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Abstract: The protein C (PC) system has proven to be a crucial cascade in systemic inflammatory
and coagulopathic disorders such as severe sepsis and, more recently, in severe burns. We aimed to
conflate our recent systemic findings with further investigations in the local tissue effects of a severe
burn injury on the expression of PC and its main receptor endothelial protein C receptor (EPCR).
Of the 86 patients enrolled in our recent study, 34 consented to biopsies of both normal and burn
edge tissue. These were examined histologically and immunostained for PC, EPCR, and CD68. The
burn samples expressed lower PC (p = 0.0027) and higher EPCR (p = 0.0253) than the normal samples
in a histological severity-dependent manner. There was also a negative association between PC
expression and CD68 positive macrophage infiltration (τb = −0.214, p = 0.020), which was expectedly
higher in burn edge samples (p < 0.0005). Interestingly, while there were no correlations between
tissue and plasma PC or EPCR, local PC expression was also prognostic of our previously established
outcome of a patient requiring increased medical support (OR 0.217 (95%CI 0.052 to 0.901), p = 0.035).
The results suggest that local PC cascade changes from a burn injury may be a separate process to the
systemic effects and that the local levels may provide useful information in addition to the diagnostic
and prognostic abilities we previously found in the circulating PC system.
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1. Introduction

Protein C (PC) is a vitamin K-dependent serine protease that plays key roles in home-
ostasis [1]. The zymogen is converted into activated protein C (APC) by thrombin com-
plexed with thrombomodulin, a process strongly augmented by first binding to endothelial
protein C receptor (EPCR) [2,3]. APC performs its more well-known anti-coagulation
actions through the cleavage of factors Va and VIIIa [4], with its absence leading to fatal
purpura fulminans [5]. Independent of this pathway, APC also exhibits several cytoprotec-
tive properties, including anti-inflammation, anti-apoptosis, and endothelial and epithelial
barrier stabilisation [1]. Many such properties require EPCR to present APC to its cleav-
age site on protease-activated receptor (PAR)-1 [6]. Straddling both the coagulation and
inflammatory cascades uniquely places PC/APC as a diagnostic and prognostic biomarker;
their systemic changes has been well studied in sepsis [7–9] and reported in various other
pathologies including severe acute pancreatitis [10] and trauma-induced coagulopathy [11],
where they have been shown to be associated with complications such as infection, organ
failure, and death.

We have recently shown that burn injuries cause early decreases in plasma PC and
APC [12,13]. This was followed by recovery to a steady state after around one week,
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consistent with several other longitudinal coagulation studies in burn patients [14–17].
Additionally, we found that early changes were associated with injury severity and that
their overall levels were negatively correlated with circulating inflammatory cytokines
including C reactive protein (CRP), tumour necrosis factor (TNF)-α, interleukin (IL)-1β,
IL-6, IL-8, and IL-17. We further demonstrated that a low initial PC was the most impor-
tant cofactor in a multivariate regression model that predicted whether patients required
increased clinical support (see below in the Study Design section). The results portrayed
PC as a promising biomarker that is both diagnostic and prognostic, with high sensitivity
and specificity, while being easy to measure and reproducible with a currently available
standardised pathology assay.

PC was once thought to be primarily synthesised in hepatocytes and endothelial
cells as a circulating molecule; however, the epidermis has since been found to possess
its own independent PC system that can synthesise and activate PC and that can regulate
its function via receptors and inhibitors [18]. Indeed, keratinocytes have been shown to
express all components of the PC axis, including EPCR [19], PAR-1 [19], and other related
receptors [18]. Through such pathways, PC stimulates keratinocyte survival, proliferation,
and migration and enhances their barrier integrity [18,19]. These are critical actions for
restoring form and function following cutaneous injuries including burns.

It is unknown whether the reduction in post-burn plasma PC we previously reported
is reflective of local cutaneous changes. This study aimed to compare PC and EPCR
expression in normal versus burn damaged skin, along with macrophage infiltration as
a surrogate marker of local inflammation, and to determine whether they correlate with
plasma levels and patient outcomes.

