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Summary 

Nodular palmar fibromatosis is a self-limited proliferation of fibro-jmyofibroblasts associated with growth factor synthesis 
aud abundant fibroncctin extracelluJnr mntrix deposition. bFGF and TGFfl are potent modulators of fibro-/myofibroblast 
proliferation and differentiation. Moreover, in vitro investigations evidenced a TGF,Bl�dependent regulation of alt�.ructtlve 
splicing of fibro11ectln mRNA. To investigate a possible implication of these growth factors in the tissue formation process 
of palmar fibromatosis, TGFJJl/2 and bFGF synthesis, as well as TGFfll/3 and bFGF tissue distribution, is demonstrated 
by RNA in situ hybridization andjor immunuhi::.lochemiatry in relation to myofihrohlast phenotype development 
("'-smooth muscle actin, desmin immunohistochemistry), expression of different fibronectin isoforms (ED-A+, ED-B + and 
oncofetal glycosylated fibronectin immunohistochemistry, fibronectin RNA in situ hybridization) and cellular activity 
(cyclin RNA in sitn hyhridization, Ki-67 inrmunolabelling). The myofibroblast phenotype (a-smooth muscle actin, desmin), 
the growth factor synthesis (TGFfll and 2, bFGF), fibronectin matrix synthesis (KNA m situ hybrtdi,atiuu with eDNA) ond 
ED-A+, ED·B + and oncoletal glycosylated fibronectin immunostaining are exclusively localized in the active proliferative 
nodules (Ki-67 immunolabelling and cyclin mRNA demonstration). Whereas the growth factor synthesis is restricted to the 
proliferative areas of the fibromatu::�il:i uuly, TGrp1, TGP/33 ilnd bFGF pl·otl?in�::. ran also be detected immunohistochemkally 
with a lower intensity in the surrounding aponeurotic tissue. The spatial correlation of myofibroblast phenotype, TGF!l and 
bFGF synthesis and the occurrence of the oncofetal molecular fibronectin variants (ED-B + and oncofetal glycosylated 
fibronectin) in the active proliferative fibromatosis nodules suggests a pathogentic role of these growth factors and matrix 
components in the tumorous tissue formation process. The presence of the hFGF and TGF,Bl/3 proteins in fibroblasts 
neighbouring the proliferative nodules may point to a recruitment of quiescent aponeurotic fibroblasts in the fibromatous 
tissue formation process. 

Introduction 

Nodular palmar fibromatosis (Dupuytren's disease) 
is a proliferation of fibro-/myofibroblasts in the hu
man palmar aponeurosis. The growth of the pro litera
lively active nodules is self-limiting and results in 
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shortening of the palmar fascia and flexion contrac
ture of digits. The nodules pass through three ltiblu
logically definable phases: the proliferative, the invo
lutional and the residual phase (Luck, 1959). The 
fibromatous nodules in the prulifenilive or early in 
volutional phase are characterized by the occurrence 
of a myofibroblast phenotype associated with basal 
lamina formcttiuu and an extensive non-collagenous 
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extracellular matrix deposition containing fibronectin 
(Tomasek et al., 1986; Eddy et al., 1988; Schiirch et al, 
1992) and tenascin (Berndt et al., 1993, 1994). Fi
bronectin is organized in specialized cell matrix con
tacts of myofibroblasts called fibronexus and is in
volved in transmitting contractile forces generated by 
microfilaments to the fibrillary collagen matrix 
(Siuger, 1979). Apctrl frum this slmcturctl ctspect, fi

bronectin is also of regulatory importance in tissue 
formation by cell-matrix interaction (Bissell et al., 
1982; Adams & Watt, 1993). 

