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Abstract
Activated protein C (APC) is a physiological anticoagulant, derived from its precursor protein C (PC). Independent of its anticoagulation, APC possesses strong anti-inflammatory, anti-apoptotic and barrier protective properties which appear to be protective in a number of disorders including chronic wound healing. The epidermis is the outermost skin layer and provides the first line of defence against the external environment. Keratinocytes are the most predominant cells in the epidermis and play a critical role in maintaining epidermal barrier function. PC/APC and its receptor, endothelial protein C receptor (EPCR), once thought to be restricted to the endothelium, are abundantly expressed by skin epidermal keratinocytes. These cells respond to APC by upregulating proliferation, migration and matrix metalloproteinase-2 activity and inhibiting apoptosis/inflammation leading to a wound healing phenotype. APC also increases barrier function of keratinocyte monolayers by promoting the expression of tight junction proteins and re-distributing them to cell-cell contacts. These cytoprotective properties of APC are mediated through EPCR, protease-activated receptors, epidermal growth factor receptor or Tie2. Future preventive and therapeutic uses of APC in skin disorders associated with disruption of barrier function and inflammation look promising. This review will focus on APC’s function in skin epidermis/keratinocytes and its therapeutical potential in skin inflammatory conditions.
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Core tip: The anti-inflammatory, barrier stabilisation and anti-apoptotic properties of APC make it an appealing treatment for skin conditions associated with inflammation, barrier disruption and keratinocyte dysfunction.
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INTRODUCTION
Protein C (PC) is a vitamin-K dependent glycoprotein that circulates in blood plasma in its zymogenic and activated forms [activated PC (APC)]. PC/APC was first characterised for its role in blood coagulation, but has a range of cytoprotective functions including anti-inflammation, anti-apoptosis and barrier stabilisation. Although originally thought to be synthesised almost exclusively by the liver and vascular endothelial cells, PC/APC has been found to be synthesised by skin epidermal keratinocytes. Keratinocytes are the major cell type in the skin epidermis, the most outer layer of human skin that provides a semi-impermeable barrier against injury from the external environment, including ultraviolet radiation, heat, water loss and infectious pathogens. On keratinocytes, PC/APC promotes cell proliferation, survival, migration, and the barrier function. This review will focus on the actions of APC on skin epidermis/keratinocytes and its therapeutical potential in the treatment of skin inflammatory conditions.

PC and APC
The PC pathway plays a key role in the regulation of blood coagulation. As a vitamin K–dependent zymogen, PC is activated to APC when thrombin binds to thrombomodulin and cleaves the activation peptide (Figure 1). This conversion is augmented by its specific receptor, endothelial cell protein C receptor (EPCR)[1]. In human plasma APC is present at relatively low levels approximation 40 pmol/L and has a short physiological half-life of approximation 20 min compared to PC at 70 nmol/L and approximation 10 h[2,3]. Thrombin is the only endogenous activator of PC. The importance of APC as an anticoagulant is reflected by findings that deficiencies in PC result in severe familial disorders of thrombosis[4]. Replenishment of PC in patients with systemic or local hypercoagulation can reverse the abnormality. 
Independent of its effect on anti-coagulation, APC possesses strong anti-inflammatory and anti-apoptotic properties, as well as enhancing endothelial and epithelial barrier integrity (Figure 1). 

Inhibiting inflammation: The anti-inflammatory effects of APC are associated with a decrease in pro-inflammatory cytokines and a reduction in leukocyte recruitment. APC inhibits neutrophil, monocyte and lymphocyte chemotaxis[5] and directly suppresses expression and activation of nuclear factor (NF)-B[6]; a pathway that controls the expression of a wide range of inflammatory genes including tumour necrosis factor (TNF)- and cell adhesion molecules. Acute inflammation is exacerbated in mice genetically predisposed to a severe PC deficiency[7]. In vitro, APC suppresses the activation of NF-B and production of TNF-, upregulates matrix metalloproteinase (MMP)-2 activity yet inhibits MMP-9 in rheumatoid synovial fibroblasts and monocytes[8]. In addition to the degradation of extracellular matrix, these MMPs can regulate inflammation by processing cytokines/chemokines with MMP-9 having stimulatory and MMP-2 having inhibitory effects on inflammation both in vitro and in vivo[9-11]. 

