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A B S T R A C T   

Dupuytren disease (DD) is a hand-localized fibrotic disorder characterized by a scar-like, collagen-rich cord. 
Treatment usually comprises surgical removal of the cord, but is associated with a high relapse rate, in some 
cases requiring finger amputation. There is currently no consensual medical approach for treating DD. Numerous 
preclinical studies have highlighted antifibrotic properties of metformin, and the aim of this study was to assess a 
potential antifibrotic role of metformin in DD. Fibroblasts from DD cords (DF) and phenotypically normal palmar 
fascia (PF) were extracted from surgical specimens and cultured. The fibrotic status of DF and PF was compared 
at baseline, and under profibrotic (TGF-β stimulation) and antifibrotic (metformin stimulation) conditions, using 
quantitative RT-PCR, western blot, immunocytochemistry, and a functional fibroblast contraction assay. At 
baseline, DF showed higher levels of fibrotic markers and contraction capacity compared with PF. Both types of 
fibroblasts responded to TGF-β stimulation. Treatment of DF and PF with metformin did not affect basal levels of 
fibrotic markers and contraction but largely prevented their induction by TGF-β. In conclusion, our data show 
that metformin inhibits TGF-β-induced expression of fibrotic markers and contraction in hand-derived fibro
blasts. This supports the case for a clinical trial to assess the repurposing of metformin as an adjuvant to surgery, 
to prevent, reduce, or delay recurrence in at-risk DD patients.   

1. Introduction 

Dupuytren disease (DD) is characterized by a progressive fibrosis of 
the palmar aponeurosis, caused by excess production and deposition of 
extracellular matrix proteins [1]. Phenotypically, DD presents as nod
ules and cords within the palmar aponeurosis that induce a flexion 
contracture of the metacarpophalangeal and interphalangeal joints. DD 
predominantly affects men of Northern European descent [2,3]. The 
prevalence of DD varies according to demographic, genetic, and medical 
risk factors, and has been estimated in the range of 10% in Northwestern 
Europe [4,5]. Treatments for DD include percutaneous fibrinolysis [1,6, 
7], but open surgical procedures are the most commonly used in clinical 
practice [8]. Although surgical management of DD is safe and effective, 
the recurrence rate is high, reported as ranging from 20% to 80% [9,10]. 
Unfortunately, morbidity associated with DD recurrence is high, with 

more than 40 DD-associated finger amputations per year reported in 
France [5]. In this context, there is a need for a treatment, adjuvant to 
the surgical procedure, that can help to reduce the DD recurrence rate. 

At the cellular level, DD is a fibroproliferative disorder characterized 
by fibroblast differentiation and proliferation, leading to excessive 
secretion of extracellular matrix proteins and to the development of a 
scar-like, collagen-rich cord that affects the palmar fascia of the hand 
[11–13]. Activated profibrotic fibroblasts (myofibroblasts) are charac
terized by the cytosolic expression of the alpha-smooth muscle actin 
protein (α-SMA), encoded by the ACTA2 gene. Exposure of myofibro
blasts to stress leads to the incorporation of α-SMA protein into stress 
fibers [14]. Many well-known factors have been reported to trigger 
myofibroblast differentiation, of which TGF-β is the most studied. In DD, 
the expression level of TGF-β and associated signaling molecules is high 
[15], and palmar cord DD fibroblasts (DF) have been reported to 
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proliferate in response to TGF-β stimulation [16]. Fibroblasts derived 
from the transverse carpal ligament of patients unaffected by DD, as well 
as DD myofibroblasts, exhibited increased isometric contraction of 
collagen lattices when exposed to TGF-β [17]. TNF-α has also been 
shown to promote myofibroblast differentiation [18], although this ef
fect was only observed at a 0.1 ng/mL test concentration, while lower 
and higher concentrations were ineffective. 

