
 
 
 
 
 
 
 
 
Carter, Kristyn Alexaundria (2022) Understanding the underlying immune 
mechanisms of Dupuytren’s Disease. PhD thesis. 
 
 
 
https://theses.gla.ac.uk/82954/                                
     
 

Copyright and moral rights for this work are retained by the author 

A copy can be downloaded for personal non-commercial research or study, 
without prior permission or charge 

This work cannot be reproduced or quoted extensively from without first 
obtaining permission in writing from the author 

The content must not be changed in any way or sold commercially in any 
format or medium without the formal permission of the author 

When referring to this work, full bibliographic details including the author, 
title, awarding institution and date of the thesis must be given 

 
 
 
 
 
 

Enlighten: Theses 
https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

https://theses.gla.ac.uk/82954/
mailto:research-enlighten@glasgow.ac.uk


 
 

 

 

 
 

 

 
 

 

 
 

 

 

 
 

 

 

 

Understanding the underlying immune 

mechanisms of Dupuytren’s Disease 
 

 
 

Kristyn Alexaundria Carter 

 

MSc 

 
 

 
 

 

 

 
 

 

 
 

 

 

Submitted in fulfilment of the requirements for the degree of Doctor of Philosophy  

 

 

 

College of Medicine, Veterinary, and Life Sciences 

February 2022 

https://www.google.co.uk/url?sa=i&url=https%3A%2F%2Fwww.scotwest.co.uk%2Funiversity-of-glasgow%2Funi-of-glasgow-white%2F&psig=AOvVaw3nR8W8tDDfZVwDucCeZA1E&ust=1586443753323000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIDAo9aJ2egCFQAAAAAdAAAAABAS


2 

 

Abstract 

Background: 

Dupuytren’s disease, also called Dupuytren’s contracture, is a fibroproliferative 

condition in which the palmar tissue becomes inflamed and, as the disease progresses, 

reduced mobility of the hand and affected fingers occurs. Dupuytren’s disease consists of two 

microenvironments: cellular nodules and a fibrous cord. Clinical presentation of the disease is 

a claw like configuration of the hand with the fingers curling inward. Treatment options vary 

from enzymatic digestion of nodules, appearing as hardened tissue, to fasciectomy of the 

affected tissue. Unfortunately, treatment is not always successful as some cases of 

Dupuytren’s recur during the individual’s lifetime.  

As a model of tissue fibrosis, Dupuytren’s is characterised by chronic inflammation 

and excess matrix protein production. This, coupled with the recurring nature of the disease, 

suggests the immune system could play a role in mediating persistent, chronic inflammation 

of the affected tissue. The work encompassed in this thesis aims to understand the immune 

mechanisms at play and highlight specific cell to cell interactions which could unveil 

potential therapeutic targets.   

 

Key results: 

Preliminary bulk RNA sequencing results describe a heightened presence of 

myofibroblast and fibrosis related genes in Dupuytren’s microenvironments compared to 

control, carpal tunnel tissue. Cellular characterisation of Dupuytren’s tissue led to the 

identification of activated fibroblasts and myofibroblasts as well as increased matrix protein 

production. An activated stromal cell phenotype was seen in Dupuytren’s tissue and this 

phenotype, coupled with fibroblast behaviour, was enhanced in response to in vitro 

mechanical damage and/or stimulation with inflammatory or immune cell related cytokines.  

Outlining the immune cell landscape of Dupuytren’s tissue, via RNA sequencing and 

flow cytometry, pointed to macrophage and T lymphocytes as the leading cells within the 

tissue. Visualization of the immune cell populations via immunohistochemistry described not 

only the presence of dendritic cells and macrophages but also various T cell subsets. Bulk 

sequencing further supported the presence of T cells by describing T cell related genes within 

Dupuytren’s tissue. T cell activation marker, CD27, and its sole ligand, CD70, were 

expressed in the tissue and confirmed by immunohistochemistry to be expressed by 

fibroblasts. Their presence highlights the possibility of stromal-immune interaction between 
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T cells and fibroblasts. Stimulation of Dupuytren’s fibroblasts with CD27 enhanced gene and 

protein expression of stromal, inflammatory, matrix, and angiogenic related markers; 

suggesting a role of CD27-CD70 axis in perpetuating Dupuytren’s disease. 

Conclusion: 

This body of work describes an exaggerated stromal activation profile in Dupuytren’s disease 

tissue as well as described enhancement of this stromal activation profile in response to in 

vitro cytokine stimulation. Characterization of immune cell landscape of Dupuytren’s tissue 

featured stromal-immune crosstalk between T cells and fibroblasts and pointed to a signalling 

axis that could aid in understanding the etiology of Dupuytren’s disease.  
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Preface 

This body of work was performed from 2018-2022 and it focuses on how the immune 

system could provide insight on how soft tissue disease develops in response to the immune 

systems response to damage and/or injury. My research focused on Dupuytren’s disease and 

my passion, which propelled the project forward, was driven by my goal to improve soft 

tissue treatment via immunological studies. Given the disease’s ability to recur post 

treatment, an improved understanding of the biology behind the disease’s etiology and its 

inflammatory nature would allow for exposure of potential therapeutic targets. The 

undertaking of this work allowed me to shadow orthopaedic surgeons performing 

fasciectomies on patients affected by Dupuytren’s disease. Shadowing Professor Millar’s 

surgical colleagues not only allowed me to gain firsthand surgical experience but also 

enabled me to engage with people whose lives are affected by Dupuytren’s disease. This 

exposure enabled me gain perspective on my research and remain focused on the greater goal 

of improving the affected communities’ quality of life. Unfortunately, these shadowing 

opportunities did not continue once the Covid-19 pandemic hit. The greater duration of my 3-

year PhD was impacted by the global pandemic however, the pandemic challenged me to be a 

better researcher, scientist, and lab member.  
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1.1 Mesenchymal stromal cells 

Dupuytren’s disease, also called palmar fibromatosis, is clinically defined as a 

deformity of the hand that develops over time, causing the fingers to curl inward and 

reducing functionality of the hand, according to the Mayo Clinic176. While Dupuytren’s 

disease is associated with Garrod’s pads, also called knuckle pads, people who present with 

Garrod’s do not always suffer from Dupuytren’s disease as well; according to British 

Dupuytren’s Society UK261. Current literature surrounding the disease describes two 

cellularly distinct microenvironments: cellular nodules and a fibrous cord; the latter 

appearing in later stages of the disease. Credited with the development of the disease’s 

fibrous cord, fibroblasts have been highlighted as drivers of the disease and led to the 

characterisation of the disease as a model of tissue fibrosis75,231,277.  

 

 

Frequently described in cancer and fibrotic tissue disease models, stromal 

compartment activation has been described as a contributor of inflammation and coupled with 

fibroblast behavior, contributes to the etiology of the disease24,41,60,196. During homeostatic 

tissue repair, the stromal compartment becomes activated in response to factors produced by 

the surrounding environment. When healing is resolved and the environmental cues dampen, 

the stromal compartment returns to a resting, non-activated state. During cancer and fibrotic 

disease, the stromal compartment is persistently activated and thus contributes factors which 

perpetuate inflammation and fibrosis of the tissue24,41,60,196.  Understanding whether the 

stromal compartment is activated in Dupuytren’s disease could aid improved understanding 

of the disease.  

 

 

The tissue stroma consists of fibroblasts, stromal cells, pericytes, endothelial and 

epithelial cells, and tissue resident immune cells. The stromal compartment is responsible for 

maintaining tissue architecture via its secretion of extracellular matrix (ECM) components 

and expression of cytokines and growth factors aimed at maintaining cell populations within 

the tissue environment83,196.  
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1.1.1 Stromal cell differentiation, structure, and function 

Mesenchymal stromal cells (MSCs), also called mesenchymal stem cells are spindle 

shaped cells that possess the ability to differentiation into various cells109,130,137,221,243. The 

phrase ‘mesenchymal stem cell’ was popularised by Arnold Caplan in response to MSCs 

giving rise to bone and cartilage43,44. Published works following Dr. Caplan’s paper describe 

the ability of the MSC to give rise to cell lineages including tendon, ligament, and adipose 

tissue48,284; making them incredibly useful in tissue regenerative works109. Stem cells are 

defined as cells which give rise to cells with specialized function. MSCs are described adult 

stem cells and there is an ongoing debate as to whether the word ‘stem’ is appropriate, given 

their limited differentiation and self-renewal capabilities109,120,137.  Therefore, for the duration 

of this thesis the acronym MSCs will be used to define mesenchymal stromal cells due to 

their differentiability and presence in soft tissue. 

 

 

Mesenchymal stromal cells are a heterogenous class of cells which play a significant 

role during tissue development, immune response, and injury. They are capable of 

differentiating into fibroblasts, endothelial cells, pericytes, or epithelial cells76,86,137,213,236. 

These cells populate the area called the ‘stroma’ which is comprised of a subendothelial 

membrane and underneath, lies the connective tissue213. Within the stroma is not only a rich 

tapestry of MSCs but also is home to resident immune cells. MSCs aid in tissue organisation 

and define the architecture of connective tissue via their production of ECM components and 

cytokines76,103,122,213.  

 

 

MSCs have been increasingly studied as they are thought to be complicit in the 

development of tissue fibrosis224,243,268. It has been suggested that activated stromal cells 

produce ECM components and participate in recruitment of immune cells and secretion of 

inflammatory factors. Stromal activation has been studied in rheumatoid arthritis and 

replicated in tendinopathy and frozen shoulder. These works demonstrate that MSC 

activation markers are present in synovial tissue, in arthritis, and in pathogenic tendon tissue 

biopsies from patients suffering from tendinopathy and frozen shoulder2,51,59,185. These works 

describe the following markers to indicate activation of stromal cells are podoplanin (PDPN), 

also referred to as gp38; CD90, also called Thy-1; and CD248, also called endosialin2,51,59.  
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1.1.2 Differentiated cells of the stromal compartment 

The stroma is comprised of various cell types which function as structural cells and these 

connective tissue cells play a role in orchestrating the immune response196. These cell types 

include fibroblasts, endothelial cells, pericytes, endothelial and epithelial cells83,196. Resident 

immune cells are present within the stromal compartment and their crosstalk with 

differentiated stromal cells have been implicated in mediating the tissue healing 

response83,196.  

 

 

Stromal fibroblasts 

 The fibroblast is the most abundant cell type within the tissue stroma83. They have 

been described as instrumental in immune cell behaviour, and they define the tissue 

structure236. Described in cancer studies, stromal fibroblasts are responsible for the synthesis 

and remodelling of the ECM within the tissue24,127,196. Their involvement in tissue healing, is 

described at various stages.  

 

 

Fibroblast-to-myofibroblast transition (FMT) is broken into two stages: pre-

myofibroblast phenotype and fully transitioned myofibroblast phenotype. During the first 

stage, fibroblasts become activated in a semi myofibroblast phenotype, and the second stage 

is a fully myofibroblastic phenotype58.  Fibroblasts transition from a resting state, described 

as fibrocyte, towards an activated FAP+ phenotype and finally, differentiating into α-SMA+ 

producing myofibroblasts (Figure 1.1)58,160,235.  

 

 

Persistent fibroblast activation occurs when fibroblasts fail to resolve their 

inflammatory response or when they plateau in their inflammatory phenotype expression, 

causing tissue healing to progress into fibrosis196,236. The accumulation of myofibroblasts 

leads to the development of hypertrophic scarring, excessive ECM production, and refraction 

of the microvasculature196.  
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Stromal endothelial cells 

  During tissue repair, angiogenesis, the formation of blood vessels, is required to 

support vascular development during tissue healing83. Endothelial cells are responsible for 

regulating the vascular network within the tissue and orchestrating the movement of cells 

from blood into the tissue83. During inflammation, endothelial cells increase blood flow to the 

site of injury and account for warming of the area and production of swelling221. Resting 

endothelial cells suppress expression of intercellular adhesion molecule 1(ICAM-1) and 

vascular cell adhesion molecule (VCAM) and during inflammation they express ICAM-1, 

VCAM, and vascular endothelial growth factor (VEGF) which aids in angiogenesis and 

encourages vascular leakage to allow an influx of cells to the site of injury83,111,221.  

 

 

Published works describe that increased endothelial and angiogenic markers 

contribute to the development of chronic inflammation and fibrosis via immune cell 

interacion124. Endothelial cells in the tumour microenvironment interact with lymphocytes via 

TNF-α and VEGF. Stimulation of endothelial cells with VEGF lead to activation of the NFκB 

pathway and upregulation of adhesion molecules (ICAM-1 and VCAM). Blocking of VEGF 

signalling increased CD3+ lymphocytes infiltrating into the tumour suggesting that 

endothelial cell signalling is related to immune cell infiltrate in the tumour 

microenvironment111. An arthritic study demonstrated that suppression of VEGF in animal 

models inhibit blood vessel formation in inflamed tissue and disease severity was 

reduced83,199. These works highlight the importance of understanding how endothelial cells 

can mediate inflammation and fibrosis through blood vessel properties and function. 

 

 

Stromal pericytes 

 Stromal pericytes wrap around blood vessel walls and regulate permeability of the 

blood vessel walls via their interaction with endothelial cells132. Their interaction with 

endothelial cells controls the junctions and when they are malfunctioning, vascular leaking 

occurs, and immune cells can infiltrate from the blood stream132. Pericytes can differentiate 

into myofibroblasts, osteoblasts, and smooth muscle cells. In murine bleomycin induced 

fibrosis models, they describe pericyte differentiation into α-SMA producing 

myofibroblasts113,132. Pericyte-endothelial cell interactions involve production of soluble 

factors, matrix protein expression, and vascular development. This, combined with their 
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ability to in contribute to immune cell influx, describe a potential role for pericytes in stromal 

activation and chronic inflammation113,132,230.  

 

 

Stromal epithelial cells  

Stromal epithelial cells are barrier cells involved in the epithelial-mesenchymal 

transition (EMT) in which epithelial cells undergo biochemical changes to become a 

mesenchymal cell phenotype127. These cells are associated with enhanced migratory capacity, 

invasiveness, and increased ECM protein production127. In kidney fibrosis models, EMT has 

been suggested as a source of myofibroblasts, however this lineage did not prove true in lung 

fibrosis models132. Transgenic lineage studies provide conflicting evidence regarding an 

epithelial origin of myofibroblasts however, this does not negate that EMT may occur in 

human tissues132. Future studies would explore how EMT contributes to the fibrotic 

phenotype seen in Dupuytren’s disease. 

 

 

Resident immune cells 

 Within the stromal compartment, it has been suggested that tissue resident 

macrophages and mast cells are activated thereby secreting factors which aid in immune cell 

recruitment, differentiation, and fibroblast activation185. Macrophage polarization reveals a 

spectrum of macrophages, including an M1 phenotype (classically activated) and an M2 

phenotype (alternatively activated) which differ in their cytokine expression and cell 

interaction208,299.  

 

 

It has been suggested that within the stromal compartment, macrophages demonstrate 

an M2 like phenotype in that they participate in tissue homeostasis185. However, in models of 

tissue fibrosis, macrophages present the M1 phenotype and are responsible for the pro-

inflammatory response that develops into tissue fibrosis185. Activation of tissue resident 

macrophages induces production of tumour necrosis factor (TNF), interleukin 1 beta (IL-1β), 

IL-6, granulocyte-macrophage colony-stimulating factor (GM-CSF), and prostaglandin E2 

(PGE2)- which contribute to the activation and differentiation of fibroblasts via paracrine 

signalling59.  Additionally, mast cells via their secreted factors affect collagen synthesis and 

matrix metalloproteinase (MMPs) production by fibroblasts185.  
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Stromal-immune crosstalk has been implicated in various diseases as a contributing 

factor to the disease. In cancer, stromal fibroblast, and immune cell crosstalk to mediate 

cytokine and chemokine production and contributing to chronic inflammation9,172. Within the 

lung, stromal and immune crosstalk regulate injury repair within the tissue293. These studies, 

among others, highlight fibroblasts and immune cells as drivers of the inflammatory response 

and tissue remodelling.  

 

 

1.2 Fibrosis 

1.2.1 Chronic inflammation is a feature of fibrosis 

Chronic inflammation is defined as an immune response in which immune cells are 

persistently infiltrating the site of repair which triggers excessive ECM component 

production by fibroblasts295. During the initial stages of tissue repair, leukocytes and 

monocytes are recruited from the peripheral blood and they differentiate at tissue sites and 

become activated in response to damage associated molecular patterns (DAMPs), pathogen 

associated molecular patterns (PAMPs), resident immune cells, and stromal cells37,181. This 

inflammatory response is resolved when immune cell recruitment is outweighed by immune 

cell emigration and apoptosis leading to resolved tissue healing213. However, when immune 

cells and fibroblasts remain activated, inflammation is not resolved, and an inflamed tissue 

microenvironment is created213. Chronic inflammation and fibrosis are encouraged when the 

balance between MMP production and tissue inhibitor of matrix metalloproteinase (TIMP) 

regulation is disrupted, leading to the build-up of matrix proteins295. This creates 

disaggregated tissue matrix, aberrant healing, and clinical manifestation ranging from 

hypertrophic scarring to organ failure.  

 

 

1.2.2 ECM becomes aberrant during fibrosis 

Fibrosis is driven by an imbalance between MMPs and TIMPs where tissue is not 

cleared from the site of injury and ECM components are continually produced236. Fibroblasts 

play a role in fibrosis via MMPs, inflammatory cytokine/chemokine production, and 

indirectly, via immune cell crosstalk196. Fibroblasts are responsible for secreting ECM 

components and maintenance of the matrix, as well as secretion of structural and adhesion 

proteins83,132. They produce collagen type I and III, fibronectin, matrix degrading proteins 

MMPs and, their inhibitors, TIMPs132,185,213. It has been reported in Dupuytren’s disease that 
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α-SMA producing myofibroblasts are a hallmark of the disease which leads to increased 

collagen type III:I ratio and matrix protein expression117,152,276. Excess matrix protein 

expression coupled with the imbalance between MMPs and TIMPs contributes to the 

dysregulated matrix seen in Dupuytren’s240.  

 

 

1.2.3 Extracellular matrix proteins 

The ECM is a noncellular 3D network of two types of macromolecules, proteoglycans 

and fibrous proteins: including collagen, proteoglycans, elastin, fibronectin, and various other 

glycoproteins86. It acts as a physical scaffold that regulates cell behaviour including growth, 

migration, differentiation, and homeostasis86.  

 

 

ECM remodelling occurs during physiological conditions and as part of the disease 

processes modulates the structure and properties of ECMs86. In tumours, alterations in the 

ECM lead to the formation of a fibrotic stroma accompanied by increased stiffness, excess 

deposition of ECM components, and altered enzyme activity. LOX activity is enhanced in 

response to abnormal remodelling, and it promotes cross-linking of collagen fibres with ECM 

components resulting in stiffened matrix and clinically presenting as reduced mobility and 

hardened tissue86.  

 

 

Fibrosis, from the Latin fibre meaning filament or thread, is defined as the hardening, 

excess accumulation, and/or scarring of tissue287,295. It is a pathological feature of chronic 

inflammatory diseases and is identified by the accumulation of excess  

ECM proteins301. The accumulation of fibrous connective tissue in and around inflamed, 

damaged tissue leads to permanent scarring, organ malfunction, and in extreme cases 

death301. Several matrix proteins have been studied within the confines of the fibrotic disease, 

including collagen, fibronectin, periostin, and tenascin C.  

 

 

Collagens 

Collagens are ubiquitous proteins that maintain the structural integrity of connective 

tissue32. Within tissue, they resist shear, tensile, and pressure forces as seen in tendons, bone, 
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and cartilage32. Collagen types are synthesized mainly by cells of the extracellular matrix, 

namely fibroblasts and myofibroblasts32. As seen in liver fibrosis, excessive collagen 

deposition distorts normal tissue architecture causing functional challenges and ultimately, 

organ death32,301. 

