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Abstract

Diabetic wound healing is characterised by persistent inflammation, impaired angiogenesis,
extracellular matrix (ECM) dysregulation, and defective tissue remodelling, frequently
resulting in chronic wounds such as diabetic foot ulcers (DFUs). Fibrosis, characterised by
excessive ECM deposition and sustained fibroblast activation, is increasingly recognised as
an important barrier to effective wound repair in patients with diabetes. Emerging evidence
suggests that glucocorticoid signalling, particularly through the stress hormone cortisol
and its activating enzyme 113-hydroxysteroid dehydrogenase type 1 (113-HSD1), may
contribute to pathological and fibrotic changes in diabetic skin by altering inflammation,
extracellular matrix turnover, angiogenesis, and cellular behaviour. In parallel, connective
tissue growth factor (CTGF) and insulin-like growth factor binding protein-5 (IGFBP-5)
have been associated with profibrotic processes, although the evidence for their roles
in diabetic wound healing is limited, particularly for IGFBP-5. This review examines
current evidence regarding the role of 113-HSD1-mediated cortisol signalling in fibrosis
and impaired diabetic wound healing, with particular emphasis on its potential interactions
with CTGF and IGFBP-5. However, whether and how these mediators interact with cortisol
signalling in diabetic wounds remains poorly understood. Evidence from preclinical and
early clinical studies suggests that inhibition of 113-HSD1 may improve wound repair and
tissue integrity; however, many existing studies rely on acute wound models and do not
fully reflect the chronic inflammatory and fibrotic environment of diabetic wounds.
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and integumentary systems, leading to increased comorbidities [3]. A common compli-
cation of diabetes is foot ulceration, which affects 19-34% of people with diabetes. Once
present, ulcers pose a substantial burden to individuals and healthcare systems. The quality
of life in patients with diabetic foot ulcers (DFUs) has been reported to be significantly
reduced [4] and the health care costs of a diabetic foot ulcer have been estimated to be
between £2140 and £8800 per healed and unhealed DFU, respectively, and £16,900 per
amputation. This translates to an annual NHS cost attributable to managing these DFUs of
between £524.6 million and £728.0 million [5].

Diabetic wound healing is characterised by a failure to progress through the normal
stages of repair (i.e., homeostasis, inflammation, proliferation and remodelling), resulting
in a prolonged inflammatory state, impaired angiogenesis, and defective tissue remod-
elling. Rather than resolving, these wounds often become trapped in a pathological state
marked by persistent inflammation and extracellular matrix (ECM) dysregulation [6,7]. The
dysregulated ECM then continues to actively regulate cellular behaviour through altered
growth factor signalling and cell-matrix interactions, preventing tissue repair [8]. A key
feature of ECM dysregulation is fibrosis, defined by excessive accumulation and glycation
of ECM components such as collagen and fibronectin, leading to increased tissue stiffness,
reduced cellular migration, and impaired regenerative capacity. Although transient fibrosis
is an essential component of normal wound repair, persistent ECM remodelling and scar
formation prevent restoration of normal tissue architecture, contributing to incomplete
healing and chronic tissue dysfunction [8,9].

ECM dysregulation in diabetic wounds is not, however, characterised by a uniform
increase in either matrix deposition or degradation [10,11]. Excessive protease activity can
promote degradation of ECM components and factors required for repair, while persistent
fibroblast activation and profibrotic signalling can drive pathological matrix accumulation
and tissue stiffening [12,13]. Thus, impaired diabetic wound healing may involve distinct
but overlapping abnormalities in matrix turnover, with their relative contribution varying
according to wound stage and microenvironment.

The molecular mechanisms driving fibrosis in diabetic wounds are complex and in-
volve multiple interacting pathways, including transforming growth factor-beta (TGF-f3)
signalling and downstream mediators such as connective tissue growth factor (CTGF) [14]
and insulin-like growth factor binding protein 5 (IGFBP-5) [15]. These factors promote
fibroblast activation, myofibroblast differentiation, and sustained ECM deposition, reinforc-
ing a fibrotic wound environment. However, the upstream regulators of these pathways
remain incompletely understood, particularly in the context of chronic metabolic disease.

Emerging evidence suggests that glucocorticoid signalling, particularly through the
stress hormone cortisol, plays a critical role in regulating skin homeostasis, inflammation,
and tissue repair [16,17]. While cortisol is essential for controlling acute inflammatory
responses, chronic elevation as observed in some cases of diabetes [18], ageing [19], and
stress [20], has been associated with impaired wound healing and altered ECM remod-
elling. Local cortisol availability within tissues is tightly regulated by the enzyme 113-
hydroxysteroid dehydrogenase type 1 (113-HSD1), which converts inactive cortisone into
active cortisol. Increased expression and activity of 113-HSD1 in diabetic skin may there-
fore amplify local glucocorticoid signalling, potentially contributing to wound chronicity
and fibrosis [21,22].

Despite growing recognition of the roles of cortisol, 113-HSD1, and profibrotic me-
diators such as CTGF and IGFBP-5, the interaction between these pathways remains
poorly understood. While cortisol signalling and CTGF/IGFBP-5-mediated fibrosis have
individually been associated with impaired wound healing [15,23], it remains unclear
whether local cortisol activation through 113-HSD1 directly regulates these downstream
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mediators in human diabetic skin. Addressing this gap may help determine whether
glucocorticoid metabolism functions as an upstream driver of fibrosis and represents a
viable therapeutic target.

Among the numerous mediators involved in fibrosis, CTGF and IGFBP-5 were se-
lected for particular consideration because both are implicated in fibroblast activation
and ECM remodelling, have established or emerging relevance to skin and wound biol-
ogy [15,24], and have potential links with glucocorticoid signalling [23,25]. Evidence for
CTGF involvement in glucocorticoid signalling linked to fibrotic responses is growing [23],
as is the relationship between cortisol and IGFBP-5, although this remains particularly
underexplored [25]. Together, these features make CTGF and IGFBP-5 relevant candidates
for examining potential crosstalk between local glucocorticoid signalling and profibrotic
pathways in diabetic wounds.

This review aims to examine the current understanding of glucocorticoid signalling
in skin, with a particular focus on the role of 113-HSD1-mediated cortisol activation in
fibrosis and impaired diabetic wound healing. It further explores the potential interaction
between cortisol signalling and key profibrotic mediators, highlighting current knowledge
gaps and identifying directions for future research.

