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ABSTRACT
Objective. The activity of the Wnt path-
way, a critical mediator of fibrosis, is 
regulated by Dickkopf-1 (Dkk-1). Dkk-
1 is absent from scleroderma skin in 
contrast to skin from healthy subjects 
where it is clearly expressed. There are 
no data on circulating levels and func-
tion of Dkk-1 in patients with systemic 
sclerosis (SSc).
Our objectives are to assess: i) circu-
lating and functional levels of Dkk-1 in 
patients with SSc and ii) whether the 
striking lack of Dkk-1 skin expression is 
also evident in a) clinically uninvolved 
skin from patients with SSc and b) very 
early disease prior to skin thickening.
Methods. Circulating Dkk-1 levels 
were measured in 50 patients with SSc 
and 50 controls. Skin biopsies were ob-
tained from SSc patients from a) clini-
cally involved skin b) clinically unin-
volved skin, c) oedematous skin prior to 
skin thickening.  
Results. Circulating and functional 
Dkk-1 levels were similar in patients 
with SSc and controls. Healthy skin 
displayed a high Dkk-1 immuno-ex-
pression in the epidermis and dermal 
fibroblasts in contrast to clinically in-
volved scleroderma skin where Dkk-1 
was totally absent. In all biopsies of 
clinically uninvolved skin Dkk-1 was 
only moderately expressed whereas 
skin from very early disease displayed 
only a weak Dkk-1 immunoreactivity.
Conclusion. The downregulation of 
Dkk-1 at the oedematous phase of the 
disease indicates that the Wnt pathway 
is involved early in the disease process 
and may play a role in driving fibrosis. 
The decrease in Dkk-1 expression in 
clinically uninvolved scleroderma skin 
indicates that skin in SSc is universally 
affected.       

Introduction
SSc is a prototype multisystem fibrotic 
disease that associates with substantial 
morbidity and mortality (1). In SSc fi-
broblasts are hyperactivated and pro-
duce increased amounts of collagen 
that eventually leads to fibrosis and or-
gan dysfunction. The question of what 
drives fibroblast activation remains 
unanswered. Recently, research has 
focused on developmental pathways; 
several lines of experimental evidence 
suggest that these pathways are crucial 
mediators of the fibrotic process (2-
5). The developmental pathway that 
has received most attention is the ca-
nonical Wnt pathway where β-catenin 
serves as the central mediator. The 
activity of the pathway is tightly regu-
lated by several soluble inhibitors such 
as Dickkopf-1 (Dkk-1) (6, 7). Dkk-1 
is critically involved in the process of 
new bone formation in both animal 
models (8) and patients with ankylos-
ing spondylitis (AS) (9). We have pre-
viously shown that in patients with AS, 
Dkk-1 is dysfunctional something that 
may lead to aberrant Wnt pathway ac-
tivation and eventually new bone for-
mation (10). Even though Dkk-1 was 
thought to be a bone specific molecule, 
it is now apparent that it is expressed in 
other tissues as well, such as the skin. 
Recently, Dkk-1 has been implicated 
in the pathophysiology of fibrosis. 
We, among others, have reported that 
Dkk-1 has virtually no expression in 
scleroderma skin in sharp contrast to 
normal skin where Dkk-1 was clearly 
expressed (11, 12). Interestingly, over-
expression of Dkk-1 ameliorated fibro-
sis in several animal models, highlight-
ing the key role of this molecule in the 
fibrotic process (12). It is currently not 
known whether decreased Dkk-1 skin 
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expression in patients with SSc associ-
ates with altered systemic levels. Up 
until now, Dkk-1 skin expression has 
only been assessed in established fibro-
sis, in biopsies obtained from clinically 
involved areas. It is not known whether 
the downregulation of Dkk-1 in sclero-
derma skin is an early event appearing 
prior to fibrosis and whether Dkk-1 is 
also absent from clinically uninvolved 
skin from patients with SSc. In this 
study we aimed at exploring whether 
circulating levels and function of Dkk-
1 are altered in patients with SSc and 
investigating potential correlations 
with clinical and demographic charac-
teristics. Moreover, we aimed to assess 
whether the striking lack of Dkk-1 skin 
expression is also evident in a) clini-
cally uninvolved skin from patients 
with SSc and b) very early disease at 
the puffy/oedematous phase, prior to 
skin thickening. We report herein that 
downregulation of Dkk-1 in sclero-
derma skin occurs early in the disease 
process, prior to the establishment of 
fibrosis and is a universal finding af-
fecting clinically uninvolved skin as 
well. In sharp contrast, circulating lev-
els and function of Dkk-1 are not im-
paired in patients with SSc despite the 
striking lack of skin expression.  These 
data indicate that local profibrotic fac-
tors suppress Dkk-1 expression in scle-
roderma skin.

