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D u p u y t r e n ' s d i s e a s e is c h a r a c t e r i z e d by 
shortening of the pa lmar fascia, leading to 
progressive digital flexion deformity.39 Since 
the time Gui l laume Dupuyt ren described the 
disease named for him, physicians have been 
in t e re s t ed in the u n d e r l y i n g c a u s e of the 
shortening of the pa lmar fascia. Early propos-
als suggested that the force motivat ing this 
contraction came from the newly formed col-
lagen within the wound . 2 Experiments con-
ducted in the 1950s suggested that cells were 
central to the contraction responsible for tis-
sue contracture.1-27 It has since become clear 
that the shortening of the pa lmar fascia re-
sponsible for the flexion deformity central to 
Dupuyt ren ' s disease can be at t r ibuted to the 
cells present in the diseased tissue. 

The cell believed to generate the contractile 
forces responsible for tissue contraction is the 
myofibroblast.™ This cell was discovered in 
electron micrographs from contracting (heal-
ing) expe r imen ta l g r a n u l a t i o n t issue.2 0 The 
myofibroblast appears to have morphologic 
characteristics of both smooth muscle cells 
and fibroblasts,™ hence its name. The myofi-
broblast subsequently was identified within 
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the nodules of Dupuy t ren ' s disease,18 as well 
as other contracting tissues.48 The contractile 
capability of the myofibroblast has been dem-
o n s t r a t e d in g r a n u l a t i n g w o u n d s . 3 7 More 
recent ly , D u p u y t r e n ' s m y o f i b r o b l a s t s h a v e 
b e e n d e m o n s t r a t e d to g e n e r a t e con t r ac t i l e 
force.28-44'45' ** 

This article reviews wha t is k n o w n about 
the myofibroblast and its potential role in Du-
puyt ren ' s disease. The sections that follow 
examine in more detail these topics: What 
is the myofibroblast? Does the myofibroblast 
g e n e r a t e con t r ac t i l e force? W h a t r e g u l a t e s 
myofibroblast differentiat ion in Dupuy t ren ' s 
disease? 

WHAT IS THE MYOFIBROBLAST? 

Morphologic Characteristics of the 
Myofibroblast 

The morphologic characteristics of this spe-
cialized cell were first described in s tudies 
e x a m i n i n g the u l t r a s t r u c t u r e of g r a n u l a -
t ion t i s sue a n d n o d u l e s of D u p u y t r e n ' s 
disease.18- 211 It was termed the myofibroblast 
because it shares morphologic features with 
fibroblasts and smooth muscle cells (Fig. I).1" 
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Figure 1. Comparison of the characteristics of fibroblasts and myofi-
broblasts. A, A typical fibroblast with a smooth contoured nucleus, 
scattered mitochondria, and well-developed secretory organelles in-
cluding a large Golgi apparatus and dilated rough endoplasmic reticu-
lum. B, The myofibroblast is characterized by the presence of large 
bundles of actin microfilaments. In addition, myofibroblasts have an 
indented nucleus and fibrillar material at their surface composed, at 
least in part, of fibronectin. (From Gabbiani G, Majno G, Ryan GB: 
The fibroblast as a contractile cell: The myofibroblast. In Kulonen E, 
Pikkarainen J (eds): Biology of Fibroblast. New York, Academic Press. 
1973, p 139; by permission of the publisher Academic Press Limited, 
London.) 

F i b r o b l a s t s in a d u l t c o n n e c t i v e t i s s u e s a r e 
elongate cells with a slender, fus i form, and 
smooth , contoured nucleus. These cells also 
contain scattered mi tochondr ia and well-de-
v e l o p e d sec re to ry o r g a n e l l e s , i n c l u d i n g a 
large Golgi appa ra tu s and numerous , often 
d i l a t ed , r ough e n d o p l a s m i c r e t i c u l u m . The 
actin microfi laments are concentrated beneath 
the p l a s m a m e m b r a n e , f o r m i n g a cor t ica l 
meshwork ; few if any discrete bundles of mi-
crofi laments are observed. No basal lamina, 
fibronectin fibrils, or specialized a t tachment 
s i tes , such as p l a s m a l e m m a l a t t a c h m e n t 
p laques or fibronexus, are present al the fi-
broblast surface (see l ig . I). 

Smooth muscle cells, in contrast to fibro-

b las t s , a re s u r r o u n d e d by a basa l l a m i n a 
w i t h n u m e r o u s p l a s m a l e m m a l a t t a c h m e n t 
plaques . In addi t ion , the actin in smooth mus-
cle cells is organized into bund les that fill 
most of the cvtosol of the cell and are oriented 
parallel to the long axis of the cell. Also, in 
contrast to fibroblasts, the e longated nucleus 
is de fo rmed bv shallow invaginations, and 
the Golgi a p p a r a t u s and rough endoplasmic 
ret iculum are poorly d e v e l o p e d . v 