1.2. Literature Search Approach

This narrative review was informed by the literature identified through searches of
Google Scholar and NCBI PubMed using combinations of terms relating to diabetic wound
healing, fibrosis, cortisol, glucocorticoids, 113-HSD1, CTGF and IGFBP-5. Relevant original
research articles and reviews addressing skin and wound healing were prioritised, with
evidence from other tissues included where direct evidence in diabetic skin or chronic
wounds was limited. Reference lists of relevant publications were also examined to identify
additional studies. Where peer-reviewed evidence was unavailable for emerging areas
directly relevant to the scope of the review, a limited number of non-peer-reviewed reports
were included and are identified as such in the text.

2. Wound Healing and Fibrosis: Challenges in Diabetes
2.1. Normal Wound Healing

Wound healing is a dynamic and tightly regulated process consisting of four overlap-
ping phases: haemostasis, inflammation, proliferation, and remodelling. In acute wounds,
these phases occur in a coordinated sequence to restore tissue integrity [26].

Haemostasis starts immediately following injury, it involves clot formation and vaso-
constriction to prevent blood loss and provide a provisional matrix for cell migration.
This phase occurs within minutes to hours following tissue injury and is rapidly followed
by the inflammatory phase, which typically predominates during the first 14 days of
healing. In this phase, immune cells such as neutrophils and monocytes clear debris and
pathogens while releasing cytokines and growth factors that initiate the repair process.
The proliferative phase generally occurs between days 4 and 21 and is characterised by
fibroblast activation, angiogenesis, re-epithelialisation, and ECM deposition, leading to
the formation of granulation tissue. Finally, during the remodelling phase, which may
begin approximately 2-3 weeks after injury and continue for months to years, the ECM is
reorganised and strengthened through collagen maturation and controlled degradation,
restoring tissue function and tensile strength [27].

Under normal conditions, this process is self-limiting and resolves once tissue repair
is complete, with coordinated regulation of inflammation, cellular activity, and matrix
turnover ensuring effective healing.
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2.2. Dysregulated Wound Healing in Diabetes

A wound that fails to progress through this healing sequence within 4 to 8 weeks is
classified as a chronic wound (Figure 1). In diabetes, wound healing becomes chronically
dysregulated due to sustained metabolic and vascular abnormalities and can take months to
heal or remain functionally unhealed. Persistent hyperglycaemia maintains inflammation
and delays the transition from the inflammatory to the proliferative phase, disrupting the
normal sequence of repair. This impairs fibroblast migration, angiogenesis, keratinocyte
function, and ECM remodelling, leading to delayed or incomplete wound closure [7]. In
T2D, insulin resistance and compensatory hyperinsulinemia further contribute to impaired
healing by reducing the cellular responsiveness to insulin. This affects keratinocyte mi-
gration, inhibits angiogenesis, and alters fibroblast signalling pathways involved in tissue
regeneration [7,28]. By contrast, T1D, which involves absolute insulin deficiency rather than
insulin resistance, may impair healing through mechanisms including reduced availability
of insulin for anabolic processes and delayed immune resolution. Although the initiating
mechanisms differ, both conditions expose tissues to chronic hyperglycaemia, oxidative
stress and persistent inflammation, all of which contribute to impaired wound healing.
However, direct comparisons between wound-healing mechanisms in T1D and T2D remain
limited, and much of the current understanding is derived from studies of T2D and diabetic
foot ulcers or separate experimental models [6,29].
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Figure 1. Comparison of healing in normal versus chronic diabetic wounds. In normal wound healing,

coordinated signalling by cytokines and growth factors promotes fibroblast activation, balanced ECM
remodelling, angiogenesis, and efficient tissue repair. Chronic diabetic wounds are characterised by
persistent hyperglycaemia, altered fibroblast and immune cell function, excessive collagen deposi-
tion, MMP/TIMP imbalance, and sustained production of pro-inflammatory cytokines, resulting in
persistent inflammation, fibrosis, and delayed wound closure. Created in BioRender. Lao, C. (2026)
https:/ /BioRender.com/156gges (accessed on 23 July 2026).

Chronic hyperglycaemia promotes the generation of advanced glycation end products
(AGEs), which modify ECM proteins and alter tissue architecture. AGEs irreversibly bind
to structural proteins such as collagen, producing shortened and disorganised fibrils that
reduce tissue elasticity and impair matrix turnover [30]. Additionally, AGEs interact with
the receptor for advanced glycation end-products (RAGE), which is expressed on fibroblasts,
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keratinocytes, endothelial cells, and immune cells. Activation of AGE-RAGE signalling
promotes oxidative stress and sustained inflammation, impairing cellular responsiveness
and reinforcing a chronic wound environment [30].

Angiogenesis, which is essential for supplying oxygen and nutrients to healing tissue,
is also impaired in diabetic wounds. Reduced vascular endothelial growth factor (VEGF)
expression and endothelial dysfunction contribute to local hypoxia and delayed tissue
repair. Simultaneously, persistent inflammation and altered macrophage polarisation
disrupt the normal resolution phase of healing. Traditionally, diabetic wounds have been
characterised by prolonged M1 macrophage activity, which maintains a pro-inflammatory
environment through secretion of cytokines such as tumour necrosis factor-alpha (TNNF-
«) and interleukin-6 (IL-6) [31]. However, recent single-cell and spatial transcriptomic
studies suggest that successful healing requires a timely inflammatory response, with
healing diabetic foot ulcers exhibiting a higher proportion of M1 macrophages, whereas
non-healing ulcers display a shift towards M2 macrophage populations [32]. Emerging
evidence suggests that persistent or dysregulated activation of M2 macrophage populations,
particularly CD163* M2c macrophages, may contribute to pathological tissue remodelling
and fibrosis through continued secretion of profibrotic mediators such as TGF-f and
promotion of ECM remodelling [33].

Keratinocytes, which are essential for re-epithelialisation and communication with
immune and stromal cells during wound healing, are similarly affected by hyperglycaemic
conditions. Keratinocytes from people with diabetes exhibit impaired proliferation, de-
layed migration, and reduced responsiveness to wound-edge signals, thereby limiting
their regenerative capacity [34]. These changes are further compounded by increased
secretion of inflammatory mediators and reactive oxygen species, contributing to chronic
tissue damage.