Metformin is a first-line treatment for type II diabetes. Prescribed 
since 1957, this is a very well tolerated drug with few side-effects. 
Metformin exhibits pleiotropic cellular effects, including antifibrotic 
properties, in preclinical models of different types of fibrosis. It has been 
shown to reduce TGF-β-induced extracellular matrix protein production 
in human fibroblasts derived from nasal polyps [19]. Furthermore, in 
mouse models metformin decreases bleomycin- and gefitinib-induced 
lung fibrosis through regulation of TGF-β signaling [20–22]. Anti
fibrotic effects have also been demonstrated in other animal models of 
fibrosis [23,24]. Pharmacological action of metformin is mediated via 
the phosphorylation of AMP-activated protein kinase (AMPK) [25]. 
AMPK functions to regulate intracellular energy balance via lipid and 
glucose metabolism, and also a wide array of cell functions [26]. AMPK 
activation by metformin was shown to be responsible for inhibiting 
TGF-β-induced collagen production in mouse renal fibroblasts [27]. In 
the light of these preclinical data, we hypothesized that metformin may 
have a role to play in DD treatment, either as a first-line therapy to 
prevent surgery or as an adjuvant treatment immediately after surgery 
to prevent or reduce DD recurrence in at-risk patients. 

2. Methods 

2.1. Human tissues 

DD cords and phenotypically normal palmar fascia tissue samples 
from patients undergoing carpal tunnel surgery were collected pro
spectively from April 2015 to April 2019. A written, informed consent 
form was obtained for all included patients. Permission for collection, 
storage and experimental manipulation of tissues was granted by the 
Direction Générale de la Recherche et l’Innovation (ID no.: DC-2015- 
2345). 

2.2. Cell culture 

Cells were extracted from surgical specimens using modifications of 
a previously published protocols [28,29]. Briefly, tissue samples were 
cut into small pieces and digested in DMEM (Gibco) containing 1% 
penicillin-streptomycin (Gibco), 10% (vol/vol) fetal bovine serum (FBS) 
(Gibco), and 5 mg/mL type I collagenase + DNase I (Roche Diagnostic), 
for up to 2 h at 37 ◦C. After filtration, cells were cultured in DMEM 
containing 10% (vol/vol) FBS and 1% penicillin-streptomycin. Cells up 
to passage 4 were used for experiments. TGF-β, metformin, and 5-amino
imidazole-4-carboxamide ribonucleotide (AICAR) were purchased from 
Peprotek, Sigma Aldrich, and Biotrend, respectively. 

2.3. Western blotting and immunocytochemistry 

Western blotting and immunocytochemistry were performed as 
previously described [30,31], respectively. F-actin was stained with 
Alexa Fluor 488 phalloidin (Fisher Scientific) or phalloidin-iFluor 594 
(Abcam) reagent. Anti-FN1 and anti-HSP90 antibodies were purchased 
from Santa Cruz, and anti-α-SMA was purchased from Abcam. 

2.4. RNA isolation, reverse transcription, and quantitative PCR 

Total RNA, reverse transcription, and quantitative PCR were performed 
as previously described [31]. The primers used were: ACTA2: forward 
5’-CTGTTCCAGCCATCCTTCAT-3’; reverse 5’-TCATGATGCTGTTG
TAGGTGGT-3’; RPL32: forward 5’-CCTTGTGAAGCCCAAGATCG-3’; 

reverse 5’-TGCCGGATGAACTTCTTGGT-3’. Expression levels were evalu
ated using the comparative CT method. For normalization, transcripts of 
RPL32 were used as an endogenous control for gene expression. 

2.5. Traction force microscopy 

Cell contraction was assessed by traction force microscopy as pre
viously described [32], using collagen-coated polyacrylamide hydrogels 
with a shear modulus of 4 kPa coated with red fluorescent beads (Soft
Trac; Cell Guidance Systems). 

2.6. Statistics 

Statistical analysis was performed using GraphPad Prism. An un
paired, two-tailed Student’s t-test or unpaired two-tailed Mann-Whitney 
test was used for statistical comparison between two groups. For com
parisons between multiple groups, one-way ANOVA followed by Bon
ferroni’s post-hoc tests was used. 

