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Abstract

Iterative cycles of epithelial-mesenchymal transition (EMT) and mesenchymal to epithelial 

transition (MET) are responsible for epithelial plasticity necessary to achieve functional wound 

closure. Restoration of barrier function of the repaired skin is a hallmark of functional wound 

closure. Both EMT and MET are subject to control by glycemic status. New work in this issue 

supports the notion that hyperglycemia blunts epithelial plasticity.

Skin wound repair, regenerative and near-perfect under fetal conditions, remain intact with 

scarring in healthy adults but it stalls under diabetic conditions (Gnyawali et al., 2020). 

During morphogenesis, epithelial cells dismantle cell adhesion and tight junction structures 

in an effort to acquire a mesenchymal phenotype. This process, termed epithelial-

mesenchymal transition (EMT), is prominent in fetal skin. It is noted after epidermal 

development and it gives rise to dermal α-smooth muscle actin expressing cells. In adults, 

these cells contribute to wound contraction and re-epithelialization resulting in wound 

closure with a characteristic scar phenotype (Kong et al., 2006). EMT is marked by the 

induction of prototypic epithelial markers coupled with the loss of apical–basal polarity and 

increased cell motility caused by cytoskeleton reorganization. Re-epithelialization of 

wounds relies on turning down intercellular adhesion followed by keratinocyte migration in 

the epidermis proximal to wound margins. Purse-string wound contraction caused by EMT-

derived myofibroblasts, at the same time, prepares the underlying connective tissue bed. In 

this issue of the JID, Tan et al report that hyperglycemia restrains keratinocyte EMT. 

Specifically, their work shows that acetylcholine-induced EMT is at risk under conditions of 

hyperglycemia jeopardizing diabetic wound repair (Tan et al., 2020). This work draws 

attention to the significance of non-neuronal acetylcholine in the regulation of diabetic 

wound healing. Cholinergic pathways, nicotinic and muscarinic receptors are known to be 

present in keratinocytes. Impairment in these receptors can cause Grover disease, an 

eruption of intraepidermal acantholysis presenting as crusted reddened papules (Paslin, 

2012). In vitro studies show that acetylcholine improves cell migration (Uberti et al., 2017) 

and, in vivo, cholinergic peptides augment skin wound closure(Chernyavsky et al., 2012).
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Covering of wounds without discharge is an inadequate marker of wound closure since 

biofilm infected wounds may achieve such closure without restoring the barrier function of 

the repaired skin. Repair that results in barrier function deficient skin is faulty as it 

compromises the biomechanical properties of closed wounds in a way that favors wound 

recurrence. The concept of functional wound closure has thus emerged. Functional wound 

closure is achieved when covering of the wound defect is achieved without discharge and 

with evidence of restored barrier function at the site of closure (Roy et al., 2014, Roy et al., 

2020). Of interest in this context, cholinergic pathways in keratinocytes induce the 

production of antimicrobial peptides and improve barrier function of skin (Curtis and Radek, 

2012). In wound healing, EMT influences vascularization as well as re-epithelialization. 

Cutaneous EMT regulates wound angiogenesis and closure in a glycemic status-dependent 

manner (Singh et al., 2019). Stalled wound re-epithelialization and compromised 

angiogenesis are hallmarks of impaired diabetic wound healing. Work by our group recently 

identified zinc-finger E-box-binding 1 (ZEB1) as a significant mechanistic hub across 

epithelial and endothelial cells in wounds. In both epithelial as well as endothelial cell 

compartments of wound tissue, ZEB1 is responsive to the glycemic status of the injury 

microenvironment. In epithelial cells, hyperglycemia impaired the ZEB1-EMT pathway 

towards wound-epithelialization. In endothelial cells, ZEB1 was directly implicated in 

hyperglycemia-induced dysfunction (Singh et al., 2019). These findings establish a direct 

link of EMT with critical facets of wound healing including functional closure and wound-

site vascularization.

Wound closure is only complete when defects caused by injury are covered by skin with 

restored barrier function. Thus, measurement of barrier function restoration is an important 

element characterizing wound closure (Ghatak et al., 2015, Li J. et al., 2018). Inherent 

reversible plasticity of skin cells is manifest during wound repair (Fig. 1). One aspect of this 

process is EMT↔MET (mesenchymal to epithelial transition) (Lamouille et al., 2014, Nieto 

et al., 2016). The spatiotemporal process that advances re-epithelialization in a way that 

restores epidermal barrier function requires partial EMT (Haensel and Dai, 2018). 

Extracellular cues trigger transcriptional, translational and post-translational regulation of 

transcription factors (TF) such as SNAIL, ZEB and basic helix-loop-helix TF to cause EMT. 