 

 

Type 1 collagen is present throughout the body, except in cartilage, and is the 

predominant collagen within soft tissue. It is also a major component of mature scar tissue 

and the principal collagen in the fascia and tendons. Type III collagen dominates within the 

walls of the blood vessels and co-polymerizes, with type 1 collagen32. Described in fibrosis, 

tendon and heart disease, a high collagen I to collagen III ratio coincides with fibrotic 

development and organ misfunction91,193,250,286. The difference in the physical properties of 

type 1 & 3 collagen types could define the difference between erratic and resolved matrix 

repair.  

 

 

Fibronectin 

 Fibronectin is a matrix protein that provides structural support and is involved in cell 

adhesion, migration, growth, and differentiation86,198,212,240. Described in cardiovascular 

disease and tumour studies, fibronectin was shown to be produced by fibroblasts and 

myofibroblasts. Knockdown murine studies demonstrate the absence of fibronectin leads to 

resolved tissue healing and no fibrotic development289. Additionally, studies describe that 

fibronectin deficient mice present changes in the tissue architecture coupled with reduced 

apoptosis191,307.  

 

 

Periostin  

Periostin, also known as osteoblast-specific factor 2, binds to ECM components 

including Collagen type 1 and fibronectin. It transmits signals from the ECM to cells via 

integrin signalling that effect cell adhesion, proliferation, migration, and angiogenesis13. 

Periostin has demonstrated its role as a scaffold for assembly of ECM proteins (type I 

collagen, fibronectin, tenascin-C) and accessory proteins (BMP-1 and CCN3)144,198.  
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Periostin, together with tenascin-C, forms a mesh-like structure with fibronectin upon 

which type I collagen can cross-link forming the ECM144. Secreted in connective tissue 

during wound healing, periostin is defined as a non-structural ECM component and 

modulates stabilization of the ECM198. Knockdown studies have shown that without periostin 

collagenous-based tissues were disrupted, demonstrating structural defects, in response to 

mechanical loading198. 

 

 

Tenascin C 

Similar to fibronectin, tenascin-C is weakly expressed in the ECM vasculature but 

upon injury and vascular damage, its expression is upregulated273. The tenascin family, 

consisting of tenascin C, R, W, X, and Y, is not found in normal, uninflamed adult tissue. 

Tenascin C is expressed during would healing and in tumours and is associated with 

promoting angiogenesis in disease, including diabetes and inflammatory bowel 

disease32,203,273. 

 

 

Tenascin C is expressed during the inflammatory remodelling process and expression 

of TGF-b, IL-4, and/or IL-13 stimulation on fibroblasts triggers expression of tenascin-C, 

periostin, and fibronectin144. Interestingly, murine knockdown studies describe that without 

tenascin-C, tumours develop, and mammary gland show no change with or without the 

presence of tenascin-C209. Wound healing studies have described that its role is crucial for 

tissue homeostasis in that it is needed for fibronectin expression209. These and other published 

studies, describe tenascin C does not have a consistent effect in disease models. However, 

within the confines of fibrosis, it is consistently described as crucial for mediating tissue 

repair and matrix remodelling182,183. 

 

 

Matrix metalloproteinases 

 MMPs and their inhibitors TIMPs, are a family of enzymes which act as regulators of 

tissue homeostasis via their clearing of matrix proteins86,279. A balance between MMPs and 

TIMPs has been described as a determining factor in ECM turnover279 and when this balance 

is disturbed, excess matrix proteins are present within the tissue and chronic inflammation 

and fibrosis soon follows.  
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MMPs are produced by several cells (Figure 1.2) and their expression leads to a 

stiffened tissue matrix. The combination of tissue stiffening leads to mechanically weaker 

tissue and reduced elasticity, in concert, these changes promote a ‘tissue healing complex’ 

fibroblast activation and differentiation coupled with immune cell infiltrate are promoted 

laying the foundation for chronic inflammation and, eventually fibrosis86.  
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1.3 Immune cells contribute to fibrosis  

1.3.1 Macrophages in musculoskeletal disease 

Macrophages have been described as critical regulators of fibrosis in that they are 

either tissue resident or infiltrating and differentiating from monocytes301. They function as 

fibrotic regulators via their production of soluble factors and their interaction with various 

stromal and immune cells. Macrophage populations exert unique effects during the phases of 

fibrosis, and they drive the pathogenesis of fibrosis301. Recruited and resident macrophage 

populations proliferate and undergo phenotypic and functional changes in response to growth 

factors and cytokines released from the surrounding tissue microenvironment299. 

Macrophages differentiate into an M1 or M2 phenotype however the relationship between the 

subtypes is spectral and not polar opposites.  

 

 

Macrophage subsets 

M1, classically activated macrophages 

 M0 macrophages differentiation into M1-like macrophages in response to TLR 

ligands, macrophage-colony stimulating factor (MCSF), LPS, TNF-α and IFN-γ301,310. 

Monocytes which differentiation into M1 macrophages are described as classically activated 

pro-inflammatory macrophages. These macrophages mediate destruction of ECM either 

directly or indirectly via MMPs release209. 

 

 

M2, alternatively activated macrophages 

 M0 macrophages differentiation into M2-like macrophages when exposed to GM-

CSF, IL-4 and IL-13 and are involved in wound healing, tissue remodelling and fibrosis271,301. 

M2 macrophages are referred to as anti-inflammatory M2 macrophages. M2 macrophages 

support cell proliferation and stabilize deposited ECM components and synthesis of new 

ECM molecules289.  

 

 

 M2 macrophages have been implicated in the development of TH2 effector response 

and suppression of M1 macrophage response301. Work done by Pesce et al. (2009) have 

suggested that M2 macrophages compete with TH2 cells for factors (L-arginine) which 

regulate cell growth and collagen synthesis216,301. M2 macrophages have also been described 
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as inducers of regulatory T cells and as exploiters of mechanisms which inhibit ECM 

synthesis by myofibroblasts301.  

 

 

Is the M1/M2 paradigm still true? 

Historically, macrophages have been characterized as either M1 or M2289,299,301. 

Current studies describe that macrophage polarization is not one or the other but instead 

differentiation is defined as a spectrum. Macrophage polarization was formulated by 

mirroring the TH1/TH2 polarization seen in T cells however in vivo, macrophages have been 

shown to adopt various functional phenotypes, beyond the simplified M1, M2 

classification1,46,116,208. As the knowledge of macrophage subsets continues to go, studies are 

using innovative technology, like RNA sequencing, to aid in better understanding 

phenotypes.  

 

 

Single cell RNA sequencing (scRNA-seq) of atherosclerosis macrophages revealed 

several specific clusters of macrophages which are not present in in vitro models66. 

Bleomycin-induced murine fibrosis studies demonstrate that scRNA-seq of lung tissue houses 

a profibrotic macrophage subpopulation which is localized to the site of hypertrophic 

scarring10.  Human idiopathic pulmonary fibrosis (IPF) tissue scRNA-seq confirmed a pro-

fibrotic macrophage subpopulation which has been suggested to be a contributing factor in 

the development of fibrosis1,17. The use of ScRNA-seq allows for the ability to build a library 

of gene expression profiles and potential cellular and biochemical targets in various disease 

models1,192,266. Given the growing literature surrounding the development of macrophage 

subpopulations, the M1 versus M2 paradigm remains in question as macrophage polarization 

does not appear to be as black and white, as previous studies suggest. Future studies will 

continue to investigate and identify macrophage differentiation towards the understanding of 

macrophage plasticity within the context of fibrotic disease. 

 

 

Macrophages in fibrosis 

 Macrophages are the main source for several types of MMPs, namely 1,7,8,9, and 12 

which aids in maintain the ECM structure and they also produce their suppressors, TIMPs 

and a balance between MMPs and TIMPs is crucial for tissue homeostasis271,289.  
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Macrophages are a leading producer of TGF-β1 which has been shown to be a major pro-

fibrotic agent271. In addition to TGF-β1, they also produce IL-4, IL-10, IL-13, TNF-α, and IL-

1 which have been shown to activate fibroblasts and thus contribute to matrix protein 

production271. Activated macrophages, in addition to producing pro-fibrotic cytokines, recruit 

myofibroblasts and exacerbate immune cell infiltration to the site of tissue injury which 

allows for disaggregated tissue repair, excess matrix deposition, and, finally, fibrosis271. 

 

 

Macrophage differentiation, migration, and activation is controlled by IFN-γ producing T 

cells suggesting a role for the reciprocal relationship between T cells and macrophages in the 

etiology of chronic inflammation and fibrosis271. Additionally, CD4+ T cells generate M2 

macrophages via their production of IL-4 and IL-13. Well described within the confines of 

fibrosis, IL-13 has been described as crucial in lung and liver fibrosis models and cytokines 

produced by macrophages also function as drivers295,298. Macrophage and T cell interactions 

are not completely understood however, a reciprocal relationship of activation has been 

described and, even further, crosstalk between these immune cells and stromal fibroblasts 

have been implicated in the transition towards fibrosis. 

 

 

Similarly, studies have shown that co-culture systems of macrophages and fibroblasts 

uncover a reciprocal enhancement of fibrosis as a result of chemokine and cytokine 

production, suggesting a crucial role for stromal-immune cell interaction in driving fibrosis. 

Activated macrophages produce TNF-α, TGF-β family members, and platelet derived growth 

factor (PDGF) which stimulate activation, proliferation, and differentiation of fibroblasts and 

thus inducing overproduction of ECM proteins295,298. The interactions between fibroblasts 

and immune cells highlight the importance of stromal-immune crosstalk in the etiology of 

fibrosis.  

 

 

 

1.3.2 T cells in musculoskeletal disease 

T lymphocytes originate in the bone marrow and migrate to the thymus to mature and 

undergo selection to produce CD4 or CD8 single positive cells141,146.  These peripheral T 

cells consist of various subsets which can respond to memory T cells, regulatory T cells, or 
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new antigens146. The immune response has been described as beginning when a naïve T cell 

encounters an antigen, or an APC, causing downstream effects like IL-2 production, 

activation, and differentiation146.  

 

 

T cell subsets have varying lifespans. Activated effector cells are short lived and 

memory T cells can participate in maintaining long term immunity and display a protective 

response146. In addition to varying lifespans, CD4 and CD8 T cell subsets have diverse 

functions as T helper cells, regulatory T cells, or as killer T cells. T cell subsets such as TH1, 

TH2, TH17, Treg, and γλ T cells have been described in the context of various diseases and the 

method in which they contribute to the diseases are under investigation188. Inflammation is 

characterized by an infiltrate of mononuclear cells, including but limited to macrophages, T 

cells, and eosinophils298. Lymphocytes are mobilized and stimulated to produce factors which 

activate macrophages and these activated macrophages, in turn, produce factors which further 

stimulate lymphocytes298.  

 

 

T cell subsets 

TH1 

 Th1 cells are characterized by their production of IFN-γ298. Naïve CD4+ T cells 

differentiate into IFN-γ producing TH1 cells in response to IL-12, described as being secreted 

by various cells including dendritic cells and macrophages. IFN-γ has been described as an 

anti-fibrotic due to its ability to suppress collagen synthesis by fibroblasts, which promotes 

fibrosis246. However, IFN-γ has also been shown to increase expression of MMPs, namely 2, 

7, 9, and 13 demonstrating a key role of IFN-γ in altering ECM remodelling. TH1 cells also 

induce TGF-β expression by myofibroblasts via Smad signalling, again contributing to the 

development of fibrosis27,246. Describing IFN-γ as a double-edged sword, demonstrating both 

pro- and anti-fibrotic behaviour. 

 

 

 Signal transducer and activator of transcription 4 (STAT4) is critical for IL-12 

signalling and commitment to TH1 differentiation282. STAT4 is described as critical for 

amplifying IFN-γ production but not its initial expression. The defined mechanism is 

unknown, but this highlights a possible role for STAT4 in mediating TH1 differentiation282. 
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Macrophage activation was first described as a TH1, IFN-γ mediated process. However, 

recent works describe macrophage polarization as dependent upon exposure to TH1 or TH2 

cytokines298.  

 

 

TH2 

 TH2 T cell are characterized by their signature cytokines IL-4, IL-5, and IL-13246,298. 

IL-13 has been described as an essential cytokine for the development of fibrosis in that its 

disruption leads to a lack of developing fibrosis in mouse models246. GATA-3, a transcription 

factor, dictates TH2 differentiation via regulation of TH2 cytokine production as it binds to the 

locus containing IL-4, IL-5, and IL-13 genes282.  

 

 

 STAT6, activated by IL-4 stimulation, has been historically described as the major 

signal transducer in IL-4 mediated TH2 differentiation282. Mechanistically, STAT6 promotes 

Th2 differentiation via its induction of transcription factor GATA-3-as show in in vitro 

studies282. IL-13 and IL-4 share functional activities due to their sharing the IL-4 receptor a-

chain and STAT6 signalling pathway. Given that IL-13 is produced in greater concentrations 

in vivo than IL-4 and IL-5, it has been suggested that IL-13 may play a greater role in tissue 

remodelling298. Studies exploring the role of IL-13 in fibrosis, describe that IL-13 knockdown 

led to reduced development of fibrosis228,298. 

 

 

TH17 

 TH17 T cells are identified by their ability to produce IL-17 family members have 

been shown to be critical in the inflammatory response in soft tissue disease. TH17 

differentiation is promoted via activation of STAT3 and IL-23R by IL-6 and TGF-β165,314.  

 

 

TH17 transcription factor retinoic acid-related orphan receptor alpha ROR-α and 

gamma t (RORγt) are critical in promoting TH17 differentiation. ROR are key transcription 

factors in TH17 differentiation. RORγt is upregulated in response to IL-23 and its expression 

is correlated with IL-17 believed to be via STAT signalling282. Within naïve CD4 T cells, 
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RORγt induces TH17 differentiation as knockdown studies show that without RORγt, CD4+ T 

cells did not produce IL-17282.  

 

 

 IL-17 is produced by TH17 T cells and γλ T cells, natural killer cells, and innate 

lymphoid cells. IL-17 production relies on a storm of cytokines, mirroring what occurs in 

vivo, in vitro studies have described cytokines in this milieu include IL-1β, IL-6, IL-23, and 

TGF-β314.  

 

 

 SMAD 4 has been reported as a regulator of TH17 function and is linked to wound 

healing and fibrosis, suggesting a synergistic role for TGF-β and TH17 T cells in regulating 

the inflammatory response314. IL-17A promotes fibroblast proliferation and production of 

fibrotic factors246 and most tissue models in which it is studied, it mediates powerful effects 

on stromal cells261; namely in production of inflammatory cytokines and recruitment of 

immune cells261.  

 

 

Tregulatory cells 

 Regulatory T cells (Treg) are pivotal in modulating self-tolerance and immune 

homeostasis. Treg cells are identified by their ability to produce IL-10 and TGFβ238. Within 

the confines of cell-to-cell communication, IL-10 produced by Treg cells are described as 

promoting M2 polarization of macrophages147 and TGFβ is crucial in mediating fibrosis via 

its interaction with fibroblasts27. The downstream effect of Treg action is complex and further 

divided into regulatory T cell subpopulation 1, Tr1; described as regulating CD4+ TH1 and 

TH2 differentiation238. 

 

 

Within the confines of fibrosis, various subpopulations have been characterized under 

the umbrella of regulatory T cells. CD25, a widely expressed Treg marker, has been identified 

in human pulmonary fibrosis studies where it is associated with disease severity140. Mouse 

pulmonary studies describe the use of an anti-CD25 antibody leads to reduced fibrotic 

development314.  
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γλ T cells 

 γλ T cells are characterised by a T cell receptor γ and λ chain and they can instigate or 

resolve fibrosis depending on cytokines present and the disease model being used314. γλ T 

cells can produce a variety of cytokines, chemokines, and growth factors. They play a key 

role in regulating the immune response and influencing the behaviour of neighbouring 

immune cells246. 

 

 

In bleomycin induced fibrosis, deletion of γλ T cells results in severe fibrosis and γλ T 

cells function as the predominant source of IL-17314. In a bleomycin-induced pulmonary 

fibrosis model, T cell receptor delta (TCRλ) deficient mice were injected with γλ T cells from 

wild type mice yielding a weaker IL-17 signature, as described by reduced CD4+ IL-17+ cells. 

Suggesting γλ T cells are needed for TH17 differentiation and could play a regulatory role in 

fibrosis via its interaction with TH17 T cells314,246.  

 

 

Furthering their suggestion that γλ T cells modulate TH17 behaviour, they 

demonstrate that IFN-γ, a pro-fibrotic cytokine, inhibits IL-17 behaviour by introducing an 

anti- IFN-γ neutralizing antibody to TCRλ deficient CD4+ T cells which led to a significant 

increase in CD4+ IL-17+ T cells differentiation246. Confirming that not only do γλ T cells 

interact with immune cells, CD4+ T cells in this study, and modulate a fibrotic response via 

IFN-λ production.  

 

 

1.3.3 T cell activation 

 T cell activation is instrumented via its co-stimulatory receptors for T cell priming, 

CD27 and CD28. CD27 is a TNF receptor (TNFR) family member with various mechanisms 

of action256. It is constitutively expressed on naïve and central memory T cells and its 

expression is lost with differentiation into effector cells275.  

 

 

CD28 is a member of the immunoglobulin (Ig) family and serves primarily as a signal 

amplifier of the T cell receptor256. CD28 is expressed on all naïve T cells and maybe lost with 

differentiation and has shown to decrease with age, this disappearance is accelerated in 
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susceptible individuals275. CD27 activity is induced by CD70, which is found on activated T 

cells, B cells, and dendritic cells, and CD28 binds to its ligands CD80 or CD86, which are 

expressed on APCs275. CD27 and/or CD28 deficient mice studies describe that both CD27 

and CD28 promote clonal expansion of activated T cells via different mechanisms. CD27 acts 

by counteracting apoptosis via increasing anti-apoptotic molecule, Bcl-xl, and decreasing 

sensitivity to FasL-induced apoptosis. CD28 affects expression of cell cycle regulatory 

proteins and activates T cells via the cell cycle275.  

 

 

CD27-CD70 

CD27 is a member of the TNF receptor family (TNFR) which shares features with 

CD28, and it is expressed on naïve and central memory T cells55,95,256,275,280. CD27 is 

expressed on lymphocytes and its expression is increased after T cell activation274. CD27 

belongs to the TRAF-interacting subgroup of the TNF ligand super family (TNFSF), it 

interacts with TRAF2, 3 and 5280. Via TRAF2 and 5, a signalling cascade is activated 

resulting in the activation of transcription factors of the NFκB family and MAP kinase280. Via 

this pathway, CD27 enhances cellular proliferation and induces anti-apoptotic proteins b cell 

lymphoma-2 (Bcl-2)280. CD27 activity is induced via engagement with CD70, also called 

CD27 ligand. CD70 is found on activated T cells, B cells and dendritic cells, to name a 

few95,274.  CD70 is a member of the TNFSF, and this family can be sub-grouped into three 

categories: death receptors, TNF receptor associated factors, and decoy receptors280.  

 

 

CD70 expression is tightly controlled and occurs strictly after activation. CD27 

signalling can lower the threshold of the TCR response to low affinity antigens, promotes 

differentiation, and enhances proliferation and survival. CD27 signalling is TNF receptor 

associated factor (TRAF) dependent and primarily targets the NFκB and c-Jun amino 

terminal kinase/p38 pathways55. The importance of the CD27-CD70 pathways has been 

reflected in animal studies. CD70 blockade in collagen-induced arthritis mouse models 

describe that CD70 blockade before and after the onset of the disease leads to improved 

clinical presentation and reduced collagen production95,151. In vitro blockade studies show 

that without CD27, the response of T cell proliferation and cytokine secretion were inhibited 

and that CD27 deficiency allows for T cell division, but proliferation is poor following 

activation55. In tumours, the CD27/CD70 axis could have pro-tumoral immune suppressive 



40 

 

effects given CD70 has been described as overexpressed in tumour tissue and associated with 

worsening prognosis256. These works suggest a key role for understanding the mechanism of 

CD27 and CD70 in T cell behaviour within disease models55,256,280. Within the confines of 

musculoskeletal disease, an influx of immune cells is instrumental in mediating tissue repair. 