Myofibroblasts can be dis t inguished trom 
fibroblasts and smooth muscle cells bv a num-
ber of morphologic features (see I ig U. I he 
p redominan t characteristic that dis t inguishes 
myofibroblasts trom fibroblasts is the pres-
ence of b u n d l e s ot ac t in m i c r o f i l a m e n t s 
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(termed stress fibers), usually ar ranged parallel 
to the long axis of the cell (Fig. 2). These 
bundles of actin microfi laments in myofi-
broblasts are fewer in number and smaller 
in diameter than those observed in smooth 
muscle cells. Myofibroblasts also can be dis-
t inguished from smooth muscle cells by the 
presence of a well-developed Golgi appa ra tus 
and dilated rough endoplasmic reticulum, as 
well as the absence of an enveloping basal 
lamina. Similar to smooth muscle cells, the 
e l o n g a t e n u c l e u s of the m y o f i b r o b l a s t f re -
quently is de formed by shallow indentat ions 
i nd i ca t ive of ce l lu la r c o n t r a c t i o n / 0 Myof i -
b r o b l a s t s d o h a v e spec i a l i zed a t t a c h m e n t 
sites, bu t these appear different f rom the plas-
malemmal a t tachment p laques observed in 
smooth muscle. The bund les of intracellular 
actin microfilaments appear to become con-
t inuous, with extracellular fibrils composed 
of fibronectin at the p lasmalemma (see Fig. 
2). These specialized a t tachment sites in myo-
fibroblasts are termed the fibronexus and are 
present at the surfaces of myofibroblasts in 
Dupuyt ren ' s diseased tissue.54- 58 The fibro-
nexus is proposed to be the mechanism by 
which contractile force generated by the intra-
ce l lu la r b u n d l e s of ac t in m i c r o f i l a m e n t s is 
t ransmitted to the su r round ing extracellular 
matrix and tissues.49 

Myofibroblasts, in paraff in or cryostat sec-

tions, also can be recognized wi th the light 
microscope. They are usually large, spindle-
shaped, often stellate, cells with indented nu-
clei. They also can be recognized by their 
ability to stain intensely wi th either anti-actin 
ant ibody or fluorescent probes that bind fil-
amen tous actin, such as rhodamine phalloidin 
(Fig. 3).57 In contrast, fibroblasts d o not stain 
wi th these probes because of the dispersed 
nature of their f i lamentous actin. 

Distribution of Myofibroblasts in 
Dupuytren's Diseased Tissue 

D u p u y t r e n ' s d i s e a s e w a s d e s c r i b e d by 
Luck35 as progressing th rough three histologi-
cally d i s t inc t phase s—pro l i f e r a t i ve , invo lu-
tional, and residual. Dur ing the proliferative 
phase, a local fibroplasia in the fascia results 
in the format ion of a nodu la r lesion. Dur ing 
the involutional phase, the cells present in 
the nodu le align themselves wi th the lines 
of stress in the tissue. The residual phase 
is characterized by the d isappearance of the 
n o d u l e , l e a v i n g a re la t ive ly acel lu lar , scar-
like tissue. 

Dupuy t ren ' s diseased tissues at different 
stages of the disease process have been exam-
ined for the presence of myofibroblasts by 
electron microscopy10 ' IZ M- 51 as well as by 

Figure 2. Transmission electron micrograph of a myofibroblast in Dupuytren's diseased tissue. 
An intracellular bundle of actin microfilaments (MF) appears to be continuous through the cell 
membrane with extracellular fibronenctin fibrils (FEM). A specialized adhesion complex termed 
the fibronexus is present at the cell membrane interconnecting the bundle of actin microfila-
ments and the fibronectin fibrils (original magnification x 12,000). (From Tomasek JJ, Schultz 
RJ, Haaksma CJ: Extracellulr matrix-cytoskeletal connections at the surface of the specialized 
contractile fibroblast (myofibroblast) in Dupuytren disease. J Bone Joint Surg [Am] 69:1400, 
1987; with permission.) 
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Figure 3. Fluorescence photomicrograph of myofibroblasts in Dupuytren's diseased tis-
sue. Myofibroblasts in Dupuytren's diseased tissue stain intensely with rhodamine phalloi-
din, a fluorescent probe that binds f-actin (orginal magnification x 600). 

fluorescent staining with probes for filamen-
tous act in . 5 1 ' 5 7 These s t u d i e s h a v e d e m o n -
strated that myofibroblasts appear dur ing the 
proliferative phase of the disease and come 
to comprise almost all of the cells present in 
the highly cellular nodule. The involutional-
phase nodules are also highly cellular, but 
i n d i v i d u a l myof ib rob la s t s are sma l l e r a n d 
tend to be a l igned in the s a m e d i rec t ion , 
a long l ines of s t ress . In con t ra s t , r e s idua l -
phase nodules are hypocellular and the cells 
are slender and aligned with thick bands of 
collagen, giving them a tendon-like appear-
ance. Myofibroblasts are not observed in re-
s idua l -phase nodules ; ra ther these n o d u l e s 
are composed of mature fibroblasts. 

The appearance and disappearance of myo-
fibroblasts dur ing Dupuytren ' s disease is sim-
ilar to that observed in other tissues in which 
myofibroblasts are present, such as granula-
tion tissue in wounds . " What regulates the 
appearance and disappearance of the myofi-
broblas t is still be ing inves t iga ted . Recent 
studies suggest that mechanical forces present 
in the tissue, together with growth factors, 
such as transforming growth factor-|il (TC1F-
(41), may play an important role in promoting 
the differentiation of the myofibroblast (see 
the section on T( il'-f-J 1). The regulation of the 
myofibroblast 's disappearance may be just as 
important as its appearance. The persistence 
of myofibroblasts could lead to excessive tis-

sue contraction and matrix deposition. Myo-
f ibroblas ts in g r a n u l a t i o n t i ssue d i s a p p e a r 
dur ing scar formation by the process of pro-
grammed cell death or apoptosis.13 Whether 
apoptosis causes the loss of myofibroblasts 
dur ing the residual stage of Dupuytren ' s dis-
ease needs to be determined. 

