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Abstract
Dupuytren’s disease (DD) is a disease of unknown etiology, when the finger remains in a flexed position due to thickening of 
the aponeurosis. Our study aimed to investigate a possible relationship between adenosine deiminases 1 and 2 (ADA1, ADA2) 
and dipeptidyl peptidases 4 and 2 (DPP4, DPP2) with DD. The activity of named enzymes in aponeurosis and blood plasma 
from patients with DD and with various hand injuries (healthy individuals, HI) were compared. In aponeurosis from DD pa-
tients, ADA1 and ADA2 activities were higher by 5.6 and 7.8 times, respectively, compared to aponeurosis from HI. High levels 
of DPP4 and DPP2 activity were recorded in the DD aponeurosis, whereas they were untestable in the HI aponeurosis. Their 
activity in blood plasma was ~1.5 times higher in DD than HI subjects. In the aponeurosis, the highest activity of ADA1 was 
in sever level of DD, while of DPP4 and DPP2 in moderate level. ADA1 and DPP4 activity were significantly higher in DD with 
diabetes than without it. ADA and DPP can be recommended as targets in the fight against DD using their inhibitors assumed 
in medicine, which can help to avoid surgical intervention.

Keywords: adenosine deaminase 1, adenosine deaminase 2, aponeurosis, dipeptidyl peptidase 4, dipeptidyl 
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Introduction

Dupuytren’s disease (DD) is a benign myelopro-
liferative disorder that results in one or more fingers 
being permanently bent in a flexed position [1]. DD 
begins with the formation of hard nodules or calluses 
under the skin. Normally, the palmar flap is composed 
of type 1 collagen, but in DD predominates more rigid 
type 3 collagen, which contributes to the formation of 
thick and coarse nodules [2]. Fibroblasts in the aponeu-
rosis are transformed into myofibroblasts as a result of 
ischemia (occur at manual mechanical labor, a predom-
inant risk factor of DD) and increased levels of free rad-
icals (occur at any stress in tissue) [3]. At high fibroblast 
density, type I collagen production was suppressed, 
which explain the increased type III/I collagen ratio 

in DD. Fibroblast proliferation and collagen deposition 
contribute to microvascular constriction and progres-
sion of the pathology [2]. In DD collagen undergoes 
hydroxylation and glycosylation [4]. DD is commonly 
classified into three levels of severity, depending on the 
degree of tissue thickening and the extent of finger de-
formities – mild, moderate and severe [5]. 

Risk factors for DD are: gender (male), age (40+), 
heredity (60–70% autosomal dominant type) [6], alco-
holism, smoking, manual work, previous hand inju-
ry, epilepsy HIV etc. [7]. Diabetes Mellitus (DM) is also 
among the risk factors for DD. A retrospective study 
analyzed the prevalence of DD between 2010 and 2020, 
comparing the type 1 DM (T1DM) and type 2 DM (T2DM) 
cohorts [8]. DD prevalence was revealed among T2DM 
patients compared with T1DM, as well as in patients 
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taking metformin (used in the treatment of T2DM) 
compared to those using insulin (mainly prescribed for 
the treatment of T1DM). These observations can be con-
ditioned by elder ages of DD patients, when glycation 
end products are more pronounced. The relationship 
between DM and DD is likely based on the similarity of 
their pathogenesis. In DM, glycation end products are 
formed, which contribute to increased systemic fibro-
sis facilitating the DD development. Elevated levels of 
glycation end products increase fascial stiffness, favor-
ing DD emergence. A diabetic joint mobility syndrome 
is observed in patients with chronic diabetes [9]. It is 
diagnosed by painless stiffness of the joints of hands 
and feet, impaired grip and fine motor skills, a positive 
“prayer sign”. The DD increased prevalence in individ-
uals with DM can be also linked to microvascular dis-
traction and heightened collagen synthesis. The micro-
vascular changes in DD are similar to those in DM [10].