Recent single-cell transcriptomic analyses [32] have revealed significant heterogeneity
within fibroblast populations in diabetic wounds, identifying a distinct subset of “healing-
enriched fibroblasts” characterised by increased expression of ECM-remodelling and in-
flammatory genes such as matrix metalloproteinase-1 (MMP1), matrix metalloproteinase-3
(MMP3), and chitinase-3-like protein 1 (CHI3L1). These cells appear to localise to the
wound bed and are associated with successful healing outcomes. In contrast, non-healing
diabetic foot ulcers contain fewer healing-enriched fibroblasts, suggesting a reduced ca-
pacity for ECM remodelling, cell migration and inflammatory responses. This suggests
that fibroblast function in DFUs is not uniformly impaired, but instead depends on the
abundance of distinct fibroblast phenotypes.

2.3. Fibrosis as a Barrier to Healing

Diabetic wounds also frequently exhibit features of pathological fibrosis. Fibrosis is a
hallmark of chronic wound pathology, characterised by the excessive accumulation of ECM
components, particularly collagen and fibronectin, which leads to tissue stiffening, reduced
elasticity, and impaired cellular mobility [12]. While matrix deposition is a necessary
feature of normal wound healing, enabling mechanical stability and tissue closure, its
dysregulation results in excessive scarring rather than regeneration. In chronic wounds,
fibrosis persists rather than resolves, becoming a barrier to effective healing [12].

At the centre of fibrotic signalling is TGF-{31, a key cytokine that promotes fibroblast
activation, differentiation into a-smooth muscle actin (x-SMA)-positive myofibroblasts
and increased ECM synthesis. While transient activation of these pathways is essential for
normal tissue repair, sustained TGF-31 signalling in chronic wounds promotes persistent
matrix deposition and impaired tissue remodelling. This prolonged fibrotic response is
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further reinforced by downstream mediators such as CTGF and IGFBP-5, both of which
have been associated with fibroblast activation and extracellular matrix accumulation [14].

The chronicity of fibrosis in chronic wounds is further sustained by prolonged myofi-
broblast survival, persistent inflammation, and an imbalance between ECM synthesis and
degradation. Normally, once repair is complete, myofibroblasts undergo apoptosis to allow
tissue remodelling. This process is triggered primarily by the loss of mechanical tension
and reduced pro-survival signalling once wound closure is achieved. However, in fibrotic
wounds, this resolution phase is impaired. Factors such as persistent mechanical stress
and elevated TGF-{31 levels promote myofibroblast survival via antiapoptotic mechanisms,
notably through Protein Kinase B (AKT/PKB) signalling [13]. The continued presence of
myofibroblasts drives excessive matrix production and contraction, resulting in functionally
compromised scar tissue.

Another important contributor to matrix dysregulation is the altered activity of matrix
metalloproteinases (MMPs), zinc-dependent enzymes that degrade ECM components
during wound remodelling. Under normal conditions, MMPs are tightly regulated by
tissue inhibitors of metalloproteinases (TIMPs), ensuring balance between degradation
and synthesis. In chronic wounds, however, sustained inflammation and hyperglycaemia
disrupt this balance, leading to dysregulated MMP activity. This degrades not only the ECM,
but also growth factors and cell surface receptors required for migration and proliferation,
further impairing healing and remodelling [10].

Importantly, the role of MMPs in fibrosis is complex and highly dependent on tissue
context and timing. While excessive MMP activity, particularly MMP-9, has frequently been
associated with chronic inflammation and impaired wound healing [35,36], certain MMPs
are essential for physiological tissue repair and matrix remodelling. For example, MMPs
contribute to degradation of provisional matrix components and facilitate cell migration
during wound healing, whereas reduced expression of anti-fibrotic MMPs such as MMP-1
and MMP-3 has been linked to excessive matrix accumulation and tissue stiffening in
fibrotic conditions [11]. Consequently, pathological wound healing may arise not simply
from increased MMP activity, but from disruption of the balance between specific MMPs
and TIMPs, ultimately contributing to persistent fibrosis and impaired tissue repair.

3. Key Molecular Mediators in Fibrosis and Diabetic Wound Healing;:
Cortisol, 113-HSD1, IGFBP-5, and CTGF

Among the molecular regulators implicated in fibrosis, CTGF and IGFBP-5 have
emerged as prominent fibrotic mediators and potential therapeutic targets, due to their
involvement in ECM deposition and fibroblast activation [15,37]. More recently, the stress
hormone cortisol and its activating enzyme 113-HSD1 have been investigated as potential
regulators of fibrotic processes, particularly in the skin [21,38]. These molecules have
been implicated in the pathogenesis of DFUs and other fibrotic conditions, yet the precise
relationships between them remain poorly understood. In particular, it is not yet clear
whether cortisol activity through 113-HSD1 contributes to the regulation of CTGF and
IGFBP-5, or whether these pathways act independently in driving fibrosis.

3.1. Function of Cortisol and 115-HSD1

Cortisol, the principal glucocorticoid in humans, plays a crucial role in modulating
inflammation, immune responses, and tissue homeostasis. Under physiological conditions,
systemic cortisol levels are tightly regulated by the hypothalamic—pituitary—adrenal (HPA)
axis. However, in diabetes, this balance is disrupted. Chronic hyperglycaemia and insulin
resistance are associated with HPA axis dysregulation, leading to elevated systemic cortisol
levels and altered local cortisol metabolism [39]. Conversely, prolonged glucocorticoid
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excess may itself contribute to the development of metabolic dysfunction. Patients with
Cushing’s syndrome, a condition characterised by chronic cortisol excess, exhibit increased
risk of insulin resistance, impaired glucose tolerance, diabetes, and delayed wound healing,
suggesting a bidirectional relationship between glucocorticoid signalling and metabolic
disease [40].

Local activation of cortisol in tissues is primarily controlled by 113-HSD1, an enzyme
that converts inactive cortisone into active cortisol (Figure 2). In diabetic skin and wounds,
113-HSD1 expression is upregulated, resulting in increased local cortisol concentrations [17].
This enhances the effects of cortisol within the wound environment, where it can influence
cell proliferation, ECM deposition, and inflammatory responses. However, the full extent
of how diabetes alters 113-HSD1 activity and local cortisol regulation in chronic wounds
remains underexplored, representing a significant research gap.

o  NADP* NADPH

R J1B-HSD]

»

/T1IBHSDDN

cortisone o napn  cortisol

Figure 2. Interconversion of cortisone and cortisol by 113-HSD enzymes. Cortisone is converted
to the biologically active glucocorticoid cortisol via 113-HSD1 in an NADPH-dependent reduction.
11B-hydroxysteroid dehydrogenase type 2 (113-HSD2) catalyses the reverse reaction, converting
cortisol back to cortisone. Created in BioRender. Lao, C. (2026) https://BioRender.com/ek55uob
(accessed on 23 July 2026).