3. Results 

3.1. Palmar and Dupuytren fibroblasts are phenotypically different at 
baseline 

To compare normal palmar fibroblasts with Dupuytren fibroblasts 
(PF and DF, respectively), the level of expression of the gene encoding 
α-SMA, ACTA2, was measured by qRT-PCR. The relative expression level 
of α-SMA in PF was set to a value of one. In DF, this value was signifi
cantly higher (Fig. 1A), indicating a profibrotic phenotype of DF. This 
increase at the mRNA level was also observed at the protein level 
(Fig. 1B). Western blot analysis also showed that the expression of 
another fibrotic marker, fibronectin (FN1), was lower in PF than in DF. 
The expression of both α-SMA and FN1 was induced by TGF-β, and this 
induction was quantitatively greater in PF than in DF (Fig. 1B). 

We next assessed the contractile properties of PF and DF (Fig. 2). The 
basal contractile activity of PF was systematically lower than that of DF. 
Stimulation of PF with TGF-β resulted in a large increase in contraction, 
while the same stimulation resulted in a statistically significant but 
modest increase in contraction in DF. Overall, these results confirm the 
fibrotic nature of DF. 

3.2. Effect of metformin on palmar and Dupuytren fibroblasts 

We next evaluated whether metformin could reduce ACTA2 
expression. In basal conditions (Fig. 3A and B), metformin had little 
effect on ACTA2 expression in both PF and DF, and the AMPK activator, 
AICAR, produced similar effects. Stimulation of both PF and DF with 
TGF-β resulted in a dramatic increase in ACTA2 expression (varying 
from a 5- to 50-fold increase, depending on the patient-source of the 
sample tested). The magnitude of this induction was substantially 
reduced when cells were exposed concomitantly to TGF-β and metfor
min (Fig. 3 C and D). A similar reduction was observed when cells were 
exposed concomitantly to TGF-β and AICAR, suggesting that the effect of 
metformin was mediated by activation of AMPK. Western blot analysis 
showed that exposure of cells to either metformin or AICAR reduced the 
TGF-β-induced increase in α-SMA and FN1 levels, but did not alter 
α-SMA and FN1 protein levels in basal conditions, in both PF and DF 
(Fig. 4). Immunofluorescence analysis of α-SMA expression in PF 
(Fig. 5A) and DF (Fig. 5B) confirmed these observations. 

Finally, we analyzed the contractile properties of PF and DF treated 
with metformin or AICAR. In basal conditions, metformin or AICAR did 
not consistently affect contraction in PF (Fig. 6A). Stimulation of PF with 
TGF-β resulted in marked increases in contraction, which were largely 
abolished by metformin or AICAR treatment. A similar phenomenon was 
observed with DF (Fig. 6B). 

A. Baeri et al.                                                                                                                                                                                                                                    



Biomedicine & Pharmacotherapy 150 (2022) 112930

3

4. Discussion 

In recent years, new, nonsurgical experimental treatments for DD 
have emerged, and have been or are currently being assessed. For 
example, a procedure comprising local injection of Clostridium histolytum 
and manipulation of the digit has been tested on a large number of pa
tients and was approved for use by the FDA in 2010 [33]. A limited level 
of efficacy of this procedure has been demonstrated [34]. 

Surgical management remains the mainstream treatment for DD. The 
main problem encountered is the high rate of recurrence after surgery, 
which has been reported to be around 20% [10], but could be as high as 
80% [9]. Reducing this recurrence rate would likely lead to a significant 
improvement in life quality of DD patients. 

The data presented in this report confirm the already-reported 
fibrotic nature of DF. High levels of expression of the ACTA2 gene, 
and of its encoded protein, α-SMA, are detected in DF, as compared with 
PF. FN1 is also more highly expressed in DF than in PF (Fig. 1). Stimu
lation with TGF-β led to a marked increase in these fibrotic markers in 
PF, but this increase was much lower in DF, suggesting that the 

expression of fibrotic markers in DF is near to maximal. A similar 
conclusion was reached using a functional contraction assay, which 
showed that PF contract less than DF in basal conditions and that TGF- 
β-stimulated contraction was stronger in PF than in DF (Fig. 2). Met
formin treatment alone did not have a major impact on fibrotic marker 
expression or the contractile properties of PF and DF, but was associated 
with a consistent reduction in TGF-β-stimulation of these parameters in 
both PF and DF (Figs. 3–6). Treatment with AICAR produced similar 
effects to those observed with metformin, indicating that the metformin 
effects were mediated by AMPK. 