Promoting cell proliferation and inhibiting cell apoptosis: APC promotes cell proliferation in cultured human umbilical vein endothelial cells[12], smooth muscle cells[13], keratinocytes[14], neural stem and progenitor cells[15,16], neuroblasts[17], osteoblasts[18] and ovine tenocytes[19]. Consistent with the stimulatory effects on cell growth, APC displays strong anti-apoptotic properties in keratinocytes, endothelial cells and podocytes[14,20-22]. APC-dependent anti-apoptotic activity controversially shows improved survival in human and various animal models of sepsis[23-28]. APC inhibits spontaneous monocyte apoptosis leading to increased lifespan and phagocytosis in vivo[29] and protects murine cortical neurons from N-methyl-D-aspartate and staurosporine excitotoxicity-induced apoptosis[30].

Stabilising endothelial and epithelial barrier: Endothelial cells normally form a dynamically regulated stable barrier at the blood-tissue interface. Breakdown of this barrier is a key pathogenic factor in inflammatory disorders. APC enhances endothelial barrier integrity by stabilising the cytoskeleton and reducing endothelial permeability[20,31-33]. Recently, APC has been shown to promote epithelial barrier function in human skin epidermal keratinocytes[34] and mouse intestine[35].

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]APC’s signalling pathway: Many of the anti-inflammatory properties of APC are mediated through EPCR, which itself is anti-inflammatory[36]. APC bound to EPCR can activate protease-activated receptor (PAR)-1 and promote the anti-inflammatory actions of APC[37]. Cytoprotective effects of APC are also mediated by the other PAR receptors. Akin to PAR-1, APC can bind to PAR-2 and activate the Akt signaling pathway to promote keratinocyte proliferation[37]. Independent of EPCR, APC can inhibit podocyte apoptosis by activating PAR-3[38]. APC-mediated arrest of lymphocyte chemotaxis is dependent on epidermal growth factor receptor (EGFR)[39]. In addition, EGFR transactivation by APC/EPCR/PAR-1 supports cell motility and invasiveness of endothelial cells and breast cancer cells[40]. APC utilises the angiopoietin/Tie2 axis to promote endothelial barrier function[33]. In addition other receptors such as integrins[41] and apolipoprotein E receptor-2[42] also mediate the effects of APC.

Skin function and keratinocytes 
The skin forms an effective barrier between the human body and outside environment and protects the body from mechanical trauma, pathogens, radiation, dehydration, and dangerous temperature fluctuations[43]. Skin consists of two main layers, the outermost epidermis layer and the underlying dermis (Figure 2). The epidermis is a stratified epithelium composed of proliferating basal and differentiated suprabasal keratinocytes. The dermis provides the epidermis with mechanical support and nutrients. The barrier function of skin is provided by the epidermis. Defective epidermal barrier is responsible for many inflammatory and blistering skin disorders[43,44]. 
Keratinocytes are the most abundant cell type in the epidermis and are responsible for maintaining structure and homeostasis of the epidermal barrier. The epidermal barrier is generated by a sophisticated differentiation program[44] comprising stratified epithelium composed of basal, spinous, granular, and cornified layers (Figure 2)[45]. The basal layer consists of proliferating keratinocytes, that maintain the epidermis and post-mitotic basal keratinocytes which migrate out of the basal layer. This migration marks the start of epidermal differentiation that ends with the formation of the cornified layer, where keratinocytes end their lives and are sloughed off. The epidermis has complete self-renewal capacity with an estimated turnover time of approximately 40 d in humans[46].
The physical barrier of the epidermis is localised primarily in the upper layers of the epidermis (granular and cornified layers). The barrier properties of nucleated keratinocytes in the granular layer are largely dependent on the function and integrity of the tight junctions (involving the proteins tricellin, occludin, claudins and junctional adhesion molecule [JAM]) and their corresponding intracellular proteins, such as zona occludin (ZO)-1[44], which seal the intercellular space between neighbouring keratinocytes and control the pathway of molecules and liquid (Figure 3)[46]. 
Deregulation of these junction proteins perturbs this barrier[43] and is characteristic of many inflammatory skin diseases[47,48]. Psoriatic skin, characterised by small scaly plaques, has an over-expression of occludin and ZO-1, while claudin-1 and 3 are down-regulated[49,50]. Keratinocyte cytoskeletal elements are also important for maintaining the epidermal barrier. Among the genetic mutations in atopic dermatitis is the filaggrin gene (FLG)[51,52], which encodes a protein in the corneal epidermal layer and aids terminal differentiation of keratinocytes, water retention and barrier stabilisation[53]. Loss or mutation of this gene contribute to the red, dry, itchy skin that is hallmark of this condition. 
In addition, keratinocytes provide an immunological barrier in response to injury or infection. Keratinocytes are a potent source of cytokines and chemokines[54]; freshly isolated and cultured keratinocytes express toll-like receptors[55] and inflammasomes[56]. This allows keratinocytes to elicit innate immune responses to microbial components when the epidermal barrier is breached, particularly through secretion of interleukin (IL)-1 and activation of leukocytes.
Upon activation, keratinocytes express a plethora of cytokines, chemokines and accessory molecules, which can transmit both positive and negative signals to cells of the innate and adaptive immune system. Dysregulation of the immune response of keratinocytes is implicated in the pathogenesis of chronic inflammatory skin diseases. 