3.2. Cortisol Effects on Wound Healing and Fibrosis

Cortisol plays a multifaceted and context-dependent role in skin physiology and
wound healing, although chronic elevation, as observed in physiological and psychological
stress, diabetes, and ageing, has been associated with impaired tissue repair [16,17,21,41].
Cortisol exerts its effects primarily through intracellular glucocorticoid receptors, which reg-
ulate the expression of genes involved in inflammation, cellular proliferation, extracellular
matrix remodelling, and differentiation pathways.

Chronic psychological stress has increasingly been recognised as a contributor to
impaired wound healing, particularly in individuals with diabetes and DFUs. Activation
of the HPA axis during chronic stress results in prolonged glucocorticoid release, which
has been associated with delayed wound closure, altered inflammatory responses, and
impaired immune function. Clinical studies in DFUs further suggest that psychological
distress may contribute to poorer wound outcomes, although current evidence remains
limited and of variable quality [42,43].

In the skin, prolonged glucocorticoid signalling suppresses fibroblast and keratinocyte
proliferation and impairs re-epithelialisation and collagen synthesis, processes essential for
effective wound healing [16,21]. In human dermal fibroblasts, cortisol downregulates genes
involved in collagen bio-synthesis and maturation, including prolyl and lysyl hydroxylases
(e.g., LEPREL1, PAHA2, and PLOD?2), the collagen chaperone HSP47 (SERPINH1), lysyl
oxidases and lysyl oxidase-like proteins (LOX, LOXL1-4), which are required for the
assembly and cross-linking of stable collagen fibrils [21]. Consequently, prolonged cortisol
exposure may result in structurally disorganised collagen, reduced collagen density, and
dermal thinning, ultimately compromising tissue strength and repair capacity.

Glucocorticoids are also emerging as important regulators of extracellular matrix re-
modelling through their effects on matrix metalloproteinases. Experimental wound healing
studies have demonstrated that activation of the HPA axis influences MMP expression,
with higher plasma cortisol levels associated with lower MMP-2 protein expression in
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human blister wounds, while sympathetic activation was associated with increased MMP-2
levels [44]. Similarly, acute psychological stress has been associated with increased MMP-9
release, while studies have linked altered cortisol responses and HPA-axis dysregulation
to elevated circulating MMP-9 levels [45,46]. In chronic diabetic wounds, however, el-
evated expression of MMPs including MMP-1, MMP-2, MMP-3, MMP-9 and MMP-13
has been associated with sustained inflammatory signalling and excessive proteolytic
activity, resulting in degradation of newly deposited matrix components and impaired
tissue repair [47,48]. Conversely, evidence from skin fibrosis studies suggests that reduced
expression of specific collagen-remodelling MMPs, such as MMP-1 and MMP-3, may also
promote pathological matrix accumulation, while increased MMP-9 has been associated
with enhanced inflammatory and pro-fibrotic signalling [11]. Together, these findings sug-
gest that MMP function depends strongly on tissue context and disease stage, with effective
repair requiring a tightly regulated balance between MMP activity and inhibition. Direct
investigation of cortisol-mediated regulation of MMP activity in diabetic skin wounds,
however, remains limited.

Moreover, prolonged glucocorticoid signalling may impair angiogenesis, a process
essential for supplying oxygen and nutrients to healing tissue. Glucocorticoids have been
reported to suppress angiogenic pathways, including VEGF signalling, thereby limiting
neovascularisation and potentially exacerbating local tissue hypoxia. Although direct
evidence in diabetic skin wound healing remains limited, studies in skin-associated cell
systems suggest that cortisol can reduce VEGF expression, supporting a potential role for
local glucocorticoid signalling in impaired tissue vascularisation [49].

Cortisol also impairs keratinocyte migration and re-epithelialisation, processes re-
quired for restoration of epidermal integrity following injury. Studies suggest that gluco-
corticoid signalling promotes a less migratory keratinocyte phenotype through alterations
in cytoskeletal organisation and cell-signalling pathways involved in cellular movement.
Proposed mechanisms include reduced PI3K/AKT signalling and suppression of wound-
associated keratins such as keratin 6 (KRT6) and keratin 16 (KRT16), both of which normally
increase during active repair and support keratinocyte migration [16]. The PI3K/AKT
pathway acts as a central regulator of wound repair, controlling processes including cell
proliferation, migration, angiogenesis, and cell survival, and normally becomes activated
during the inflammatory and proliferative phases of healing. Impaired PI3K/AKT sig-
nalling has been widely associated with diabetic wound pathology and contributes to
reduced cellular migration, diminished growth factor signalling, and delayed tissue re-
pair [50]. Local stress hormone signalling within the epidermis could therefore be an
important contributor to impaired re-epithelialisation and delayed wound closure.

Importantly, in addition to circulating cortisol, local cortisol synthesis has also been
reported in the skin. The enzyme cytochrome P450 11(3-hydroxylase (CYP11B1), which
synthesises new cortisol from 11-deoxycortisol, is inducible in keratinocytes in response to
injury and pro-inflammatory cytokines such as interleukin-1 beta (IL-1§3). This suggests
that the epidermis may act as an extra-adrenal source of cortisol during acute or chronic
wound stress. While this local synthesis is normally tightly regulated, its dysregulation
may contribute to excessive glucocorticoid signalling in chronic wounds [16]. However, the
physiological contribution of de novo cortisol synthesis remains uncertain, with evidence
from mouse studies suggesting that local glucocorticoid regeneration by 113-HSD1 may
represent the predominant source of active cortisol in the skin during wound healing [51].

The role of cortisol in fibrosis also extends to immune modulation. It promotes the
polarisation of macrophages toward an M2-like phenotype, particularly CD163* M2c
macrophages, through glucocorticoid receptor-mediated transcriptional effects [52]. These
macrophages are associated with pro-fibrotic activity via secretion of TGF-f31, interleukin-
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10 (IL-10), and other ECM-inducing factors. Thus, although cortisol is generally anti-
inflammatory, it paradoxically contributes to chronic inflammation and fibrosis by skewing
immune responses toward a persistent wound state [52,53].