Currently, the DD treatment are surgical or con-
servative (local injection of steroids from Clostridium 
Histolyticum [11], anti-inflammatory drugs, colchicine, 
tamoxifen, interferon, vitamin E, barotherapy and 
physical therapy or percutaneous needle aponeurot-
omy). Even with contradictory results and a frequent 
relapses, patients prefer conservative interventions be-
cause of the shorter recovery period. However, surgery 
remains the most effective treatment for DD despite in-
traoperative and postoperative complication, and the 
probability of relapses [12].

Adenosine is an endogenous physiologically ac-
tive purine nucleoside known as a neurotransmitter, 
anticonvulsant, modulator of lipolysis, glycogenoly-
sis, blood flow etc. [13]. It is an immunomodulatory 
and cytoprotective molecule, regulating immune re-
actions and alleviating inflammation [14]. Adenosine 
deaminase (ADA, EC 3.5.4.4) is an enzyme converting 
adenosine to inosine, essential in the development and 
maintenance of immune system [15]. ADA provides tis-
sue repair and wound healing by promoting cell migra-
tion, growth, and differentiation. During inflamma-
tion caused by infection or tissue injury, the ADA level 
increases diminishing adenosine concentration and 
aggravating inflammation [16]. In humans, ADA is pre-
sented by two isoenzymes, ADA1 and ADA2 [17]. These 
isoenzymes are encoded by different genes, differ in 
their molecular and catalytic properties, location and 
physiological function. ADA2 binds to cell surface via 
proteoglycan receptors and participates in the regula-
tion of cell proliferation and differentiation [18]. 

Dipeptidyl peptidases are serine proteases remov-
ing dipeptide from N terminus of polypeptides and pro-

teins containing proline or alanine in the penultimate 
position. One of them, DPP4 (EC 3.4.14.5) [19], inacti-
vates incretins hormones, supporting the development 
of T2DM. DPP4 inhibitors are among the drugs used 
against T2DM [20]. Non-covalent complex of DPP4 with 
ADA1 provides an extracellular ADA activity. Together 
with urokinase, DPP4 participates in the scar forma-
tion, stimulating TGFβ1-mediated myofibroblasts 
differentiation and production of non-physiological 
extracellular matrix components, precursors of rough 
scar formation [21]. Topical use of inhibitors of DPP4 
and urokinase in vivo improved scar quality, suggesting 
the use of serine protease inhibitors for the treatment 
of skin fibrosis [22]. Dipeptidyl peptidase 2 (DPP2, EC 
3.4.14.2) is a lysosome localized enzyme. It participates 
in degradation of collagen fragments, myofibril pro-
teins, and neuropeptides, in cell differentiation, patho-
genesis of autoimmune diseases [23]. 

The goal of the present work is to study the activity 
peculiarities of ADA1, ADA2, DPP4 and DPP2 enzymes 
in DD, to consider these enzymes as possible factors in 
the pathogenesis of disease, to identify them as poten-
tial therapeutic targets in the DD treatment.

Material and methods

Chemicals

Substrates ADA, adenosine and DPP Gly-Pro p-ni-
troanilide, Bovine serum albumin (BSA), erythro-9-
(2-hydroxy-3-nonly) adenine (EHNA) and Coomassie 
G-250 dye were purchased from Sigma (USA). Other 
chemicals used were of the highest available purity.

Objects

Abnormally thickened aponeurosis and blood plas-
ma from patients with DD and patients with various 
hand injuries (practically healthy individuals (HI, con-
trol) were provided by Heratsi Hospital. Samples were 
taken only from men and grouped by age and severity of 
the disease. 100 mg aponeuroses tissue was homogenized 
in 10 ml of 10 mM phosphate buffer pH 7.4 for 15 min in 
a manual glass homogenizer, centrifuged for 20 min at 
17,000 rpm and the supernatant was used in the study.