2. Materials and Methods
2.1. Study Design

This report comprises new data from a single-centre prospective observational study,
as previously described [12]. Briefly, we recruited 86 patients with severe burn injuries
over a two-year period: 2015–2017. They were required to be over 18 years of age and
to have 10–80% of total body surface area (TBSA) burns, where at least some areas were
partial or full thickness. The participants could not be pregnant or lactating, have clinically
significant clotting or bleeding disorders, or have active local or systemic infections. The
blood collected on the third daily included PC, APC, soluble EPCR, CRP, TNF-α, IL-
1β, IL-6, IL-8, and IL-17. Of these, 34 patients consented to punch biopsies being taken
during excision and grafting surgery. Biopsies were taken as early as possible, all within
the first week of admission, with a median of within 2 days. We used our previously
described binary composite outcome termed “increased support” [12]. This was a binary
composite outcome that identified patients who (i) received large amounts of intravenous
fluid (≥5 L/day over the first 72 h of admission), which could lead to complications
such as pulmonary oedema or abdominal compartment syndrome, with the highest risks
in the first 72 h [20]; (ii) had an extended LOS in the ICU (≥5 days), which correlates
strongly with mortality [21]; and/or (iii) had more than an average number of surgical
interventions (≥5), with related perioperative issues of infection, bleeding, scarring, and
general anaesthesia [22–24]. Together, they painted a picture of a patient requiring greater
medical intervention who was at a greater risk of adverse effects from these interventions.

2.2. Histology

Two 6 mm punch biopsies were taken from each consenting patient. One biopsy was
taken from undamaged skin remote from the burn sites, and one was taken at the burn
edge. The tissue samples were formalin fixed and paraffin embedded. Histological sections
(4 µm) were cut and stained with hematoxylin and eosin (H&E) or immunostained.



Eur. Burn J. 2021, 2 228

2.3. Immunohistochemistry

Primary antibodies used were PC (P4680, Merck), EPCR (BAF2245, R&D Systems,
Minneapolis, MN, USA), and CD68 (MA5-13324, ThermoFisher Scientific, Waltham, MA,
USA). Standard immunohistochemistry techniques were used. Briefly, tissue sections of
wound samples were dewaxed in xylene and rehydrated through graduated ethanol baths.
After heat retrieval, endogenous peroxidase activity was blocked using 0.3% hydrogen
peroxide and nonspecific staining was blocked by Serum-Free Protein Block (X0909, DAKO).
The slides were then incubated in primary antibodies at 4 ◦C overnight in a Shandon
Sequenza (ThermoFisher Scientific, Waltham, MA, USA). On the following day, the slides
were incubated in the appropriate ready-to-use secondary antibody from DAKO for 1 h at
room temperature. This was followed by 10 min detection using the Liquid DAB+ Substrate
Chromogen System (K3468, DAKO). Finally, the slides were counterstained and mounted.

Two independent assessors counted the number of CD68 positively staining macrophages
in three random 40× objective fields of view within the papillary dermis of each sample,
taking care to avoid any capillaries with a high density of cells. With an eyepiece magnifi-
cation of 10×/22 mm, this field of view was 0.238 mm2.

2.4. Image Analysis

An independent pathologist qualitatively assessed the H&E sections. Wound images
were taken using a camera (Nikon DS-Ri1) mounted to a light microscope (Nikon Eclipse
Ci). The quantitative scores of these images were objectively determined by a cell count for
CD68 stained slides or by the IHC Profiler plugin for ImageJ software for the immunos-
tained PC and EPCR slides, which gave scores of negative (0), low positive (1), positive (2),
and high positive (3) [25].

2.5. Statistal Analyses

The statistical tests used in analyses of the data are as described in each section. The
Marginal Homogeneity Program was used for the Bhapkar and McNemar tests [26]. The
IBM® SPSS® Statistics v20 package was used for all other tests. Statistical significance was
taken at p < 0.05.

