving unders tand ing 
of the activated fibroblast, though consistent 
with the earlier paradigm of Lewis, is focused 
on likely late events in response to earlier trig-
gers. It does not expand ou r unders tand ing of 
the unanswered questions posed earlier re-
garding the initial inciting event, the genetic 
c o m p o n e n t in the response to injury of this 
disease, and o ther fibroproliferative disorders. 
In addit ion, it does not answer why the disease 
recurs often quickly and as extensively or more 
extensively after local removal of the activated 
fibroblasts. In the next decade, Drs. Moyer et 
al. and others will likely increase our under-
standing of how inflammatory cells responding 

to injury may direct the fibroblast in tissues 
th rough direct and indirect paracr ine signal-
ing in normal or aber ran t ways and supply 
physicians with new intracellular growth fac-
tors16 a n d gene therapy reg imens that are 
emerg ing to increase ou r supply of more so-
phisticated therapies. Similarly, the recent ap-
preciation of systemic, circulating, immunolog-
ically active cells (which are derived f r o m b o n e 
marrow) that move to in jured tissues and clil-
ferent ia te into activated fibroblasts where they 
p roduce matrix and likely pe r fo rm many o the r 
fibroblast funct ions that may link the systemic 
i m m u n e response to injury with local wound 
healing.1 7 To date, such ma tu re stem cells 
t e rmed fibrocytes may account, in part, for 
some of the un ique genetic aspects of wound 
heal ing in fibroproliferative disorders, includ-
ing recurrence of disease, and may contr ibute 
to the cellular origin of the active fibroblast in 
Dupuytren ' s contracture1 8 and o the r f ibropro-
liferative disorders.10 They may also offer the 
potential to b roaden our approach f rom direct 
t r ea tments for localized disease to inc lude 
novel, local, and systemic therapies that m o r e 
favorably inf luence wound heal ing responses 
to injury. 
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