Enzyme assay

ADA1 and ADA2 activity in the biological samples 
was assayed by the phenol-hypochlorite colorimetric 
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method described earlier [24]. For two isoenzymes 
their specific optimal conditions were used: 40 mM 
K-Na-phosphate buffer, pH 7.8, and pH 6.5, 0.04 mM 
and 0.25 mM adenosine for ADA1 and ADA2, respec-
tively. In ADA2 assay 1 mM EHNA, a selective inhibi-
tor of ADA1, was included. DPPII and DPPIV activities 
were assayed in the alike procedures in the presence of 
0.24 mM Gly-Pro p-NA using different buffers: 40 mM 
acetic buffer, pH 5.5, for DPPII and 40 mM K-Na-phos-
phate buffer, pH 7.4, for DPPIV [25]. All enzymatic ac-
tivities were expressed in International Units per mg of 
protein in the assay mixture (IU/mg).

Protein was measured as described by Bradford [26], 
using BSA as a standard.

Equipment Potter manual glass homogenizer, 
MPW-352 centrifuge (Poland) and Cary Eclipse spectro-
photometer (USA) were used.

Statistical analysis

Statistical analysis was performed using GraphPad 
prism 8.0 software for Windows, version 8.4.0. (671). 
One sample t and Wilcoxon analysis was used. The data 
were expressed as means±SEM.

Results

The activities of ADA1 and ADA2 enzymes
The activity of ADA1 and ADA2 in the homogenates 

of the aponeurosis of patients with DD was compared 
with that of conditionally HI. ADA1 activity was also 
assessed in plasma samples from DD and HI subjects, 
but ADA2 activity was not measured. The obtained re-
sults are presented in Table 1. 

Figure 1: ADA1 and ADA2 activity in homogenates of aponeurosis of from DD and HI subjects in dependence of age; 
dotted lines are the linear trend lines for data.

Enzyme Biomaterial HI DD P-value

ADA1, IU/mg (n)
Aponeurosis 21.05±1.1 (38) 118.3±5.2 (57) <0.0001

Blood 26.24±1.52 (25) 39.72±1.96 (28) <0.001

Table 1: ADA1 activity (means±SEM) in biological samples of DD and HI persons.
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Table 1 shows that activity of ADA1 in the homoge-
nates of aponeurosis from DD patients is approxi-
mately by 5.6 times higher than in the homogenates of 
aponeurosis from HI persons. The activity of ADA1 in 
the blood samples from DD aponeurosis is higher than 
that from HI persons by 1.5 times. The activity of ADA2 
in the homogenates of aponeurosis from DD patients 
(127.9±11.3 IU/mg, n=28) is by 7.8 times higher than 
in the homogenates of aponeurosis from HI persons 
(16.3±1.1 IU/mg, n=28), p<0.0001.

The ADA1 and ADA2 activities in homogenates 
of aponeurosis from DD patients and from HI sub-
jects are demonstrated in Figure 1 in dependence of 
the person age. A fairly high activity of ADA1 in pa-
tients aged 40–50 years (149.3±8.6 IU/mg), is followed 
by a 1.4-fold lower activity in patients aged 50+ years 
(105.2±4.5 IU/mg, p=0.001). They were 7.09 and 5 times, 

respectively, higher than in the samples of HI persons 
across all the ages (21.05±1.1 IU/mg). ADA2 activity 
in aponeurosis homogenates in these two age groups 
differs slightly: in patients aged 40–50 years (129.3± 
14.9 IU/mg) and 50+ years (125.9±7 IU/mg), and in indi-
viduals with HI – 17.23±1.3 IU/mg and 15.96±1.3 IU/mg, 
respectively.

The activity of DPP2 and DPP4 enzymes

DPP4 and DPP2 activity in tissue homogenates from 
HI patients was absent or below measurable levels. On 
the contrary, in homogenates of the aponeurosis of pa-
tients with DD, rather high levels of activity of these 
enzymes were found. Table 2 presents the activities of 
DPP2 and DPP4 in the blood plasma and homogenates 
of aponeurosis in DD and HI persons. In blood plasma 

Figure 2: DPP4 and DPP2 activity in homogenates of aponeurosis of DD patients depending on age; dotted lines are 
the linear trends for data.

Table 2: DPP4 and DPP2 activities (mean±SEM) in biological samples from DD and HI persons.

Note: * – NМ-not measurable.