3. Results
3.1. Clinical Details

The cohort, as previously described, consisted of 86 patients with a mean age of
44 years, one quarter of whom were female. The vast majority presented with a thermal
burn. Approximately two thirds primarily suffered burns of partial thickness, with one
third having primarily full thickness. The mean burn size was 21%TBSA. The 34 patients
who consented to a biopsy shared similar baseline characteristics with the total population
(Table 1).

Table 1. Clinical overview of patient and burn characteristics on admission.

Biopsied Patients All Patients

Total patients 34 86
Female (%) 8 (24) 22 (26)
Male (%) 26 (76) 64 (74)

Age, mean ± SD 43 ± 16 44 ± 19
Burn size, mean ± SD 22 ± 16 21 ± 13
Burn depth

Partial (%) 24 (71) 59 (69)
Full (%) 10 (29) 27 (31)

3.2. Expression of PC Is Decreased and EPCR Increased in Burn-Damaged Epidermis

Figure 1 reveals the typical PC and EPCR staining from a paired (normal and burn
edge) biopsy of a patient in this study. A Bhapkar test for marginal homogeneity of the
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paired ordinal data in the PC contingency table (Table 2) revealed that a direct burn injury
had a significant effect on the overall protein C staining scores, p = 0.0022. The proportion of
high positively staining burn samples (12%) was significantly lower than the proportion of
highly positive normal samples (41%) (McNemar post hoc test with Bonferroni adjustment,
p = 0.0075). The burn samples had lower PC than the normal samples (McNemar test of
overall bias, p = 0.0027).

Figure 1. PC and EPCR staining of normal and burn edge biopsies from a typical patient of this
study. PC staining in normal (A) and burn edge (B) biopsies alongside EPCR epithelial staining in
normal (C) and burn edge (D) biopsies. Both PC and EPCR stained structures in the dermis including
hair follicles (thick arrow), vessels (thin arrow), and sweat glands (asterisk). Scale bar = 1 mm. Insets
are 2.5× greater magnification. PC demonstrated mostly nuclear staining (E), whereas EPCR was
mostly cytoplasmic (F). Scale bar = 200 µm.

Table 2. Contingency table for PC staining in normal versus burn edge biopsies.

Burn Biopsy PC
Total

Negative Low Positive Positive High Positive

Normal
biopsy PC

Negative 0 0 0 0 0 (0%)
Low positive 0 1 3 0 4 (12%)

Positive 2 6 6 2 16 (47%)
High positive 0 1 11 2 14 (41%)

Total 2 (6%) 8 (24%) 20 (59%) 4 (12%) 34
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A direct burn injury also had a significant effect on the overall EPCR staining scores
(Bhapker, p = 0.0238) (Table 3), with the proportion of low positive burn samples (27%) being
significantly lower than the proportion of low positive normal samples (56%) (p = 0.0124).
The EPCR levels from burnt skin generally scored higher than on normal skin samples
(p = 0.0253). These results highlight a dichotomy for the PC axis in burn tissue, with the
PC level being low but with its receptor with similar anti-inflammatory properties, EPCR,
being high.

Table 3. Contingency table for EPCR staining in normal versus burn edge biopsies.

Burn Biopsy EPCR
Total

Negative Low Positive Positive High Positive

Normal
biopsy
EPCR

Negative 0 0 0 1 1 (3%)
Low positive 1 6 11 0 19 (56%)

Positive 0 3 8 2 13 (38%)
High positive 0 0 1 0 1 (3%)

Total 1 (3%) 9 (27%) 20 (59%) 4 (12%) 34

There were negative correlations between total burn size (%TBSA) and the expression
of both PC (τb = −0.313, p = 0.028) and EPCR (τb = −0.304, p = 0.033) in burn edge skin
but not in normal skin biopsies. The Mann–Whitney U tests further showed that the
median expression of burn edge EPCR (1 vs. 2, U = 63.000, p = 0.022), but not PC (1.5 vs. 2,
U = 72.500, p = 0.051), was lower in primarily full thickness compared with partial thickness
burns. The expression of PC and EPCR in normal skin did not correlate with %TBSA or
whether the burn injury was predominantly partial or full thickness.