PC system on keratinocytes
Keratinocytes in the epidermis express all the components of the PC/APC pathway, including EPCR[57], thrombomodulin[58], thrombin and PC inhibitor[59], PAR-1, EGFR[60], and Tie2[34] which can regulate the activation of PC to APC and mediate the functions of APC on keratinocytes in skin epidermis.

PC/APC and its activation on keratinocytes
PC/APC:  Since its discovery in 1960[61], PC has been characterised as the vitamin-K dependent protein precursor for the anticoagulant APC[62]. Thought to be exclusively synthesised by the liver and vascular endothelial cells, recent evidence shows that keratinocytes can also synthesise PC[60]. Cultured keratinocytes express PC mRNA and protein, and APC activity is presented on these cells[60]. In neonatal foreskin, PC is strongly expressed in the basal and suprabasal layers of the epidermis, with weaker expression in the outer cornified layer[60]. In the adult skin, however, the PC/APC is strongly stained in the upper layer of epidermis (Figure 4)

Thrombin: Thrombin is the only endogenous activator of PC. Keratinocytes express mRNA for the thrombin precursor, pro-thrombin[63]. Pro-thrombin and thrombin are expressed at low levels in normal epidermis, with thrombin markedly upregulated in scar tissue[63]. Thrombin activity is regulated by keratinocyte thrombomodulin at sites of cutaneous injury[64]. 

Thrombomodulin: Upon binding to thrombomodulin on surface of vascular endothelial cells, thrombin cleaves PC at the activation peptide between Arg211 and Leu212 and converts it to APC. Cultured human keratinocytes constitutively express thrombomodulin on their cell surface[58,64]. In normal epidermis thrombomodulin is present in spinous layer and on the outer root sheath of hair follicles[58,64].

PC inhibitor: PC inhibitor is a non-specific serpin that inhibits a variety of serine proteases, including PC and thrombin[65]. This inhibitor can inhibit the activation of PC to APC by inactivating thrombin and/or preventing thrombin binding to thrombomodulin[66,67]. It can also inactivate APC. PC inhibitor mRNA and protein is constitutively expressed by immortalised human keratinocytes (HaCaT) and epidermoid carcinoma cells (A431) in culture[59]. Normal skin from the trunk of adults show strong staining for PC inhibitor antigen throughout the epidermal layers[59].
In summary, epidermal keratinocytes express all aspects of the PC system to not only activate PC to APC, but regulate this activation process and APC activity (Figure 4). 

PC/APC function and regulation
EPCR: EPCR is a type I transmembrane protein which exhibits significant homology with the major histocompatibility class 1/CD1 family of proteins. EPCR is the main receptor to regulate the function of PC/APC. Although first described as being restricted to the endothelium, EPCR is abundantly expressed by cultured human keratinocytes and is strongly expressed in the basal and suprabasal layers of the epidermis of neonatal foreskin[57]. 
EPCR has similar affinity for both PC and APC[1]. After binding to EPCR, APC cleaves PAR-1 to promote its cytoprotective functions in keratinocytes[57]. In addition PAR-1, EGFR and Tie2 are shown to mediate keratinocyte proliferation, migration and barrier stabilisation. In addition, EPCR enhances the rate of PC/APC activation by thrombin/thrombomodulin 3-4 fold[68]. Inhibition of EPCR reduces the level of circulating APC by more than 80% following thrombin infusion[69]. 