Understanding the molecular mechanisms in play during immune cell activation and 

differentiation could provide crucial understanding towards developing therapeutic targets.  

 

 

CD28-CD80/86 

CD28 is a member of the immunoglobulin family and acts largely as a signal 

amplifier of the T cell receptor275. CD28 is a member of subfamily of co-stimulatory 

molecules and is expressed by 80% of human CD4+ T cells and 80% of CD8 T cells81,95. 

While CD28’s function is not completely understood it has been identified on other cell 

lineages including bone marrow stromal cells, plasma cells, neutrophils, and eosinophils81. It 

has been suggested that CD28 expression is inversely related to age however TNF can 

function as a contributing factor in its downregulation. This suggests a cytokine driven 

mechanism for CD28 expression95. 

 

 

The CD28-CD80 pathway is a costimulatory pathway in which CD80/CD86 

expression is induced on antigen presenting cells upon stimulation. The interaction between 

CD28-CD80/86 interaction can be inhibited by cytotoxic T-lymphocyte antigen (CTLA)-4 

immunoglobin (Ig)95. CTLA4 is expressed after stimulation and limits T cell responses by 

outcompeting CD28 by binding to CD80 and CD86 with greater affinity95. CD80 expression 

is described as being induced in the immune response prior to CD86. Expression of both 

CD80 and 86 is dependent on various activation stimuli but the exact mechanism is not 

known95. CD28 acts as a signal for transcription factors like NFκB, nuclear factor of activated 

t cells (NFAT), and activator protein-1 (AP1). CD28 functions by lowering the TCR 

threshold and allowing for ‘easier’ T cell clonal expansion and differentiation95.  

 

 

 

 

1.4 Dupuytren’s disease 
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1.4.1 History of Dupuytren’s disease 

Dupuytren’s disease is a fibroproliferative condition in which the palmar tissue of the 

hand becomes chronically inflamed, as a result of unresolved tissue repair, resulting in a fixed 

flexion of the affected, typically 4th and 5th fingers. Dupuytren’s disease was first described 

by Felix Platter in 1680, Henry Cline in 1808, and Sir Astley Cooper in 1818 before 

Guillaume Dupuytren’s provided an eponym for the disease after his lecture in 183184,102,265. 

In folklore, Dupuytren’s disease has been described as a ‘Viking’s disease’ due to the 

disease’s prevalence in Scandinavia and the spread of the disease in countries colonized by 

the Vikings84,105,265. It has also been described as the papal ‘hand of benediction’-inspired by 

the ‘hand of Sabazios’ and depicted by an early pope who had the disease- or the curse of the 

bagpipe craftsmanship of the MacCrimmon clan-a prominent clan of bagpipers who 

developed the disease and could no longer play105,265.  
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1.4.2 Clinical presentation 

Dupuytren’s disease tissue has two microenvironments: nodules and cord29,102,218,265. 

In early Dupuytren’s disease, small tissue masses, called nodules, are palpable on the palm. 

The nodules develop on the pretendinous cords causing the underlying fascia to thicken in the 

palm and continue towards the fingers170. These nodules develop into a thick, fibrous cord 

which adheres to the skin, running parallel to the tendons29,218. This cord causes a fixed 

contracture of the metacarpophalangeal (MCP) and proximal interphalangeal (PIP) joint218. 
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1.4.3 Epidemiology 

Dupuytren’s cases are frequently reported in western countries, like the United States, 

England, and Scotland. The disease affects between 2-42% of the population265 and 

disproportionately affects white men. The range of percent occurrence is credited to 

underreporting, as seen in the lower range, and communities disproportionately affected by 

the disease, indicated by the higher end of the range. Studies have shown that Dupuytren’s is 

reported in Taiwan and Japan as frequently as they are in northern Europe96,218,248 -however 

Taiwanese and Japanese cases are not as severe, presenting ‘early’ stage Dupuytren's disease 

as noted by the absence of the fibrous cord218,248. Icelandic studies have reported 40% of 

Dupuytren’s cases in males over 70 and in the United Kingdom (U.K.), the prevalence is 

around 4% and rises to 20% in populations of people over 65 years of age218,248. However, a 

United States (U.S.) study reported 4-6% prevalence in the general population71; supporting 

the notion that people over 60 are more likely to develop the disease. 

 

 

These studies have reported that within the populations studied men, particularly 

white men, are more susceptible to developing Dupuytren’s disease. The link between white 

men and the disease has been supported by their European heritage, in addition to the 

possibility of a diathesis, defined as the tendency to suffer from a particular medical 

condition. However, this notion of Dupuytren’s primarily affecting white men is often 

questioned; it is well understood that across racial groups and genders, white men are more 

likely to have access to quality care and are taken more seriously when sharing their health 

challenges with healthcare professionals. Further, it has been suggested that Dupuytren’s can 

be inherited in an autosomal dominant pattern-perhaps in association with risk factors linked 

to Dupuytren’s disease29,84,105,150,218,240. These risk factors could explain why Dupuytren’s 

disease is seen in other racial populations with lower prevalence71,189,287,309. 

 

 

1.4.4 Risk factors 

While Dupuytren’s disease has been divided into stages of progression, the cause of 

the persistent activation and differentiation of fibroblasts has yet to be explained. However, a 

series of lifestyle factors have been suggested as contributors to the development of the 

disease. The most discussed are performance of manually laborious tasks69,105,174, 

diabetes102,105,96,69,201,45, smoking45,96 and alcohol use96,102,174. Vibration tasks is the collective 
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term used to describe actions that lead to the development of microtears or injury to the 

hand’s soft tissue. The performance of vibration tasks can lead to microtears in the fascia that 

become chronically inflamed, leading to the development of Dupuytren’s disease105, 174.  

 

 

Musculoskeletal disorders accompany diabetes due to microangiopathy, defined as 

thickening and weakening of the blood vessels causing leakage, and increased collagen type I 

production suggesting Dupuytren’s could be a complication of diabetes, via an unknown 

mechanism. Interestingly, it has been suggested that diabetic patients’ middle and fourth 

fingers are affected by Dupuytren’s disease instead of the fourth and fifth fingers, as seen in 

non-diabetic patients105. Similarly, diabetes has also been associated with Peyronie’s disease, 

again credited to vascular leakage (as a complication of diabetes) leads to dysregulated tissue 

homeostasis92. Smoking has also been linked to the development of Dupuytren’s due to 

changes in the microvascular of the hand, creating complications in wound healing105,248. 

Alcoholism has also been suggested as a factor of Dupuytren’s however, the reasoning has 

yet to be explained96,171,174.  

 

 

Dupuytren’s disease belongs to a class of diseases called superficial fibromatosis. 

Diseases in this class include Dupuytren’s disease (palmar fibromatosis), Garrod’s pads 

(palmar fibromatosis), Ledderhose disease (plantar fibromatosis), and Peyronie’s disease 

(penile fibromatosis). Garrod’s pads, also called Garrod’s nodes or knuckle pads are firm 

nodules formed on the extensor aspects of the proximal interphalangeal or 

metacarpophalangeal joints29,96,177,265,310. While defined as palmar fibromatosis, like 

Dupuytren’s disease, Garrod’s pads are localised to the knuckles prompting the discourse that 

they should be called knuckle fibromatosis, instead of palmar.  

 

 

Ledderhose disease, also called plantar fibromatosis, is described as Dupuytren’s of 

the foot; nodules appear along the bottom of the foot causing the toes to contract and 

painfully curl forward5,62. Peyronie’s disease affects the penile fascia causing deformation, 

erectile dysfunction, and pain96,225,289,310. The association between these diseases and 

Dupuytren’s disease is credited to cases presenting with both Dupuytren’s and another type 
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of fibromatosis. Studies have also suggested that presenting with Dupuytren’s disease could 

predispose an individual towards developing other types of fibromatosis202,259,308.   

 

 

1.4.5 Pathophysiology 

Dupuytren’s disease has been described in three stages: proliferative, involutional, 

and residual (Table 1.1). During the proliferative stage, activated fibroblasts, called 

myofibroblasts, continuously produce α-SMA leading to the formation cellular nodules29,218. 

It has been suggested that transforming growth factor beta (TGFβ) and periostin play a role in 

the persistent activation and differentiation of fibroblasts into myofibroblasts27,218. In addition 

to α-SMA producing myofibroblasts and excess collagen production, nodule tissue contains 

narrowed micro vessels and increased type 3:1 collagen ratio, suggesting hypoxia plays a role 

in the development of the disease102. The involutional stage is characterised by the presence 

of α-SMA+ nodules, periostin, and increased expression of collagen type III218. The increase 

in collagen type III expression leads to the development of the fibrous cord in the later stages 

of the disease. Seen in the residual stage of Dupuytren’s, the cord’s dense, collagenous matrix 

contains cellular nodules and is accompanied by flexion contracture of MCP and PIP joints 

and reduced collagen type III expression29,102,218. 
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Table 1.1 Further classification of Dupuytren’s disease 

As more studies focus on understanding Dupuytren’s disease, classification of the stages of 

disease continues to change. Here is a tabulated assessment of Dupuytren’s disease where 

instead of being characterized into four stages by degree of inward finger curling, the disease 

is characterized into three stages. This three-stage classification also considers the changes in 

cell behaviour and decreased mobility. The information in this table was sourced from 

Walthall et al. 2021281. 

 

 

 

 

 

 

 

 

 

Stages of 
Dupuytren’s 

Characterization 

 

Proliferative 
• Stage 1 & 2 

• phase has a characteristically high concentration of immature 

myofibroblasts, and fibroblasts arranged in a whorled pattern 

• mild case, no contraction or mild MCP joint contracture (<30 )̊ 

 

Involution 
• Stage 3 

• fibroblasts become aligned in the longitudinal axis of the hand 

following lines of tension 

• mild functional challenges, joint contracture (30-60 ̊) 
 

Residual 
• Stage 4 

• relatively acellular collagen-rich chords remain causing contracture 

deformity 

• severe contracture (>60 )̊ of MCP joint and PIP joint (>30 )̊ 
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1.5 Dupuytren’s as a model of fibrosis 

The cellular mechanisms of tissue healing are complex and not fully understood. When 

tissue healing fails to resolve, the tissue becomes chronically inflamed295,301. Chronic 

inflammation is defined as persistent and unresolved inflammation has been described as a 

contributing factor to erratic healing and in the progression of fibrotic tissue295. Tissue 

fibrosis is characterized by excessive ECM protein production causing permanent scarring 

and, in severe cases, organ failure295,301. Dupuytren’s disease is a model of tissue fibrosis as 

persistent activation and differentiation of fibroblasts and immune cells leads to the 

maintenance of the inflamed tissue state, presenting histologically as excessive cellular tissue 

(Figure 1.5)194,204. Published works describe Dupuytren’s by its activation of the stromal 

compartment, activation of resident and infiltrating immune cells and production of pro-

fibrotic and pro-inflammatory mediators3, 117,152,276. Thus, the elucidation of immune 

mechanisms involved in a local, fibroproliferative disease that is readily accessible for tissue 

biopsy could provide useful insights in other fibrosis diseases where obtaining a biopsy is 

more difficult, like in lung and heart fibrosis.  
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1.5.1 Extracellular matrix makeup of Dupuytren’s  

Chronic inflammation is defined as an immune response in which immune cells 

persistently infiltrate the site of repair and can trigger excessive ECM component 

accumulation295. During the preliminary stages of tissue repair, leukocytes and monocytes are 

recruited from the blood to differentiate and activate in response to factors released by cells at 

the site of damage37. This inflammatory response is resolved when immune cell recruitment 

is ‘outweighed’ by immune cell emigration and apoptosis213. However, when these immune 

cells remain, in combination with permanently activated fibroblasts, inflammation is not 

resolved, and an inflamed tissue microenvironment is created213.  

 

 

Matrix proteins in Dupuytren’s disease has been characterized by studies describing 

an increase in myofibroblast expression in response to inflammatory cytokines117,152,276. 

Further Dupuytren’s cord composition has been described as primarily made up of collagen 

type III, presenting as a fibrous cord, raised on the palm96,133. Collagen turnover and ECM 

remodelling is regulated by MMPs and their inhibitors TIMPs295. Published works describe 

that MMP-2 and MMP-14 are key in collagen contractility in Dupuytren’s disease291. Chronic 

inflammation and fibrosis are encouraged when the balance between MMP production and 

TIMP regulation is disrupted, leading to the build-up of matrix proteins, and stiffening of the 

tissue which manifests clinically as tensed palm tissue and flexed fingers-identifying traits of 

Dupuytren’s disease295. 

 

 

1.5.2 Immune cells infiltrate Dupuytren’s stroma 

When tissue damage has occurred, the cells of the stromal compartment demonstrate 

an activated phenotype eliciting release of factors which act upon resident and infiltrating 

immune cells. The immune cell hierarchy of Dupuytren’s nodule tissue has been described as 

macrophages, T cells, mast cells, B cells, and neutrophils117. In response to the inflammatory 

nature of the site of tissue damage, infiltrating immune cells secrete factors that promote 

further recruitment of immune cells from the blood stream and maintain survival of immune 

cells, preventing resolution of tissue repair and promoting fibrosis.  
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Macrophages 

 Macrophages perform various roles within the tissue where they identify invaders and 

phagocytosis them and they regulate fibroblast behaviour via their production of TGF-β. In 

liver fibrosis studies, macrophage depletion led to altered disease pattern77,299. Monocytes are 

recruited from the blood stream in response to CCL2 (monocyte chemoattractant protein-1, 

MCP-1) produced at the site of injury301. The subpopulations of macrophages are described 

as M1 or M2 and their differentiation depends on surface markers and proteins expressed at 

the site of injury289. Suggested differentiation pathways indicate an M1 phenotype is the 

result of monocyte exposure to MCSF, bacterial lipopolysaccharide (LPS), TNF-α, or IFN-γ 

and M2 from GM-CSF, IL-4, or IL-13289,295,301. Activated, differentiated macrophages 

produce pro-inflammatory and pro-fibrotic cytokines which activate and differentiate 

fibroblasts and drive overproduction of ECM components289,299. Additionally, the factors 

produced continuously recruit and maintain immune cell populations289.  

 

 

Mast cells 

Mast cells are activated in response to IFN-γ and produce IL-13 which has a role in 

driving fibrosis via STAT1/IL-13Rα1 pathway3. This, in combination with blockade studies, 

reveal that the absence of fibrosis is associated with decreased IL-4, deemed a pro-fibrotic 

mediator, and IL-13 expression suggesting that these TH2 cytokines have a specific role in 

developing fibrosis295. IL-4 has been described as a pro-fibrotic cytokine due to its presence 

in fibrotic lung fluid295. IL-13 has recently been described as a driving factor in Dupuytren’s 

disease3. Interestingly, when IL-4 and IL-13 were hindered separately, IL-13 was identified 

as the dominant cytokine in developing fibrosis295-suggesting an instrumental role in 

activated, IL-13 producing mast cells. 

 

 

T cells 

Infiltrating T cells from the blood stream, particularly CD4+ T cells, have been 

implicated in the development of fibrosis via their production of inflammatory 

cytokines185,301. The immune cell landscape of Dupuytren’s has been described as not only 

having a clear T cell population but also that T cells are one of the leading immune cells 

found in nodule tissue117.  
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Lymphocyte subsets that have been implicated in having a role in fibrosis are TH1, TH2, TH17 

and gamma delta (γδ) T cells314. IL-12 has been described as a driver of naïve CD4+ T cells 

toward the IFN-γ producing T cells which inhibit fibroblast production of collagen thus 

inhibiting fibrosis314. TH2 subset of T cells are characterised by production of IL-4, IL-5, and 

IL-13. IL-13 cultured Dupuytren’s fibroblast showed an increase in matrix protein expression 

thus driving the fibrotic response in Dupuytren’s117. The TH17 response is characterized by 

production of IL-17 which activates the STAT3 pathway promoting collagen type 1 

production314. 

 

 

1.5.3 Cytokines and growth factors in Dupuytren’s 

Cytokines and growth factors contribute to the development of Dupuytren’s disease 

by maintaining the chronically inflamed nature of the tissue and maintenance of persistently 

activated myofibroblasts and immune cells. It has been reported that the most prevalent 

soluble factors in Dupuytren’s nodule tissue are IL-6, TGF-β, and TNF-α117,276. Studies have 

shown that culturing Dupuytren’s fibroblasts with pro-fibrotic and pro-inflammatory 

cytokines enhances the elements associated with tissue fibrosis suggesting the possibility of 

manipulating their pathway of action to reduce or hinder development of fibrosis3,25,117,276.  

 

 

TGFβ isoforms 

Members of the TGF-β superfamily are secreted by several cell types and implicated 

in various cell functions: regulating tissue homeostasis and repair, immune and inflammatory 

response, extracellular matrix deposition, cell differentiation and growth27. The three 

isoforms of TGF-β (TGF-B1, TGF-β2, and TGF-β3) are encoded by three different genes but 

signal via the same cell surface receptor and have similar targets27. TGF-β1 has been 

described as a key factor leading to the transition from tissue being chronically inflamed to 

becoming fibrotic; as well as being instrumental in regulating the fibroblast phenotype and 

function27,29,218. TGF-β1 expression in Dupuytren's disease has been described as being 

highly expressed in the tissue’s matrix and by fibroblasts and myofibroblasts within the 

nodule25. It has also been suggested TGF-β1 is the driver of the recurrent nature of the 

disease as fibroblasts stimulated with TGF-β1 showed a 3-fold increase in α-SMA 

expression28 and an increase in collagen type25,287. Increased α-SMA is coupled with 
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increased expression of matrix proteins, contributing to increased contractility of the matrix, a 

key feature of Dupuytren’s55,267. 

 

 

IL-1 family 

           IL-33 is an IL-1 homologue and an alarmin which is released after injury to alert 

‘alarm’ the immune system of tissue damage185. It has been described as a key regulator of 

immune cells as its main receptor, ST2, is expressed by TH2 T cells, regulatory T cells (Treg), 

and innate lymphoid cells (ILCs). When expressed, IL-33 induces ST2+ Treg cell proliferation 

and expression of epidermal growth factor (EGF) which enhances immune regulatory 

functions and supports tissue repair159.  

 

 

Detected in rheumatoid arthritis (RA) synovium, IL-33 correlates with disease 

severity in mouse models when administration of IL-33 at disease onset worsened the 

condition and when IL-33 was blocked, via ST2 deletion, RA severity decreased. It has been 

suggested that the effect of IL-33 is mediated via pro-inflammatory cytokines, namely IFN-γ, 

TNF-α, IL-17, mast cell degranulation, mobilization of neutrophils into the joints, type 2 

cytokines produced by activated TH2 T cells159.  

 

 

In tendinopathy, IL-33 induced changes in collagen and cytokine production via 

NFκB inhibition. It was suggested that IL-33 acts via a canonical IL-1 receptor signalling 

pathway, in vitro, and in an in vivo patellar tendon injury model, injection of IL-33 increased 

collagen type III expression and reduced tendon strength demonstrating the impact of IL-33 

on tendon function. In ST2-/- mice, administration of IL-33 showed no effect suggesting IL-

33 acts in an ST2 dependent manner159,185.  

 

 

Stromal cells in Dupuytren’s nodules were described as the main source of IL-33 and 

both IL-33 and ST2 are present in nodule tissue-the later expressed by mast cells and 

macrophages117. Using neutralizing antibodies to TNFR2 and IL-33, reduced α-SMA, 

Collagen I, IL-33, and ST2 expression was seen coupled with reduced contraction of the 

matrix, suggesting that myofibroblasts are involved as they are key for tissue contraction117. 
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Suggesting an instrumental role for IL-33/ST2 in perpetuating the fibrotic state of 

Dupuytren’s tissue and tense palmar tissue. 