Enzyme Biomaterial HI DD P-value

DPP4, IU/mg (n)
Aponeurosis NМ* 61.52±5.1 (35) -

Blood 15.3±0.9 (25) 23.25±0.6 (28) <0.002

DPP2, IU/mg (n)
Aponeurosis NМ* 48.51±4.5 (28) -

Blood 13.7±0.9 (25) 20.34±0.7 (28) <0.002
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of DD patients, the DPP4 and DPP2 activities were close 
to each other and about 1.5 times higher compared to 
that in HI.

Figure 2 shows a decrease in DPP4 and DPP2 activi-
ty in aponeurosis homogenates from patients with DD 
with increasing patient age.

Activities of the studied enzymes 
in dependence of DD severity

ADA1, ADA2, DPP2 and DPP4 activities in homoge-
nates of DD aponeurosis were grouped according to 
the severity of disease: mild (I), moderate (II) and se-
vere (III) (Figure 3 and Figure 4). 

Figure 3 shows the highest ADA activity at highest 
severity of DD.

Figure 4 shows that both the DPP4 (n=35) and DPP2 
(n=28) activities are of the highest level at the moderate 
DD level (93±10.9 and 79±8.8 IU/mg, respectively), be-
ing nearly twice of values at the mild and severe DD lev-
els, at which they differ insignificantly: DPP4 activity is 
equal to 50±4.2 and 62±7.5 IU/mg, and DPP2 is of 35±6.9 
and 38±9.9 IU/mg, respectively. The predominance of 
the activity of both enzymes in moderate level in rela-
tion to the mild and severe levels is statistically signif-

icant: p=0.007 and 0.05 for DPP4, and p=0.009 and 0.01 
for DPP2, respectively.

Activities of the studied enzymes in DD 
with and without DM

ADA1, ADA2, DPP4 and DPP2 activity in the aponeu-
rosis homogenates from DD patients with and without 
DM are presented in Figure 5. Here ADA1 activity is ap-
proximately 1.41 times higher in DD patients with DM 
compared to those without DM (140±10.4 IU/mg and 
100±9.6 IU/mg, respectively, p<0.0001).

DPP4 activity is approximately twice as high in the 
DD+DM compared to DD without DM (81±7 IU/mg and 
42±1.5 IU/mg, p=0.02). DPP2 activity in DD with and 
without DM (47.68±5 IU/mg and 49.34±4.4 IU/mg, re-
spectively), as well as ADA2 (127.0±1.6 IU/mg and 115± 
1.5 IU/mg, respectively) differ unreliably.

Discussion

Three types of DC were considered in the work [27], 
from which type 2, “the more normal type of DD, usu-
ally found in the palm only” is a subject of the present 

Figure 3: ADA1 and ADA2 activity in aponeurosis homogenates of DD patients in three levels of disease severity.



Rom J Diabetes Nutr Metab Dis. 2025; volume 32, issue 4

© 2025 The Authors Romanian Journal of Diabetes, Nutrition and Metabolic Diseases  ::  www.rjdnmd.org 477

Figure 4: DPP2 and DPP4 activity in homogenates of aponeurosis of DD patients in three levels of disease severity.

Figure 5: ADA1, DPP4, DPP2 and ADA2 activities in the homogenates of aponeurosis from DD patients with and 
without DM.
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study. The authors noted that “DD is not primarily an in-
flammatory condition, but inflammation can be a com-
ponent of the disease”. Indeed, there are a few works in 
which the inflammatory infiltration of palmar tissue 
from DD has been reported [28]. The increase in dermal 
dendrocytes and inflammatory cells in DD tissue [29] 
supports the “extrinsic theory” of DD pathogenesis sug-
gesting changes in the level of inflammatory cytokines in 
DD tissues, causing migration of Langerhans cells from 
the epidermis. Immunohistochemistry revealed inflam-
matory cells in the nodules of DD tissue suggesting the 
contracture of the fingers as a result of a chronic inflam-
mation, which is supported indirectly by positive results 
of steroid treatment [30]. The present study documented 
sharp increase of the ADA activity in aponeurosis tissue 
homogenate of DD patients (Table 1, Figure 1). Moreover, 
highest ADA activity was seen at highest severity of DD 
(Figure 3). Increased ADA activity obviously should re-
sult in the exhaustion of its substrate, adenosine, a well-
known anti-inflammatory agent in the body, aggravat-
ing inflammatory process [16]. This suggests that local 
inhibition of ADA activity may be useful in combating 
DD or at least mitigating its exacerbation.