3.3. 11B8-HSD1 and Wound Healing in Diabetes

Dysregulated expression of 113-HSD1 in the skin contributes to excessive local cor-
tisol signalling and impaired wound healing. In human and murine studies, 113-HSD1
expression is upregulated in aged, diabetic, and photo-exposed skin, where it contributes
to dermal thinning, delayed wound healing, and disrupted collagen architecture [17,21].

Clinical and preclinical evidence suggests that 113-HSD1 is pathologically upregu-
lated in type 2 diabetes. In skin from patients with diabetes, increased enzyme activity
has been shown to correlate with fasting glucose levels and metabolic dysfunction, even
in lean individuals, suggesting that 113-HSD1 plays a role beyond obesity or systemic
glucocorticoid excess [54]. Additionally, insulin has been shown to inhibit 113-HSD1 ex-
pression, suggesting that insulin resistance or deficiency in diabetes may further disinhibit
local cortisol activation in skin [38].

Inhibiting 113-HSD1 activity has been demonstrated in multiple models to acceler-
ate wound closure, restore epidermal structure, and improve collagen density. In aged
113-HSD1 knockout mice, Tiganescu et al. [21] observed reversal of dermal atrophy and
improved collagen organisation compared to wild-type littermates. Similarly, topical 113-
HSD1 inhibitors led to faster re-epithelialisation and increased matrix integrity in murine
wounds. These findings have been extended to human skin. In a clinical trial, AZD4017
(a selective 113-HSD1 inhibitor) treatment reduced cortisol generation in diabetic skin ex-
plants and showed a trend toward improved wound healing parameters, such as epidermal
thickness and reduced dermal glucocorticoid target gene expression [22,55].

Despite these promising findings, the precise mechanisms by which 113-HSD1-driven
cortisol activity promotes fibrosis remain incompletely defined. It is hypothesised that
elevated local cortisol may induce fibroblast-to-myofibroblast differentiation and modulate
expression of profibrotic mediators such as IGFBP-5 and CTGF, but direct evidence remains
limited [17].

3.4. Connective Tissue Growth Factor (CTGF)

CTGE, also known as CCN2, is a matricellular protein that plays a central role in
tissue remodelling and fibrosis. CTGF is a mitogen and modulates a wide range of cellular
behaviours, including fibroblast activation, myofibroblast differentiation, ECM deposi-
tion, and angiogenesis. These effects are mediated through its interaction with multiple
signalling pathways, including TGF-f3, integrins, VEGF, and IGF-1 [23]. Elevated CTGF
expression has been observed in various fibrotic conditions, and its inhibition in preclinical
models has been shown to attenuate and, in some models, reverse fibrosis across multiple
tissues, including the liver, lungs, heart, and vasculature [23].

In both animal models of diabetic wound healing and human DFUs, CTGF expression
is dysregulated [56,57]. In a diabetic rat wound model, topical administration of recombi-
nant human CTGF to diabetic wounds accelerated wound closure, enhanced granulation
tissue formation, and increased expression of ECM proteins including fibronectin and
collagen I [57]. These findings suggest that while CTGF is associated with fibrosis, it
may also have reparative functions when precisely regulated. This duality may reflect
the context-dependent role of CTGF, where its effects vary according to the timing, dose,
and microenvironmental cues within the wound. In non-cutaneous experimental models,
glucocorticoids have been shown to induce CTGF expression in human lung epithelial cells
and fibroblasts, indicating that CTGF may be a downstream medjiator of cortisol-induced
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fibrotic changes [58]. In this study, cortisol increased CTGF mRNA and protein expression
in a dose-dependent manner, and this effect was blocked by glucocorticoid receptor antago-
nism, suggesting glucocorticoid receptor-dependent regulation of CTGF in these cell types.
Whether a comparable relationship occurs in human skin or diabetic wounds remains to
be established.

Additionally, a recent report investigating the effects of the selective 113-HSD1 in-
hibitor AZD4017 in primary human dermal fibroblasts and skin biopsies from people
with type 2 diabetes identified CTGF as a downstream target of 113-HSD1 inhibition,
alongside changes in extracellular matrix organisation and TGF-f signalling pathways [59].
Thus, CTGF could be a possible effector molecule linking prolonged cortisol exposure
to fibrotic tissue remodelling. However, emerging evidence suggests that regulation of
CTGEF signalling may be more complex than changes in expression alone. Reduced ex-
pression of low-density lipoprotein receptor-related protein 1 (LRP1), a receptor involved
in CTGF-mediated signalling, has been associated with impaired extracellular matrix
synthesis and reduced downstream pathway activation in non-healing tissues [60]. Interest-
ingly, glucocorticoid signalling has also been shown to suppress LRP1 expression through
glucocorticoid receptor-dependent mechanisms [61]. Together, these findings raise the
possibility that glucocorticoids may regulate CTGF signalling at multiple levels, affecting
both CTGF expression and cellular responsiveness to CTGF, although this relationship
remains unexplored in diabetic wounds.

So, while there is evidence that glucocorticoids can regulate CTGF in some experi-
mental systems, the reverse relationship, whether CTGF modulates cortisol signalling or
influences 11p3-HSD1 expression, has not been explored. No current studies have examined
whether CTGF impacts local cortisol metabolism or feeds back on glucocorticoid signalling
pathways. Likewise, there is a lack of research investigating the interplay between CTGF
and 11p3-HSD1 in skin, fibrosis, or diabetes. Given the central role of both molecules in
wound healing and fibrosis, and CTGF’s potentially contradictory role, further investiga-
tion into their interaction may uncover novel therapeutic targets or mechanistic insights
into chronic wound pathology.

3.5. Insulin-like Growth Factor Binding Protein-5 (IGFBP-5)

IGFBP-5 is a multifunctional protein known for its roles in regulating insulin-like
growth factors (IGFs), particularly by limiting the bioavailability of IGF-1, a key mediator
of tissue repair and regeneration. IGFBP-5 is highly expressed in the skin, where it plays
important roles in both normal tissue homeostasis and pathological fibrosis. IGF-1 itself has
anti-inflammatory and pro-angiogenic effects [62]. Therefore, it is possible that elevated
IGFBP-5 in diabetes may contribute to increased inflammation and reduced angiogenesis by
sequestering IGF-1, reducing its bioavailability, and consequently suppressing downstream
signalling pathways including AKT activation. However, the contribution of this mecha-
nism to diabetic wound healing remains unclear. In addition to modulating IGF signalling,
IGFBP-5 also exerts IGF-independent effects that significantly influence fibrosis and wound
repair. It is strongly associated with fibrotic disease across multiple tissues, including skin,
lung, and liver, where it promotes fibroblast activation, myofibroblast differentiation, and
excess ECM [15,24]. In particular, IGFBP-5 upregulates its own expression as well as that of
pro-fibrotic mediators such as CTGF, LOX, and collagen I, establishing a positive feedback
loop that perpetuates fibrotic signalling [15]. In vivo, overexpression of IGFBP-5 in murine
skin results in increased dermal thickness, enhanced collagen bundle density, and elevated
fibronectin expression, establishing it as a potent inducer of dermal fibrosis [24].