 

 

IL-6 

IL-6 is a pro-inflammatory cytokine that is a major regulator of the acute 

inflammatory response and is well studied in fibrotic diseases 40. IL-6 has been shown in 

Dupuytren’s nodules25 and secreted in its soluble form117,125 demonstrating the inflammatory 

nature of the tissue. It has been suggested that the source of IL-6 are the infiltrating immune 

cells which in turn amplify the immune response73. Also suggested as a source of IL-6 are 

activated fibroblasts, behaving in an autocrine fashion to promote the fibrotic phenotype132. 

In examining the inflammatory response, IL-1β and TNF-α treatment of fibroblasts increase 

IL-6 secretion and elevating the inflammatory response301.  

 

 

IL-13 

IL-13 is a TH2 response cytokine hypothesized to induce fibrosis in a TGF-β 

dependent manner as it has been shown to be dominant in the development of fibrosis31,301. 

IL-13 is produced by mast cells and T lymphocytes and aid in TGF-β production and 

activation3,132. It has been shown that stimulation of Dupuytren’s fibroblasts with IL-13 

drives fibrosis via increased myofibroblast differentiation and expression of matrix proteins 

at the mRNA level3. IL-13 signalling occurs via IL-13Rα1 receptor and it was found that 

blocking IL-13Rα1 decreased matrix protein expression and cell proliferation3.  

  

 

IFN-γ 

IFN-γ has been implicated in the development of Dupuytren’s disease, it has been 

suggested that IFN-γ targets the pro-fibrotic activity of TGF-β1 and inhibits fibrosis31,136,301. 

However, recent studies show IFN-γ is produced by T cells and its stimulation, in 

combination with TGF-β1, of fibroblasts increases IL-13 expression from mast cells and 

driving fibrosis in Dupuytren’s tissue3,218,301.  
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TNF-α 

TNF-α is an inflammatory cytokine that has been described as an essential regulator of 

the myofibroblast differentiation and instrumental in the development of fibrosis and matrix 

protein expression117,276,301. TNF-α has been shown to be prevalent in Dupuytren’s nodules 

and involved in fibroblast differentiation into myofibroblasts25,117. When cultured with TNF, 

Dupuytren’s fibroblasts expressed higher collagen type I, α-SMA, and TNFR1 & 2117,276. 

Published works describe that TNF-α blocking could be a potentially successful treatment as 

it could reduce contractility of myofibroblasts126,276. 

 

 

1.6 Therapies targeting Dupuytren’s disease  

1.6.1 Current treatments 

Treatment for Dupuytren’s disease is aimed at palliative care rather than curative37. 

Treatment options depend on the stage of the disease presented and whether surgical or non-

surgical treatment would be most successful. Non-surgical treatment options include physical 

therapy, splints, steroids, radiotherapy, percutaneous fasciotomy, and collagenase 

injections29,96. Non-surgical methods are used when a patient presents early stages of 

Dupuytren’s. The aim of non-surgical treatment is to increase mobility of the fingers and to 

relax the hardened palmar tissue.  

 

 

 Injection of collagenase clostridium histolyticum, an enzyme, is a non-surgical 

treatment that aims to digest the collagen that makes up cord tissue63,96,150. Collagenase is 

injected into patient's who present Dupuytren’s contracture which is characterized by raised 

nodules on the palm and affected fingers71,96. The following day, mobility of the hand is 

increased via finger manipulation causing forced extension of the finger followed by placing 

the hand in a splint to maintaining relaxed finger and palm63,96. Besides being non-surgical, 

this treatment method is performed on an outpatient basis and despite needing multiple 

treatment session, is initially successful and convenient for patients.   

 

 

Surgical treatments include local, radical, or limited fasciectomy where limited 

affected tissue is removed, extensive affected and healthy tissue is removed, and disease 

tissue is removed, respectively29. Dermofasciectomy and skin grafting is also a treatment 
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option where the overlying tissue is removed, and a skin graft is used to prevent the 

recurrence of the disease. The goal of surgical treatment is to remove the affected tissue, as 

well as tissue that could become fibrotic after recovery, to allow the patient to regain use of 

their hand(s) and relieve palmar tension29,96. Surgical treatment is initially successful 

however, some patients return for treatment after presenting stages of Dupuytren’s during 

their lifetime. Demonstrating the need for further understanding of the disease so treatment 

options can prevent resurgence of the disease. 

 

 

1.6.2 Cytokine targeted therapy in Dupuytren’s disease 

IL-6 

Triamcinolone acetonide is a corticosteroid commonly used to treat Dupuytren’s 

disease in the pilot stages. Its administration has been shown to decrease IL-6 expression and 

fibroblast proliferation and, lastly, VEGF-dependent angiogenesis via STAT125. In 

Dupuytren’s disease, corticosteroids improve consistency of nodules and flattens palm tissue. 

However, in the later stages of the disease, treatment options must be more vigorous (i.e., 

enzymatic digestion) to disrupt the fibrous tissue.  

 

 

IL-17 

IL-17, also called IL-17A, is a cytokine produced by TH17 T cells and Secukinumab 

is an FDA approved anti-IL-17 agent. The effects of Secukinumab have been well 

demonstrated in mouse and human studies72,128,179. A murine lung study showed that 

bleomycin induced fibrosis was coupled with an IL-17 signature suggesting that a crucial role 

for the cytokine in fibrotic tissue development72. Further mouse studies in skin describe 

administration of Secukinumab in a bleomycin induced fibrosis model led to amelioration of 

fibrosis, reduced dermal thickness, and reduced collagen 3 expression128. A human psoriatic 

arthritis study revealed that inhibition of IL-17A, via Secukinumab administration, 

successfully improved associated symptoms and subjects’ quality of life compared to those 

who received placebo179. These and other published works illustrate the targeting of IL-17 as 

successful in improving the diseased state of inflamed tissue. They go on to label IL-17 

related research as a promising avenue of exploration towards developing therapeutics and 

suggest further human testing is crucial to improve the lives of those affected by fibrotic 

disease.  
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TNF-α 

Anti-TNF blockade agents currently in circulation for treatment of musculoskeletal 

diseases are adalimumab, certolizumab, infliximab, etanercept, and golimumab161.  

Adalimumab, Certolizumab, Etanercept, and Golimumab have been shown to decrease 

contraction of Dupuytren’s fibroblasts in in vitro studies conducted by Verjee et al. They 

suggest administration of these anti-TNF therapies act upon fibroblasts via Wnt signalling 

pathways278. These blockade therapies are focused on treating early Dupuytren’s via nodule 

injections towards digesting the hardened palmar tissue. Adalimumab injection has been 

shown to reducing nodule size and hardness in Dupuytren’s disease195,210. Certolizumab, 

Etanercept, and Golimumab have been successful in improving patient outcome (i.e., joint 

mobility, pain management) in patients with RA90,100,215. 

 

 

Secondary to these anti-TNF therapies, biosimilar monoclonal antibodies have been 

developed, like generic drugs, to provide alternative treatment options to patients. A 

biosimilar is a medicine parallel in structure, pharmacokinetics and function to a Food and 

Drug Administration (FDA) approved medication but is more accessible and cost 

effective166,220. Infliximab has been developed towards treating rheumatoid arthritis and 

biosimilars to infliximab, called Remicade and Remsima, are currently being sold in Europe 

as an effective alternative39,190. Future work will assess Infliximab, and its biosimilars, 

towards altering fibroblast behaviour in Dupuytren’s disease.  

 

 

TGF-β1 

TGF-β1, an isoform of TGFβ, is well described in fibroblast biology as an inducer of 

activation and play a leading role in the pathophysiology of Dupuytren’s disease. The use of 

pirfenidone (PFD) has been shown to inhibit production and activity of TGF-β1 in various 

pre-clinical and in vitro models in organ fibrosis models319. The effect of PFD on canonical 

(Smad) signalling pathway was examined in Dupuytren’s disease, as it has been shown to act 

via this pathway in other fibrotic models, however this was not seen in Dupuytren’s319.  
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JAK  

Tofacitinib is an inhibitor of janus kinase (JAK) which are vital for STAT1 and 

STAT6 signalling3. Tofacitinib inhibited STAT1 signalling in Dupuytren’s disease and that 

IL-13 production by mast cells was also significantly decreased3. Demonstrating the 

importance of the JAK/STAT pathway and the successful inhibition of STAT signalling.  

 

 

1.6.3 Signalling pathways in Dupuytren’s 

Wnt Signalling 

Wingless/integrated (Wnt) signalling was first described within the confines of drosophila 

genetic studies and the name Wnt describes the fusion of the name of the drosophila gene 

wingless and the vertebrate homolog, integrated or int-1138. The Wnt gene family consists of 

structural genes that encode for glycoproteins and the family is comprised of two signalling 

pathways: canonical, or Wnt/β-catenin dependent, and non-canonical, or β-catenin 

dependent75,138.  

 

 

TNF canonical signalling was described in Dupuytren’s disease by Verjee et al. 2013 

where they demonstrate that myofibroblast phenotype differentiation is partly mediated by 

Wnt/β-catenin pathway and that Dupuytren’s myofibroblasts and fibroblasts express Wnt/β-

catenin related genes276. The authors go on to describe that the neutralization of TNF 

decreases expression of TNFR2 and preventing the development of fibrosis via reduced α-

SMA and Collagen type 1 expression276. 

 

 

  TGF-β1, a pro-fibrotic growth factor, has also been described as acting via both 

canonical and noncanonical pathways in Dupuytren’s disease. Canonically, TGF-β1 binds to 

its receptors, activating SMAD2/3 dependent signalling leading to the translocation of SMAD 

2/3 and 4 to the nucleus and promoting expression of TGF-β1 related genes80,270,319. 

Noncanonically, TGF-β1 induces various branches of MAP kinase (MAPK) including Rho-

like GTPase and phosphatidylinositol-3-kinase (PI3K)/AKT pathways independent of SMAD 

signalling319. The role of p38 and Akt phosphorylation has been described as a driver ECM 

production and proliferation and differentiation of myofibroblasts229. The authors go on to 

describe the effect of Pirfenidone administration as inhibitory of TGF-β1 induced activation 
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and differentiation of fibroblasts, ECM production, canonical signalling-via attenuation of 

phosphorylation of SMAD 2/3-and noncanonical signalling via decreased phosphorylation of 

PI3K/Akt signalling proteins319. 

 

 

JAK/STAT pathway 

 JAK-STAT pathway has been described as a key cytokine signalling pathway251. 

Cytokines binds to their cell-surface receptor resulting in receptor dimerization and activation 

of JAK tyrosine kinases. These tyrosine residues function as docking site for STATs leading 

to STAT phosphorylation and translocation to the nucleus where they activate gene 

transcription251. Of the seven mammalian STATs (STAT1, STAT2, STAT3, STAT4, 

STAT5A, STAT5B, and STAT6), STAT1 has been described in Dupuytren’s disease3. Akbar 

et al. (2020) describe T cell produced IFN-γ as an inducer of IL-13 secretion by mast cells, a 

well described pro-fibrotic cytokine, which leads to upregulation of IL-13Rα1 on fibroblasts-

increasing their reactivity to IL-133. The authors use tofacitinib to target STAT1 signalling as 

it has been shown to be a pan JAK inhibitor and reduces signalling of IFN-γ and Il-13 in 

vitro. Akbar et al. (2020) describes the administration of tofacitinib inhibits an increase 

expression of IL-13Rα1 from control fibroblasts and IL-13 secretion from mast cells3. They 

also describe that tofacitinib treatment inhibited IL-13-induced STAT6 phosphorylation in 

Dupuytren’s myofibroblasts manifesting downstream as decreased matricellular protein 

expression and cell proliferation3.  
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1.7 Aims 

Recent works on Dupuytren’s disease describe a role for immune cells in the disease etiology via their 

interaction with fibroblasts. This immune cell-fibroblast crosstalk could highlight crucial interactions 

that promote inflammation and excess ECM proteins. Given it is not well understood exactly how the 

disease begins or how it recurs, acknowledging the role the immune system could play would allow 

for potential answers to the questions remaining.  

 

This body of work focuses on stromal activation as an element of the disease as published studies 

describe that stromal cell characterization is associated with tissue disease. We suggest that stromal 

cell behavior, in combination with immune cell interactions, could emphasize interactions worth 

pursuing towards creating a fuller understanding of the disease and the factors which impact the tissue 

stroma.  

 

The aims of this work focus on: 

1. Defining stromal cell behaviour within Dupuytren’s tissue 

2. Characterization of Dupuytren’s microenvironments via bulk RNA sequencing 

3. Describing the immune cell landscape of Dupuytren’s tissue 

4. Interrogating stromal-immune cell crosstalk as a contributing factor of Dupuytren’s etiology 
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Chapter 2: Materials and methods 
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2.1 Buffers and medias 

Complete Roswell Park memorial institute (cRPMI)-500mL RPMI 1640 supplemented 

media supplemented with 10% heat inactivated foetal bovine serum (FBS), 1% L-glutamine 

(200mM, Thermo fisher scientific), 1% penicillin-streptomycin (10,000 U/mL, Thermo fisher 

scientific)  

 

MACS buffer 1x PBS supplemented with 2% (w/v) BSA and 2nM EDTA 

 

FACS buffer 1x PBS supplemented with 1% FBS 

 

ELISA assay buffer 1x PBS supplemented with 0.5% (w/v) BSA  

 

ELISA wash buffer 500mL of 10x PBS diluted in 4.5L distilled and 2.5mL of Tween 20 

 

ELISA stop solution 2N sulphuric acid 

 

TBS Tween (TBST) 100mL of 10X TBS buffer (pH=7.6) was diluted in 900mL of water 

and 0.05mL of Tween 20 

 

 

2.2 Ethical approval of human tissue collection  

Procedures and protocols were approved by the Ethics committee under Central Network, 

Southeast Health (HREC/96/55, HREC/14/130) and West of Scotland REC 

(REC14/WS/1035). Tissue was obtained from patients undergoing Dupuytren’s fasciectomy 

or carpal tunnel decompression. Tissue used for experiments was residual tissue not used at 

the time of surgery under the NHS Greater Glasgow Residual Tissue consent procedure.  

 

 

2.3 Patient demographic 

Tissue samples were obtained from patients undergoing Dupuytren’s fasciectomy or Carpal 

Tunnel decompression. Samples were obtained from individuals who identified as male or 

female. The median age range for males undergoing Dupuytren’s fasciectomy or Carpal 

tunnel decompression were 55 and 50, respectively. The median age for females undergoing 
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Dupuytren’s fasciectomy or Carpal tunnel decompression were 51 for both. Details about 

patient’s lifestyle and morbidities that could contribute to their presentation of Dupuytren’s 

disease and Carpal tunnel disease (i.e., diabetes, smoking, family history) were not able to be 

obtained and shared with me as this information could violate the Data Protection Act (DPA) 

2018.  

 

2.4 Cell culture 

All cell culture experiments were performed in a laminar flow hood. Cell cultures were 

maintained in T25 or T75 cell culture flask in a humidified incubator at 37℃, 5% CO2, 95% 

O2. The incubator was maintained with Chemgene lab disinfectant diluted in autoclaved 

water.  

 

 

2.4.1 Culture of primary human fibroblasts 

Dupuytren’s and carpal tunnel fibroblasts were explanted from tissue of patients undergoing 

fasciectomy or compression, respectively. Tissue was dices into small pieces (~2mm) using a 

sterile blade and placed into a T25 tissue culture flask containing 7mL of complete RPMI. 

Flasks were incubated for one week, if Dupuytren’s tissue, and up to 4 weeks, if carpal tunnel 

tissue. The cells were allowed to adhere and proliferate. No more than 4 weeks after the 

specimen’s arrival date, or when flasks had reached 90% confluency, and were washed with 1 

mL of PBS and 1-2mL of trypsin EDTA was added to the flask. The flask was allowed to rest 

in the incubator (~5 minutes) until the cells unadhered from the bottom of the flask. Once all 

cells had detached, fresh, warmed complete media was added in a 1:4 ratio to deactivate 

trypsin. The cells were spun down in a conical 50mL falcon tube and the pellet was 

resuspended in 10mL of fresh media and the volume was distributed between sterile T25 

flasks and an aliquot was frozen in bambanker (GC lymphotec Inc), in a cryovial, and stored 

at -80℃. Cells were not used past passage 4 so as to limit population doubling level (PDL) 

and senescence as cell behaviour and phenotype changes as cells continue to replicate in 

vitro.  

 

 

2.4.2 Culture of primary human T cells 

2.4.2.1. Isolation of peripheral blood mononuclear cells (PBMCs) 
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Blood combs were obtained via NHS England. PBMCs were separated from whole blood 

samples by diluting blood 1:3 in sterile PBS in a 50mL Falcon centrifuge tube. The 40mL of 

diluted blood was aliquoted into 15mL Falcon centrifuge tubes and 3mL of Ficoll histopaque 

was added gently to create a top layer. The 15mL Falcon tubes were centrifuged at 400g for 

20 minutes without the brake. The layer of PBMCs (white layer) was collected slowly using a 

Pasteur pipette and transferred to a sterile 50mL Falcon centrifuge tube. The PBMCs were 

washed twice with sterile PBS and centrifuged at 400g for 5 minutes, with the brake, to create 

a cell pellet.  

 

 

2.4.2.2. Isolation of CD3+ T cells from peripheral blood mononuclear cells 

Cells were separated using the manual Miltenyi MS column and magnet according to 

manufacturer’s instructions. To prepare cells for separation, the cells were washed in cold 

PBS and centrifuged at 400g for 5 min and the pellet was resuspended in MACS buffer. The 

live cells were counted using a haemocytometer and the desired number of cells were 

obtained, centrifuged, and resuspended in 20µL of CD3+ beads (Miltenyi Biotec), per 107 

cells, and 80µL of cold MACS buffer, per 107 cells. The cells were then placed on ice to 

allow the beads to bind to the cells. Cells were magnetically separated using medium sized 

separation columns and the positive and negative fraction was collected for experiments. 

Purity check of the positive fraction was performed via comparison to the negative fraction 

and unbound PBMCs.  

 

 

2.4.3 Stimulation of fibroblasts 

Fibroblasts from 2nd passage onward were plated in a sterile 24 well tissue cultures at 2.5 x 

104 well and allowed 48 hours to adhere in 500µL of RPMI. After the 48-hour rest period, 

stimulated media in a volume of 600µL of complete RPMI containing the given 

concentration of each agent (Table 2.1) for, at most, 24 hours at 37℃. Following stimulation, 

supernatants were transferred into sterile Eppendorf’s and cells were lysed using lysis buffer 

(1:10 dilution of 2-mercaptoethanol in RNase free water); supernatants and lysed cell 

material were stored at -80℃ for long term storage.  
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Agent Concentration Manufacturer 

IFN-g 10 ng/mL Biolegend 

IL-13 1 ng/mL Biolegend 

TNF-a 0.1 ng/mL Biolegend 

TGF-b 2 ng/mL Biolegend 

CD27* 5 ng/mL R&D systems 

CD70** 5 ng/mL R&D systems 

CD3** 2 ug/mL Biolegend 

CD28** 2 ug/mL Biolegend 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.1 Agent concentrations used to stimulate Dupuytren’s 

fibroblast stimulation. The concentrations used mimicked those in 

published works by Akbar et al. 20203 and Verjee et al. 2013276. Those 

with a single asterisk (*) were determined a dose dependent experiment 

shown later in this body of work. Those with double asterisks (**) were 

determined by manufacturer dose recommendations. 
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2.4.4 Stimulation of T cells 

Isolated CD3+ T cells from PBMCs were seeded in 12 well tissue culture plate at 2.5 x 105 

per well. Respective wells were coated with CD3 diluted in sterile PBS and the plate was left 

overnight at 4℃. The CD3 Ab dilution was removed, the wells were washed with PBS and 

the T cell suspension was added with 600µL of stimulated media.  
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Agent Concentration Manufacturer 

CD70 5 ng/mL R & D systems 

CD3 2 ug/mL Biolegend 

CD28 2 ug/mL Biolegend 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.2 Agent concentrations used in T cell stimulation. The 

concentrations used were based on manufacturer instructions.  
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2.4.5 Scratch assay 

Carpal tunnel and Dupuytren’s fibroblasts were seeded at 2.5 x104 in a 24-well tissue culture 

plate and allowed to adhere for 48 hours, undisturbed. Medium was removed from cells and 

scratch in a ‘Z formation’ was performed using sterile p1000 pipet tip. The wells were 

washed once with PBS to remove debris and unadhered cells and 600µL of fresh media was 

added. Cells were incubated and harvested 4 hours or 24-hours after the initial scratch.  