PAR-1: PARs are a family of G-protein coupled receptors which utilise G-protein and non-G-protein signaling pathways to mediate their cellular responses[70]. They are expressed by a wide range of cell types in the skin, including keratinocytes[57]. PARs are activated by a range of proteases through cleavage of an activation peptide. The most common endogenous activator is thrombin which activates PAR-1, PAR-3 and PAR-4, but not PAR-2. Other serine proteases including trypsin, mast cell tryptase and factor Xa activate PAR-2. In keratinocytes, PAR-1 mediates APC’s induction of cell proliferation, anti-inflammatory and barrier protective effects[34,57]. 
Cytoprotective effects of APC are also mediated by the other PAR receptors.  APC can bind to PAR-2[37] and activate the Akt signaling pathway to promote keratinocyte proliferation[71]. Though only PAR-2 activity appears to be required for APC-mediated wound healing in a murine model[71].

EGFR: EGFR is a crucial receptor for autocrine growth of healthy epidermis. Its activation suppresses terminal differentiation, promotes cell proliferation and survival, and regulates cell migration during epidermal morphogenesis and wound healing[72]. Following tissue injury, EGFR is upregulated to promote re-epithelialisation of the wound by encouraging keratinocyte proliferation and migration. EGFR regulates cell adhesion, extracellular matrix degrading enzymes, and cell migration to contribute to the migratory and invasive potential of keratinocytes[72]. In human skin, EGFR and EPCR are expressed in the basal and suprabasal layers of the epidermis, consistent with the localisation of PC/APC[60]. Expression of EGFR by keratinocytes appears to be synchronised with the PC pathway. APC treatment increases EGFR expression while silencing of PC decreases EGFR levels[60].

Tie2: Tie2 is a protein-tyrosine kinase receptor expressed by endothelial and epithelial cells. Its major ligands are angiopoeitin 1 and 2 which bind with similar affinity[73,74]. Both Tie2 and its activated form phosphorylated (P)-Tie2 are present on neonatal foreskin and adult skin keratinocytes[34]. However, adult skin keratinocytes show less intensive staining for Tie-2 and P-Tie2 when compared with neonatal foreskin keratinocytes. Foreskin epidermis exhibits faint staining of Tie2 but strong staining for P-Tie2, which is mainly located in the uppermost layers of the epidermis (Figure 4). Similarly, P-Tie2 is expressed by normal adult skin epidermis, although the staining intensity is considerably lower than neonatal foreskin.  

Functions of PC/APC in keratinocytes
APC promotes proliferation and inhibits apoptosis in keratinocytes: APC promotes cell proliferation in cultured human skin keratinocytes[14]. The replicative capacity of keratinocytes is mediated by EGFR, and acts to inhibit terminal differentiation and apoptosis. APC increases keratinocyte proliferation, while gene silencing of PC increases apoptosis in keratinocytes 3-fold[60]. Proliferation is mediated by APC’s regulation of mitogen activated protein (MAP) kinase activity[12,14-16,18]. This family of highly conserved serine/threonine protein kinases enhances DNA synthesis, and regulates cell survival/apoptosis and differentiation[13]. In human skin keratinocytes, PC/APC-induced proliferation is mediated by EPCR, PAR-2, EGFR, activation of ERK1/2 and PI3K/Src/Akt signalling and suppression of p38[34,60,71]. 
Consistent with the stimulatory effects on cell growth, APC displays strong anti-apoptotic properties. APC prevents apoptosis of keratinocytes[14]. The molecular mechanism of APC’s ability to protect cells from apoptosis is multi-faceted. APC regulates caspase activation, DNA degradation and the induction of anti-apoptotic mediators[25-28]. PC regulates the activation of apoptosis marker caspase-3, of which the inactive form is expressed in a wide range of tissues, including the epidermis[75]. In normal oral epithelium, cleaved caspase-3 distinguishes apoptotic keratinocytes from cells that are terminally differentiated[76]. Recent findings indicate that caspase-14, not caspase-3, is activated during normal keratinocyte differentiation[77]. Therefore caspase-3 activation appears to be restricted to keratinocytes undergoing apoptosis, and is increased by blocking PC by siRNA consistent with a role for PC in preventing keratinocyte apoptosis[60]. 
While additional anti-apoptotic pathways for APC have not yet been demonstrated in keratinocytes, in hypoxic retinal epithelia and photoreceptor cells APC reduces caspase-8 and 9[78]; decreases p21 and p53 proteins in murine model of sepsis-induced apoptosis[79]; and prevents glucose-induced apoptosis in endothelial cells and podocytes by reducing Bax induction and Bcl-2 suppression[21].