Fibronectin in Dupuytren's Diseased 
Tissue 

It has been proposed that extracellular gly-
coprotein fibronectin plays an important role 
in cellular processes such as migration, differ-
entiation, and adhesion,34 ' all of which are im-
portant dur ing Dupuytren ' s disease. This gly-
copro te in is p re sen t in morphogene t i c a l l y 
active embryonic tissues and in granulation 
t i ssue in adu l t s . F ibronect in is ex tens ive ly 
present in nodules in Dupuytren ' s diseased 
tissue, where it is organized into fibrils at the 
surfaces of myofibroblasts (see Fig. 2).xS 

Fibronectin fibrils at the surfaces of myofi-
broblasts in Dupuytren ' s diseased tissue par-
ticipate in the formation of a specialized at-
tachment site, termed the tibrvuexus. that links 
the intracellular bundles of actin microfila-
men t s wi th extracel lular f ibronectin fibrils. 
Recent studies have demonstrated the pres-
ence of the integrin t ransmembrane glycopro-
tein at the surfaces ot myofibroblasts in 
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Dupuyt ren ' s diseased tissue.1'1 It is believed 
that the integrin receptor spans the mem-
brane, linking the intracellular actin and ac-
tin-associated proteins with the extracellular 
fibronectin.8 The fibronexus is proposed to be 
the structural e lement by which contractile 
force generated by the intracellular bundles 
of actin microfi laments is t ransmit ted to the 
s u r r o u n d i n g ex t r ace l lu l a r ma t r ix a n d tis-
sues.40 In addi t ion to t ransmit t ing contractile 
force, these fibronexus a t tachment sites re-
cently have been suggested to be sites of sig-
nal transduction.8 Present in the f ibronexus 
are tyrosine kinases, such as focal adhesion 
kinase, which have been implicated in regu-
lating cell proliferation, differentiation, and 
extracellular matrix product ion, all of which 
are impor tant in the appearance and funct ion 
of myofibroblasts in Dupuy t ren ' s disease. 

The fibronectins are a family of glycopro-
teins with numerous isoforms that arise by 
d i f f e r en t i a l sp l i c ing of a s ing le g e n e t r an -
script.24 Sequence variat ions occur in three 
areas of the fibronectin monomer . Extra do-
mains A and B (ED-A and ED-B fibronectin) 
of h u m a n fibronectin may be either included 
or deleted, whereas the IIICS region can vary 
in length, when present. In the C-terminal 
region of fibronectin, posttranslational modi-
fication with a specific O-linked glycosylation 
of a single threonine residue results in the 
formation of wha t has been called oncofetal 
fibronectin because of its presence in embry-
onic and tumor tissues.38 The expression of 
these fibronectin isoforms is regulated in a 
cell- and tissue-specific manner dur ing devel-
opment and aging, and they are highly re-
stricted in their distr ibution in adul t tissues. 
In Dupuyt ren ' s disease, the ED-A fibronectin 
isoform is expressed dur ing the proliferative 
phase of the disease and less dur ing the invo-
lutional phase, whereas the ED-B fibronectin 
isoform and de novo glycosylated fibronectin 
are expressed mainly dur ing the proliferative 
phase of the disease (Fig. 4).7 24 The function 
of these fibronectin isoforms is unclear, but 
their presence in Dupuyt ren ' s diseased tissue 
is consistent with their presence in other tis-
sues that are proliferating and undergoing 
extensive remodeling. 

A number of recent s tudies have demon-
strated the presence of TGF-01 in Dupuy-
t r e n ' s d i s e a s e d t i s s u e . 1 7 T h e p r e s e n c e of 
TGF-(il in Dupuyt ren ' s diseased tissue is con-
sistent with the appearance of fibronectin and 
the oncofetal isoforms of fibronectin. In vitro 
studies have demonstra ted that TCiF-(31 is a 

potent inducer of fibronectin expression and 
expression of the oncofetal isoforms of fibro-
nectin/1 ' M These s tudies suggest that TGF-pi 
may play an impor tant role in Dupuy t ren ' s 
disease by regulat ing fibronectin expression 
and alternative splicing. 

Cytoskeletal Proteins in 
Myofibroblasts in Dupuytren's 
Diseased Tissue 

The distinguishing characteristic of the myo-
fibroblast is the presence of intracellular bun-
dles of microfilaments. These are composed 
of ac t in f i l amen t s , m y o s i n , a n d a s soc i a t ed 
proteins. Actin is encoded by a mul t igene 
family that produces six different isoforms.<>0 

These isoforms have been classified according 
to their pat tern of express ion—two muscle 
actins in striated muscle (a-skeletal and a -
cardiac), two muscle actins in smooth muscle 
(a-smooth muscle actin and 7 -smooth muscle 
actin), and two nonmuscle actins present in 
every cell ((3-actin and -y-actin). Fibroblasts 
express only the (3- and 7-actin isoforms. My-
ofibroblasts, in addi t ion to expressing the p-
and 7-actin isoforms, also express a - smooth 
muscle actin/"-51 