It could be shown that fibronectin molecular vari
ants exist, produced by changes in glycosylation of 
the mcs region and/ or by alternative splicing of 
mRNA. Three areas of the fibronectin monomer show 
sequence variations. Extra domains A and B (ED-A, 
ED-B) are skipped or included in a cell-type-specific 
manner, while the IJICS region of human fibronectin 
can vary in length, if present at all. ED-A and ED-B 
are only found in cellular fibronectin, which implies a 
possible role in cell-matrix communication 
(Schwarzbauer, 1991). Particularly the ED-B + fi
bronectin and the de novo glycosylated fibronectin are 
expressed in immature as well as in tumour tissues 
(oncofetal fibronectins) (Carnemolla et al., 1989; 
Ffrench-Constant et al., 1989; Mandel et al., 1992; 
David et al., 1993). Various cytokineo, e.g. insulin-like 
growth factor, platelet-derived growth factor a, basic 
fibroblast growth factor (bFGF) and transforming 
growt h  factor fJ (TGFfJ ), are strongly expressed in 
proliferative nodules of palmar fibromatosis (Baird et 
al., 1993). 

The bFGF (FGF-2) induces mitogenic activity in a 
large number of different cell types in vitro, including 
endothelial cells and fibroblasts (Baird & Walicke, 
1989; Burgess & Maciag, 1989) and is a potent regula
tor of differential expression of several matrix compo
nents (Tan et al., 1993) as well as an efficient modula
tor of the expression of integrins on endothelial cells 
in vitro (Enenstein et al., 1992). 

TGT/'ll treatment of fibroblasts in vitro results in 
upregulation of proliferation (Okragly et al., 1994) 
and transcdption of collagen and fibronectin gene.5 
(Herlyn & Malkowicz, 1991; Grande et al., 1993). 
Other recently published reports concerning the ac
tivities of TGF{31 in fibroblastic cells dealt with the 
induction of a-smooth muscle actin, indicating a myo
fibroblast phenotype development, in quiescent and 
growing cultured fibroblast of different origins 
(Desmouliere et al., 1993; R0nnov-Jessen & Petersen, 
1993). Additionally, TGF/31 seems to be involved 
in the control of alternative splicing of fibronectin 
pre-mRNA in fibroblasts, resulting in the re-estab
lishment of early developmental (oncofetal) protein 
variants in vitro (Baiza et al., 1988; Borsi et al., 1990). 

The interrelations between growth .factors, flbro· 
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blast proliferation and differentiation, as well as 
extracellular matrix mentioned above, prompted us 
to study TGF/3 /bFGF synthesis and TGFtJ jbFGF pro
tein tissue distribution in relation to proliferative 
activity (cyclm ml<NA m situ hybridization), occur
rence of myofibroblasts (a-smooth muscle actin, 
desmin immunocytochemistry), fibronectin synthesis 
(fil.JruHeclinmRNA in silu hyl.Jriuizctliun) ctnu uepusi
tion of ED-A+ fibronectin as well as oncofetal 
fibronectin isoforms (ED-B + and oncofetal glycosy
lated fibronectin immunohistochemistry) in extracel
lular matrix of nodular palmar fibromatosis. 

Materials and methods 

Tissue material 

Ten surgical specimens of proliferative active Dupuytren's 
disear;e (proliFPrntivP <�nrl e;::�rly involufionl'll ph;tsP) WPrP 
available and evaluated by conventional histology accord
ing to the criteria set forward by Luck (1959). Furthermore, 
samples of the fresh surgical specimens, up to 5 mm in 
diameter, were snap frozen in tluid propane cooled by 
liquid nitrogen and stored at -70'C until processed. 