3.3. Progressive Burn Damage Is Correlated with Decreased PC and Increased EPCR Expression

Biopsies from burn edges showed progressive damage from normal to necrotic tissue,
with distinctly different pathological zones in the epidermis. To further analyse the PC and
EPCR expressions with burn injury severity, we subdivided the burns into five distinct
zones, as identified by a pathologist and shown in Figure 2. Zone A shows a normal epider-
mis with basket-weave keratin overlaying the stratified squamous epithelium, consisting
of four discernible layers: the stratum basale, stratum spinosum, stratum granulosum, and
stratum corneum (Figure 2A). Connective tissue, neurovascular structures, and occasional
inflammatory cells are seen in the dermis. Zone B shows intercellular oedema (spongiosis),
vacuolation, and large keratinocytes in the epithelium (Figure 2B). Clusters of mixed inflam-
matory cells are present in the dermis, though a normal architecture is maintained. Zone C
demonstrates epidermal thinning, parakeratosis, and nuclear elongation (Figure 2C). Epi-
dermal thickness is significantly reduced, and there is loss of keratinocyte maturation,
as indicated by a lack of well-defined layers. Focally, remnants of the normal epidermal
architecture are present. This architecture is completely lost in Zone D (Figure 2D). There
are no discernible layers in the epidermis, and the keratinocytes do not demonstrate any
maturation. The dermis shows scattered inflammatory cells. Zone E (Figure 2E) reveals an
epidermis that is necrotic and/or separating from the underlying dermis. The epidermis
completely ulcerated in some parts, while in other parts, it was reduced in thickness, with
small, pyknotic nuclei. There are erythrocytes and chronic inflammatory cells in the dermis,
consistent with an inflammatory process. The overall qualitative assessment of our burn
edge biopsies was consistent with the well-described morphological characterisations of
superficial and partial thickness burns [27].
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Figure 2. Progressive burn damage in a typical burn edge biopsy. Zone A shows a normal keratinised epidermis with
four discernible layers: the stratum basale (SB), stratum spinosum (SP), stratum granulosum (SG), and stratum corneum
(SC) (A). Inset is 1.5× greater magnification. Zone B shows spongiosis (thin arrows), vacuolation (asterisk), and large
keratinocytes (B). Inset is 2× greater magnification. Zone C demonstrates epidermal thinning, parakeratosis (hash), and
nuclear elongation (thick arrow), with a loss of well-defined layers (C). Inset is 2.5× greater magnification. Zone D shows
a complete loss of discernible layers or keratinocyte maturation (D). Inset is 2× greater magnification. Zone E shows a
necrotic epidermis that is separating from the dermis (E). Inset is 1.5× greater magnification. Scattered inflammatory cells
can be seen in the dermis of zones B–E. PC staining tended to be higher in less damaged compared with more severely
damaged zones (F), whereas EPCR staining tended to be lower in the less damaged zones and higher in the more severely
damaged zones (G). N = 124 zones from 68 biopsies. Scale bar = 200 µm.

PC staining tended to be higher in normal zones compared with more damaged zones
(Figure 2F), whereas EPCR staining tended to be lower in normal compared with more
damaged zones (Figure 2G). Somers’ d was run to determine the association between
PC or EPCR staining scores (dependent variables) with progressive histological zones of
burn damage (independent variable) in 124 zones from all samples combined, as classified
above. There was a negative correlation between PC expression and degree of burn
damage (d = −0.361, p < 0.0005). In contrast, there was a positive correlation between
EPCR expression and degree of burn damage (d = 0.264, p < 0.0005).
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3.4. Macrophage Infiltration Is Greater in Burn Edge Dermis and Is Associated with Epidermal
PC Expression

