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Immunohistochemical evidence for Zic1 coexpression with b-catenin in
the myofibroblast of Dupuytren disease
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Abstract
The active cellular component in Dupuytren disease (DD) is the a smooth muscle actin (a SMA) containing myofibroblast.
The underlying regulatory processes in activation of myofibroblasts resemble the pathophysiology of certain types of cancer.
Accumulation of b catenin has been shown in many fibroproliferative processes, including DD and recent findings
attributed a possible role to the Zic1 transcription factor. To assess Zic1 expression in DD and investigate its relation with
the accumulation of b catenin, neighbouring tissue samples in 20 patients with DD were stained immunohistochemically
with monoclonal antibodies for b catenin, a SMA, and Zic1. Histological appearance was staged according to Luck. Cell
rich areas with accumulation of b catenin in myofibroblasts that stained for a SMA and showed apparent Zic1 coexpression
were obvious. This coexpression seemed independent of proliferative or involutional histological staging. We found only
Zic1 expression in residual stages. A different pattern of expression of protein in the residual stage may support earlier
suggestions of a cellular heterogeneity with the existence of different cell (sub )populations in nodules and cords. On the
other hand coexpression of Zic1 and b catenin may indicate a relation between Zic1 and the Wnt pathway. Further studies
are needed to elucidate cellular origin, potential heterogeneity and activity of the myofibroblasts in DD, and to define the
exact role of Zic1 in fibroproliferative processes, wound healing, and cancer. The fibroblast in DD is an interesting model
for future experiments.
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Introduction

Dupuytren disease (DD) affects mainly northern

Europeans of Celtic descent, and has a prevalence of

40% in the Scandinavian population [1,2]. Epidemi-

ological surveys have shown family clustering, rais-

ing even more suspicion that there are underlying

genetic factors [3]. Its common association with

oncological diseases or early death and its tendency

to local recurrence after resection have lead to basic

research on overlapping pathophysiological pro-

cesses and certain types of cancer [3,4].

The underlying fibroproliferative process features

nodules (focus of proliferating fibroblasts) and cords

(cell-poor densely packed collagen fibres) in the

palmar fascia [5]. The cellular component in the

nodules is the myofibroblast that stains for a-smooth

muscle actin (a-SMA) often referred to as ‘active’

fibroblast [6,7].

Several immunohistochemical, microarray ana-

lyses, and PCR studies in DD have shown that

b-catenin is dysregulated with increased concentra-

tions in cytoplasm [8�10]. b-catenin is a central

signaling molecule in the canonical Wnt-pathway

[8]. By regulating proliferation of fibroblasts and the

fate or differentiation of cells, the Wnt-pathway has

an important role in fibrous tumours such as

desmoid tumours [11,12]. In contrast to desmoids,

however, no alterations in expression of upstream

regulating Wnt genes have been found, nor have

mutations been identified [9,13,14].

An important role in neural, muscle, and skeletal

development has been attributed to the Zic gene
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family [15]. The Zic1 gene is involved in early

patterning and dorsal neural tube development by

regulating cellular proliferation and differentiation,

contributing to the oncogenesis of medulloblastoma

[16]. It has been suggested that Zic1 is an upstream

regulator of several Wnt-genes [17]. Recently, Zic1

was given a role in fibroproliferative processes

because its expression had been isolated in desmoid

tumours, hypertrophic scars, and DD [18].

To define the myofibroblast in DD further and

explore b-catenin and Zic1 expression patterns,

neighbouring sections of 20 surgical samples were

stained with three different markers (b-catenin,

Zic1, and a-SMA) to study their regional distribu-

tion and cellular coexpression.