lmmunohistochemislrtj 

Cryostat sections of the respective frozen tissue samples 
were fixed in ice-cooled acetone for 15 min and subjected to 
immunohistochemistry. The following primary antibodies 
were employed: antibodies to vimentin (clone V9, 2.2 1'-g 
mi-', Dako, Denmark), desmin (clone D33, 6.2 1'-g ml-1, 
Dako, Denmark)_ a-smooth muscle actin (done 1A4, 2.4 J.Lg 
mi - 1, Dako, Denmark), ED-A containing fibronectin (clone 
1ST 9, culture supernatant, diluted 1: 500 (Borsi et al., 
1987)), ED-B containing fibronectin (clone BC1, culture su
pernatant, diluted 1:20 (Carnemolla et al., 1992)), oncofetal 
glycosylated fibronectin (clone 5C10, culture supernatant, 
diluted 1:20 (Mandel et al., 1992)), proliferation marker 
Ki�67 antigen (rabbit anti-Ki-67 antigen polyclonal anti� 
bodies, 2.8 1'-g mi -1, Dako, Denmark), bFGF (polyclonal, 
protein concentration-28 1'-g ml-1, Sigma, USA), TGF{31 
(LAP /TGF{31 precursor, polyclonal, 2 !Lg ml-', R&D Sys
tems, USA) and TGFJ33 (clone 236-5.2, 5 1'-g 1ni 1, Dianova, 
FRG). Immunohistochemical staining was performed using 
the APAAP (alkaline phosphatas"' monoclonal anti-alkaline 
phosphatase) method (Gustmann et al., 1991). 

The primary antibody was incubated for 30 min at room 
temperature. After washing with Tris buffer, sections were 
treated with rabbit anti-mouse immunoglobulins (lgG, Z
.:L.59, diluted 1: 70, Dako, Denmark), and then with the 
mouse APAAP-complex (Dako, Denmark). Both incuba
tions were done for 30 min at room temperature. In case of 
primary po1ydona1 rabbit antibodies a second mouse anti
rabbit antibody (diluted 1: 400, Dako, Denmark) was intro
duced. 

To increase the staining intensity, the incubation with the 
rabbit anti-mouse immunoglobulln and wtth the AP AAP-
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complex was repeated twice. Naphthol-AS-biphosphate 
(Sigma, 2250, USA) and new fuchsin (Merck, 4040, Ger
many) were used as substrate and developer, respectively. 
To inhibit endogenous tissue enzyme activity, the develop
ing solution was supplemented with 0.25 mmol 1"1 lev
amisole (Sigma, L-9756, USA). 

For evaluation of immunosbai:ning. the prim.ary <'lntihnriy 
was replaced by non-immune serum as negative controL 
Blood vessels of the aponeurotic tissue were used as inherM 
ent positive control for smooth muscle actin, desmin and 
fibronectin. 

mRNA in situ hybridization 

Slide preparation and pretreatment. Non-radioactive 
mRNA in situ hybridization was performed on cryostat 
sections of Dupuytren's tissue containing rustologically de
finable proliferative nmluh.:!ti. TltltiUI:! l:it:divu::s (7 ,u.m) were 
mounted on slides coated with 3% (v lv) 3-aminopro
pyltriethoxysilane in acetone, briefly air-dried, and fixed in 
4% (w /v) paraformaldehyde in phosphate-buffered saline 
(PBS) for 20 nlin at 4'C. Then slides were briefly rinsed in 
70% ethanol and air-dried. Sections were stored at -70'e 
until processed. 

mRNA in situ hybridization with oligonucleotide probes 
for bFGF, TGFf31, TGFf32 and cyclin (PCNA, proliferating 
celh.llar nuclear antigen) 

Before hybridization procedures the slides were handled as 
follows: 15 min at room temperature in 0.2 M HCI, rinsed in 
PBS, and 15 min at 37'C in 50 mM Tris-Hel, pH 7.6/pro
teinase K (0-5 1-'g ml-1). Slides were washed twice in 
distilled water, dehydrated in graded ethanol (70% and 
96%) and air-dried. 

Preparation of labelled oligonucleotide probes. The 
oligonucleotide probes for human TGF/32 and cyclin were 
purchased from Oncogene ScienceiDianova (Germany) and 
biotin labelled usmg the labelling system Bio-ULS (Krea
techjDianova, Germany). The oligonucleotide probes for 
human TGF/31 and bFGF (R&D systems) were biotin
hhP11Prl p-rohP cocktails containing probes for three differ
ent exons of about 30 bases in lengths. 