Transforming growth factor-β (TGFβ) family signaling pathways play a central role in 

relaying those cues. Of the many signaling pathways that enable EMT, the significance of 

non-neuronal cholinergic pathways in driving EMT in the skin remains poorly understood 

(Lamouille et al., 2014). Tan et al (Tan et al., 2020) report that under conditions of 

hyperglycemia, keratinocytes were resistant to acetyl choline induced EMT. Acetyl choline 

(ACh) dependent EMT was dependent on TGF-β1 signaling. In skin, activation of the 

parasympathetic nervous system by stimuli including stress causes release of ACh from 

nerve fibers. Among other outcomes, this causes sweating. In those suffering from wounds, 

stress is commonly experienced (Sen and Roy, 2019). Thus, it is plausible that ACh is 

present in elevated levels at sites of cutaneous wounds. Both ACh synthesizing choline 

acetyltransferase as well as the ACh degrading enzyme acetylcholinesterase are abundant in 

skin. Based on the work by Tan et al (Tan et al., 2020) it may be that ACh represents a 

physiological mechanism to augment EMT in wounds.
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Central cholinergic pathways have profound influence as on glycemic regulation (Healy et 

al., 2010). However, information on how hyperglycemia may modify cholinergic responses 

in peripheral organs is scanty. T2D blunts purinergic cutaneous vasodilatation but not 

muscarinic and nicotinic vascular responses or sweating (Fujii et al., 2018). Kevin Tracey’s 

cholinergic anti-inflammatory pathway provides important context to the work reported by 

Tan et al (Tracey, 2009). In an effort to understand the anti-inflammatory effects of a p38 

MAPK inhibitor, these investigators identified an inflammatory reflex. In brief, it was 

proposed that the vagus nerve can sense peripheral inflammation and, in response, dispatch 

action potentials aimed at inhibiting pro-inflammatory cytokine production by the spleen. As 

part of molecular mechanisms that drive the cholinergic anti-inflammatory pathway, 

neurotransmitter ACh acts upon the α7 nicotinic ACh receptor (α7nAChR) subunit 

expressed on cytokine producing cells such as monocytes, macrophages and lymphocytes 

(Huston and Tracey, 2011). Neuroendocrine α7nAChR is also functionally active in skin 

cells such as epidermal keratinocytes, sebocytes and dermal fibroblasts. Both successful 

mounting, and timely resolution, of inflammation are necessary for wound healing (Khanna 

et al., 2010). Diabetic wound repair is complicated by persistent inflammation. Among 

several other factors (Das et al., 2018, Das et al., 2014, Das et al., 2016, Das et al., 2015), 

α7nAChR function is likely to play a considerable role in this regard. Selective agonists of 

α7nAChR accelerated the repair of diabetic wounds (Li J. Y. et al., 2018). nAChRs also 

accelerate diabetic wound angiogenesis (Jacobi et al., 2002). In diabetes, α7nAChR 

expression and function are blunted. Receptor for advanced glycation end (RAGE) products 

inactivate α7nAChR (Chandna et al., 2015). In the context of wound closure, it is important 

to note that α7nAChR is directly implicated in driving EMT (Zhang et al., 2016, Zhao et al., 

2015). Whether diabetes-dependent impairment of α7nAChR function in skin cells impairs 

EMT during wound closure remains an open question.

Once re-epithelialization is achieved, epithelial cells must give up their migratory behavior, 

reconstitute apico-basal polarization and re-establish junctional complexes. Cells must 

reverse EMT and this can be achieved by MET (Thiery et al., 2009). Restoring barrier 

function of repaired skin requires reconstitution of apical junctional complexes 

encompassing tight junctions and adherens junctions. While specifics of EMT↔ MET 

mechanisms during wound healing have not been worked out yet, it may reasonably 

hypothesized to be an iterative process. Importantly, the same inducer can potentiate EMT 

and MET simultaneously in two different cell compartments. If clues from the formation of 

complex three-dimensional structures of internal organs are of any value, several rounds of 

EMT and MET are necessary for the final differentiation of specialized cell types (Thiery et 

al., 2009). Iterative EMT↔ MET may be viewed as stepwise cycles of epithelial plasticity 

necessary to achieve functional wound closure. Of extraordinary significance in the context 

of diabetic wounds is the evidence that tissue EMT↔MET is responsive to glycemic status 

(Talakatta et al., 2018). Further studies unveiling the molecular underpinnings of cutaneous 

wound epithelial plasticity will reveal regulatory hubs orchestrating wound inflammation, 

re-epithelialization and vascularization.
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Clinical Relevance

• Management of hyperglycemia will:

– defend skin plasticity necessary for wound closure

– enable cholinergic pathways of the skin to support wound closure

– help achieve functional wound closure
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Figure 1: 
Hyperglycemia restrains cutaneous epithelial plasticity necessary for functional wound 

closure. A hypothetical paradigm depicts a-b wherein EMT↔MET is central for re-

epithelialization and restoration of barrier function of the repaired skin. During EMT, 

epithelial cells dismantle cell adhesion and tight junction structures in an effort to acquire a 

mesenchymal phenotype favoring re-epithelialization. MET helps reconstitute apical 

junctional complexes (AJC) restoring barrier function of the repaired skin. Hyperglycemia is 

a barrier to such plasticity and as such hinders re-epithelialization, restoration of barrier 
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function or both (c). The result is wound chronicity or non-functional wound closure. 

Closure of wound without restoration of skin barrier function predisposes the closed wound 

to recidivism (d) as evident in preclinical porcine studies. The incidence of wound 

recurrence is high in diabetic patients. TEWL, transepidermal water loss is a measure of skin 

barrier function. TEWLhi, deficient skin barrier function; TEWLlo, restored skin barrier 

function indicative of functional wound closure. Horizontal rivets between cells represent 

functional AJC. These are low or absent in mesenchymal cells compromising barrier 

function.
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