APC promotes migration of keratinocytes: Keratinocyte migration is a crucial step in stratification of the epidermis to form a protective barrier, and during re-epithelialisation of a wound site. EGF is a chemotactic factor for keratinocytes, as shown by phagokinetic track analysis[80]. In human skin, EGFR localises with PC/APC and EPCR in the basal and suprabasal layers of the epidermis[60]. Recombinant human (rh) APC treatment of keratinocytes increases EGFR activation and keratinocyte migration[57,60]. APC promotes keratinocyte migration at concentrations 5 g/mL but had an inhibitory effect at 20 g/mL[14]. At 5 g/mL APC, the migration of keratinocytes was equivalent to that induced by 50 ng/mL EGF[14]. Gene silencing of PC inhibits EGFR expression and reduces keratinocyte migration by 20% using an in vitro scratch wounding assay[60]. 
MMP secretion appears to be are required for keratinocyte migration, as blockade of MMP’s using GM6001, a broad spectrum MMP inhibitor, eliminated cell migration in a dose-dependent manner and delayed in vitro wound healing[60]. Full-thickness rat excisional skin wound healing model, a single topical application of rhAPC enhances wound healing compared to saline by stimulating re-epithelialisation[71,81]. This is also observed in human skin wound healing. In humans, topical application of 200 g/mL rhAPC to chronic wounds of varying aetiology reduced wound area by 52%-95% over 16 wk[82]. A follow-up study of venous and diabetic ulcers treated with 400 g/mL rhAPC showed a significant reduction in wound area and volume compared to baseline at 20 wk[83]. 

APC reduces inflammation of keratinocytes: APC regulates the expression of serine protease MMP-2. MMPs degrade tissue components and are commonly associated with skin inflammatory conditions[84]. In cultured human keratinocytes, APC enhances MMP-2 activity[14] which has anti-inflammatory properties[11,85] and plays a vital role in the tissue repair process by remodelling the extracellular matrix[86]. In contrast, MMP-9, which exhibits pro-inflammatory actions[11,87-89], is suppressed by APC[8,90]. 
Other indirect effects APC may have on suppressing cytokine production and activation is via inhibition of NF-B subunits p50 and p52[28]. APC inhibits calcium- and lipopolysaccharide-stimulated activation of NF-B in keratinocytes[14]. The NF-pathway is important for the expression of a wide variety of inflammatory genes including TNF- and cell adhesion molecules, intercellular adhesion molecule-1, vascular cell adhesion molecule-1and E-selectin. 

APC promotes barrier function of keratinocyte monolayers: The barrier protective effect of APC is relevant to skin epidermal keratinocytes[34]. Keratinocytes play a critical role in maintaining epidermal barrier function via tight junctions[43,91,92]. Dysregulation of tight junction proteins such as occludins, claudins and JAMs perturbs this barrier[43,91] and contributes to many skin inflammatory conditions[93].
APC enhances the barrier function of cultured human keratinocyte monolayers in a dose-dependent manner by up-regulating tight junction protein and re-distributing them to cell-cell contacts via regulation of Tie2 and subsequent activation of Akt[34]. In response to APC treatment, Tie2 is activated within 30 min on keratinocyte monolayers, and relocates to cell-cell contacts where it impedes barrier permeability[34]. Expression of ZO-1, claudin-1 and vascular endothelial cadherin are subsequently increased. Interestingly, APC does not activate Tie2 through its major ligand, angiopoeitin-1, but binds directly to EPCR, cleaves PAR-1, and transactivates EGFR, then Tie2 which activates PI3K/Akt signalling to increase stabilisation of the keratinocyte barrier[34].  