Prehybridization and hybridization. The hybridization so
lution contained 1 X SSC (0.6 M NaCl and 0.06 M sodium 
dtrate), 25% (v lv) deionized formamide, 1 X Denhardt's 
solution, 1 mM EDTA (ethylene diaminetetraacetic acid), 
5% (wlv) dextran sulphate, 100 1-'g m1"1 heat-denatured 
calf thymus DNA, 100 !-'g mi _, heat-denatured transfer 
RNA and 200-400 ng ml"1 biotin-labelled probes. Prehy
bridization was carried out with hybridization medium 
without oligonudeoHclP�<, �0 min at :'!7°C: in a moi�t cham
ber. Then 50 1-'1 hybridization solution were applied to each 
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slide, ribonuclease (RNAse)-free coverslips were mounted 
and hybridization was allowed to proceed at 37'C 
overnight. Slides were then washed for 30 min in 2 X SSe 
and ;;o mm in 1 x sse at room temperature. 

mRNA in situ hybridization with eDNA probe for 
jibronecti11 

Pretreatment of slides. 20 min at room temperature in 0.2 
M He!, 30 min at 70'e in 2 x sse, and 15 min at 37'e in 50 
niM Tds-HCI, pi! 7.61proteinaoe K (1 5 p.g mi"1). SUde, 
were rinsed twice tu distilled water, dehydrated in graded 
ethanol (70% and 96%) and air-dried. 

Preparation of lubdl<Ll eDNA probe. The eDNA (m· hu
man fibronectin (Kornblihtt et al., 1983, 1985) was pur
chased from GIBeO BRL, UK (1.4 kb, nucleic acids: 
1993-3364). amplified in sufficient amounts according to a 
new polymerase chain reaction technique which does not 
require spedfic primers (manuscript in preparation) and 
biotin labelled using the Nick Translation Kit and biotin
ll�UUTP from Dodu-i.nger Mannheim, Gennany. 

Prehybridization and hybridization. The hybridization so
lution contained 4 X SSe, 50% (v lv) deionized formamide, 
1 x Denhardt's solution, 1 mM EDTA, 5% (wjv) dextran 
sulphate, 100 !-'g ml"1 heat-denatured calf thymus DNA, 
100 /Lg m1"1 heat-denatured transfer RNA and 200 ng 
ml-1 biotin-labelled fibronectin eDNA. Prehybridization 
was carried out with hybridization medium without eDNA 
for 60 min at 37'e in a moist chamber. Then 50 1-'1 hy
bridization solution containing 200 ng m1"1 probe were 
dpplied lo each slide, RNAse-free coverslips were mounted 
and hybridization was allowed to proceed at 37'e 
overnight. Slides were then washed for 2 h in 10 mM 
Tris-HCI, pH 7.6 I 2 X sse I 50% formainide I 1 mM 
EDTA followed by 1 h at 55'C in OmniBuff (JenaBioTech 
and W AK ehemie Medical GmbH, Germany) and rinsed in 
Omnibuff at room temperature. 

Detection 
Hybridized probes were detected using an anti-biotin anti
body (DAKO, Denmark) and the AP A.A P tPf'hnl(pn:' mPn� 
tioned above. In the case of bFGF, in situ hyblidization 
biotinylated probes were detected using alkaline phos
phatase conjugated streptavidin (steptavidin AP) and 5-
bromo-4-chloro-o-indolyl phosphate/Nitro Blue Tetra
zolium (BeiP INBT) as substratelchromogeJ\ (DAKO In 
situ Hybridization Detection System, Dako, Denmark). 

Controls 
No-probe hybridization and ribonuclease (RNase) predi
gestion were used as negative control and specificity con� 
trol, respectively. 