Patients and methods 
Patients
Assessment of circulating levels and 
function of Dkk-1 was performed in 50 
patients with SSc, fulfilling the 2013 
criteria for the classification of the 
disease (13), that were recruited from 
routine outpatient clinics at the Rheu-
matology Department of Patras Univer-
sity Hospital, Greece. Basic clinical and 
demographic characteristics of study 
subjects are presented in Table I (Cohort 
1). Most patients had diffuse disease 
(64%). Interstitial lung disease (ILD) 
was more common among patients with 
diffuse disease compared to patients 
with limited disease (62.5% vs. 33.3%, 
respectively). On the other hand, digital 
ulcers were less common in the diffuse 
vs. the limited subtype (25% vs. 55.5%), 
as expected. All patients underwent an 

extensive baseline evaluation including 
a full review of their medical records, a 
complete physical examination, includ-
ing an assessment of skin thickening us-
ing the MRSS tool and calculation of the 
Scleroderma Health Assessment Ques-
tionnaire (S-HAQ). Laboratory workup 
consisted of full blood count, inflam-
matory markers, routine biochemistry 
tests, full serologic profile and pulmo-
nary function tests (PFTs). Fifty healthy 
volunteers, age and sex matched, were 
used as controls. A local (Patras Uni-
versity Hospital, Patras, Greece) Ethics 
Committee approved the study protocol, 
which fulfilled the requirements of the 
Declaration of Helsinki, and a written 
informed consent was obtained from all 
participating individuals.

Skin histology
Skin biopsies (5mm punch) were ob-
tained from: a) 12 patients with SSc 
from lesional skin of the forearm. Basic 
clinical and demographic characteris-
tics of these patients are presented in 
Table I (Cohort 2); b) clinically unin-
volved skin was obtained from 5 pa-
tients with SSc (4 diffuse-1 limited) 
with a median age of 50 (46-72) and 
disease duration of 6 (2-13) years from 
the upper back which was not affected 
clinically; c) 2 patients with systemic 
sclerosis (SSc) with very early disease 
(<12 months). The first patient was a 
45-year old female with a 2-year his-
tory of Raynaud’s, positive anti-Scl70, 
scleroderma pattern in capillaroscopy 
and puffy fingers.  She had normal 
PFTs and no clinical evidence of in-
ternal organ involvement. The second 
patient was a 65-year old female with 

a 3-year history of Raynaud’s, positive 
anti-Scl70, telangiectasias and puffy 
fingers. She had normal PFTs but re-
ported mild gastroesophageal reflux. 
Both these patients had puffy fingers 
but no skin thickening; the biopsy was 
obtained from the distal part of the fore-
arm, in close proximity to the oedema-
tous area and prior to initiation of any 
kind of immunomodulatory therapy d) 
5 healthy subjects. Dkk-1 expression 
was immunohistochemically assessed 
using a mouse anti-human monoclonal 
antibody (R&D Systems) as previously 
described (11) by a semi-quantitative 
method (high/moderate/weak/no ex-
pression).

Assessment of circulating 
and functional levels of Dkk-1
Serum samples were obtained from 
all patients and were stored at -20oC. 
Circulating Dkk-1 levels were meas-
ured using an established solid phase 
immunoassay, according to the manu-
facturer’s instructions (R&D Systems). 
The functional integrity of Dkk-1 was 
assessed by a functional enzyme linked 
immunoabsorbent assay (ELISA), as 
previously described (10). Briefly, this 
functional assay measures only Dkk-1 
bound to low density lipoprotein recep-
tor-related protein 6 (LRP6). All meas-
urements were performed in triplicates 
for each sample and the mean value 
was calculated.

Statistical analysis 
Statistical analysis was performed us-
ing the SPSS software (SPSS Inc, Chi-
cago, Illinois), v. 20. Data are present-
ed as mean ± SEM, median (25-75th 

Table I. Demographic and clinical characteristics of patients with SSc.

 Cohort 1 (n=50) Cohort 2 (n=12)

Age (years) mean±SEM 57.3 ± 2.1 51.2 ± 3.23
Gender female n (%) 42 (84%)   10 (83.3)
Disease duration (years) mean±SEM 8 ±1.3 7.4 ± 0.7
Diffuse disease n(%) 32 (64%) 9 (75)
Anti-Scl70 positive n(%) 28 (56%) 8 (66.6)
Anti-centromere positive n(%) 17 (34%) 4 (33.3)
MRSS mean±SEM 17.1±1.2 16.17 ± 1.5
Interstitial lung disease (ILD) 26 (52%) 7 (58.3%)
Pulmonary arterial hypertension (PAH) 3 (6) 1 (8.3%)
Digital ulcers (DU) 18 (36%) 3 (25%)

ILD as indicated by findings in PFTs and HRCT. PAH diagnosed by right heart catheterisation.            
DU either present or reported in their medical records.
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percentile values) or percentages as ap-
propriate. Correlations between Dkk-1 
and other variables were analysed by 
Pearson or Spearman test, as appropri-
ate. Significance was defined as p<0.05 
(two-tailed).