Material and methods

Biopsy material of nodules from the palmar fascia

and cords of 20 patients with DD were collected,

and five neighbouring samples (5 mm) were prepared

for simultaneous immunohistochemical staining

(6%-formalin-fixed and paraffin-embedded). After

deparaffinising and rehydrating the samples, endo-

genous peroxidase activity was quenched by a 0.3%

hydrogen peroxide/methanol solution for 30 mi-

nutes. In the samples for b-catenin staining this

was done with citric acid 10 mmol/l (pH 6) for 30

minutes on a 988 water bath. Blocking with serum

bovine albumin was followed by incubation with

mouse monoclonal antibodies for b-catenin (Trans-

duction Laboratories, San Diego, CA), monoclonal

antibodies for Zic1 [18], a-SMA (DAKO, Den-

mark), a negative control without antibody, and a

positive control to show stainability of the cells with

fibroblastic origin with vimentin (Sigma, St. Louis,

USA). Controls for antibody specificity of Zic1 and

b-catenin were done as in preceding studies [18].

Antibodies were visualised with Envision anti-

mouse immunoglobulin (DAKO, Denmark). After

the samples had been washed in phosphate buffered

saline and bovine serum albumin, they were stained

with diaminobenzidine under direct control using

the microscope. Before the samples were mounted

they were further stained with haematoxylin.

Neighbouring slides were compared under the

microscope, with histological staging as described by

Luck (proliferative, involutional, and residual stage)

and attention was paid to the distribution of stained

cells and antibody coexpression [2].

Results

All but the negative control samples stained immuno-

histochemically for vimentin, b-catenin, Zic1, and

a-SMA. All cells with a fibroblastic origin stained

diffusely for vimentin.

b-catenin, Zic1, and a-SMA were profuse, but

restricted to certain areas of the tissue samples. Zic1

staining was most obvious, with prominent nuclear

and some cytoplasmic expression. It was seen in

bundles of somewhat larger and organised spindle

shaped cells with prominent nuclei and few inter-

cellular matrix. These areas were categorised as

histological zones of proliferation (few oriented cell

groups) or involution (clearly oriented cell groups)

according to Luck [2]. Although slightly less appar-

ent, b-catenin and a-SMA staining areas grossly

corresponded with similar areas in neighbouring

samples (Figure 1). The cytoplasm and nucleus

stained for b-catenin, where it was prominent.

Around and in between these zones there were

areas that did not stain and were categorised as

proliferative or involutional zones.

The third histological zone consisted of Luck’s [2]

residual stage with many parallel collagen fibres and

few embedded cells, which showed some nuclear

Zic1 staining with none for a-SMA or b-catenin

(Figure 2).

There were two clearly different histological

images: a cell-rich and a cell-poor zone. The latter

was clearly Luck’s residual zone, in which there were

cords with few cells and meticulous collagen orien-

tation [2]. The cell-rich zone showed alternating

regions of cells that stained for antibody or not in a

more or less oriented fashion (Figure 3). The

neighbouring samples indicated coexpression of

Zic1, b-catenin, and a-SMA in mainly matching

regions. These stained regions contained somewhat

larger cells with bigger nuclei that had variable

orientation and few intercellular matrices and con-

sisted of alternating proliferative and involutional

stages. In between them were regions with similar

cell-rich patterns that contained only non-staining

cells.

Discussion

Myofibroblasts are considered to be phenotypical

modified fibroblasts as they feature typical smooth

muscle cell properties, such as bundles of a-SMA

positive microfilaments, and can be found in inflam-

matory tissues, tumour stroma, wound healing, and

in Dupuytren disease, and are often referred to as

the ‘activated’ fibroblasts [7,19]. Further definition

of myofibroblasts is needed to understand the

activation processes that lead to its collagen produc-

tion, tissue contraction, and permanent finger con-

tractures in DD [6].

A crucial role has been attributed to the

well-studied signalling Wnt-pathway in embryonic
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development [8]. Accumulation of its key-protein

b-catenin has been shown in many fibroproliferative

processes, including different types of cancer as well

as DD [5,8,11,18,19]. Cellular tension may modu-

late b-catenin expression in DD, as was shown both

in vivo and in vitro [5].

In contrast to epithelial cells, in which a purely

membranous b-catenin-staining pattern is present,

membranous and cytoplasmatic b-catenin staining is

seen in endothelial cells and normal fibroblasts [14].