The mean density of macrophages from the dermis of each sample was calculated for
analysis (Figure 3A,B). As these data sets were positively skewed (as assessed by visual
inspection of their histograms and Normal Q–Q Plots), a Wilcoxon signed-rank test showed
that there was a highly significant increase in median macrophage infiltration in the burn
edge dermis (55.4/mm2) compared with biopsies from the normal dermis (26.7/mm2),
p < 0.0005. Additionally, there was a strong positive correlation between macrophage
infiltration in the normal sample and macrophage infiltration in the burn edge sample for
each patient (ρs = 0.629, p < 0.0005). An increase in time from injury to biopsy was also
associated with an increase in macrophage infiltration in both normal (ρs = 0.374, p = 0.027)
and burn samples (ρs = 0.393, p = 0.018). There were no correlations between time from
injury to biopsy, and PC and EPCR expression in either burn edge or normal skin.

Figure 3. Dermal macrophage infiltration. CD-68-positive macrophage concentration in normal (A) and burn edge (B)
dermis. This was quantified by the mean number of macrophages/mm2, as determined by two independent assessors
by counting the number of CD68 positively stained macrophages in three random 40× objective fields of view within the
papillary dermis of each sample, taking care to avoid any capillaries with a high density of cells. There was greater median
macrophage infiltration in the burn edge (55.4/mm2) compared with normal biopsies (26.7/mm2), **** p < 0.0005 (C).
N = 34. Scale bar = 100 µm. Insets are 2.5× greater magnification.

The total burn percentage was not correlated with macrophage infiltration in either
normal or burn edge samples. There was significantly greater macrophage infiltration
in burn edge biopsies from primarily full thickness burns (134.3/mm2) compared with
primarily partial thickness burns (50.9/mm2) (Mann–Whitney U test, p = 0.035). There were
no differences in macrophage infiltration of normal dermis from patients with primarily
full thickness burns (39.3/mm2) compared with those with primarily partial thickness
burns (26.7/mm2), p = 0.368. A Kendall’s tau-b correlation was run to determine the
relationship between epidermal PC or EPCR scores with dermal macrophage infiltration
amongst 72 matched pairs (both burn and normal tissue combined). There was a negative
association between PC scores and macrophage infiltration (τb = −0.214, p = 0.020), but no
association of macrophages with EPCR scores (τb = 0.170, p = 0.129). While it was noted
that PC and EPCR staining was present on dermal appendages including follicles and
sweat glands, these were too inconsistently present on the samples (and at varying depths)
for meaningful quantification and correlation with dermal macrophage infiltration.

3.5. PC and EPCR Levels Are Not Associated with Their Levels in Plasma

Kendall’s tau-b correlation was run to determine the relationship between burn tissue
PC and EPCR scores versus plasma PC, APC, sEPCR, and the selected cytokine levels. For
each patient, the closest timepoint to the time of biopsy was selected to collect data from
the corresponding plasma level. There were no significant associations between plasma
or skin levels for either PC (τb = 0.164, p = 0.294) or EPCR (τb = 0.074, p = 0.616). There
was also no association between plasma APC and burn tissue PC (τb = 0.010, p = 0.946) or
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EPCR (τb = 0.047, p = 0.753) expression. In the normal epidermis, there was a negative
correlation between PC scores and both plasma sEPCR (τb = −0.382, p = 0.013) and IL-6
(τb = −0.345, p = 0.028). There were no other significant associations between normal and
burn epidermal PC and EPCR expression with plasma PC, EPCR, APC, CRP, TNF-α, IL-1β,
IL-6, IL-8, and IL-17. There were also no correlations between these plasma markers,
and normal or burn dermal macrophage infiltration. These data suggest that skin biopsy
samples from burn patients may provide additional PC-related information over that from
plasma samples.