Results
Downregulation of Dkk-1 skin 
expression in SSc is an early event, 
occurring independently of fibrosis
Healthy skin displayed a high Dkk-1 
immunoexpression in basal cells of the 
epidermis as well as in the fibroblasts 
of the dermis in sharp contrast to clini-
cally involved scleroderma skin that 
displayed no Dkk-1 immunoexpres-
sion. In clinically uninvolved skin ob-
tained from patients with SSc Dkk-1 
was only moderately expressed in ba-
sal cells of the epidermis and dermal 

fibroblasts. Clinically uninvolved scle-
roderma skin could be differentiated 
by immunohistochemical means from 
both skin from healthy subjects (high 
Dkk-1 expression) and clinically in-
volved scleroderma skin (no Dkk-1 ex-
pression). Skin from very early disease 
at the oedematous phase, prior to skin 
thickening, exhibited only a weak Dkk-
1 immunoreactivity in basal cells of the 
epidermis as well as in the fibroblasts 
of the dermis. Representative histology 
is depicted in Figure 1.   

Despite the lack of skin expression 
circulating levels of Dkk-1 are 
normal in patients with SSc
We next assessed whether the striking 
differences in Dkk-1 skin expression in 
patients with SSc and healthy subjects 
coincided with differences in circulat-

ing Dkk-1 levels. Circulating levels of 
Dkk-1 did not differ significantly in 
patients with SSc compared to healthy 
subjects (mean ± SEM: 1603±154 pg/
ml vs. 1889±95 pg/ml for patients with 
SSc and healthy subjects, respectively, 
p=ns). These are diagrammatically de-
picted in Figure 2A. We next assessed 
whether circulating Dkk-1 levels cor-
related with basic clinical and demo-
graphic characteristics in patients with 
SSc. We found no correlation of circu-
lating Dkk-1 levels with age, gender, 
disease duration or disease type (diffuse 
vs. limited). More detailed analysis also 
revealed no significant correlations with 
MRSS, SHAQ, inflammatory markers 
(ESR, CRP), PFT’s or the presence of 
auto-abs (anti-Scl70 or anti-centromere 
Abs).

Binding of Dkk-1 to LRP6 receptor 
is not impaired in SSc
We next assessed the functional in-
tegrity of Dkk-1 in patients with SSc. 
We applied a functional ELISA which 
measures only Dkk-1 bound to LRP6 
receptor. Patients with SSc had simi-
lar functional Dkk-1 levels compared 
to healthy subjects (mean ± SEM: 
257.8±89.5 pg/ml vs. 325.3±74.9 pg/
ml for patients with SSc and healthy 
subjects, respectively, p=ns, Fig. 2B). 

Discussion
A substantial amount of experimental 
data suggests that the Wnt pathway is a 
pivotal mediator of fibrosis. Fibroblast 
specific stabilisation of β-catenin leads 
to spontaneous fibrosis in animal mod-
els; on the other hand, fibroblast specif-
ic deletion of β-catenin prevents fibro-
sis (14). In humans with SSc, the Wnt 
pathway has been found to be highly 
activated in the skin (12, 14). It is not 
entirely known what drives aberrant 
Wnt signalling in scleroderma skin. 
Recent data indicate that enhanced 
Wnt pathway activation in scleroderma 
skin is linked to downregulation of the 
Wnt pathway inhibitor Dkk-1. It has 
been shown that Dkk-1 has almost no 
expression in scleroderma skin in sharp 
contrast to normal skin where Dkk-1 is 
strongly expressed (11, 12).
Akhmetshina et al. have shown that 
transforming growth factor β (TGFβ), 