Fig. 1. (a) Cyclin RNA in situ hybridization indicating a high cellular activity in the proliferative phase of nodular fibromatosis (detection 
with APAAP technique, X 150). (b) Fibronectin synthesis revealed by RNA in situ hybridization is restricted to the cellMdense acnve 
fibromatosis nodule (detection with APAAP technique, x150). (c) Immunohistochemical detection of ED-B+ fibronectin and (d) oncofetal 
glycosylated fibronectin in fibromatosis nodules of early involutional phase (APAAP technique, X 150). (e) Detection of bFGF synthesis in 
the centre of a nodule (iu situ hybridization, BCIP jNBT, X 150. (0 RNase control of bFGF in situ hybridization. (g) Diffuse cellular 
immunostairung of b.FGF m a fibromatOtiC nodule {APAAP techniqu�, xleJO). {h) Deututt&ltdLion of TGPp1 �ynthe�i� by men.ns of RN:A in 
situ hybridization in fibromatosis nodule of early involutional phase (detection with APAAP technique, X 150). (i) Diffuse immunohis
tochemical distribution of TGFj31 in a fibtomatosis nodule as well as in sttrrounding aponeurotic tissue (APAAP technique, X 150). 
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Results 

Myofibroblast phenotype and proliferative activihj 
The nodules of active pdlmur fibromatosis are charac
terized by a high cellular density and immunohis
tochemically by a-smooth muscle actin positive cells 
(myofibroblasts). Additionally, oinglc cells or cell 
groups are desmin positive. A distinct immunostain
ing pattern of Ki-67 antigen and a dear accumulation 
of cyclin gene transcription as shown hy in situ hy
bridization (Fig. la) evidence the high proliferative 
activity of fibro-jmyofibroblastic cells in the fibro
matosis. Additionally, cyclin mRNA could be found 
in single fibroblasts in aponeurotic tissue beyond 
fibromatosis nodules and in vascular structures. 

Immunohistochemical distribution of oncofetal fibronectin 
variants 
Fibronectin splice variants containing the ED-A and 
ED-B domains and the oncofetal glycosylated fi
bronectin are exclusively demonstrated in prolifera
tive nodules (compare Figs lc and ld). As a rule, the 
immunoreaction of ED-A specific antibody IST 9 and 
the antibody to the oncofetal glycosylated fibronectin 
5Cl0 was stronger and more extensive than the reac
tion with the HU-ll specitic antibody BCl. A differ
ence between the staining pattern of IST 9 and 5C10 
is not observed. 

Immunohistochemical distribution of growth factors 

There was an accumulation of bFGF in proliferative 
areas, whereas in the surrounding aponeurosis, blood 
vessels and only a few single fibroblastic cells showed 
a clear reaction (Fig. 1g). TGF/51 (Fig. li) and TGF/53 
can be detected in the whole examined material with 
a concentration in the proliferative nodules. In gen
eral, the staining pattern of TGF/51 is more intensive 
than that of TGFf33. Auilitiunally, there is an accentu
ation of strongly TGF/5 3-positive cells in perivascular 
regions. 

Growth factor and fibronectin synthesis 

Synthesis of TGFfll (Fig. 1h), TGFfl2, bFGF (Figs le 
and lf) and fibronectin (Fig. 1b) as revealed by non
radioactive RNA in situ hybridization can be de
tected in all fibro-jmyofibroblastic cells within the 
proliferatlv� are""· Only some single cells out of the 
nodules as well as blood vessels are additionally 
immunostained. 

The hybridization pattern of growth factm·s, fi
bronectin and cydin, as well as the immunostaining 
pattern for oncofetal glycosylated and alternatively 
spliced fibronectin isoforms, arP i<i<>nticaL as de
termined by serial sections. 
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Uiscussion 

The growth of benign and malignant soft-tissue tu
mours may be assuciuted with a strong expression of 
numerous growth factors and their receptors, inter
preted as evidence for autocrine growth stimulation 
(Perosio & Brooks, 1989; Roholl et al., 1991; Gonzalez 
et al., 1992). 