The expression of a - smooth muscle by my-
ofibroblasts appears to be transient. In granu-
lation tissue, the expression of a - smoo th mus-
cle actin increases dur ing w o u n d closure and 
gradual ly d isappears du r ing scar format ion." 
In Dupuy t ren ' s disease, a - smoo th muscle ac-
tin expression also appears to be transient. 
Myofibroblasts expressing a - smooth muscle 
actin appear dur ing the proliferative phase of 
the disease, are present dur ing the involu-
tional phase, and d isappear by the residual 
phase.51- " The functional significance of a -
smooth muscle actin expression is currently 
unc lear , b u t recen t s t u d i e s h a v e s u g g e s t e d 
that the expression of a - smooth muscle actin 
in myof ib rob las t s cor re la tes wi th increased 
generat ion of contractile force (see section on 
regulation of myofibroblast contraction).S<1 

The interaction of myosin with actin is re-
s p o n s i b l e for the g e n e r a t i o n of con t rac t i l e 
force. Myosin is co-localized with actin in 
s t ress f ibers in myof ib rob la s t s . 5 IS Myofi-
broblasts have been examined to de termine 
which isoform of myosin they express. Myo-
fibroblasts in granulat ion tissue are never ob-
served to express the smooth muscle myosin 
isoform.1,1 ri" In Dupuyt ren ' s disease, in con-
t ras t , s m o o t h m u s c l e m y o s i n has been re-



Figure 4. Serial sections showing indirect immunofluorescence staining 
of proliferative-stage Dupuytren's diseased tissue. A, Hematoxylin- and 
eosin-stained tissue section demonstrating the large numbers of cells in 
proliferative-stage Dupuytren's diseased tissue. Immunofluorescence 
staining demonstrating the distribution of total fibronectin (B), ED-A 
fibronectin (C), and ED-B fibronectin (D) in Dupuytren's diseased tissue 
(original magnification x250). (Adapted from Halliday NL, Rayan GM. 
Tomasek JJ: Distribution of ED-A and ED-B containing fibronectin 
isoforms in Dupuytren's disease. J Hand Surg [Am] 19:428, 1994; with 
permission.) 

ported to be present in myofibroblasts , but 
its expression is variable and in only a low 
percentage of the myofibroblasts." S7 

Intermediate f i laments are ano ther class of 
cytoskeletal proteins. These d o not play a role 
in generat ion of force; rather, they appea r to 
be involved in mainta in ing cell shape. Fibro-
blasts express the in termediate f i lament pro-
tein vimentin, whereas smooth muscle cells 
may express only viment in or both viment in 
and desmin. ' 1 Myofibroblasts in granula t ion 
tissue express only vimentin, not desmin . ' 1 

In Dupuy t ren ' s diseased tissue, expression of 
in termediate filament proteins is variable. The 
majority of the myofibroblasts express vimen-
tin, but desmin expression may be observed 

in a subpopu la t ion of the myof ibroblas ts / 1 

The presence of this desmin-express ing sub-
popula t ion of myofibroblasts in Dupuy t r en ' s 
diseased tissue is also variable, being present 
in only some nodules . 

Based on the expression of cytoskeletal pro-
teins, it is possible to def ine at least two cy-
toskele ta l p h e n o t v p e s for m y o f i b r o b l a s t s — 
pheno tvpe VA, represented bv myofibroblasts 
posit ive for v iment in and u - smooth muscle 
actin; and pheno tvpe YAD. represented bv 
m y o f i b r o b l a s t s p o s i t i v e for v i m e n t i n , a -
smooth muscle actin. and desmin.M Whether 
smooth muscle myosin can be expressed bv 
both pheno tvpes or only the Y A P pheno tvpe 
still needs to be de te rmined In P u p m t i v n s 
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disease, both VA and VAD phenotypes are 
present, but the VA pheno type is the most 
prevalent and the VAD phenotype is not ob-
served in all nodules.51 

Cellular Derivation of Myofibroblasts 
in Dupuytren's Disease Tissue 

As already described, myofibroblasts share 
m o r p h o l o g i c f e a tu r e s w i t h b o t h f ibroblas ts 
and smooth muscle cells. Two quest ions arise 
from these observations. From where d o myo-
f ibroblasts o r ig ina te—fibroblas t s or s m o o t h 
muscle cells? Which of these two cell types 
do myofibroblasts resemble functionally? Al-
though myofibroblasts contain bund les of ac-
tin microfi laments similar to those observed 
in smooth muscle, this does not establish that 
myofibroblasts originate f rom smooth muscle. 
Fibroblasts, when placed in tissue culture, ac-
quire bundles of actin microfi laments (stress 
fibers) that ul trastructurally resemble myofi-
brils in smooth muscle cells. In fact, fibro-
blasts f rom normal pa lmar aponeurosis de-
v e l o p s t ress f ibers a n d a p p e a r s imi l a r to 
myofibroblasts observed in Dupuy t ren ' s dis-
ease.45 The stress fibers present in fibroblasts 
derived f rom palmar aponeurosis are even 
capable of generat ing contractile force.45 Fi-
broblasts therefore are capable of acquiring 
both the morphology and funct ion of myofi-
broblasts. 