Fig. 1. Dkk-1 skin expression.
(A) Normal skin displaying strong Dkk-1 immunoreactivity in the epidermis and the fibroblasts of 
dermis (red arrows).
(B) In a section from skin of early scleroderma (puffy hands/oedematous stage)  Dkk-1 shows only 
weak immunoexpression in both the epidermis and the fibroblasts of the dermis (red arrows).
(C) In this section of clinically uninvolved skin from a scleroderma patient, Dkk-1 exhibited moderate 
immunoreactivity, in both the epidermis and the fibroblasts of the dermis (red arrows) . 
(D) In sharp contrast, clinically involved scleroderma skin (epidermis and dermal fibroblasts) was 
negative for Dkk-1.
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a master regulator of fibrosis, is able 
to potentiate Wnt signalling by down 
regulating the expression of Dkk-1, 
thus providing evidence of an intrigu-
ing link between TGFβ, Dkk-1 and Wnt 
signalling (12). Moreover, the promoter 
of DKK1 appears to be hypermethyl-
ated, a process known to attenuate gene 
expression (15). These data indicate 
that epigenetic mechanisms may also 
be involved in the down regulation of 
Dkk-1 in scleroderma skin. It is of in-
terest that decreased Dkk-1 expression 
and aberrant Wnt signalling is not sole-
ly observed in scleroderma skin but is a 
universal finding in all forms of fibrosis 
such as liver cirrhosis and idiopathic 
lung fibrosis (12).
So far, Dkk-1 has only been assessed in 
cases of established fibrosis. Therefore, 
it is not known whether the downregu-
lation of Dkk-1 precedes the develop-
ment of fibrosis or occurs late in the 
fibrotic process. Our data indicate that 
the downregulation of Dkk-1 skin ex-
pression is a very early event occurring 
in the oedematous phase of the disease 
pointing to the direction that the Wnt 
pathway is involved early in the dis-
ease process, prior to establishment of 
fibrosis. This is a finding with potential 

pathogenetic implications; the fact that 
Dkk-1 is downregulated prior to the de-
velopment of skin thickening suggests 
that the Wnt pathway is a driver of fi-
brosis.
In this study we also assessed Dkk-
1 expression in clinically uninvolved 
skin of patients with SSc. Interestingly, 
clinically uninvolved skin from pa-
tients with SSc displayed a moderate 
Dkk-1 immunoreactivity and could be 
differentiated from both normal skin 
(high Dkk-1 expression) and clinically 
involved scleroderma skin (no Dkk-1 
expression). The decrease in Dkk-1 ex-
pression in clinically uninvolved scle-
roderma skin substantiates previous 
evidence that the skin in SSc is univer-
sally affected underlining the systemic 
nature of the disease (16). Gene expres-
sion studies have shown a similar gene 
expression profile in both clinically in-
volved and clinically uninvolved scle-
roderma skin (17).
The Wnt pathway is a significant or-
chestrator of embryogenesis; moreover, 
it is crucially involved in many homeo-
static functions such as osteoblastogen-
esis, among others (18). Dkk-1 has 
been previously considered as a bone 
specific molecule and its role in the 

regulation of bone mass and joint re-
modelling has been extensively studied. 
In animal models of inflammatory ar-
thritis, increased Dkk-1 expression has 
been linked to bone resorption whereas 
blockade of Dkk-1 to osteophyte for-
mation, indicating that Dkk-1 is a mas-
ter regulator of joint remodelling (8).
Our data, alongside with previous re-
ports, clearly show that Dkk-1 is not a 
bone specific molecule as previously 
thought, since it is clearly expressed in 
other tissues such as the skin. Experi-
mental data inversely linking Dkk-1 ex-
pression with bone mass (19, 20) have 
spurred enthusiasm related to the use 
of Dkk-1 blockers as a mean of treating 
osteoporosis. Even though data from 
animal models are supportive, in light of 
recent findings that Dkk-1 expression is 
not restricted to the bone, this approach 
should be rather discouraged; Dkk-1 
blockade may enhance Wnt signalling 
in other tissues and lead to fibrosis. 
Indeed, a trend towards increased skin 
thickening was found in healthy mice 
treated with a mAb against Dkk-1 (12).
In this study we have shown that Dkk-
1 is strikingly absent from scleroderma 
skin and is downregulated early in the 
disease process. However, despite the 
lack of skin expression, circulating and 
functional levels are not impaired. This 
is the first study that provides data in-
dicating that there is no systemic defect 
of the molecule; therefore local factors 
(potentially transforming growth factor 
β-TGFβ) suppress Dkk-1 expression in 
the skin. Our data indicate that Dkk-1 
is functionally intact in SSc in contrast 
to other diseases such as AS where it is 
dysfunctional (10).
A limitation of our study is the low 
number of biopsies assessed; this was 
due to obvious difficulties in recruiting 
patients with very early disease prior to 
skin thickening and obtaining biopsies 
from sites not clinically involved.  Our 
findings should be confirmed in larger 
scale studies before definite conclu-
sions can be drawn.
In conclusion, circulating and func-
tional levels of Dkk-1 are normal in 
SSc despite the striking lack of skin 
expression. Our data indicate that local 
profibrotic factors may suppress Dkk-1 
expression in scleroderma skin early in 

Fig. 2. Circulating and functional Dkk-1 levels in patients with SSc.
Circulating Dkk-1 levels (A) and functional Dkk-1 levels (B) in patients with SSc and healthy subjects are 
similar.  There are no differences in circulating Dkk-1 levels in patients with diffuse vs. limited disease (C).
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the disease process and further substan-
tiate existing evidence pointing to the 
direction of a critical role of this mole-
cule in the pathogenesis of SSc. 
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