In the introduction, important role of myofibro-
blasts and collagen in the formation of DD nodules was 
noted. The scientific publications prove the active par-
ticipation of CD26/DPP4 in similar processes. It is in-
volved in the pathogenesis of chronic fibrotic diseases: 
liver cirrhosis, kidney and lung fibrosis etc. Growing 
evidence suggests that inhibition of DPP4 can modulate 
the profibrotic tissue microenvironment and reduce fi-
brotic changes within affected organs [31]. Overexpres-
sion of DPP4 promoted fibroblast activation, whereas 
genetic inactivation or inhibition of DPP4 reduced the 
proliferation, migration, and expression of contractile 
proteins and release of collagen, promoted regression 
and ameliorated fibrosis [32]. Perturbation of fibronec-
tin may result in development of fibrosis. In a model of 
severe dermal fibrosis, fibroblast cultures showed dys-
regulated fibronectin deposition with an increase in 
profibrotic DPP4-positive fibroblasts. DPP4 inhibitors 
normalized the deposition of fibronectin, fibrillin mi-
crofibrils, and collagen I [33]. Topical treatment with 
inhibitors of DPP4 and urokinase during scar formation 
in vivo improved scar quality, providing antifibrotic ac-
tivity [21]. Being a lysosome protease, DPP2 participates 
in degradation of collagen fragments, myofibril pro-
teins etc. Surprisingly, monitoring of DPP2 and DPP4 
peptidase activities in homogenates of aponeurosis tis-
sue from 40 “control” subjects showed that they were 
below the measurable level. The appearance of high 

activity of both peptidases in the aponeurosis of DD pa-
tients (Table 2, Figure 2) is a signal of a deviation of the 
metabolism of fibrillar molecules from the norm, more 
significant in the mild level of DD (Figure 4). Hence the 
inhibition of DPP family enzymes, probably not only 
the studied DPP2 and DPP4, should be considered as a 
positive approach to the treatment of DD.

The association of DD with DM is wide reported. 
The DD and DM conditions increase with age. The DM 
morphology may trigger DD: microvascular changes in 
DM contribute to local hypoxia supporting the devel-
opment of DD. The microvascular changes observed 
in DD and DM are similar [10]. Present report demon-
strated higher levels of ADA1 and DPP4 activity in the 
homogenate of aponeurosis tissue from patients with 
DD, suffering sym from diabetes, compared to those in 
patients with DD only (Figure 5). It is known, that ADA 
and DPP4 participate in the pathophysiology of T2DM 
and its complications: a positive correlation between 
ADA level and glycemic control proved its importance 
in glucose and lipid metabolic derangements in T2DM 
patients [34]. The inhibitors of DPP4 are potential 
drugs for the treatment of T2DM [35].

Conclusion

The strength of this work is that it contributes to 
the rare studies of the biochemical processes involved 
in the pathogenesis of DD. In particular, the observed 
sharp increase in ADA activity in pathological tissue 
added a new, albeit indirect, indication of the involve-
ment of inflammation in the development of DD. The 
demonstrated pronounced activity of the DPP family 
enzymes with the ability to destroy many structural 
polypeptides of tissue and cells, confirms previously 
expressed assumptions about the role of serine pro-
teases in DD. Overall, the described results can serve 
as bases for recommending the use of ADA and DPP in-
hibitors in topical external application to alleviate the 
pathology of DD. Such non-invasive treatment will be 
more attractive to patients than any other currently 
used means, in particular, surgical intervention. How-
ever, to overcome the main weakness of this work and 
ensure compliance with such recommendations, larger 
numbers of patients need to be involved in future study.
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