A number of s tudies have examined the 
cy toske le ta l p r o t e i n s p r e s e n t in myof i -
broblasts as a means of de termining their ori-
gin. As discussed earlier, myofibroblasts ex-
p re s s the act in i s o f o r m f o u n d in s m o o t h 
muscle cells—a-smooth muscle actin. Fibro-
blasts can be induced to express a - smooth 
muscle actin if treated with TGF-pi.12- M In 
addit ion to promot ing the expression of a -
smooth muscle actin in fibroblasts, TGF-(31 
promotes fibronectin fibril formation and the 
formation of the fibronexus (discussed subse-
quently)/ '2 These results suggest that fibro-
blasts have the potential to become myofi-
b rob la s t s if s t i m u l a t e d wi th T G F - p i . The 
presence of TGF-fJl has been demonst ra ted 
in Dupuyt ren ' s diseased nodules, where it 
could promote myofibroblast formation from 
fibroblasts.1 7 

Intermediate filament proteins have been 
used to determine cellular origin because they 
have a tissue-specific distribution that is re-
tained dur ing neoplastic conditions."' 47 Vi-
mentin is present in most nonmuscle cells, 

such as fibroblasts. Desmin is present in pa-
renchymal smooth muscle cells and some vas-
cular smooth muscle cells, bu t also has been 
found in a n u m b e r of nonmuscle mesenchy-
mal cells, such as endothelial cells, podocytes, 
and stromal cells f rom var ious locations.51 In 
Dupuy t ren ' s disease, desmin immunoreact iv-
ity in myofibroblasts is variable f rom patient 
to pat ient and, in most Dupuy t ren ' s diseased 
nodules , the n u m b e r of myofibroblasts ex-
p r e s s i n g v i m e n t i n e x c e e d s the n u m b e r ex-
p r e s s i n g desmin . 5 1 - 5 2 These resu l t s sugges t 
that some myofibroblasts in Dupuy t ren ' s dis-
ease may arise f rom vascular smooth muscle 
cells bu t the majori ty appear to arise f rom 
fibroblasts in the pa lmar aponeurosis , under 
the influence of TGF-(31. 

DOES THE MYOFIBROBLAST 
GENERATE CONTRACTILE FORCE? 

Evidence that Myofibroblasts are 
Contractile 

The quest ion that arises w h e n considering 
a role for the myofibroblast in Dupuy t ren ' s 
disease is whe ther this cell can generate con-
tractile force. The morphology of the myofi-
broblast is consistent with this hypothesis . 
The dis t inguishing morphologic characteristic 
of the myofibroblast is the presence of intra-
cellular bund les of microfilaments. As dis-
cussed previously, these bund les of microfil-
aments are composed of actin, myosin, and 
associated proteins and resemble the myofi-
brils observed in smooth muscle cells. This 
organizat ion of actin and myosin is necessary 
for generat ion of contractile force. In addi t ion, 
intracellular bundles of actin microfi laments 
t e r m i n a t e in a spec i a l i zed a d h e s i o n com-
p l e x — t h e f i b r o n e x u s — t h r o u g h w h i c h con-
tractile force could be t ransmit ted to the ex-
tracellular matrix and su r round ing tissues. In 
addi t ion, myofibroblasts are present in tissues 
undergoing contraction, such as granulat ion 
t i s sue a n d D u p u y t r e n ' s d i s e a s e d t i s sue , 
which is consistent with the idea that they 
can generate contractile force. 

Further evidence that myofibroblasts can 
generate contractile force comes from studies 
measur ing force generation in granulat ion tis-
sue. Granulat ion tissue on the do r sum of a 
rat can generate isometric force as measured 
by a force t ransducer attached directly to the 
tissue.2" Isolated granulat ion tissue also can 
develop contractile force in response to spe-
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cific agonists and this force generation is cor-
related with the presence of myofibroblasts in 
the tissue.17 Similar studies examining con-
tractility of Dupuytren 's diseased tissue have 
not been done. 

Models that Demonstrate 
Myofibroblasts are Contractile 

Although studies demonstrate that tissues 
containing myofibroblasts can generate con-
tractile force, they do not provide direct evi-
dence that myofibroblasts are contractile. In 
vitro models have been developed to deter-
mine directly whether myofibroblasts are ca-
pable of generating contractile force. The au-
thors' laboratory has used two different in 
vitro models in which isotonic or isometric 
contraction of myofibroblasts can be meas-

ured.41 12 In these models, myofi-
brob las t s ob ta ined f rom D u p u y t r e n ' s dis-
eased palmar fascia are cultured within three-
d i m e n s i o n a l type I col lagen lattices. Cells 
were cultured within three-dimensional type 
I collagen lattices because these lattices model 
the in vivo environment. The type I collagen 
lattice is stabilized by attachment to either the 
bottom of a tissue culture dish or to glass 
tubes coated with hook-and-loop fasteners. 
Myofibroblasts cultured for 5 days within col-
lagen lattices appear similar to myofibroblasts 
in Dupuytren ' s diseased tissue. They have 
bundles of actin microfilaments, assemble fi-
bronectin into fibrils, and form fibronexus at-
tachment complexes at their surfaces (Fig. 5). 
In these models, it is important that the colla-
gen lat t ice be s tab i l ized because myofi-
broblasts cultured with floating collagen lat-
tices do not have bundles of actin filaments, 