Overall, these results suggest that metformin could have a role in 
reducing the level of TGF-β-induced myofibroblasts in DD. Considering 
that the surgical procedure removes DD fibroblasts present in the cord, it 
is tempting to hypothesize that disease recurrence is due to a stimulation 
of resident PF (by TGF-β and other cytokines) that triggers their differ
entiation into pathologic myofibroblasts, initiating a new flare of DD. 
These data thus support the case for a clinical trial to evaluate metformin 
as an adjuvant to surgery, to prevent, reduce, or delay recurrence in at- 
risk DD patients. The potential clinical effect of metformin to delay 

Fig. 1. Expression of fibrotic markers in palmar (PF) or 
Dupuytren (DF) fibroblasts. PF and DF were prepared 
and cultured, total RNA was prepared and extracted, and 
ACTA2 levels were determined by qRT-PCR (A). Each point 
corresponds to an individual tissue donor. The data present 
the relative expression of ACTA2 normalized to the 
expression of RPL32. ***: p < 0.001. Western blot analyses 
to detect α-SMA and FN1 (B) were performed on proteins 
extracted from PF and DF, treated or not with 1 ng/mL 
TGF-β. The blots presented are representative of two in
dependent experiments performed on samples from 
different patients.   

Fig. 2. Contractile properties of PF and DF, stimulated or not with TGF-β. PF (A) or DF (B) were cultured in the absence (white bars) or presence (black bars) of 
TGF-β (1 ng/mL) and contraction was assessed by traction force microscopy, using collagen-coated polyacrylamide hydrogels with shear modulus of 4 kPa coated 
with red fluorescent beads. The results presented are the mean contractions ± SEM of two PF and two DF obtained from different tissue donors. *: p < 0.05; 
****: p < 0.0001. 
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disease progression could also be studied in the early stages of DD. 
The production of profibrotic cytokines is thought to be the result of 

localized inflammation, which may play a significant role in the devel
opment and progression of DD [18,35]. For example, TNF-α has been 
reported to promote the conversion of fibroblasts to myofibroblasts [18] 
and a clinical trial based on this observation has been initiated. This trial 
is assessing the effects of TNF-α inhibitors on DD progression [36]. The 
data obtained to date are encouraging and form the basis of an ongoing 
phase 2b clinical trial [36]. Other cytokines induced by low-grade 
inflammation have been proposed as therapeutic targets in DD [35]. 
In this context, anti-inflammatory effects of metformin have been 
largely documented [37,38] and they could provide an additional 
therapeutic angle that would complement its direct action on fibroblasts 
reported in this study. Unfortunately, the lack of an animal model for DD 
prevents a validation of this double-edge mechanism. 

5. Conclusions 

In conclusion, we show that metformin can prevent TGF-β-induced 
myofibroblast differentiation, but is unable to revert the fibrotic 
phenotype of myofibroblasts in DD patients. Assuming that DD myofi
broblasts are largely removed by the surgical procedure, our data sug
gest that metformin should be studied as an adjuvant treatment that 
could delay or reduce disease recurrence by preventing PF differentia
tion in myofibroblasts. This hypothesis cannot be tested in a preclinical 
model of DD due to the lack of an available model but, considering the 
good safety record of metformin, a clinical trial in which it is used as an 
adjuvant to surgery in patients at risk of DD recurrence could be 
envisaged to address this question. 
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presence of TGF-β (1 ng/mL), AICAR (500 µM), and metformin (5 mM), as indicated. After 48 h, proteins were extracted and separated by electrophoresis. The blots 
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croscopy using collagen-coated polyacrylamide hydrogels with shear modulus of 4 kPa coated with red fluorescent beads. The results presented are the mean 
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