In paimar fibromatosis the synthesis of growth 
factors (TGF,B, bFGF) could hP visualized by mRNA 
in situ hybridization. Whereas growth factor mRNA 
could be demonstrated exclusively within prolifera
tive fibrous nodules, immunohistochemically bFGF, 
TGFfl1 and TGFfl3 could be seen additionally in the 
adjacent aponeurotic tissue, in the fibroblastic cells as 
well as in the extracellular matrix. The immunohis
tochemical demonstration of extracellular localized 
growth factors indicates diffusion processes. The dif
fusion of growth factors from synthetically active 
fibrous uuuules to adjacent aponeurotic tissue may 
cause an activation of quiescent fibroblasts by a 
paracrine stimulation in palmar fibromatosis. 

TCF/3 comprioco a superfamily of slmclunilly re
lated regulatory proteins including three mammalian 
isoforms, TGFJ51, -fl2, and -fl3, with 70-80% se
quence identity, Hs wpJI as activin/inhibins and bone 
morphogenetic proteins which have 30-40% se
quence identity. TGFfl is the prototypical multifunc
tional growth factor (Sporn & Roberts, 1988). The 
biological activity of TGFfl isoforms seems to be 
functionally equivalent in vitro, although there are 
differences in potency on different cell types. The 
nature of the activity in a particular cell type depends 
critically on many parameters, such the state of dif
ferentiation, the growth conditions and on the pres
ence uf uther growth factors (Sporn et at., 1987). In 
the proliferative phase of nodular fibromatosis 
significant differences between the mRNA patterns of 
bFCF, TGF/31 and TCF(32 could not be observeu. The 
simultaneous activation of these genes in the prolifer
ative phase of the fibromatosis is in line with the 
state of fibroblast activation and known for fibro 
blasts of different origins. 

Whereas fibronectin occurs in the matrix of the 
whole palmar aponeurosis (Tomasek et al., 1986) fi
bronectin synthesis is restricted to the proliferative 
nodules. The so-called oncofetal fibronectin isoforrns 
(ED-B + and oncofetal glycosylated fibronectin) and 
bU-A + fibronectin are localized exclusively within 
the fibrous nodules of the proliferative phase (Halli
day et al., 1994). The pattern of fibronectin synthesis 
auuliumunohistochemical oncofetal Jsoform demon
stration indicates that only the newly formed fi
bronectin in paimar fibromatosis nodules is alterna
tively spliced and/ or glycosylated (Kosmehl d ul., 
1995). Furthermore, there is an obvious co-locallza-
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tion of oncofetal fibronectin hmfunm,:;, g,ruw lh fctdm· 
mRNA' s myofibroblasts (a-smooth muscle actin 
positive cells) and fibromatosis proliferation (visual
ized by cyclin labelling). Therefore, the activated fi
broblast phenotype in palmar fibromatosis may be 
defined by growth factor synthesis, oncofetal matrix 
expression and myofibroblastic phenotype. 

TGF/31 is said to be a potent inductor of expression 
of extracellular matrix proteins (Wang et al., 1991; 
Bachem et al., 1993; Grande et al., 1993) including the 
regulation of alternative splicing of fibronectin (Baiza 
et al., 1988; Borsi et al., 1990) and of the myofibroblast 
phenotype revealed by a-smooth muscle actin 
(Bjorkerud, 1991; Desmouliere et ul., 1993; R¢mtov
Jessen & Petersen, 1993). The present investigations 
support these in vitro findings by a co-distribution of 
newly formed matrix proteins and TGF{3 synthesis 

for fibroblasts in nodular palmar fibromatosis in vivo. 
In summary, the results substantiate a de novo 

synthesis of TGF,B 1, TGF,B 2 and bFGF in nodular 
palmar fibromatosis which should play a role in 
the formation of the 'quasi-neoplastic' tissue of the 
proliferative nodules. Secondly, there is an obvious 
co-distribution of growth factor synthesis, oncofetal 
fibronectin matrix and myofibroblast phenotype for
mation as well as cellular proliferation (cyclin RNA 
in situ hybridization) in active fibromatosis nuuul� •. 
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