Figure 5. Transmission electron micrograph of fibroblasts cultured within stabi-
lized collagen lattices. A, Large bundles of actin microfilaments (large arrow-
head) overlap with extracellular filaments at the cell surface forming a fibro-
nexus adhesion complex. Collagen fibrils (small arrowhead) also are closely 
associated with the cell surface. Bar 0.5 nm. B. Stereo pair of high-voltage 
electron micrographs of lattice labelled with antifibronectin antibody followed by 
secondary antibody conjugated to colloidal gold. Gold particles are restricted to 
fibronectin fibrils extending from the cell surface. Bar 0.5 urn. (From Tomasek 
JJ, Haaksma CJ, Eddy RJ, et al: Fibroblast contraction occurs on release 
of tension in attached collagen lattices: Dependency on an organized actin 
cyloskeleton and serum. Anat Rec 232:359. Copynght < 1992 Reprinted by 
permission ol Wiley-Liss, Inc., a division ot John Wiley & Sons, Inc.) 
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do not assemble fibronectin into fibrils, and 
do not form fibronexus attachments.2" 

The amoun t of contractile force generated 
bv the mvofibroblasts cultured within these 
three-dimensional collagen lattices can be de-
termined. Isotonic contraction can be mea-
sured bv releasing the collagen lattice from its 
at tachment to the culture dish and measur ing 
changes in lattice diameter over t ime ." After 
release, the diameter of the collagen lattice is 
reduced bv as much as 50% within 10 mi-
nutes, after which little change in lattice di-
ameter occurs (Fig. 6). This rapid reduction in 
lattice diameter is the result of myofibroblast 
contraction and the transmission of force to 
the s u r r o u n d i n g col lagen mat r ix . I somet r ic 
contraction can be measured by attaching the 
g lass t u b e s t ab i l i zed co l l agen la t t ices to a 
force t r ansducer . 4 2 Myof ib rob la s t s increase 
isometric force generation in response to spe-
cific agonists that reach a plateau within 10 
minutes. The amoun t of isometric force gen-
e r a t ed by m y o f i b r o b l a s t s is a p p r o x i m a t e l y 
one-tenth that generated by smooth muscle 
cells.42 These experiments demonst ra te that 
myofibroblasts can generate isotonic and iso-
metric force and can transmit this force to the 
sur rounding collagen matrix. 

Regulation of Myofibroblast 
Contraction 

The processes that regulate the contraction 
of myofibroblasts in Dupuyt ren ' s disease are 

just beginning to be unders tood. Using the 
previously described collagen lattice contrac-
tion models, the authors ' laboratory has been 
investigating the regulation of myofibroblast 
c o n t r a c t i o n . S imi la r to s m o o t h m u s c l e cell 
c o n t r a c t i o n , m y o f i b r o b l a s t con t r ac t i on h a s 
been found to depend upon the presence of 
specif ic agon i s t s . L y s o p h o s p h a t i d i c acid 
(LPA), a s imple phosphol ip id , has been iden-
tified as a potent agonist p romot ing the con-
traction of myofibroblasts isolated from Du-
puyt ren ' s diseased t issue." LPA is released by 
platelets upon activation."' In addit ion, LPA is 
a crucial intermediate in de novo lipid bio-
synthesis. LPA, like prostaglandins, can be 
released into the extracellular envi ronment by 
cells after growth-factor st imulation. Whether 
LPA is present in Dupuy t ren ' s diseased tis-
sue, where it could promote myofibroblast 
contraction, remains to be investigated. 

Thrombin also has been identified as an 
agonist for myofibroblasts, a l though it is only 
about 70% as potent as LPA." 12 Thrombin 
promotes myofibroblast contraction through 
the enzymatic activation of its cell-surface re-
c e p t o r . " O t h e r s t u d i e s h a v e d e m o n s t r a t e d 
that prostaglandin F:„ (PGF :„) can promote 
myofibroblast force generation.2S The au thors 
have found that LPA is over 1000 times more 
potent than PGF2(„" suggest ing that it may be 
a more impor tant agonist for contraction of 
myofibroblasts in Dupuy t ren ' s diseased tis-
sue. 

Figure 6. Dark-field photomicrograph illustrating rapid contraction of collagen lattice. A, 
Stabilized collagen lattice cultured for 5 days is round and symmetrical in outline. B, Ten 
minutes after release, the diameter of the same lattice is dramatically reduced. The 
circumference of the lattice prior to release is visible as a white line due to the scraping 
of the plastic surface with a scalpel to mechanically free the attached lattice. Bar 2 
mm (From Tomasek JJ, Haaksma CJ, Eddy RJ, et al: Fibroblast contraction occurs on 
release of tension in attached collagen lattices: Dependency on an organized actin 
cytoskeleton and serum. Anat Rec 232:359, Copyright < 1992. Reprinted by permission 
of Wiley-I.iss, Inc., a division of John Wiley & Sons, Inc.) 