In the present study, high-level nuclear staining of

b-catenin was shown in DD, which indicates a

possible dysregulation of the Wnt-pathway with

accumulation of b-catenin and secondary nuclear

translocation [12]. The prominent nuclear b-catenin

staining was also present in deep fibromatosis

(desmoid tumour), in contrast to most other fibro-

proliferative and mesenchymal tumours, in which

only cytoplasmatic accumulation is seen [20].

Zic genes are a common theme in embryonic

development as is the Wnt-pathway [20]. A regulat-

ing role in cell proliferation has been attributed to

the Zic1 gene during the embryonic stage [15]. No

Zic1 has been reported in adult tissue outside the

brain, and brain tumours, until recently when our

group described its expression in fibroproliferative

diseases and proliferating skin fibroblasts through an

epigenetic mechanism [18].

In cerebellar development and brain tumours Zic

staining is usually limited to the nucleus [16]. Here

also clear nuclear Zic1 staining was present, but it

was associated with cytoplasmatic staining to some

extent, as was also previously noticed in other

studies [18]. Zic1 translocation to the cytoplasmatic

compartment in the presence of I-mfa has recently

been described in mice [21].

Our immunohistochemical study of b-catenin, a-

SMA, and Zic1 in DD has shown largely overlapping

staining patterns, which suggest coexpression of

Zic1 and b-catenin in clusters of activated myofi-

broblasts. Although neighbouring samples are clo-

sely related and histologically similar tissues, in

reality there is a slight difference in the site, which

is inevitable. This, in combination with an inherent

antibody-specific distinction in the intensity of

staining and different tissue preparation (the 988
quenching bath necessary for b-catenin) may explain

minor differences in the intensity of antibody ex-

pression and slightly incomplete overlap (Figure 1).

The a-SMA staining shows that the cells that

accumulate b-catenin and Zic1 are myofibroblasts in

their ‘active’ state. Recently, an upstream regulating

Figure 1. Immunohistochemical micrographs (original magnification�400) of a selected nodular region in a proliferative stage, with

advanced cellularity and poor orientation. Immunohistochemical staining shows (a) corresponding Zic1, (b) b catenin, and (c) a SMA

expression in neighbouring samples, showing Zic1 and b catenin coexpression in myofibroblasts (secondary staining with haematoxylin).

The staining region is embedded in surrounding non staining fibroblasts.

Figure 2. Immunohistochemical micrographs (original magnification�400) of well orientated collagen rich and cell poor cords in a

residual stage of Dupuytren disease. (a) Some nuclear Zic1 expression, (b) without b catenin accumulation (secondary staining with

haematoxylin).
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role of several Wnt-genes for Zic1 has been suggested

[17]. Although recent reports have failed to correlate

Wnt expression with the known b-catenin dysregula-

tion in DD, our findings of Zic1 and b-catenin

coexpression do not rule out an indirect, possibly

upstream, relation between Zic1 and the Wnt-path-

way [12,17]. The signal transduction pathway of Zic

is not yet well understood, but a potential modulating

role for it has been suggested in the Hedgehog

pathway, which, similarly to the Wnt-pathway, is

involved in development, formation of body pattern,

and tumorigenesis [22]. Antagonism between Hedge-

hog and Wnt signaling pathways has been shown in

colorectal cancers [23]. Zic family proteins may

function as transcriptional coactivators, as its promi-

nent nuclear site suggests involvement in RNA

processing or transport from the nucleus to the

cytoplasm [24].

As well as variable fibroblastic activity within a

single lesion, the striking inconsistency in cellular

Zic1 and b-catenin expression with cellular clustering

of these markers could also indicate cellular hetero-

geneity with the existence of different cell (sub-)po-

pulations. The isolated Zic1 expression pattern in the

fibroblasts at the residual stage may even point to a

different cellular origin in cords and nodules of DD,

as was suggested earlier based on differences in the

metabolic activity of these fibroblasts [25].

Further studies are needed to elucidate cellular

origin, potential heterogeneity, and activity of the

myofibroblasts, and to define the exact role of Zic1

in fibroproliferative processes including its potential

relation with the Wnt-pathway. To explore myo-

fibroblastic activation mechanisms in fibroprolifera-

tive processes or even in cancer and wound healing,

the fibroblast in DD may be an interesting model for

future experiments.
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