Despite its well-established fibrotic role, research into IGFBP-5 in diabetic wound
healing remains limited. Preliminary findings reported in a conference abstract by Were

https://doi.org/10.3390/diabetology7100193


https://doi.org/10.3390/diabetology7100193

Diabetology 2026, 7, 193

11 of 21

et al. [63] reported that IGFBP-5 is upregulated in human diabetic dermal fibroblasts and
contributes to delayed wound closure in vitro. Treatment of diabetic fibroblasts with IGFBP-
5 further reduced wound closure rates, increased ECM production, and promoted a more
adhesive and less migratory fibroblast phenotype. IGFBP-5 also induced «-SMA expression
and increased levels of MMP-1, MMP-9, and TIMP-1, supporting its role in myofibrob-
last transition and matrix remodelling. This effect may partly occur through IGFBP-5
enhancing TGF-{3 signalling and interacting directly with extracellular matrix components,
thereby activating pro-fibrotic pathways that drive myofibroblast differentiation and ECM
remodelling. These findings suggest that elevated IGFBP-5 may contribute to persistent
fibrosis and impaired wound healing in diabetic skin by reinforcing a pathological matrix
environment. Evidence from other diabetic tissues provides additional, although indirect,
support for dysregulation of IGFBP-5 in diabetes. Simon et al. [64] reported marked upreg-
ulation of IGFBP-5 in peripheral nerves from patients with diabetic neuropathy, suggesting
that increased IGFBP-5 expression may represent a broader pathological response. This is
further supported by findings in keratinocyte and organotypic skin wound models, where
IGFBP-5 inhibited keratinocyte migration and delayed wound closure, suggesting that
elevated IGFBP-5 may impair wound repair through effects on multiple skin cell types [65].

A potential relationship between IGFBP-5 and glucocorticoid signalling has also
been investigated in other fibrotic and disease contexts. A study of keloid fibroblasts
identified increased IGFBP-5 expression in keloid-associated fibroblasts alongside altered
responsiveness to hydrocortisone, providing evidence that IGFBP-5 dysregulation and
that altered glucocorticoid responsiveness can coexist within a pathological skin fibrosis
setting [25]. However, this study does not establish that glucocorticoids directly regulate
IGFBP-5 or that such a relationship occurs in diabetic wounds. Further indirect evidence
of a potential relationship comes from a study investigating cortisol dysregulation in
psychiatric disorders, which observed a positive association between IGFBP-5 levels and
serum cortisol in patients with schizophrenia and bipolar disorder [66]. These findings raise
the possibility that IGFBP-5 may be responsive to glucocorticoid signalling or regulated by
cortisol; however, this represents indirect evidence from a non-cutaneous disease context
and cannot establish a causal relationship between cortisol and IGFBP-5. Direct evidence
examining glucocorticoid regulation of IGFBP-5 in skin or dermal fibroblasts is scarce, with
most research on glucocorticoid interactions with IGF-binding proteins focusing instead on
IGFBP-1 and IGFBP-3 in other organs [67,68].

Moreover, it remains unclear whether IGFBP-5 feeds back to regulate cortisol produc-
tion or influences 113-HSD1 expression or activity, either in skin or in fibrotic or diabetic
models. Further investigation into their potential crosstalk, particularly in the context of
local glucocorticoid signalling, could offer new insight into the persistence of fibrosis and
impaired healing in diabetic skin. We propose a model in which increased local cortisol
availability through 113-HSD1 may contribute to profibrotic signalling and altered ECM
remodelling, with CTGF and IGFBP-5 representing potential interacting pathways that may
influence impaired diabetic wound healing (Figure 3). The proposed interactions between
these pathways remain to be experimentally established.
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Figure 3. Proposed interactions between diabetes-associated cortisol signalling and profibrotic
pathways in impaired wound healing. Diabetes-associated metabolic disturbances contribute to HPA
axis dysregulation and increased cortisol signalling. Local cortisol activation by 113-HSD1 alters
glucocorticoid receptor (GR)-mediated gene expression and may influence profibrotic pathways
involving CTGF and IGFBP-5, contributing to ECM accumulation, fibrosis, and impaired diabetic
wound healing. Solid arrows indicate established interactions, while dashed arrows represent
hypothesised or incompletely characterised relationships. Created in BioRender. Lao, C. (2026)
https://BioRender.com/mpozh11 (accessed on 23 July 2026).

4. Therapeutic Targets
4.1. 11B-HSD1 Inhibitors

Inhibiting 113-HSD1 has emerged as a promising therapeutic strategy to modulate
local cortisol levels in chronic wounds (Figure 4), alongside its investigation as a therapeutic
target in other disorders associated with excessive local glucocorticoid activation, including
metabolic and cardiovascular disease [69-72]. Pharmacological inhibition with compounds
such as AZD4017, a small-molecule selective inhibitor of 113-HSD1, has shown beneficial
effects in both preclinical and early human studies, improving epidermal structure, reduc-
ing dermal atrophy, and accelerating wound closure [21,22]. By preventing the intracellular
conversion of inactive cortisone to active cortisol, AZD4017 reduces local glucocorticoid
levels in the skin and limits cortisol-driven tissue damage. These effects are attributed to
reduced cortisol signalling within the wound microenvironment, which relieves cortisol-
mediated suppression of keratinocyte and fibroblast function and may reduce pro-fibrotic
activation [17,21].