 

 

2.5 Fluorescence activated cell sorting (FACS) 

2.5.1 enzymatic digestion of tissue 

Under sterile conditions, carpal tunnel or Dupuytren’s disease tissue was cut into small pieces 

using a sterile petri dish and sterile blade. The pieces were placed in a 50 mL Falcon 

centrifuge tube containing 10mL of serum free RPMI and 0.125 mg/mL of Liberase (Sigma 

Aldrich). Enzymatic digestion was performed by incubating tubes at 37℃ for 30 minutes for 

carpal tunnel tissue and up to 2 hours for Dupuytren’s tissue on a MACSMix tube rotator. 

After digestion, complete RPMI was added to prevent further digestion and the solution was 

passed through 70µm cell strainer to separate cell suspension from tissue pieces. The flow 

through, containing media and disaggregated cells, was centrifuged at 400g for 5 minutes. 

Cells were washed with PBS and spun for 400g for 5 minutes and the cell staining procedure 

was performed.  

 

 

2.5.2 Staining of cell surface proteins 

Cells obtained from enzymatic digestion were added to round bottom polystyrene FACS 

tubes and another PBS wash was performed with a spin at 400g for 5 minutes. Excess PBS 

was poured off and tubes were gently vortexed. 1µL of fixable viability dye was diluted in 

1000µL of PBS and 10µL of the dilution was added to each tube and stained on ice, in the 

dark for 15 minutes. Following the viability stain, 2mL of FACS buffer was added to each 

tube and cells were centrifuged for 5 minutes at 400g. Excess buffer was gently poured off 

and the appropriate quantity and concentration of each antibody was added to each tube. 

Cells were stained on ice for 30 minutes, in the dark. If flow cytometry was not immediately 

performed, 250µL of cell fix was added to each tube containing cells, covered in aluminium 

foil, and stored at 4℃ in the dark. FACS analysis was performed using BD LSRII flow 

cytometer and the data was analysed via FlowJo software. 
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Target protein Conjugate Clone Isotype Supplier 

CD3 V450, pacific blue UCHT1 Mouse IgG1, κ Biolegend 

CD4 FITC 

PE/Cy5 

RPA-T4 

 

Mouse IgG1, κ BD pharmigen 

Biolegend 

CD8 PE 

BV605 

HIT8a 

SKI 

Mouse IgG1, κ BD pharmigen 

Biolegend 

CD11c BV510 3.9 Mouse IgG1, κ Biolegend 

CD14 V500 M5E2 Mouse IgG2a, k BD Horizon 

CD17A PE BL168 Mouse IgG1, k Biolegend 

CD19 APC 

FITC 

HIB19 

4G7 

Mouse IgG1, κ Biolegend 

CD25 AF700 M-A251 Mouse IgG1, κ BD pharmigen 

CD27 PerCP O323 Mouse IgG1, κ Biolegend 

CD45 AF700 

PerCP 

2D1 

 

Mouse IgG1, κ Biolegend 

CD56 FITC HCD56 Mouse IgG1, κ Biolegend 

CD64 BV605 10.1 Mouse IgG1, κ Biolegend 

CD69 APC FN50 Mouse IgG1, κ Biolegend 

CD117 PE 104D2 Mouse IgG1, κ Biolegend 

γλ T cell PeCy7 B1 Mouse IgG1, κ Biolegend 

HLA-DR PeCy7 1243 Mouse IgG1, κ Biolegend 

IFN-γ FITC MAb11 Mouse IgG1, κ Biolegend 

TNF-α AF700 MAb11 Mouse IgG1, κ Biolegend 

 

 

 

 

 

 

 

 

 

Table 2.3 Antibodies used for flow cytometry. The following antibodies were used in 

flow cytometry experiments and their isotypes were chosen based off of manufacturer 

recommendations.  
 



72 

 

 

 

 

 

 

 

 

 

 

 

Target protein Conjugate Clone Excluding cell type Supplier 

CD19 APC HIB19 B cells Biolegend 

CD14 V500 M5E2 Monocytes BD Horizons 

CD3 Pacific blue UCHT1 T cells Biolegend 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.4 Antibodies used for T cell purity assessment. T cell populations were 

verified against monocyte and B cell markers to ensure the cells were only CD3+. 
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2.5.3 CD3 purity check 

Flow cytometry was performed to validate the purity of MACS positive fraction for CD3+ T 

cells from PBMCs. Isolation controls include pure PBMCs and negative fraction from the 

CD3+ isolation.  

 

 

All cells and control cells were washed with PBS and stained using a viability dye as 

previously stated. Cells were then washed with FACS buffer and spun at 400g for 5 minutes 

before being stained for the full antibody panel for 30 minutes on ice. After the stain 

incubation, cells were washed with FACS buffer and spun at 400g for 5 minutes. Cell fix was 

added to tubes if flow cytometry was not being performed on the day of preparation, as 

previously described.  
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2.6 Digestion of Dupuytren’s and Carpal tunnel biopsies for flow cytometry 

Dupuytren’s tissue biopsies were cut into small pieces (~2mm) and digested in serum-free 

RPMI and Liberase for up to two hours. Cell suspension was filtered through a 70µm strainer 

and washed with complete RPMI and centrifuged at 400g for 5 minutes; this wash cycle was 

completed twice. After a 24-hour rest period in a 12-well plate, fibroblasts were stimulated 

with PMA-ionomycin and brefeldin and allowed to stimulate for 4-hours. Cells were 

collected in FACS tubes, and the wells were washed with cold PBS and added to the FACS 

tube. Tubes were spun and washed with PBS and stained.  

 

 

2.7 Quantitative polymerase chain reaction (qPCR) 

2.7.1 Total RNA extraction from cells 

Total RNA isolation and purification was performed using PureLink RNA kit (Thermo Fisher 

Scientific). The RNA extraction procedure was performed using RNase free water and filter 

tips and each centrifugation step was performed at room temperature at 12,000g.  

 

 

Adherent fibroblasts were lysed using 300µL of lysis buffer (dilution of 1% 2-

mercaptoethanol diluted in lysis buffer) immediately after supernatant was harvested and 

incubated for no more than 5 minutes at room temperature. Lysed material was added to fresh 

Eppendorf’s and stored at -20℃. 

 

 

One volume of 100% ethanol was added to the lysed material and gently pipetted to disperse 

the precipitate. Samples were transferred to the PureLink spin column and centrifuged 

according to the manufacturer’s protocol. Flow through was discarded and 700µL of wash 

buffer 1 was added and the tubes were spun. Flow through was discarded and 500µL of wash 

buffer 2 was added to the column and spun, this step was performed twice. The spin column 

was placed into a new collection tube and centrifuged for 2 minutes to dry the membrane of 

the spin column. 25-30µL of RNase free water was added to the membrane and the column 

was incubated for 1 minute before being spun and the bound RNA was eluted from the 

membrane into a fresh Eppendorf tube. RNA samples were stored on ice or frozen at -20℃ or 

-80℃ for long term storage.  
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2.7.2 Total RNA extraction from human tissue 

Carpal tunnel and Dupuytren’s samples were submerged in RNAlater (Thermo Fisher 

Scientific) and stored at 4℃ or -20℃ for long term storage.  

 

 

Samples were thawed at room temperature and cut into small pieces (~2mm) using a sterile 

blade in a petri dish. In 2mL round bottom Eppendorf’s, ball bearings were added along with 

tissue pieces and enough lysis buffer to cover the tissue sample. The TissueLyser LT was 

used to disaggregate tissue via high-speed shaking. 10µL of Proteinase K was diluted in 

590µL of RNase free water and 600µL of diluted proteinase K was added to the 

disaggregated solution. The tubes were incubated at 55℃ for 10 minutes and spun at 12,000g 

for 3 min and the supernatant was collected in a fresh Eppendorf. Samples underwent the 

RNA extraction protocol according to the manufacturer’s instruction.  

 

 

2.7.3 Quantifying concentration of nucleic acids 

The concentration and purity of RNA extracted from cells and tissue were evaluated via a 

Nanodrop spectrophotometer. RNase free water was used as a blank and 1µL of sample was 

added to measure the absorbance at 260nm and 280nm. An A260/A280 ratio was quantified 

to determine the purity of the sample and A260/A230 assessed protein quality.  

 

 

2.7.4 cDNA synthesis 

cDNA synthesis was performed using a high-capacity cDNA reverse transcription kit.  

RNA samples were diluted to 10ng/µL using RNase free water and 10µL of pure RNA in a 

200µL PCR tube with High-capacity cDNA master mix. Tubes were vortexed and 

centrifuged before being placed in the thermocycler. 
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Component Volume x reaction (µL) 

10X RT buffer 2 

10X RT random primers 2 

dNTP (100nM) 0.8 

Multiscribe reverse transcriptase 1 

RNase free water 4.2 

Total 10 µL 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.5 PCR mastermix recipe. The recipe was designed by the 

manufacturer, Thermo Fisher Scientific.  
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2.7.5 SYBR Green PCR mRNA quantification 

qPCR experiments were performed using PowerUp SYBR green Master mix (Thermo Fisher) 

according to the manufacturer’s instructions. Upon completion of reverse transcription of the 

cDNA template, samples were diluted 1 in 5 for a final volume of 100µL. 1µL of cDNA 

template was added to 9µL of PowerUp SYBR master mix in duplicate wells, in a 96-well 

qPCR plate (Table 2.7). Plates were sealed with optical adhesive film and centrifuged at 400g 

for 2 minutes. The StepOnePlus real time qPCR system (Applied Biosystems) was used to 

measure mRNA expression and a control of nuclease free water was used for each primer. 

The cycling parameters and melt curve analysis described the presence of a single amplified 

product. 
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Reagent Volume x reaction (µL) 

PowerUP SYBR green 5 

Forward primer 0.1 

Reverse primer 0.1 

Nuclease free water 3.8 

cDNA template 1 

Total 10 µL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2.6 qPCR master mix recipe. This was 

taken from the manufacturer’s protocol. 
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Table 2.7 qPCR primers designed using NCBI Blast primer design tool.  

Target Forward sequence (5’ to 3’) Reverse sequence (5’ to 3’) 

18S GTAACCCGTTGAACCCCATT CCATCCAATCGGTAGTAGCG 

ACTA2 CCTCCCTTGAGAAGAGTTACG GACTCCATCCCGATGAAGGAT 

CCL20 GTCTTGGATACACAGACCGTATT GTGTGAAAGATGATAGCATTGATGT 

CD27 TCACTCTGCTCACTCTGTCT GATCACTTGAGTCCAGGAAGTG 

CD34 AGCAGGCTGATGCTGATG TGCTGGAAATTTCTGTTCTGTTG 

CD70 CAACCTCACTGGGACACTTT TAATCAGCAGCAGTGGTCAG 

CD90 CTAACAGTCTTGCAGGTCTCC ACTGCTGGTATTCTCATGGC 

CD146 CGGCACGGCAAGTGAAC GCATTCAACACCTGTCTCCAAC 

CD248 CCCAAATCCCAAGGGAAGAT CTGTGCTCGGCAAGACC 

Collagen type I CAATGCTGCCCTTTCTGCTCCTTT CACTTGGGTGTTTGAGCATTGCCT 

Collagen type III GTCAAGTCTGGAGTAGCAGTAG GAACCAGGATGACCAGATGT 

CXCL1 ACTGAACTGCGCTGCCA TTCCGCCCATTCTTGAGTGT 

FAP ACGGATATACCAGTTATTGCCTATT GGATTCGCTCCAGCCTTT 

Fibronectin CAAGGCTGGATGATGGTAGATT TCCTGATCGTTGCATCTATTTCT 

GAPDH GAAGGACTCATGACCACAGT GTAGAGGCAGGGATGATGTT 

ICAM-1 AGCTTCTCCTGFTCTGCAA GGGCCATACAGGACACGAA 

IL-6 CACTCACCTCTTCAGAACGAA GCTGCTTTCACACATGTTACTC 

IL-8 GTGCATAAAGACATACTCCAAACC GCTTTACAATAATTTCTGTGTTGGC 

IL-17A AGGCCATAGTGAAGGCAGGAA ATTCCAAGGTGAGGTGGATCG 

IL-17RA GATTCACCCTCGAAACCTGA ATGCTGGCGTCTGTCTG 

IL-17B TGTCACGGATGAAACCGTATG TTCTCTGGGCCAGCTCT 

IL-17RB GTCGCTCGTGCTGCTAAG CAGTTTCAGAGCCACATTGAAC 

IL-17C CCACCATGACGCTCCTC TCAGCCGAGTAGCAGTGT 

IL-17RC CGTGCATCTGGTTCTGAATG GCGGTCCAGTCAGGTTT 

IL-17D TGGGCCTACAGAATCTCCTA GACGGTGGGCATGTAGAC 

IL-17RD GGGCTGTACAACATCACCTT GGCAAGCATACTGGCTGA 

IL-17E CCCTGGAGATATGAGGCTT TGCACTGACCTGGTACAT 

IL-17RE CACCTGCTCAGAGGAAGC TTTAGAGCGAAGTCCCTTGTG 

IL-17F CCCAGCCATGGTCAAGTA TCAAGCTTCATACTACCTCCTG 

Podoplanin CTTGACAACTCTGGTGGCA GCGCTTGGACTTTGTTCTTG 

Periostin TTGAGACGCTGGAAGGAAAT AGATCCGTGAAGGTGGTTTG 

ROR-γ TTTGAGGAACACAGGCATCC ACCAGGTGCTCTATCTCTGT 

Tenascin C GTGCCAGGAGACCGTACCAC CTTTGGCTGGGTTGCTTGAC 

VCAM-1 GCAAGTCTACATATCACCCAAGA TAGACCCTCGCTGGAACA 
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2.7.6 Analysis of qPCR data 

A housekeeping gene, or endogenous control, was compared to each sample alongside the 

target gene. GAPDH was used for tissue and 18S was used for cells as they are expressed in 

all cell types and their expression in consistent during the duration of the experiment.  

 

 

mRNA relative expression (2-ΔCt) 

The expression of the target gene is represented as mRNA relative expression, 2-ΔCt. This was 

calculated by subtracting the target gene Ct from the housekeeping Ct to give ΔCt. The final 

value was expressed as 2-ΔCt and described as mRNA expression relative to the housekeeping 

gene. 

 

 

Fold change expression (2-ΔΔCt) 

Fold change expression represents gene expression relative to the experimental control. ΔCt 

was calculated by subtracting the target gene Ct from the housekeeping. The experimental 

ΔCt is subtracted from the experimental control ΔCt to give ΔΔCt. The ΔΔCt is expressed as 

2-ΔΔCt indicating fold change relative to the experimental control.  

 

 

2.8 Enzyme linked immunosorbent assay (ELISA) 

ELISA was performed to determine the concentration of cytokines present in cell culture 

supernatants. All ELISAs were performed according to manufacturer instructions and using 

96-well half well plates and so all volumes were halved. Supernatant was diluted up to 1:50 

in assay buffer to ensure concentrations were within detection range of the ELISA kit. ELISA 

readings were normalised to standards made according to manufacturer’s instructions using 

assay buffer and experimental blank, which was assay buffer alone.  

 

 

Plates were coated using coating antibody diluted in PBS and incubated at either room 

temperature or at 4℃ overnight. The following day, plates were washed with ELISA wash 

buffer, tapped dry, and blocked with 150µL of assay buffer for at least an hour. 
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According to Thermo Fisher ELISA kit protocols, 50µL of standards and samples were added 

to the plate and the plate shook continuously for 2 hours at room temperature. Plates were 

washed five times with wash buffer, tapped dry, and 50µL of streptavidin-HRP was added; 

plates were incubated with continual shaking for 30 minutes.  

 

 

Using R&D kits, following manufacturer instructions, 50µL of sample and standards were 

added and plates were left at room temperature for 2 hours without shaking. Following three 

washes of wash buffer, detection antibody diluted in assay buffer was added and the plate 

was incubated again at 2 hours. Three washes were performed followed by 30 minutes of 

incubation with streptavidin-HRP diluted in assay buffer.  

 

 

After final washes were completed and plates were tapped dry, 50µL of TMB chromagen 

substrate was added at room temperature until desired color change was seen. The reaction 

was stopped by adding 50µL of 2N sulphuric acid and the plate was read at 450 nm on a 

Dynex technology MRX plate reader. 
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Table 2.8 ELISA kit detection ranges described by the manufacturer’s protocol. 

Target protein Detection range (pg/mL) Manufacturer 

IL-6 31.25-2000 ThermoFisher 

Collagen type 1 31.25-2000 R&D systems 

CD27 125-8000 R&D systems 

IFN-g 31.25-2000 ThermoFisher 

IL-8 12.5-800 ThermoFisher 
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2.9 Immunohistochemistry of paraffin embedded sections 

To prepare samples for paraffin embedding, they were completely submerged in formalin for 

at least 24-hours at room temperature and then transferred to ethanol to begin dehydration. 

Tissue, embedded in paraffin wax, was sectioned into 5µm sections and 2 sections were 

adhered to microscope slides and left undisturbed for at least one hour to allow the sections to 

adhere to the microscope slide.  

 

 

Slides ready for staining were heated at 65℃ for at least 30 minutes to allow the paraffin wax 

to melt and the slides underwent further dewaxing via xylene and dehydrated via ethanol. 

Slides were washed in TBST, and endogenous peroxidase was used to block nonspecific 

staining for 10 minutes at room temperature via Bloxall (Vector laboratories). Antigen 

retrieval was performed by diluting antigen retrieval concentrate (TCS Bioscience) in water 

and samples were microwaved for up to 20 minutes at 30% power. Following a cooling stage, 

slides were washed in TBST, and water and nonspecific blocking was performed using 5% 

horse serum for 30 minutes. The blocking buffer was tapped off and the antibody and isotype 

were diluted in 5% horse serum, 95% TBST and incubated on tissue sections overnight at 

4℃.  

 

 

The following day, slides were warmed to room temperature, washed in TBST, and incubated 

with secondary antibody, diluted in TBST, for 30 minutes. Slides were washed in TBST, and 

the stain was developed using DAB (Vector laboratories) at room temperature until signal 

was visible. Sections were washed in TBST and running water before being dipped in 

haematoxylin and returned to running water. Slides were incubated in Scott’s tap water 

solution (STWS) for 30 seconds and left in running water to wash off unbound STWS before 

beginning rehydration. Slides were mounted using DPX and coverslip.  

 

 

2.9.1 Bonar scoring 

Bonar scoring is a scoring system used to quantify and evaluate staining in Dupuytren’s and 

carpal tunnel tissue. Five random high-power images (400X) were taken, and each field was 

given a score of 0, 1, 2, or 3 based on visual assessment by two independent assessors. A 
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score of 0 correlates to no positive staining, 1 indicates less than 10% staining, 2 describes 

10-20% positive staining, and 3 indicates more than 20% positive staining.  

 

2.9.2 Semi-quantitative analysis 

Of the five high power field images taken that were used for Bonar scoring, 3 were chosen to 

analyse semi-quantitatively. Each positive and negatively stained cell was counted by eye and 

a percent positive value was calculated. This was done by dividing the number of positive 

cells by the total number of cells in the high-power field. This quotient was multiplied by 100 

to yield a percent positive value for the image. An average of the three images was calculated 

for the donor of the tissue section in question. This was performed by two independent 

assessors. 