3.6. PC Levels in Burn Tissue Are Directly Associated with Patients Who Require Increased Support

Table 4 compares the main clinical features of those requiring increased support with
those who did not. A univariate binomial logistic regression was performed to ascertain
the effects of PC or EPCR expression (treated as continuous variables) in burn-injured
skin on the likelihood that participants require increased support. The model for PC was
statistically significant, p = 0.019. It explained 21.7% (Nagelkerke R2) of the variance and
correctly classified 72.7% of cases with 50.0% sensitivity and 82.6% specificity. Higher
PC expression in burn epidermis was associated with a decreased likelihood of requiring
increased support, odds ratio 0.217 (95%CI 0.052 to 0.901), p = 0.035. Regression for
EPCR yielded an equivocal result. The model was statistically significant, p = 0.035. It
explained 17.9% (Nagelkerke R2) of the variance and correctly classified 69.7% of cases,
with 50.0% sensitivity and 78.3% specificity. However, within this model, a higher EPCR
was not significantly associated with an increased likelihood of requiring increased support
(OR 0.267 (95%CI 0.070–1.015), p = 0.053). Neither PC nor EPCR expression in normal skin
correlated with increased support. Macrophage infiltration in normal and burn tissue also
did not predict for this outcome. The main findings here are that patients with higher PC
but not EPCR levels in burnt skin require less overall hospital support.

Table 4. Clinical characteristics for patients requiring increased support versus those who had a
standard admission.

Standard Admission Increased Support

Total patients 24 10
Female (%) 6 (67) 3 (33)
Male (%) 18 (72) 7 (28)

Age, mean ± SD 43 ± 17 41 ± 14
Burn size, mean ± SD 19 ± 12 30 ± 21
Burn depth

Partial (%) 20 (83) 4 (17)
Full (%) 4 (4) 6 (60)

Length of stay, mean ± SD 19 ± 31 60 ± 56
ICU length of stay, mean ± SD 0 ± 1 21 ± 30
Number of surgeries, mean ± SD 2 ± 1 8 ± 5
Mean IV fluids per day over first 72 h, mean ± SD 2 ± 1 5 ± 3

4. Discussion

The present results demonstrate that burn-damaged epidermis expresses less PC and
more EPCR than normal skin in a local burn damage severity-dependent manner. PC as
an anti-inflammatory agent was highlighted by its negative correlations with macrophage
infiltration as a surrogate marker of inflammation, which was noted to be substantially
higher in burns compared with normal tissue. We found that skin tissue PC acted in
a similar manner to plasma PC and was directly associated with the requirement for
increased clinical support [12]. However, the tissue PC (and EPCR) expressions were not
correlated with their plasma levels, suggesting a separate local response that may facilitate
more information about outcome than plasma markers alone.

Both PC and EPCR were abundantly expressed in the epidermis and dermal vas-
cular endothelial cells, similar to that previously described [18,19]. Quantitative scoring
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provided objective evidence for the first time that epidermal PC expression was reduced
in burn edge skin compared with normal skin, whereas EPCR expression was increased.
Indeed, there was a gradual change in both, based on histological categorisation of the
epidermal burn damage severity, with PC expression being negatively associated with
progressive epidermal damage and vice versa for EPCR. The reduction in PC in burnt
skin may be explained by increased activation/consumption, which is consistent with our
previous report showing that plasma PC levels are acutely low following a severe burns
injury associated with higher plasma APC/PC activation. It is thought that more extensive
burns trigger excessive systemic activation of PC to meet the physiological demand for
preventing microvascular thrombosis, and endothelial and epithelial destruction. This has
also been reported in reperfusion injury following coronary artery bypass surgery [28] and
liver transplantation [29]. The activation of PC to APC is increased by 20 fold by EPCR [2].
Greater epidermal PC activation would also explain the increased epidermal EPCR ex-
pression seen, which is upregulated by APC [19]. EPCR itself has vital anti-inflammatory
functions; baboons treated with an antibody that blocks PC and APC binding to EPCR
died following sublethal concentrations of Escherichia coli due to loss of its anticoagulation
and anti-inflammatory responses [30]. The protective nature of EPCR against acute in-
flammation was further supported by the findings that mice with a severe deficiency have
reduced survival following endotoxin infusion [31], whereas mice overexpressing EPCR
exhibit reduced mortality [32]. Thus, the low PC and high EPCR expressions could be
attributed to PC consumption and EPCR upregulation in response to local tissue damage
and inflammation. Interestingly, we found no correlations between skin versus systemic
PC and EPCR levels, of which neither had any positive correlations. This suggested that
the local burn wound may undergo a separate inflammatory and coagulation process than
the systemic changes that have been so well described in burns [33,34] and hints that,
while APC or PC can be used systemically in a critically burned patient for treatment of
complications such as sepsis [35], there may be another role for topical therapy to help heal
the burn wound. There is extensive evidence of the APC’s wound healing effects when
applied topically in both preclinical [36,37] and clinical [38–40] studies.