30 TOMASEK et a I 

U n d e r s t a n d i n g the in t race l lu lar mecha-
nisms that regulate myofibroblast contraction 
may provide improved methods of manage-
ment of palmar fascia contraction. LPA may 
promote myofibroblast contraction by activa-
tion of specific in t race l lu la r s igna l ing cas-
cades through binding to its cell-surface re-
ceptor . LPA b i n d i n g of its receptor will 
dec rease cyclic a d e n o s i n e m o n o p h o s p h a t e 
(cAMP) levels59 and increase intracellular cal-
cium levels,32 both of which can increase the 
activity of myosin light-chain kinase23 (Fig. 7). 
Myosin light-chain kinase is an enzyme that 
p h o s p h o r y l a t e s myos in l ight chain . This 
phosphorylat ion is required for myosin-actin 
interaction and the generation of contractile 
force.3-33 LPA therefore would be expected 
to increase the activity of myosin light-chain 
kinase , r esu l t ing in an increase in myos in 
light-chain phosphorylat ion and a subsequent 
increase in myofibroblast generation of con-
tractile force. Prostaglandins El and E2 in-
crease intracellular levels of cAMP and have 
been demonstrated to inhibit LPA-promoted 
myofibroblast contraction.44 Similarly, nifedi-
pine and verapamil can inhibit the intracellu-
lar rise in calcium and can inhibit LPA-pro-
moted myofibroblast contraction.44 Lee and 
coworkers34 recently showed that direct injec-
t ion of v e r a p a m i l in to h y p e r t r o p h i c b u r n 
scars resulted in scar size reduction. The use 
of prostaglandins El or E2 and verapamil or 

nifedipine needs to be investigated further for 
possible clinical use to control Dupuytren 's 
cont rac ture . Hopefu l ly , with fu r the r s tudy, 
other intracellular signaling pathways will be 
identified that may provide alternative meth-
ods to improve management of Dupuytren 's 
contracture. 

Generation of Contractile Force 
Correlates with Expression of a-
Smooth Muscle Actin 

One characteristic of myofibroblasts in vivo 
is the expression of a-smooth muscle actin. It 
has been proposed that increased expression 
of a -smooth muscle actin in myofibroblasts 
may be related to their ability to generate 
contractile force.46-53-56-61 There is a positive 
correlation between tissues undergoing con-
traction and the presence of a-smooth muscle 
actin-expressing myofibroblasts. The authors ' 
in vitro studies of myofibroblasts from Du-
puytren 's diseased tissue have found a posi-
tive correlation between level of expression 
of a -smooth muscle actin and generation of 
cont rac t i le force.5 6 The a u t h o r s a lso h a v e 
found that treatment of myofibroblasts in col-
lagen lattices with TGF-pi results in an in-
creased expression of a -smooth muscle actin 
and a correlated increase in contractile force 
genera t ion . 6 1 O t h e r s t u d i e s h a v e d e m o n -

cAMP 

Protein kinase A v Protein kinase A 
(inactive) (active) 

^ Calmodulin 
Myosin light chain k i n a s e - © ^ ^ Myosin light chain kinase 

(insensitive) (sensitive) 

— Ca 2 + - calmodulin 

Myosin light chain kinase 
(active) 

Myosin light chain v ^ Myosin light chain - ( ? ) 

(inactive) (active) 

Figure 7. Intracellular signaling cascade proposed to regulate contraction of myofibroblasts 
in Dupuytren's disease. (From Rayan GM, Parizi M, Tomasek J J: Pharmacologic regulation 
of Dupuytren's fibroblast contraction in vitro. J Hand Surg [Am] 21:1065. 1996: with peimis-
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strated that decreasing the expression of a -
s m o o t h m u s c l e act in in c u l t u r e d myof i -
broblasts results in the loss of the contractile 
phenotype and acquisition of a more motile 
phenotype .^ Future studies directly correlat-
ing the level of a - smooth muscle actin expres-
sion a n d con t rac t i l e force g e n e r a t i o n a re 
needed to confirm that the expression of this 
contractile protein plays a role in the contrac-
tion of the pa lmar fascia observed in Dupuy-
tren's disease. 

WHAT REGULATES 
MYOFIBROBLAST DIFFERENTIATION 
IN DUPUYTREN'S DISEASE? 

Transforming Growth Factor-p1 
Promotes Myofibroblast 
Differentiation 

Transforming growth factor-pi may play 
an important role in promot ing the differenti-
ation of the myofibroblast. The subcutaneous 
administrat ion of TGF-pl to rats results in the 
formation of a granulat ion tissue in which a -
s m o o t h m u s c l e a c t i n - e x p r e s s i n g myof i -
broblasts are abundant.1 2 Other cytokines and 
g r o w t h fac tors , s u c h as p l a t e l e t - d e r i v e d 
growth factor and tumor necrosis factor-a, 
despite their profibrotic activity, do not in-
duce a - smooth expression in the resulting tis-
sue.1 2 F u r t h e r m o r e , the e x p r e s s i o n of a -
smooth muscle actin protein and m R N A is 
induced by TGF-pi in both growing and qui-
escen t c u l t u r e d f ibroblas t ic p o p u l a t i o n s . 1 2 

TGF-31 also can promote the expression of a -
smooth muscle actin in cul tured Dupuy t ren ' s 
m y o f i b r o b l a s t s a n d n o r m a l p a l m a r fascia 
fibroblasts.61 62 In addit ion, when these cells 
are cultured within stabilized collagen lattices 
and treated with TGF-(31, they increase their 
assembly of fibronectin fibrils and dramat i -
cally increase the size of f ibronexus adhesion 
complexes at their surfaces/ '2 These results 
suggest that the TGF-pi present in Dupuy-
tren's diseased tissue may play an impor tant 
role in promot ing the differentiation of myo-
fibroblasts from palmar fascia fibroblasts. 