 

 

2.10 Bulk RNA sequencing 

High quality total RNA was used to build Illumina mRNA sequencing libraries using 

NEBNext Ultra II directional RNA library prep kit for Illumina. Manufacturer’s protocol was 

followed, and sample purity and quantification were performed via Qubit. cDNA libraries 

were made via Chromium Controller and Chromium Single-Cell 3/ v2 reagent kit (10X 

genomics). Libraries were pooled and they were sequenced on a HiSeq 4000 (Illumina) to a 

depth of 30,000 reads per cell and the alignment of reads to the genome and generation of 

gene counts per cell was determined via Cell Ranger Software (10X genomics). Dr. Moeed 

Akbar assessed the quality of samples and poor-quality cells were removed based on the 

number of genes expressed (>200), of unique molecular identifiers, and percentage of 

mitochondrial reads mapped (>5%) prior to performing analysis.  

 

 

2.11 Single cell sequencing analysis 

Using a publicly available data set, GSE173252, single cell RNA from Dupuytren’s and 

Carpal tunnel tissues were evaluated. Seurat Package from the Satija Lab, for R software, was 

used for analysis. Immune cells were computationally isolated for analysis. Principal 

component analysis and high-quality cells were clustered based on a graph-based routine 

implemented within Seurat R package. CellChat and CellphoneDB packages for R were used 

to identify specific immune-stromal cell interactions, using clustered immune cells, and 

previously published clustered stromal cells74. 
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2.12 Statistics 

The results presented in this study are represented as mean ± SEM. Comparisons between 

groups were evaluated using the Kruskal-Wallis one way analysis of variance and Dunn’s 

multiple comparison was used as a post hoc test. Further, student’s t-test was used and 

samples with a p value less than 0.05 were considered significant. Throughout this thesis, 

statistical tests are described within the figure legends. 
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Chapter 3: Characterizing the stromal activation phenotype in 
Dupuytren’s disease 
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3.1 Introduction 

Dupuytren’s disease is a fibroproliferative condition in which the palmar tissue becomes 

chronically inflamed resulting in a permanent contracture of the affected fingers, eventually 

developing into cellular nodules and a fibrous cord. The etiology of the disease has been 

described as unresolved healing of microtrauma the palmar tissue leading to persistent 

stromal cell activation and excess matrix protein production96,218.  

 

 

The stromal compartment consists of stromal cells which, upon activation, produce cytokines 

and chemokines which elicit an inflammatory response and recruit immune cells from the 

bloodstream83. The diverse population of the stromal compartment has been well described in 

tumours as consisting of fibroblasts, mesenchymal stromal cells, endothelial cells, pericytes, 

adipocytes, and immune cells41,83.  

 

 

Fibroblasts are the most abundant cell within the tissue stroma and their activation is well 

documented in several soft tissue diseases like rheumatoid arthritis59, tendinopathy59, frozen 

shoulder2, and Dupuytren’s disease153,276. It has been described that stromal fibroblast fail to 

switch off their inflammatory programme and they continually produce factors-chemokines, 

cytokines, ECM proteins-which contribute to the inflammatory nature of the aforementioned 

diseases59. A growing list of cell surface markers indicate stromal cell/stromal fibroblast 

activation include, but are not limited to, FAP59, CD9059, CD2482,59, and PDPN2,59. Given 

that persistent stromal activation causes stromal cells to maintain their inflammatory 

phenotype, producing pro-inflammatory mediators and matrix proteins, we suggest stromal 

activation could be instrumental in understanding the etiology of Dupuytren’s disease.  

 

 

The stromal compartment houses various cell types, including fibroblasts, endothelial cells, 

and stromal cells41,313. CD90 has been identified in Dupuytren’s fascia and described within 

cancer as a marker for myofibroblasts and dispersed throughout the tumour stroma121,129. 

CD248 is associated with stromal cell proliferation and migration and fibrosis56,260. CD90, 

CD248, and podoplanin have also been described as characterizing markers for stromal 

fibroblasts and pericytes260.  
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Podoplanin has been described and seen to be upregulated in various diseases, but the exact 

role of the marker has yet to be elucidated14. In cancer studies, PDPN expression promoted 

metastasis and its knockdown decreases tumour migration and growth14. These stromal 

markers have been shown to be upregulated in chronic inflammatory diseases like rheumatoid 

arthritis56, tendinopathy59, and frozen shoulder2 podoplanin is expressed on fibroblasts and 

macrophages38,56, 59. 

 

 

Cytokines are secreted proteins which have specific effects on various cell types, and they 

play a role in cell-to-cell communication23,313. IFN-γ, described as being produced by T cells 

in Dupuytren’s, has been implicated in fibrotic pathways via its IFN-γ’s ability to induce 

mast cells to produce IL-133. IL-13 is a cytokine described as a core mediator of fibrosis and 

has been shown to induce proliferation of myofibroblasts and ECM proteins by Dupuytren’s 

fibroblasts3.  

 

 

TGF-β has a well described role in inducing the myofibroblast phenotype276. TNF-α has also 

been described as myofibroblast phenotype inducer and a driver of matrix protein expression 

in Dupuytren’s fibroblasts276. Based on growing literature surrounding the role of stromal 

activation in chronic musculoskeletal diseases, this chapter will investigate a potential 

activated stromal compartment phenotype in Dupuytren’s tissue and describe the response of 

the stromal compartment after stimulation with previously mentioned cytokines153,276.  

 

 

3.2 Aims: 

 

1. Define stromal compartment activation within Dupuytren’s disease 

 

2. Assess the effect of cytokine stimulation and in vitro mechanical damage of 

Dupuytren’s fibroblasts on inflammatory, matrix and stromal expression  
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3.3 Results 

3.3.1 Fibrotic genes are expressed in Bulk RNA sequenced Dupuytren’s tissue 

 

Bulk RNA sequencing of Dupuytren’s tissue primarily demonstrated upregulated expression 

of fibrosis associated genes compared to control, carpal tunnel tissue (Figure 3.1). While the 

Covid-19 pandemic led to a decrease in human sample availability, which manifests here as 

not significantly distinct data, this data describes a select number of fibrotic genes, expressed 

in Dupuytren’s tissue compared to control; particularly those associated with stromal 

activation.  
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3.3.2 Characterising stromal compartment activation in Dupuytren’s disease 

Activated fibroblasts are recognized by their expression of FAP and differentiated fibroblasts, 

called myofibroblasts, are identified by α-SMA. In each case, activated and differentiated 

fibroblasts produce factors that mediate the tissue healing response. α-SMA and FAP mRNA 

level expression in Dupuytren’s disease were not significantly different compared to control 

tissue and within the samples examined, existed a range in expression for each marker 

(Figure 3.2A). Histological analysis (Figure 3.2B) depicts a significant increase in α-SMA 

staining in Dupuytren’s tissue (p<0.05) via Bonar scoring and semi-quantitative analysis (% 

positive stained) compared to control tissue. FAP evaluation via Bonar scoring and semi-

quantitative analysis showed little to no expression compared to control, carpal tunnel tissue 

(Figure 3.2B, C). Semi-quantitative analysis suggested that α-SMA (67.8%) was expressed 

more so in Dupuytren’s compared to FAP (4.1%), describing fibroblasts as presenting an α-

SMA+ myofibroblast phenotype within tissue biopsies.  
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Stromal endothelial cells were identified by CD34 and CD146 (MCAM) in Dupuytren’s 

disease. mRNA level expression was not significantly increased for either marker, compared 

to carpal tunnel (Figure 3.3A). Positive staining of both markers was seen throughout 

Dupuytren’s tissue (Figure 3.3B) and modified Bonar scoring described Dupuytren’s 

expression of CD34 and CD146 as significantly increased compared to carpal tunnel 

(p<0.01). Further analysis, via semi-quantitative evaluation, showed that CD34 (21.7%) was 

not expressed significantly higher in Dupuytren’s tissue but CD146 (15.7%) was significantly 

expressed higher than carpal tunnel, CD34 (12.8%) and CD146 (5.8%) (p<0.01) (Figure 

3.3C). 
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Stromal fibroblast activation markers CD90, CD248, and podoplanin were evaluated in 

Dupuytren’s disease. mRNA level expression of the aforementioned markers was 

increasingly expressed in Dupuytren’s biopsies, only podoplanin was significantly higher 

compared to control biopsies (p<0.01) (Figure 3.4A). Via immunohistochemistry evaluation, 

these markers were seen throughout Dupuytren’s tissue (Figure 3.3B) and Bonar scoring 

evaluation revealed that compared to carpal tunnel, CD90 (p<0.05) and CD248 (p<0.01) in 

Dupuytren’s was significantly increased. Semi-quantitative analysis showed that expression 

of the CD90 (16%), CD248 (19%), and PDPN (31%) were significantly upregulated (p<0.01) 

in Dupuytren’s disease compared to carpal tunnel expression of CD90 (4.2%), CD248 

(3.8%), and PDPN (19.7%) (Figure 3.4C).  
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3.3.3 Mechanical damage alters Dupuytren’s fibroblast expression 

Previous studies have identified in vitro mechanical damage, also called a scratch assay or 

mechanical injury model, as a method used to study a cell’s response to microtrauma121. We 

explored whether mechanical damage could induce an α-SMA+ myofibroblast phenotype 

coupled with an inflammatory response, described by IL-6.  

 

 

We observed an incremental increase in α-SMA mRNA expression by Dupuytren’s 

fibroblasts after damage was induced (Figure 3.5A). IL-6 mRNA expression by Dupuytren’s 

fibroblasts increased at 4-hours post scratch and expression resided at 24-hours (Figure 3.5B). 

IL-6 secretion by Dupuytren’s fibroblasts increased at all time points, relative to control and 

regardless of cells being damaged; Carpal tunnel fibroblasts saw the largest increase 24-hours 

after damage was induced (Figure 3.5C).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



99 

 

 

 

 

 

 

 

 

 

 

 

 

 



100 

 

Matrix protein expression by fibroblasts occurs upon activation and differentiation into 

myofibroblasts. These activated myofibroblasts produce excess matrix proteins which 

contribute to the fibrotic and chronic inflammatory nature of Dupuytren’s disease. Collagen 

type I and type III are key proteins of the ECM, and both increased in expression 4-hours 

after damage and reduced their mRNA level expression 24-hours after damage (Figure 3.6). 

Secretion levels of Collagen type I did not mirror the same results seen at the mRNA level, 

instead 24-hour unscratched and 24-hour scratched were higher than their 4-hour unscratched 

control (Figure 3.6). Periostin and fibronectin are well documented matrix proteins that aid in 

tissue matrix organisation2, 30. Both increased mRNA level expression in response to 

mechanical damage 4-hours after scratch by Dupuytren’s fibroblasts. 
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Stromal compartment activation occurs in response to damage and aids in persistent chronic 

inflammation15. This suggests a stromal activation phenotype can be induced in vitro by 

damaging fibroblasts. This was seen in all markers assessed. CD90 expression increased the 

most at 4-hours post scratch and reduced at 24-hours. CD248 expression by Dupuytren’s 

fibroblasts was highest 4-hours post scratch. Podoplanin expression by Dupuytren’s 

fibroblasts increased at both 4 and 24-hours post scratch, but highest change was seen at 4-

hours (Figure 3.7).  
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3.3.4 Dupuytren’s fibroblasts respond to stimulation with cytokines 

Previous studies have shown that fibroblast behaviour can be manipulated via stimulation 

with cytokines produced by immune cells or in response to environmental cues14,16. We 

sought to examine the effect of cytokines, produced by immune cells and fibroblasts, on 

myofibroblast differentiation and inflammatory response. IL-13 on Dupuytren’s fibroblasts 

further enhanced α-SMA production (Figure 3.8B) and TGF-β on control fibroblasts induced 

a myofibroblast phenotype (Figure 3.8A). This phenotype was consistent in IL-6 expression 

by carpal tunnel fibroblasts with IL-13 driving the mRNA level expression (Figure 3.8C) and 

TGF-β driving secretion level expression (Figure 3.8E). IL-6 mRNA expression by 

Dupuytren’s fibroblasts in response to IFN-γ (Figure 3.8D) and secretion expression was 

driven by TGF-β (Figure 3.8F). 
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Given cytokine ability to drive a myofibroblast phenotype, we sought to examine if α-SMA 

myofibroblast differentiation is accompanied by matrix protein expression. Carpal tunnel 

fibroblasts mRNA matrix protein expression was driven by 24-hour stimulation with TGF-β 

(Figure 3.9A). Dupuytren’s fibroblasts mRNA level matrix protein expression was enhanced 

in response to 4-hour stimulation with TNF-α (collagen type I and periostin) and IFN-γ 

(collagen type III and fibronectin) (Figure 3.9B). Secretion level of collagen type 1 by carpal 

tunnel (Figure 3.9C) and Dupuytren’s fibroblasts (Figure 3.9D) increased in response to 24-

hour TGF-β stimulation. 
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Carpal tunnel fibroblasts increased mRNA expression of stromal activation marker CD90, 

CD248, and PDPN after 4-hours of stimulation with a cytokine storm of all four cytokines 

(Figure 3.10A). Dupuytren’s fibroblasts increased mRNA level expression of CD90 and 

CD248 4-hours after stimulation with TNF-α and podoplanin after 4-hours of stimulation 

with IFN-γ (Figure 3.10B). 
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3.3.5 Mechanical damage and cytokine stimulation alter stromal fibroblast behaviour in 

vitro 

Having demonstrated the individual effect of mechanical damage and cytokine stimulation on 

fibroblast behaviour, we sought to explore whether the combination of both would further 

drive their inflammatory response. We describe that carpal tunnel fibroblasts differentiation 

into myofibroblasts 24-hours post damage and stimulation with TGF-β (Figure 3.11A) and 

Dupuytren’s 4-hours after IL-13 stimulation and damage (Figure 3.11B). Accompanying this 

differentiation is an increase in inflammatory signature, increased mRNA IL-6 expression, by 

Carpal tunnel fibroblasts in response to stimulation with TGF-β at 4 and 24 hours (Figure 

3.11C). Dupuytren’s fibroblasts, after being stimulated with IFN-γ and 4-hours post damage, 

increases IL-6 expression at the mRNA level and Carpal tunnel fibroblasts increased their IL-

6 mRNA expression 4 hours post damage and stimulation with TGFβ and all four cytokines 

combined (Figure 3.11D). Secretion of IL-6 by Carpal tunnel fibroblasts increased 24-hours 

after stimulation with TGF-β and damage (Figure 3.11E). Dupuytren’s fibroblasts increased 

IL-6 secretion 24-hours after stimulation with all cytokines and damage (Figure 3.11F).  
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mRNA matrix protein expression by carpal tunnel fibroblasts was most notably seen at 4-

hours post scratch and TGF-β stimulation (Figure 3.12A) and by Dupuytren’s fibroblasts at 

4-hours post scratch and IFN-γ stimulation (Figure 3.12B). Secretion level expression of 

collagen type I was increased by carpal tunnel fibroblasts after 24-hour post scratch and 

stimulation with TNF-α (Figure 3.12C) and by Dupuytren’s fibroblasts 24-hour post scratch 

and IL-13 stimulation (Figure 3.12D).  
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Stromal activation marker expression by carpal tunnel fibroblasts increased 4-hours post 

scratch and stimulation with TGF-β (Figure 3.13A) and Dupuytren’s fibroblasts increased 4-

hour post scratch and stimulation with IFN-γ (Figure 3.13B).  
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3.4 Discussion and conclusion 

This chapter describes the presence of MSCs, stromal fibroblasts, and stromal endothelial 

cells within Dupuytren’s disease tissue. We further demonstrate that immune cell related 

cytokines act upon these cells allowing them to increase their ‘pro-fibrotic phenotype’-

defined as increased stromal, matrix, and inflammation related markers. We also describe that 

in vitro mechanical damage of Dupuytren’s fibroblasts, in combination with cytokine 

stimulation, highlights a potential role for stromal-immune cell crosstalk via paracrine 

signalling.  

 

 

Stromal fibroblasts have been described as the most abundant cell in the tissue stroma and its 

role as a contributor to fibrosis is well described in published works59,132. We describe these 

stromal fibroblasts are not only present in the tissue but are also activated, as described by 

FAP expression; fibroblasts are also differentiated into a-SMA+ myofibroblasts in 

Dupuytren’s tissue. Myofibroblast differentiation is associated with higher contractility of the 

affected tissue, a clinical element of Dupuytren’s disease276-278. Tissue fibrosis is 

characterised by persistently chronically inflamed tissue accompanied by a heightened 

immune cell presence and excess matrix protein production47,168,214. Within the confines of 

Dupuytren’s disease, palmar tissue is inflamed and hardened causing a fixed conflexion of 

the affected fingers. Previous studies have described persistent stromal fibroblast activation 

as a hallmark feature of Dupuytren’s and their differentiation into α-SMA producing 

myofibroblasts, leading to production of factors which prevent resolved tissue 

healing2,51,59,76,153. 

 

 

In addition to fibroblasts and myofibroblasts, we also describe endothelial and MSC’s present 

in the tissue. Stromal endothelial cell localisation around the blood vessels suggests 

angiogenesis occurs in Dupuytren’s tissue and could aid in vascular leaking, allowing 

immune cells to infiltrate the palmar tissue104,221. Future work would explore the changes in 

adhesion molecules to clarify whether there are changes in adhesion leading to increased, or 

decreased, vessel permeability. MSCs activation surface markers describe activated stromal 

cells present in the tissue. Published works describe that activation of stromal cells could 

contribute to soft tissue inflammation and aid in perpetuating chronic inflammation2,51,59,76,154. 
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Understanding how cells respond to damage could aid in understanding how disease primed 

cells can exasperate the fibrotic response seen in Dupuytren’s disease. We used an in vitro 

scratch to mimic the damaged environment of Dupuytren’s disease and Carpal tunnel tissues 

and analyse how the cell monolayer responds to this damage. Time point analysis described 

an incremental increase in differentiation of Dupuytren’s fibroblasts into myofibroblasts, and 

matrix protein and inflammatory marker expression, in response to damage. Additionally, 

Dupuytren’s fibroblasts increased expression of MSC activation markers. Carpal tunnel 

fibroblasts did not increase their damage phenotype-FMT, inflammation, and matrix protein 

expression- post scratch. We suggest these cells do not respond as dramatically as 

Dupuytren’s fibroblasts because Carpal tunnel is a less inflammatory soft tissue disease and 

thus, the Carpal tunnel fibroblasts are not as ‘disease primed’ as Dupuytren’s disease 

fibroblasts.  

 

 

Chronic inflammation and fibrosis are hallmarks of various soft tissue disease2,38,117,288. 

Within the confines of this disease, persistent stromal activation and excess matrix protein 

production are said to be the drivers of fibrosis. Published works have well described how 

individual or a combination of cytokines can influence fibroblast behaviour and these works 

dissect how molecular pathways can play a role2,117,289. Modelling the chronically inflamed in 

vivo environment of Dupuytren’s disease, we stimulated cells with recombinant cytokines, in 

addition to inducing damage, to assess cell behavior and further understand which factors 

function as drivers of the disease.  

 

 

Verjee et al. describes TGFβ indiscriminately activates fibroblasts and myofibroblast 

differentiation276. Our data describe that when carpal tunnel fibroblasts were stimulated with 

TGF-β1, they increased their expression of matrix, stromal and inflammatory markers, with 

and without the induction of mechanical damage. Similarly, Dupuytren’s fibroblast 

differentiation into myofibroblasts, indicated by α-SMA, and inflammation marker, IL-6, in 

response to TGF-β1 stimulation. IL-6 expression is associated with increased contractility of 

myofibroblasts which, clinically speaking, contributes to the tightened palm tissue40. 

Additionally, matrix protein expression was increased by TGFβ. Verjee et al. describe that 

TGF-β1 activates and differentiates fibroblasts regardless of whether the fibroblasts were 

disease primed and that TGF-β1 acts on fibroblasts via canonical Wnt signalling257,276; 



118 

 

Supporting literature describe that Yes-associated protein 1 (YAP1), via its interaction with 

TGF-β1, could contribute the stiffness seen in Dupuytren’s disease by promoting matrix 

protein expression219. 

 

 

Stromal-immune crosstalk has been implicated in several disease models and we suggest that 

immune cells interact with fibroblasts to mediate the fibrotic response seen in Dupuytren’s. 