While most data to date derive from models of ageing and UV damage [17,21], recent
findings indicate that 113-HSD1 inhibition could also be effective in the diabetic wound
environment [22]. However, this study assessed punch biopsy wound healing in people
with diabetes without DFUs, rather than therapeutic efficacy in established chronic ulcers.
Evidence directly evaluating selective 113-HSD1 inhibition in chronic diabetic wounds
therefore remains limited. More recent non-peer-reviewed preclinical work has further
supported the therapeutic potential of targeting local glucocorticoid activation in diabetic
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wounds [73]. In a type 1 diabetic mouse model, topical inhibition of local glucocorticoid
synthesis using metyrapone, a dual inhibitor of 113-HSD1 and CYP11B1, accelerated
wound closure, restored collagen deposition and «-SMA expression, reduced inflammatory
mediators, and enhanced fibroblast migration without altering systemic glucocorticoid
levels. These findings suggest that targeting local glucocorticoid production may improve
multiple aspects of tissue repair, including inflammation, extracellular matrix organisation,
and fibroblast function. However, as this study used a dual inhibitor rather than selective
113-HSD1 inhibition these promising findings require further validation in human tissues
and clinically relevant chronic wound models and should be viewed with caution.
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Figure 4. Potential therapeutic targeting of local cortisol signalling and downstream profibrotic
pathways in chronic diabetic wounds. Local cortisol availability may be reduced through inhibition
of 113-HSD1-mediated cortisone-to-cortisol conversion, for example with the selective 113-HSD1
inhibitor AZD4017, or through inhibition of local steroidogenesis, including CYP11B1 inhibition by
metyrapone. The proposed involvement of CTGF and IGFBP-5 downstream of cortisol-GR signalling
highlights these profibrotic mediators as potential complementary therapeutic targets. Created in
BioRender. Lao, C. (2026) https://BioRender.com/82abq7s (accessed on 2 September 2026).

More broadly, much of the available evidence is derived from experimental animal and
acute wound models, which may not fully replicate the chronic inflammation, hypoxia, and
matrix dysregulation seen in DFUs. Further research in clinically relevant chronic wound
models is needed to evaluate the long-term antifibrotic efficacy of 113-HSD1 inhibitors and
their effects on ECM composition, macrophage polarisation, and fibrosis resolution.

Beyond local effects on skin repair, inhibition of 113-HSD1 may also provide broader
metabolic benefits in patients with diabetes. Tissue-specific amplification of glucocorticoid
signalling by 113-HSD1 contributes to insulin resistance, hepatic glucose production,
adipose dysfunction and chronic inflammation, even in the absence of elevated circulating
cortisol levels. This has been described as a state of functional hypercortisolism, in which
local cortisol availability becomes dysregulated despite normal systemic concentrations [74].
Consequently, inhibition of 113-HSD1 has the potential to improve not only wound healing
outcomes but also the wider metabolic disturbances associated with diabetes. However,
clinical studies have shown more modest benefits than preclinical models despite strong
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target engagement, suggesting that patient heterogeneity and tissue-specific regulation may
influence therapeutic response. A critical consideration for evaluating future 113-HSD1
inhibitor efficacy is controlling for systemic cortisol (and hence cortisone) availability, which
has been largely overlooked in previous clinical studies.

4.2. Targeting CTGF and IGFBP-5

Direct inhibition of downstream pro-fibrotic molecules such as CTGF and IGFBP-5
offers a potential alternative or complementary strategy (Figure 4). CTGF antagonists and
neutralising antibodies have shown efficacy in systemic fibrotic diseases (e.g., systemic
sclerosis, pulmonary fibrosis), but their application in chronic wound healing, particularly
in diabetes, remains underexplored [23]. Similarly, while IGFBP-5 has been shown to
promote fibrosis and delay wound closure in diabetic fibroblasts, it is not yet established
as a therapeutic target in skin, and current research has primarily focused on IGF-I rather
than IGFBP-5 itself [63,75].

Given that CTGF and IGFBP-5 may act downstream of cortisol signalling [58,66],
tracking changes in their expression may also serve as biomarkers of response to 113-
HSD1 inhibition. This could support both mechanistic understanding and therapeutic
optimisation of antifibrotic strategies in diabetic skin. The therapeutic relevance of these
profibrotic pathways also highlights the potential value of targeting upstream regulators
such as 113-HSD1, which may simultaneously influence multiple processes involved in
impaired wound healing rather than a single downstream mediator.

4.3. Other Emerging Approaches

Strategies that target infection represent another important component of chronic
diabetic wound management, as bacterial colonisation and biofilm formation can sustain
inflammation and further impair tissue repair [76]. Excess glucocorticoid signalling may
further increase susceptibility to infection through suppression of immune and inflamma-
tory responses. Chronic exposure to cortisol is associated with impaired host defence and
an increased risk of bacterial and opportunistic infections, with infection risk increasing
with the severity of cortisol excess [77,78]. Impaired host defence may therefore repre-
sent an additional factor favouring the persistence of infection within the chronic wound
environment, where bacteria can establish biofilms that further hinder their clearance.
Biofilms are particularly difficult to eradicate due to their extracellular polymeric matrix,
which limits penetration by antimicrobial agents and protects bacteria from host immune
responses [79,80]. Consequently, recent multifunctional approaches have sought to si-
multaneously eradicate biofilms and modify the pathological wound microenvironment,
including hydrogel and microneedle-based systems combining antibiofilm activity with
antioxidant or immunomodulatory effects, which have improved healing in preclinical
diabetic wound models [81,82].

A number of complementary therapeutic strategies are also under investigation for
chronic wound management. These include anti-inflammatory agents designed to restore
immune balance by promoting macrophage polarisation from a pro-inflammatory M1
phenotype to a reparative M2 phenotype, thereby helping to resolve persistent inflamma-
tion [83,84]. MMP modulators are being explored to correct imbalances in ECM turnover
and prevent excessive tissue degradation or fibrosis [85]. In addition, stem cell- [86,87]
and growth factor-based therapies [88] aim to stimulate tissue regeneration by enhanc-
ing revascularisation, promoting fibroblast and keratinocyte migration, and improving
granulation tissue formation. These approaches may offer the greatest benefit when used
in combination with antifibrotic agents, targeting the multiple, interconnected drivers of
chronic wound pathology [89].
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Biomaterial-based approaches may provide an additional strategy to support tissue
regeneration in chronic DFUs characterised by substantial ECM loss. This may be par-
ticularly relevant in the context of dysregulated glucocorticoid signalling, as prolonged
cortisol exposure can impair collagen synthesis and organisation, thereby compromising
ECM integrity [17,21]. Collagen-based dressings and acellular dermal matrices can provide
a structural scaffold that supports cellular infiltration, granulation tissue formation and
re-epithelialisation, while specific protease-modulating matrices, such as collagen/oxidised
regenerated cellulose dressings, may additionally modulate the proteolytic wound environ-
ment [90,91]. Clinical studies have reported improved healing with collagen-containing
dressings and dermal matrices compared with standard wound care, although outcomes
vary according to matrix composition and study design [92]. Therefore, ECM-based ma-
trices may support tissue regeneration by providing a scaffold for cellular infiltration and
new tissue formation.