Topical APC therapy could further mitigate the inevitable hypertrophic scarring
resultant from excessive inflammation in burns [41]. A significant thermal injury triggers
a dysfunctional immune response, leading to progressive capillary permeability with
protein leakage, hypovolaemic shock, multi-organ failure, sepsis, and death [42,43]. A vital
culprit of this is hyperactive macrophages, primed by the burn injury with enhanced
production of proinflammatory cytokines [44]. The unsurprisingly increased macrophage
infiltration in burn dermis was reflective of greater local inflammation. There was a
negative correlation between epidermal PC expression and dermal macrophage density.
We found that PC was also expressed in dermal skin adnexa including the epithelial cells
of hair follicles, glands, and vessels, as previously reported [18]. More PC in the dermis
suggests greater local anti-inflammatory actions as APC can diminish dermal macrophage
activity by reducing the release of cytokines including macrophage inflammatory protein-
1α, monocyte chemoattractant protein-1, and TNF-α [45,46] and can colocalise with EPCR
on endothelium to maintain its barrier function and to downregulate vascular adhesion
molecules such as intercellular adhesion molecule-1 [47,48]. Depletion of macrophages
during the inflammatory phase of healing lessens scarring [49]. Wound models in Acomys
and PU.1 knockout mice have little or no macrophages, respectively, and heal with minimal
scarring [50]. Thus, topical APC or PC treatment could both hasten wound healing and
reduce the scar burden in burn patients through its anti-inflammatory actions that act at
least in part by reducing macrophage infiltration.

Lastly, we found the level of burn damaged epidermal PC was negatively associated
with the previously defined composite clinical outcome of increased support. That is, lower
PC expression at the injury site predicted for greater likelihood of requiring increased
support in the form of greater fluid resuscitation, longer ICU stay, and/or more surgeries.
This was likely related to the observation that local skin PC expression was lower in larger
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burns and primarily full thickness burns. Both burn size and area were strong predictors
of this outcome [12]. Taken together, it can be seen that more severe burns reduced not
only circulating PC but also PC expression in the injury area, with an associated EPCR
increase. In this respect, tissue PC acts as a surrogate marker of local injury severity and
the subsequent inflammatory response. Hence, low epidermal PC are expected to correlate
with poorer clinical outcomes, i.e., the need for increased support, which was demonstrated
in the results, and augmenting its levels may assist recovery. The incongruence between
tissue and systemic PC, and the prognostic value of tissue PC expression hints that local
PC levels may provide more information about burns outcomes than plasma PC alone.

In conclusion, we found reduced PC expression and increased EPCR expression in
burn tissue, likely due to the increased activation of PC to APC as an anti-inflammatory
agent. Local PC levels, although also prognostic for outcome, did not correlate with
systemic levels, suggesting a separate local process. PC expression was further negatively
associated with macrophage infiltration. Taken together, local PC levels may provide
more information about burn injuries, and topical treatment with APC/PC may help
improve local inflammatory damage. Future studies could involve more participants with
tissue samples longitudinally to track whether tissue PC levels parallel local recovery,
inflammation, and scarring.
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