Dupuytren’s fibroblasts stimulated with TNF-α increased matrix expression. Verjee et al. 

described macrophages are a primary source of TNF-α within Dupuytren’s tissue276. 

Increased matrix expression by fibroblasts in response to TNF-α supports the idea that 

macrophages and fibroblasts interact via cytokine signalling. Recent works describe that 

TNF-α and TGF-β1 could interact with fibroblasts via Wnt/β-catenin signalling200,276. 

 

 

Akbar et al. has described a role for STAT1 signalling, via IL-13Rα1, as a driver of fibrosis 

in Dupuytren’s disease276. They describe that IFN-γ, produced by T cells, promotes 

myofibroblast differentiation and promotes mast cell production of IL-13; IL-13 promotes 

matrix protein expression by myofibroblasts4. The present study demonstrates that IFN-γ 

aggregated matrix and inflammatory marker expression by Dupuytren’s fibroblasts. 

Stimulation with IL-13 increased myofibroblast differentiation and IL-6 expression in by 

Dupuytren’s fibroblasts, with and without cells being damaged. Activated MSC marker 

expression by Dupuytren’s fibroblast increased when stimulated by IFN-γ and IL-13. 

 

 

We suggest that cytokines could behave in concert to aid in inducing fibrosis, as opposed to a 

linear relationship between one cytokine acting upon fibroblasts. The present study evaluated 

the combined effect of IFN-γ, IL-13, TNF-α, and TGF-β-defined as a cytokine storm-upon 

Dupuytren’s and Carpal tunnel fibroblasts. Carpal tunnel fibroblasts stimulated with the 

cytokine storm increased the inflammatory, matrix, and stromal marker expression. We 

presume Carpal tunnel fibroblasts require more stimulation, via the storm instead of single 

cytokine stimulation, because they do not have a disease phenotype. Similarly, Dupuytren’s 

fibroblasts respond in an increasingly diseased manner-increased inflammatory, matrix, and 

stromal marker expression, mimicking the behaviour of the tissue stroma in vivo. Given that 

Dupuytren’s and Carpal tunnel fibroblasts respond dramatically to cytokine storm 
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stimulation, we suggest that paracrine signalling pathways engage in the etiology of fibrosis. 

Future work should aim to elucidate which cells and cytokines participate in the mechanisms 

which contribute to Dupuytren’s disease, and on a larger scale tissue fibrosis.  

 

 

This work highlights the role of paracrine signalling in exacerbating the pro-fibrotic 

phenotype of Dupuytren’s fibroblasts. Specifically, we highlight the roles of immune cell 

derived TNF-α, IL-13 and IFN-γ in driving the stromal and matrix response by Dupuytren’s 

disease and Carpal tunnel fibroblasts, suggesting a role for immune cell and fibroblast 

crosstalk in perpetuating tissue fibrosis. Additionally, future work studying cytokine 

stimulation of fibroblasts and paracrine signalling in fibrotic tissue stroma should increase the 

number of donors to create statistical significance between conditions and sequencing data. 

One of the greatest impacts of the Covid-19 pandemic on my research is the lack of tissue 

samples. Given that hospitals turned their attention towards treating those who are seriously 

ill, elective surgeries, like Dupuytren’s fasciectomy and Carpal tunnel decompression ceased. 

Human sample acquisition is the foundation of my work and throughout this thesis, the lack 

of patient samples unfortunately rendered my data nonsignificant. Hopefully, with 

vaccination numbers increasing, surgeons will be able to return to performing elective 

surgeries and samples will resume being collected so this work can be continued towards 

producing significant data for publication.  
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Chapter 4: Exploring the role of T cell-fibroblast 

interaction as a contributing factor to the inflammatory 

nature of Dupuytren’s disease 
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4.1 Introduction  

Well-described within the confines of tumours, the influx of immune cells from the 

bloodstream and activation of resident immune cells acts as defining factors of the 

inflammatory response. The composition of the influx can serve as biomarkers for predicting 

the healing response316. Tumour infiltrating lymphocytes and macrophages have been shown 

to be major players in the immune response in that their activation and differentiation is 

associated with favourable outcomes and their role as regulators between the immune system 

and tumours, respectively316.  

 

 

 Infiltrating immune cells have been studied in soft tissue disease models which 

describe the remodelling process being heavily influenced by immune cells, resident, and 

infiltrating, as well as the factors they produce3,8,37,115,117,155,175,276,316. Upon arrival at the site 

of inflammation, immune cells differentiate in response to factors secreted by surrounding 

cells. Activated immune cells produce elements which encourage stromal cells to activate and 

differentiate leading to production of inflammation related markers and matrix proteins. Upon 

completing tissue repair, a ‘loss of survival signals’ (i.e., produced by activated fibroblasts 

and stromal cells) causes immune cells to cease production of their inflammatory mediators, 

undergo apoptosis, and drain into the lymphatic system236. When tissue healing is not 

resolved, the recruitment of immune cells persists, stromal cells continue to be activated and 

together drive tissue healing towards chronicity and fibrosis236,316.  

 

 

The immune cell landscape in fibrotic tissue has been described as instrumental in 

perpetuating the tissue disease state110,155. In the context of Dupuytren’s disease, previous 

studies have defined a milieu of immune cells which include, but are not limited to, TNF-α 

producing macrophages in response to IFN-γ and IL-13 producing T cells, and IL-13 

producing mast cells3,117,175,276. While the precise mechanism of immune cell involvement in 

Dupuytren’s disease is not fully understood, current literature support that immune cells 

contribute to the diseased nature of the tissue and support immune cell interaction as a 

promising avenue of research. Published works describe that sequencing Dupuytren’s tissue 

can guide research questions towards interrogating specific niches that could contribute to the 
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etiology of the disease74,232,260,281. Stromal-immune cell interactions are spotlighted for the 

development of therapeutic targets. 

 

 

Fibroblasts are incredibly versatile connective tissue cells, and within the tissue lie a 

heterogenous population of fibroblasts. This diversity in phenotype and function could shed 

light on the mechanism by which fibroblasts interact with various immune cells37. Elegantly 

described by Akbar et al. 2020 IFN-γ producing T cells in Dupuytren’s disease promote IL-

13 production from mast cells which upregulate fibroblast differentiation into myofibroblasts 

via STAT signalling3. Izadi et al. 2019 defines the role of IL-33 producing stromal cells in 

inducing TNF-α production by M2 macrophages and mast cells which then interact with 

Dupuytren’s fibroblasts leading to differentiated α-SMA+ myofibroblasts117. These works 

demonstrate how an understanding of the immune cell landscape can lead to the development 

of therapeutic interventions.  

 

 

 Highlighted within the confines of cancer20,101,288, rheumatoid arthritis131,156,178, and 

fibrosis35,247,314, T cell and fibroblast crosstalk has been suggested as a mediator of the 

inflammatory nature of the disease. CD27 is a member of the TNF receptor family and 

alongside its costimulatory molecule, CD28, mediates T cell activation95. CD27 is expressed 

by naïve and memory T cells and interacts with its sole ligand, CD70 which is expressed on 

activated T cells, B cells and dendritic cells95,119. CD70 expression is induced via toll like 

receptor (TLR) signalling and CD27 occurs via NFκB signalling99. CD70 expression is 

tightly controlled and upon binding with CD27, a signalling cascade involving TRAF2 and 5 

leads to T cell activation164.  

 

 

CD70 is also a member of the TNF family but its signalling cascade is not well 

understood119. Identified in colorectal cancer studies as an immune checkpoint molecule, 

CD70 was not found on tumour cells but strongly expressed on cancer associated fibroblasts 

(CAF)119. These works describe that CD70+ CAFs could be used as a predictor for cancer 

patients given their role in cancer cell migration and Treg accumulation. CD70 overexpression 

is described on malignant cells, fibroblasts, and stromal cells and its interaction with CD27 

allows for induction of T cell apoptosis, T cell exhaustion and suppression of regulatory T 
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cells119. Deletion studies describe that knockdown or blocking of CD70 on Tregs or CD27 on 

T cells significantly enhanced Treg suppression and it was suggested that CD27/CD70 

interaction are key for understanding how T cells regulate inflammation11. Further, these 

works describe CD70-/- T cells are unable to upregulate immune checkpoint molecules like 

PD-1 and CTLA-4 thus inhibiting caspase mediated apoptosis205. This CD27/CD70 activation 

axis as an apoptosis inhibitor could aid in explaining how immune cells remain active in the 

tissue stroma and provide rationale for the development of chronic inflammation; given that 

without apoptosis to inactivate immune cells, inflammatory factors are continually produced. 

 

 

4.2 Aims  

These publications support the theory that fibroblast-T cell interaction could be important 

towards understanding the underlying immune mechanisms of Dupuytren’s disease. In this 

chapter we aim to: 

1. Delineate the distinct biology of both Dupuytren’s microenvironments via RNA bulk 

sequencing 

2. Define the immune cell landscape of Dupuytren’s disease tissue 

3. Interrogate T cell-fibroblast interaction within Dupuytren’s disease 
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4.3 Results  

4.3.1 Immune cells are present within Dupuytren’s tissue 

Histological representation of immune cells in Dupuytren’s disease tissue describe CD3, a 

common marker for the T cell lineage, present in Dupuytren’s disease significantly more so 

than in control, carpal tunnel tissue via modified Bonar scoring (p<0.01) and percent positive 

(p<0.001). Representative images show that CD3 is expressed in the cellular nodules of 

Dupuytren’s tissue (Figure 4.1).  

 

CD11c has been described as a dendritic cell marker and while it was selectively expressed 

within Dupuytren’s disease, compared to carpal tunnel it was not expressed significantly 

higher (Figure 4.1). CD11c expression was not localised to cellular nodules but its expression 

was sporadically seen in more dispersed cellular areas of the tissue. 

 

CD68 is a macrophage marker and is also expressed by cells of the monocyte lineage. 

Histological representation shows it is clearly expressed throughout Dupuytren’s tissue and 

unlike T cells, that it is not localized to the nodules. CD68 expression in Dupuytren’s was 

more significantly expressed than in carpal tunnel as determined evaluated by modified 

Bonar scoring (p<0.001) and percent positive evaluation (p<0.01) (Figure 4.1).  
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Histological representation demonstrates the presence of leading immune cells highlighted by 

sequencing of Dupuytren’s tissue. However, we explored a wider panel of markers to 

encompass those highlighted in sequencing data. Fresh Dupuytren’s tissue was digested and 

evaluated via flow cytometry for general immune cell markers. Our work describes the 

presence of lymphocytes, macrophages, mast cells, natural killer cells and dendritic cells. 

Further we show hierarchy of immune cells present and further supporting sequencing results 

we show that the leading immune cell populations were T cells (Figure 4.2). Carpal tunnel 

tissue was not cellular enough to provide flow cytometry and immunohistochemistry staining 

of immune cell populations. 
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Following my initial findings of significant immune cell influx in Dupuytren’s tissue I 

planned to undertake scRNA-seq to help better define the subpopulations of immune cells 

present in disease. Unfortunately, I was unable to complete this experiment myself due to the 

onset of COVID restrictions, lack of sample availability and the lack of laboratory time due 

to the pandemic. 

 

However, I was able to access a publicly available dataset via Dobie et al. (2022)167 and 

therefore was able to conduct a limited single cell analysis to help and better define immune 

cell subpopulation in Dupuytren’s disease. This work was further completed with the help of 

Dr. Akbar. This was based on n=5 Dupuytren’s tissue and n=3 control fascial tissue obtained 

prior to the pandemic and tissue draught that followed. UMAP visualisation of both tissue 

microenvironments describe myeloid and T-lymphoid cells as leading immune cells in 

Dupuytren’s disease (Figure 4.3, Figure 4.4). Further elucidation demonstrated that 

Dupuytren’s disease myeloid and T lymphocytes make up the majority of cells seen. 

Quantitative analysis describes percent evaluation of immune cell populations within the 

tissue (Figure 4.3C). 
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4.3.2 T cell subtypes are present within Dupuytren’s disease 

To better understand the role of T cells in Dupuytren’s disease, we visualised CD4 (Figure 

4.5A) and CD8 (Figure 4.5B) populations via immunohistochemistry. Interestingly, CD4 was 

expressed in cellular nodules and the tissue stroma whereas CD8 was expressed strictly in the 

cellular nodule of Dupuytren’s tissue. Immunofluorescent visualization showed CD3+ CD4+ 

T cells throughout the tissue (Figure 4.5C); CD3+ CD8+ is localized to cellular nodules 

(Figure 4.5D). 
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T helper 1 (TH1) cells are members of the CD4+ effector lineage and the TH1 response is 

characterized by their secretion of IFN-γ, as previously described in this body of work. T 

helper 2 (TH2) cells engage in the type 2 immune response and as previously described, 

produce IL-13 and are dependent upon transcription factors, like STAT, to elicit their effects. 

To further confirm the presence of these subtypes in Dupuytren’s, we performed double 

immunofluorescent staining to visualize CD3+ CD4+ (Figure 4.5C) and CD3+ CD8+ (Figure 

4.5D) subpopulations within the tissue stroma. This work describes the presence of TH1 and 

TH2 populations as described by CD4 and CD8, respectively.  

 

TH17 biology is implicated in several inflammatory diseases where matrix destruction is a 

predominant feature. I therefore evaluated the TH17 T cell subtype expression of RAR-related 

orphan receptor gamma (RORγ), a transcription factor associated with IL-17. While mRNA 

level its expression was not notable (Figure 4.6A), representative images, show RORγ is 

dispersed throughout Dupuytren’s tissue stroma (Figure 4.6B, C). Expression was confirmed 

quantitatively and semi-qualitatively via Bonar scoring (p<0.01) and percent positive staining 

(p<0.01) (Figure 4.6C &D).  

 

Additionally, I investigated IL-17A signature in Dupuytren’s tissue (Figure 4.7). Taken 

together, the presence of IL-17A supports a key role of T cells in the pathology of 

Dupuytren’s disease. I planned to pursue further in vitro work on the effect of rhIL-17A on 

inflammatory related markers and matrix proteins in addition to experiments with 

Secukinumab, an IL-17A neutralising antibody. However, given the time constraints and lack 

of tissue samples available, I was unable to complete this. 
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4.3.3 T cells are activated in Dupuytren’s disease 

Despite the limitations of being unable to conduct scRNA-seq on Dupuytren’s nodules and 

cords, the samples used here were obtained earlier in my studies. Following the gradual 

release of easing restrictions, I was able to conduct library preparations to send the samples 

for bulk RNA sequencing of Dupuytren’s microenvironments. This indicated that T cell 

related genes are expressed in Dupuytren’s tissue (Figure 4.8). Further evaluation of the data 

highlight that T cells are present, CD27, and activated, CD69, CD70, within Dupuytren’s 

tissue (Figure 4.8-4.10).  

 

 

This data also describes a cellular difference between nodule and cord tissue. Dupuytren’s 

nodules are highly cellular structures and within the sequencing data, they express T cell 

related genes higher than cord tissue. This, perhaps, is due to the fibrous nature of cord tissue 

as it is less cellular than nodules and therefore would not produce a high T cell marker 

signature. 
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mRNA evaluation describes the presence of CD27 and CD70 is expressed more so in 

Dupuytren’s compared to carpal tunnel (Figure 4.11A). Histological evaluation shows that T 

cells are present and activated (CD3+ CD27+) in Dupuytren’s tissue alongside CD70+ 

fibroblasts (Figure 4.11B). T cell associated markers are expressed more significantly in 

Dupuytren’s disease compared to carpal tunnel tissue (Figure 4.11 C, D). 
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We additionally conducted cell to cell interaction analysis between stromal and immune cells 

from the single cell dataset using the programme CellChat and CellPhoneDB. Highlighting 

stromal-immune cell interaction within Dupuytren’s tissue (Figure 4.9) and further 

interrogation points to the strength of T cell-fibroblast/myofibroblast interactions (Figure 

4.10-4.14). 
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4.3.4 Stimulation of Dupuytren’s fibroblasts with CD27 and/or TNF-α mimics T cell, 

fibroblast interaction in vivo 

CD27 is a member of the TNF superfamily (TNFSF) and a costimulatory molecule for T cell 

activation that interacts with CD70. We show that CD70 was expressed by Dupuytren’s 

fibroblasts and suggest an aggravated response of matrix protein expression post stimulation 

with CD27 (Figure 4.15).  
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CD27 is a member of the TNF family, we sought to explore how CD70 expression changes 

under cytokine stimulation. We describe that CD70 expression by Dupuytren’s fibroblasts 

increases in response to TNF-α (Figure 4.16). 

 

 

Furthering our understanding of CD27 and CD70 interaction, we examined the effect of 

stimulating fibroblasts with CD27 and/or TNF-α. We found that matrix (Figure 4.17), 

inflammatory (Figure 4.18), angiogenesis (Figure 4.19), and stromal activation (Figure 4.20) 

marker expression increased in response to CD27 and TNF-α singularly and in concert.  
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4.3.5 Freshly isolated T cells are not activated in response to paracrine factors 

We previously describe, within this body of work, the effect of recombinant CD27 on 

fibroblasts and we sought to explore if T cells were similarly affected by CD70 and its 

costimulatory molecule CD28. CD69 appears on the surface of T cells and is involved in T 

cell subset differentiation and signalling between T cells and APCs52. We expect, given the 

co-stimulatory nature of CD27 and CD28 on T cell activation, the addition of CD28 would 

increase CD69 and, perhaps, CD27.  

 

 

We found that T cells isolated from fresh blood did not alter their expression of CD27 or 

CD69, upon stimulated with CD28, CD70 or Dupuytren’s cultured supernatant, representing 

soluble CD70 (Figure 4.21, 4.22). However, CD3+CD70 stimulation reduced CD27 

expression by fresh T cells, suggesting a negative feedback loop within the stroma. Secretion 

levels of CD27 and IFN-γ did not change in response to stimulation, however compared to 

stimulation with CD3, T cells stimulated with CD3 and CD70 expressed CD27 significantly 

more (p<0.05). This work was impacted by the Covid-19 pandemic as blood combs were no 

longer available and while this data is interesting, it is difficult to draw conclusions as this 

work needs to be redone to verify this data and evaluate for statistical significance.  

 

 

 

 

 

 

 

  



155 

 

 

 

 

 

 



156 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 



157 

 

4.4 Discussion and conclusion 

Dupuytren’s disease is classified by two microenvironments: cellular nodules, 

characteristic of early disease, and a fibrous cord, which develops in later stages; giving rise 

to inwardly contracted fingers29,84,102,105,265,310. Given the differences in tissue 

composition270,283, further analysis of the distinct nature of each environment could lead to a 

more complete understanding of the disease from early to late Dupuytren’s133,270. The use of 

RNA sequencing has allowed for the advancement of cell interaction in various fibrotic 

diseases and allowed for the interrogation of specific cellular populations41,65,74,233,283. Current 

literature describes the presence of immune cells and fibroblasts as the primary cells driving 

the inflammatory, fibrotic nature of Dupuytren’s. Well-described in cancer and arthritis, 

immune cells produce factors which drive the inflammatory response allowing them to be 

used as indicators of chronic inflammation97,115.  

 

Single cell RNA sequencing of Dupuytren’s tissue describes myeloid and T 

lymphocytes, as the leading immune cells in Dupuytren’s tissue. We visualized dendritic 

cells, macrophages and T cells via immunohistochemistry and Bonar scoring describes these 

population significantly more prevalent in Dupuytren’s tissue compared to carpal tunnel. 

Further examination of the tissue reveals the immune cell landscape of Dupuytren’s tissue is 

more cellular than carpal tunnel and hierarchical representation, via flow cytometry, 

describes T cells as the predominant cell in digested, fresh tissue. These results complement 

published works describing the importance of T cell-fibroblast interaction in cancer21,127,314, 

renal fibrosis21,314, and cardiac fibrosis35,271,314.  