Alongside pharmacological and regenerative strategies, non-drug approaches that
address psychosocial and behavioural aspects to poor wound healing are increasingly
being explored. Social prescribing interventions aim to connect patients with community-
based support, physical activity, welfare advice, peer support and other non-medical
resources, thereby addressing social isolation, anxiety, lifestyle behaviours, and the broader
factors that influence health [93] (Figure 5). This may also reduce chronic psychological
stress and improve cortisol regulation. In T2D, social prescribing interventions have
been associated with improvements in glycaemic control and may help address wider
social determinants of health by supporting lifestyle modification, self-management and
engagement with community resources [93]. However, current evidence remains limited
and inconsistent, with relatively few large-scale randomised controlled trials evaluating
their effectiveness [94]. Furthermore, their effects on cortisol regulation and wound healing
outcomes remain largely unexplored.
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Figure 5. Emerging therapeutic approaches for chronic diabetic wounds. Complementary strate-
gies targeting the DFU microenvironment include anti-infection and antibiofilm approaches, anti-
inflammatory and immunomodulatory therapies, MMP-modulating approaches, ECM-based regener-
ative strategies, and cell- and growth factor-based therapies. Non-drug approaches, including lifestyle
modification, psychological support and social prescribing, may additionally address behavioural
and psychosocial factors that can influence wound healing. Created in BioRender. Lao, C. (2026)
https:/ /BioRender.com/bscttny (accessed on 3 September 2026).
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5. State of the Research and Future Directions

Although each of these molecules has been studied individually in models of fibrosis,
diabetes, and wound healing, there remains a substantial gap in understanding how
these pathways interact within the fibrotic microenvironment of chronic diabetic wounds.
This has limited our understanding of how local glucocorticoid metabolism influences
inflammation, ECM remodelling, fibroblast behaviour, and ultimately fibrosis during
chronic wound healing. Progress has been further hindered by the limitations of existing
models, as most studies have relied on animal systems that do not fully recapitulate the
cellular behaviour of human skin [55,95]. Furthermore, many investigations of 113-HSD1
have focused on ultraviolet-induced skin damage and ageing rather than diabetes or
wound repair [96], while studies examining diabetic wound healing frequently utilise acute
wound models that fail to reproduce the persistent inflammation and fibrosis characteristic
of chronic diabetic wounds [22,38]. Consequently, the role of cortisol and 113-HSD1 in
regulating fibrosis within chronic diabetic wounds remains poorly understood.

Importantly, while many studies address individual aspects of fibrosis (e.g., ECM
deposition, fibroblast activity, angiogenesis), few consider how these processes interact,
or how they may be influenced by hormonal regulation. In particular, it is not known
whether cortisol activation via 113-HSD1 directly regulates key profibrotic mediators
such as CTGF and IGFBP-5 in human skin. While CTGF and IGFBP-5 are individually
associated with fibrosis and poor wound repair [15,24], it remains unclear whether they are
regulated by local cortisol activation in skin, or whether they themselves influence cortisol
signalling or 113-HSD1 expression. Most studies to date have examined glucocorticoid
signalling [58,66] and fibrosis in isolation, and research on IGFBP-5 in diabetic wounds is
particularly scarce [63]. A deeper understanding of these interactions is needed to clarify
whether targeting 113-HSD1 alone is sufficient to reduce fibrosis and relieve its inhibitory
effects on wound healing, or whether co-targeting downstream effectors like CTGF and
IGFBP-5 will offer a more comprehensive therapeutic strategy.

Future research should prioritise the use of clinically relevant human models, includ-
ing primary diabetic fibroblasts, full-thickness skin explants, and chronic wound tissue,
to better capture the complex inflammatory and fibrotic environment present in diabetic
wounds. There is also a need for more physiologically relevant in vitro systems, including
three-dimensional (3D) skin models and co-culture systems incorporating multiple cell
types such as fibroblasts, keratinocytes, immune cells, and extracellular matrix compo-
nents. Traditional two-dimensional monolayer cultures often fail to replicate the spatial
organisation, cell-cell interactions, mechanical cues, and persistent inflammatory envi-
ronment characteristic of chronic diabetic wounds. Incorporating features of the diabetic
foot ulcer microenvironment, including hyperglycaemia, hypoxia, fibrosis, and altered
immune signalling, may provide more representative models for investigating disease
mechanisms and evaluating therapeutic responses. In addition to investigating individual
pathways, studies should adopt more integrated approaches to determine how cortisol
signalling interacts with CTGF, IGFBP-5, macrophage phenotypes, and extracellular matrix
remodelling over time. Ultimately, improved understanding of these interactions may help
define the relevant pathways and inform the development of targeted therapeutic strate-
gies, including selective 11(3-HSD1 inhibition alone or in combination with downstream
antifibrotic targets.

6. Conclusions

Dysregulated local glucocorticoid metabolism, particularly through 113-HSD1-
mediated cortisol activation, represents a potential contributor to impaired diabetic wound
healing through effects on inflammation, cellular function and ECM remodelling. Increased
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local cortisol availability may therefore represent an important link between the metabolic
and inflammatory environment of diabetes and the dysregulated tissue repair characteristic
of chronic wounds.

CTGF and IGFBP-5 are important mediators of fibroblast activation, ECM remodelling
and fibrosis. Evidence from non-cutaneous experimental models suggests that glucocorti-
coids can regulate CTGF, whereas evidence linking glucocorticoid signalling with IGFBP-5
is more limited. Importantly, whether these pathways interact with 113-HSD1-mediated
cortisol signalling in diabetic skin and chronic wounds remains poorly understood.

Emerging preclinical and early clinical evidence supports 113-HSD1 inhibition as a
potential therapeutic approach to improve skin integrity and wound repair, but its efficacy
in established chronic DFUs remains to be determined. Further investigation using human
diabetic wound tissue and physiologically relevant chronic wound models will therefore be
required to define these mechanistic relationships and establish the therapeutic relevance
of targeting local glucocorticoid metabolism, paving the way for future clinical trials.
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