Prospective therapeutic potential of PC/APC
The skin, the body's largest organ, provides an epidermal barrier to protect the body from external insults, maintain temperature and control evaporation. Breaches of this barrier are common events. However, the inability to restore this barrier function can result in health problems, including inflammatory skin diseases, which are very common and have high morbidity. This group of diseases includes: acne, which affects 50% of teenagers (5% have severe acne); rosacea which affects 10% of the adult population; atopic dermatitis which affects up to 20% population; psoriasis which affects 2%-3% population[94,95]; chronic wounds which affect < 1% population and the devastating, often fatal, toxic epidermal necrolysis[96,97]. These diseases can be controlled to a certain extent, but no cure exists and they have high morbidity[98,99].
Management of most skin inflammatory conditions involves the use of emollients, phototherapy, topical corticosteroids, antibiotics, retinoids, immunomodulators (tacrolimus, pimecrolimus), or systemic treatments (ciclosporin, azathioprine). While targeted immunosuppressive drugs have been developed, including TNF-inhibitors, antibodies and receptor blockers, in most studies they do not show improved outcome and there use for skin inflammatory conditions remains controversial[97]. For other conditions such as Stevens-Johnson syndrome and toxic epidermal necrolysis, to date no treatment has been identified to be capable of halting the progression of skin detachment[96]. 
APC is emerging as a critical regulator of keratinocyte and epidermal function. APC protects the epidermis by promoting keratinocyte proliferation, survival, reducing inflammation and maintaining barrier function. These keratinocyte cytoprotective functions are dependent on APC’s interaction with EPCR, PARs, EGFR and Tie2.
Topical administration of rhAPC has shown promising results in the field of skin wound healing. Single or multiple topical applications of rhAPC to excisional wound sites reduced oedema and leukocyte infiltration, in addition to promoting angiogenesis and re-epithelialisation of wounds in rat models of skin wound healing[71,81]. These same APC-mediated benefits have been demonstrated in humans chronic wounds of venous and diabetic origin[82,83], as well as recalcitrant orthopaedic wounds[100]. 
The anti-inflammatory, barrier stabilisation and anti-apoptotic properties of APC make it an appealing treatment for skin diseases associated with inflammation, barrier disruption and keratinocyte dysfunction. A summary of the actions of APC on keratinocytes and skin inflammatory disorders is shown in Figure 5. 
In late 2011, rhAPC (Xigris; drotrecogin alfa [activated]; Eli Lily) was withdrawn from the market after failure to significantly improve patient outcome in a clinical trial of septic shock[101], in an attempt to replicate earlier favourable results[102]. One concern was the observation of serious bleeding in patients, although there was no significant difference between patients treated with rhAPC and placebo[101,102]. Most in vivo studies, including our own, show that systemic rhAPC does not induce any bleeding side-effects[71,82,100,103-105]. Bleeding has occurred in a subset of near-death sepsis patients with recent surgery and although APC efficacy and safety is controversial in treatment of sepsis patients, it is beneficial and safe in clinical trials for chronic wound healing[82,100], acute lung injury[106,107], and solid organ transplantation[108]. Recently APC mutants (3K3A-APC and APC-2Cys) with minimal anticoagulant activity, but normal cytoprotective activity have been generated[109,110] and shown pre-clinically to be safe[12,111-116]. Although both variants are yet to be assessed in the field of skin inflammatory diseases. The notion that rhAPC may increase bleeding during wound healing could be circumvented by use of APC variants lacking anticoagulant activity.
Nevertheless, the future for utilising exogenous APC as a topical treatment for skin inflammatory conditions remains a novel and exciting avenue of investigation. 
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Figure 1 Schematic representation of protein C/activated protein C activation and cellular effects. APC: Activated protein C; EPCR: Endothelial protein C receptor; PC: Protein C; PCI: Protein C inhibitor; TM: Thrombomodulin. Figure was produced using Servier Medical Art - www.servier.com.

Figure 2 Schematic representation of the structure of skin showing the epidermal layers. Figure was produced using Servier Medical Art - www.servier.com.

Figure 3 Schematic representation of epidermal tight junction complex. JAM: Junctional adhesion molecule; ZO: Zona occludin. Figure was produced using Servier Medical Art - www.servier.com.

Figure 4 Immunostaining of protein C/activated protein C in human neonatal and adult skin epidermis. PC/APC indicated by brown and green staining in the epidermis (thick arrow) and dermal blood vessels (thin arrow). APC: Activated protein C; PC: Protein C.

Figure 5 Schematic representation of protein C/activated protein C effects on skin epidermal keratinocyte function. APC: Activated protein C; EGFR: Epidermal growth factor receptor; PAR-1: Protease-activated receptor 1. Figure was produced using Servier Medical Art - www.servier.com.
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