 

Continuing the interrogation of T cells in Dupuytren’s, analysis of sequenced 

Dupuytren’s tissue reveal T cell related genes are prevalent within the tissue 

microenvironments. Further characterized of the T cell profile unveils clear TH1 (CD3+ 

CD4+), TH2 (CD3+ CD8+), and TH17 (RORγ+) populations. Further interrogation of TH17 

behaviour highlight promotional role of IL-17A in promoting fibroblast behaviour. Published 

literature describe IL-17A in disease as a driving factor of inflammation and matrix protein 

expression296,311.  
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T cell dysfunction is described as partial, or complete, loss of effector function and/or 

proliferative ability via inhibition of immune checkpoint pathways101,232,288. CAFs produce 

various immune checkpoint ligands, including PD-L1 and PD-L2, which interact with T cell 

receptors, promoting activation and differentiation. These ligand-receptor interactions have 

been demonstrated in vitro and are described as the activating and inhibiting effects of 

fibroblasts co-cultured with T cells101,232,288. Immunohistochemistry staining of Dupuytren’s 

tissue define CD27 expression by T cells and CD70 on fibroblasts. Suggesting the importance 

of CD27-CD70 in mediating T cell inflammatory response30,68,157,275.  

 

CD70 is a transmembrane protein and the sole ligand for CD27, a transmembrane 

protein and member of the TNFR148. Studies also describe the presence of CD70+ fibroblasts 

and how they engage in crosstalk with Tregs to promote their survival119,163,172. Our work 

describes that CD70+ fibroblasts are present, and their tissue repair response is heightened 

after stimulation with CD27.  

 

Within the tissue stroma, cells do not interact in a linear fashion as their cytokines 

interact with various cell types to mediate inflammation. Our sequencing data, and published 

works3,117,276, describe that stromal-immune interactions occur in Dupuytren’s. We show that 

Dupuytren’s fibroblasts increase their expression of CD70 in response to various cytokines 

but most notably by TNF-α. TNF-α expression in Dupuytren’s disease has been credited to 

macrophages276 and coupled with the myeloid signature in the sequencing results, we suggest 

the possibility of a tri-cell interaction of macrophages enhancing CD70 expression by 

fibroblasts.  

 

Within the tissue stroma, fibroblasts have been shown to produce soluble factors 

which influence angiogenesis and immune cell recruitment as well as directly affect T cell 

behaviour in cancer21,127,314 and enhance fibroblast behaviour314 and ECM component 

expression35. Furthering our exploration of a potential tri-cell interaction, we stimulated 
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fibroblasts with CD27, TNF-α, or both. CD27 mediates matrix production by fibroblasts in a 

dose dependent manner, which was further enhanced by the addition of TNF-α. CD27/TNF-α 

stimulation demonstrated an increase in inflammatory cytokine production, angiogenesis, and 

stromal activation related markers, and matrix protein expression further highlighting the 

effect of T cells on fibroblast behaviour.  

 

Understanding the signalling cascade between T cells and fibroblasts can reveal 

potential targets. TRAFs have been described as signal transducers for the TNFR 

family149,285,302. Previous works describe that CD27 activates the NFκB and SAPK/JNK 

pathways via TRAF2 and TRAF5 and knockdown studies demonstrate that inhibition of 

TRAF2 and TRAF5 prevents CD27 signalling6,285. In murine arthritic studies, blockade of the 

CD27-CD70 axis via anti-CD70 antibody prevented development of collagen induced 

arthritis99,206. Similarly, anti-TNF therapy prevented the effect of CD27-CD70 axis in arthritic 

models234,294. TRAF2 is expressed by various cell types (including macrophages, fibroblasts, 

and T cells) and has been shown to be crucial in mediating inflammation6,285.  

 

TRAF2 activates the NFκB pathway, and it activates MAPKs: JNK, ERK 1 &2, and 

p38149,234,285,302. In cardiovascular murine models, TRAF2 overexpression led to fibrosis and 

ventricular dysfunction206,234. TRAF5, a similar homolog to TRAF2, plays a role in the 

inflammatory response instrumented by CD4+ TH2 and TH17 T cells-among other cell types 

like fibroblasts and macrophages- and elicits activation of NFκB1 and NFκB2 pathways34,149. 

In atherosclerosis models, TRAF5 knockdown led to the development of accelerated 

atherosclerosis coupled with an influx of immune cells. In cardiac fibrosis models, TRAF5 

deficiency led to the development of fibrosis suggesting that TRAF5 plays anti-fibrotic and 

anti-inflammatory role149,303. Our sequencing data describes the presence of not only TRAF2 

but also TRAF5 in both Dupuytren’s nodules and cord tissue. Future work could explore 

whether TRAF2 and TRAF5 act like MMPs/TIMPs where an imbalance leads to the 

development of disease and explore their role in CD27 signalling.  
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Studies examining the signalling pathways of CD70 in murine B cells describe the 

administration of anti-CD70 antibodies dampens downstream PI3K and MEK pathway 

targets PKB and ERK, respectively118. Manipulation of the PI3K and MEK pathways is 

common in cancer studies, and these have not been studied in soft tissue disease87. We 

suggest that manipulation of their downstream targets will shed light on the signalling 

cascade of CD70 and this, in combination, with TRAF2/TRAF5, could help further 

understand T cell inflammation in Dupuytren’s disease.  

 

Given that Dupuytren’s fibroblasts responds dramatically in response CD27 

stimulation, we suggested that CD70 could provide a similarly robust signal on CD3+ T cells. 

Stimulation of freshly isolated T cells with CD3, CD3 & CD28, CD28 recombinant CD70 or 

CD3+ soluble CD70, via Dupuytren’s supernatant, did not elicit the expected effect. 

Compared to unstimulated T cells, the addition of CD70 or Dupuytren’s supernatant 

produced no significant changes in CD69 expression; also suggesting that the CD69 signature 

seen in sequenced Dupuytren’s disease could stem from mast cells and lymphocytes. Given 

that we saw a strong mast cell population expressing CD69 by sequenced tissue, could 

support the notion that CD69 in Dupuytren’s comes from mast cells.  

 

Published works describe that CD70 production is tightly controlled11,145 and given 

our findings that paracrine signalling did not result in an increase in CD27 expression 

prompts the suggestion that CD27-CD70 interaction could require direct cell to cell 

communication. Future works would assess T cell and fibroblast behaviour in a direct co-

culture system. This interaction could also allow for exploration of TRAF2/5 signalling by T 

cells and its effect on CD70 expression. As well as the possibility of a negative feedback loop 

between CD27/CD70 expression. 
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Chapter 5: Discussion and future directions 
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5.1 Summary of key findings 

Dupuytren’s disease a fibroproliferative condition defined by chronic inflammation 

and excess matrix protein expression. Treatment can involve removal of the affected tissue 

but unfortunately, in some cases, the disease reappears within the patients’ lifetime. 

Accounting for the disease’s recurring nature, we suggest the immune system plays a role in 

not only perpetuating chronic inflammation but also the tissue memory associated with its 

resurgence.  

 

Our findings in the present study describe that the stromal compartment, identified by 

the presence of mesenchymal stromal fibroblasts, stromal cells, and endothelial cells, is 

activated within the tissue. The ‘activated phenotype’ is further exacerbated in response to 

mechanical damage and/or stimulation by cytokines circulating within the tissue, creating an 

in vitro environment which mimic the in vivo tissue environment.  

 

scRNA sequencing of Dupuytren’s tissue microenvironments revealed that myeloid 

and T lymphocytes were the leading cell populations seen. Further analysis revealed strong 

fibroblast/myofibroblast-T lymphocyte interactions and CD70+ T cell activation was 

explored. T cells expressed activation markers and their interaction with fibroblasts was 

mediated via CD27-CD70 interaction. Fibroblast stimulation with recombinant CD27 

enhancing fibroblast production of inflammatory, matrix, angiogenic, and stromal related 

markers. Highlighting T cell-fibroblast crosstalk as a contributing factor in mediating 

Dupuytren’s fibrotic signature. 

 

5.2 Stromal compartment activation contributes to the fibrotic nature of Dupuytren’s 

The stromal compartment consists of mesenchymal stromal cells which differentiate 

in response to environmental factors. Mesenchymal stromal cells have been identified in 

Dupuytren’s disease and these populations have been described as functionally distinct and 

representing various states of activation19,153. Studies that perform single cell analysis to 
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describe the landscape of the tissue microenvironments and, within the stromal compartment, 

describe the presence of myofibroblasts, endothelial cells, and immune cells19,153.  

 

Sequencing of Dupuytren’s tissue revealed a myofibroblast population and matrix 

protein expression. Visualisation of the tissue demonstrated stromal fibroblasts were 

characterized as not only activated (FAP+) but also differentiated into α-SMA+ 

myofibroblasts. Published works describe that fibroblast populations in disease are 

heterogeneous in their expression of FAP and α-SMA and this contributes to the developing 

of fibrosis154,207. Future studies will further describe whether fibroblast and myofibroblast 

populations are heterogenous in regard to their expression of FAP and α-SMA within nodules 

and cord tissues. 

 

We also characterized stromal endothelial cells dispersed within the tissue and 

localized around the blood vessels. Stromal cells in the tissue and their associated activation 

markers: CD90, CD248, and podoplanin are present in Dupuytren’s and, described in other 

disease models, play a role in the development of fibrosis.  

 

Studies describe the use of an in vitro scratch assay as a means to study cell behaviour 

in response to damage158,237. We used this model to explore whether Dupuytren’s fibroblasts 

respond in an increasingly damaged manner post-scratch. Our data supports the finding that 

in vitro scratch increases the inflammatory nature of Dupuytren’s fibroblasts. This 

mechanical damage model also showed changes in matrix protein and stromal activation 

expression. Within the stromal compartment, stromal cells interact with resident and 

infiltrating immune cells to mediate the inflammatory response21,196. Mimicking the paracrine 

signalling seen in the tissue between immune and stromal cells, we stimulated Dupuytren’s 

fibroblasts with IFN-γ, IL-13, TNF-α, and TGF-β1 and performed a scratch assay.  
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Immune cells have been shown to mediate the inflammatory response and tissue 

repair47,110. Published works describe crosstalk between fibroblasts and macrophages via 

TNF-α promote myofibroblast differentiation and matrix protein expression276. TNF-a 

signalling in Dupuytren’s disease is described as being mediated, in part, to Wnt/β-catenin 

signalling. TGF-β stimulation of Dupuytren’s fibroblasts acts via Smad signalling. Akbar et 

al. 2020 describe that mast cells interact with myofibroblasts via IL-133. Additionally, T cells 

produce IFN-γ to differentiate fibroblasts into matrix protein producing myofibroblasts. They 

conclude mast cells, T cells and fibroblasts/myofibroblasts communicate via STAT 

signalling. Our results describe the cytokine storm assessed, or individual cytokines, acts 

upon fibroblasts to increase inflammation, matrix, and stromal markers, with and without the 

mechanical damage model. The changes we see can be credited to specific stromal-immune 

cell crosstalk and further explained via signalling cascades from which therapeutic targets can 

be developed.  
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5.3 Immune cell hierarchy in Dupuytren’s disease highlights potential stromal-immune 

crosstalk 

Published studies describe fibrosis as a complication of tissue healing, driven by fibroblasts 

and immune cells110. Immune cells infiltrate from the blood stream and differentiate in 

response to environmental factors. Once activated, innate and adaptive immune cells produce 

cytokines, chemokines, and growth factors which modulate signalling cascades resulting in 

chronic inflammation and fibrosis110. Immune cells are complex in their behaviour and a 

descriptive understanding of the immune cell landscape of Dupuytren’s microenvironment 

could aid in the development of targeted therapies.  

 

Using RNA sequencing, we were able to uncover a variety of immune cell populations and 

decipher which cells were interacting within the tissue environment and which capacity. 

Results describe strong myeloid and T lymphocyte populations and visualisation via 

immunohistochemistry and flow cytometry depict that not only are T cells the leading 

immune cell but Th1, Th2, and Th17 subsets are present in the tissue.  

 

Literature describing T cell interaction in soft tissue diseases like tendinopathy, arthritis and 

frozen shoulder describe the role of TH17 immune cells in disease4,89,184. Interrogating Th17 

behaviour in Dupuytren’s disease, pointed to IL-17 isoforms and receptors present in the 

tissue coupled with the presence of one of its transcription factors, RORγ. Future work 

exploring the role of IL-17A on Dupuytren’s fibroblasts will examine the mechanism of 

interaction and whether Secukinumab can reduce the inflammatory signature. 

  

5.4 T cell-fibroblast interaction is a contributing factor in the inflamed nature of 

Dupuytren’s 

Fibrosis disease models describe T cells interact with fibroblasts promoting myofibroblast 

differentiation and matrix production. This also promotes T cell related cytokine production 

which further exacerbate the immune response314. Classically published works describe the 
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presence of T cells in Dupuytren’s disease19,98,180. Akbar et al. (2020) describe that 

Dupuytren’s fibroblasts and T cells interact leading to differentiation into myofibroblasts and 

increased matrix protein3. The present study supports that not only is this stromal-immune 

cell interaction present in the tissue, but T cells are the leading immune cell in the population 

in fresh Dupuytren’s tissue. Within the tissue, we characterize T cells as activated via the 

presence of CD27 on T cells and CD70 on fibroblasts.  

 

CD27 is a member of the TNF receptor (TNFR) family and, in humans, in strictly expressed 

by cells of the lymphoid lineage275. CD70 has been described as being expressed on T cells, 

but the present study describes CD70 expression only on fibroblasts. CD27 interacts with 

TNFR associated factors 2 and 5 (TRAF2, TRAF5) mediating activation of NFκB signalling 

causing enhanced cell survival and cytokine production285,302.  

 

 Dupuytren’s fibroblasts stimulated with CD27 increased matrix and inflammatory 

marker expression and stimulation with macrophage produced276 TNF-α increased CD70 

expression. We suspect this finding could be due the large myeloid population seen within 

the tissue and that CD27 is a member of the TNF receptor family107,223,254. Examining the 

effect of stimulation with recombinant CD27 and/or TNF-α demonstrated an increase in 

matrix, stromal and inflammation related markers. Further purporting stromal-immune 

crosstalk between T cells and fibroblasts mediating the stromal activation and the 

inflammatory signature seen in Dupuytren’s disease. Interestingly, freshly isolated T cells did 

not increase their expression of CD27 in response to stimulation with co-stimulatory 

molecule CD28, recombinant CD70 or soluble CD70, via Dupuytren’s cultured media. Future 

works would explore whether CD27 agonism could be achieved via direct Dupuytren’s 

fibroblast/T cell interaction.  

 

 T cells have been reported to play a role in revascularization of damaged tissue. 

Fibrotic literature describes angiogenesis as a contributing factor to disease progression in 

liver and pulmonary fibrosis79,124,235. Additionally, murine studies describe CD70 knockout 



168 

 

results in impaired vascular development252. We examined common angiogenesis related 

marker expression in response to stimulation and found that Dupuytren’s fibroblasts increase 

all angiogenic markers examined. Future studies could further examine the role of 

angiogenesis in the development of Dupuytren’s disease and determine if within the 

mechanism of action there are potential therapeutic targets.   
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5.5 Conclusion and future directions 

We hypothesized that stromal and immune cells contribute to the fibrotic nature of 

Dupuytren’s disease. We describe that an activated stromal cell phenotype is present in 

Dupuytren’s disease and, in accordance with published works, could be an element that 

drives chronic inflammation of the tissue. We also examine the immune cell landscape of 

Dupuytren’s tissue towards understanding what stromal-immune cell interactions could be 

involved.  

 

Current works describe immune cells as contributing element of Dupuytren’s disease, 

namely macrophages, T cells, and mast cells3,57,129,211,278. This shift in attention towards 

immune cells provides a niche for this thesis as it focuses on T cell-fibroblast crosstalk, a 

potential feedback loop in T cell activation, and a mechanism towards therapeutic 

intervention as a means of understanding Dupuytren’s disease etiology. While myeloid and T 

lymphocytes were highlighted as the main immune cells in the tissue microenvironments, T 

lymphocyte and fibroblast interaction has been shown to be key in understanding the immune 

mechanisms of the disease. Future analysis of T cell behaviour will interrogate the 

mechanism of IL-17 on fibroblasts and assess Secukinumab as a potential fibrotic inhibitor.  

 

Lastly, the CD27-CD70 axis should be further examined via direct cell to cell 

interaction between T cells and Dupuytren’s fibroblasts. A major challenge with studying 

human disease in vitro is the inability to mimic the 3D tissue stroma. However, recent 

advancements in biomaterials describe the ability to mimic a free floating, 3D environment 

using collagen matrices or hydrogels to study cell interaction and behavior. The examination 

of a tri-culture system of macrophages, T cells, and fibroblasts could provide insight into the 

stromal-immune cell interactions within Dupuytren’s tissue, given the fibroblast response to 

stimulation with T cell produced CD27 and macrophage produced TNF-α. Lastly, the use of 

TNF-α neutralizing antibodies would allow for the exploration of anti-TNF therapy as a 

treatment option for Dupuytren’s disease.    
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Chapter 6: Glossary 

Adaptive immune response: this process is conducted by lymphocytes (B and T cells) which 

react against a foreign antigen presented on the surface of antigen presented cells (Alberts et 

al, 2002). 

Adipocyte: a fat cell that makes up adipose tissue, that stores energy as fat within the human 

body (church,2012) 

Angiogenesis: the process of developing blood vessels 

Antibody: blood protein which binds to antigen 

Antigen: foreign substance which binds to antibody 

Antigen presenting cells: immune cells which engulf the foreign substance and present a 

‘piece’ of the substance to the adaptive immune cells 

Arthritis: inflammation of the joints causing reduced mobility and stiffness that can worsen as 

one gets older 

Chemokine: a group of small proteins that attract white blood cells to the site of infection and 

they play a role in cell migration 

Clusters of differentiation: identified by the acronym CD, this designation refers to the 

proteins found on the surface of the cell followed by a unique number which allows for 

universal identification 

Cytokine: proteins secreted by cells that are involved in cell-to-cell communication, cell 

activation and differentiation 

Degranulation: the process of mast cells reacting to wounded tissue and producing mediators 

which lead to further inflammation 

Fibroproliferative: defined as progressive fibrosis in diseased tissue 

Frozen Shoulder: also called adhesive capsulitis and characterized by stiffness and pain in 

shoulder joints 
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Granulocyte: a class of immune cells with granules containing enzymes; they are visually 

distinct from other cells given their ‘grainy’ look. Cells within this class consist of 

neutrophiles, eosinophils, and basophils. 

Housekeeping gene: used in qPCR to create a baseline, or internal control, of genetic 

expression by cells 

Innate immune response: the first line of defence in the immune system, consisting of 

leukocytes and phagocytic cells that interact with invading pathogens and communicate with 

adaptive immune cells to elicit a specific immune response (Alberts, 2002; innate immunity) 

Interferon: abbreviated as IFN and activate the innate immune response by interacting with 

cells  

Interleukin: a group of proteins which mediate cell to cell correspondence  

Isotype: used in histology and flow cytometry as a negative control to confirm staining of 

tissue and cells 

Lipoxygenase enzyme 

Lymphocyte: a group of B and T cells  

Mesenchymal stromal cell: adherent, spindle shaped cells that can be isolated from bone 

marrow, adipose and connective tissue 

Monocyte: play a role in the inflammatory response and they differentiate into macrophages 

and dendritic cells based on paracrine factors 

Paracrine signalling: a form of cell signalling between nearby cells 

Pathophysiology: physiological processes that are associated with disease and/or injury 

Pericyte: cells in the walls of capillaries  

Phagocytosis: the ingestion of material by phagocytic cells like macrophages 

Polymerase Chain Reaction: lab technique of amplifying DNA segments  
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Quantitative polymerase chain reaction: RNA is transcribed into complementary DNA 

(cDNA) by the enzyme, reverse transcriptase 

Stromal compartment: ‘compartment’ of cells within the connective tissue which mediate 

support and function of the organ 

Tendinopathy: overuse injury of tendons manifesting as inflammation and pain 

Transmembrane protein: protein that spans the cell membrane and allows for transport of 

substances across the membrane 
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