Transforming Growth Factor-pi 
Promotes Generation of Contractile 
Force 

It has been proposed that increased genera-
tion of contractile force is a functional conse-

q u e n c e of myof ib rob las t d i f f e r e n t i a t i o n . To 
determine directly whether TGF-(31 can in-
crease the generat ion of contractile force, pal-
mar fascia fibroblasts and Dupuy t ren ' s myo-
f ibroblas t s w e r e c u l t u r e d in s t ab i l i zed 
collagen lattices in the presence or absence of 
TGF-pi . As already discussed, TGF-(S1 treat-
ment promotes the phenotypic differentiat ion 
of the myofibroblast . TGF-01 treatment sig-
nificantly increased the generat ion of contrac-
tile force in b o t h f ib rob las t s a n d myof i -
b r o b l a s t s as d e t e r m i n e d via the r e l eased 
collagen lattice contraction assay.61 62 These 
results are consistent wi th the au thors ' previ-
o u s s t u d y d e m o n s t r a t i n g a c o r r e l a t i o n be-
tween expression of a - smooth muscle actin 
and generat ion of contractile force in cul tured 
Dupuy t ren ' s myofibroblasts.5 6 The increased 
generat ion of contractile force in response to 
TGF-(31 s u g g e s t s tha t the p r e s e n c e of th is 
g rowth factor in Dupuy t ren ' s diseased tissue 
may be responsible for the resulting patho-
logic contracture. 

Mechanical Stress Regulates 
Myofibroblast Differentiation 

Along wi th g rowth factors, such as TGF-
(31, mechanical stress may play an impor tan t 
role in myofibroblast differentiation.22- 25 Fi-
b r o b l a s t s c u l t u r e d w i t h i n a m e c h a n i c a l l y 
stressed collagen lattice form bundles of actin 
microfilaments, assemble fibronectin into fi-
br i ls , a n d f o r m f i b ronexus a d h e s i o n com-
plexes.55 These cells are also responsive to 
T G F - p i , as d e m o n s t r a t e d by i n c r e a s e d ex-
pression of a - smooth muscle actin, increased 
assembly of fibronectin fibrils, and increased 
f o r m a t i o n of f i b rone x us a d h e s i o n com-
plexes. 6 2 In c on t r a s t , f ib rob las t s c u l t u r e d 
within mechanically relaxed collagen lattices 
d o not organize actin into bundles ; rather, 
actin microfi laments are present as a cortical 
meshwork . In addit ion, fibroblasts in this me-
chanically relaxed envi ronment do not assem-
ble fibronectin into fibrils and do not form 
fibronexus adhesion complexes.25 A mechani-
cally stressed envi ronment along with TGF-
pi appears to be necessary for the differentia-
tion of fibroblasts to myofibroblasts in vitro. 
How these mechanical forces influence fibro-
blasts and myofibroblasts in vivo remains to 
be determined. 
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lnterferon-7 Supresses Myofibroblast 
Differentiation 

Interferon-7 (IFN-7), a cytokine produced 
by T-helper l ymphocy te s , can decrease a -
smooth muscle actin protein and mRNA ex-
pression in cultured fibroblasts.14 The authors ' 
recent studies found that IFN-7 can block the 
TGF-(31-promoted changes observed in cul-
tured palmar fascia fibroblasts and Dupuy-
t ren ' s myofibroblasts . 6 1 62 This inc ludes 
blocking expression of a-smooth muscle ac-
tin, assembly of fibronectin fibrils, and forma-
tion of fibronexus adhesion complexes. In ad-
d i t ion , IFN-7 r educes the gene ra t i on of 
contractile force by palmar fascia fibroblasts 
and Dupuytren ' s myofibroblasts in response 
to TGF-pi. Preliminary in vivo results have 
s h o w n tha t IFN-7 t r e a tmen t dec reases the 
symptoms and the size of hypertrophic scars 
and Dupuytren 's nodules.43 In addition, the 
expression of a -smooth muscle actin was de-
creased in myof ibrob las t s in IFN -7 - t r ea t ed 
hypertrophic scars. These results suggest that 
IFN-7, by suppressing myofibroblast differen-
tiation, could represent a useful adjunct to the 
nonsurgical therapy of Dupuytren ' s disease. 

SUMMARY 

Numerous studies suppor t the idea that the 
myofibroblast is a key cell responsible for the 
tissue contraction in Dupuytren ' s disease. In 
vitro models have been developed to s tudy 
the underlying cellular basis of myofibroblast 
differentiation and contraction. Studies sug-
gest that the growth factor TGF-pi combined 
with mechanical stress can promote the dif-
ferentiation of fibroblasts into myofibroblasts. 
Agonists, such as LPA and thrombin, can pro-
mote the con t rac t ion of myof ib rob las t s 
through specific intracellular signaling path-
ways that regulate levels of phosphorylated 
myos in l ight cha in . Agen t s that can af fec t 
these intracellular signaling pa thways hold 
promise as a means to decrease contraction 
of the myofibroblast and of the palmar fascia 
in D u p u y t r e n ' s d i sease . Finally, the recent 
finding that IFN-7 can suppress both the dif-
ferentiation of the myofibroblast and the gen-
eration of contractile force, together with pre-
liminary clinical results using IFN-7, suggest 
the potential use of IFN-7 for nonsurgical 
therapy of Dupuytren 's disease. Future stud-
ies into tlu- cellular basis of tissue contraction 
should provide alternative methods to im-

p rove m a n a g e m e n t of D u p u y t r e n ' s con-
tracture. 
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