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Review Article
The role of macrophages in thermal injury
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Abstract: Macrophages, first discovered for their phagocytic ability, are a complicated and heterogeneous cell type.
The unique properties of macrophages allow them to perform a vast array of functions, including phagocytosis, cyto-
kine production, antigen presentation, and wound healing. Some macrophage populations are derived from mono-
cytes and are induced into specific phenotypes by the local tissue microenvironment, while other macrophages form
during early embryonic development. The exposure of the host to local pathogens and/or traumatic injury alters
the tissue microenvironment and, in turn, influences changes in macrophage phenotype and function. Perhaps the
most significant change in the local tissue microenvironment and subsequent macrophage phenotype occurs after
thermal injury, which causes localized tissue damage and a massive systemic inflammatory response. However,
few studies have explored the influence of burn injury on the host macrophages and macrophage function in burn
wounds. Furthermore, the literature is scant regarding the impact macrophage function has on outcomes in thermal
injury. This review will focus on the current knowledge of macrophage function in burn wounds and the phenotypic
changes in macrophages during thermal injury while identifying knowledge gaps.
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Introduction

Macrophages were initially discovered for their
phagocytic ability by Elie Metchnikoff in the late
19" century [1]. However, we now know that
these cells display remarkable phenotypic and
functional diversity having a role in almost
every aspect of an organism’s biology to regu-
late tissue homeostasis [2-6]. Macrophages
are discretely positioned to monitor their local
environment and equipped with a vast array of
sensory molecules for an encounter with envi-
ronmental challenges, such as thermal injury or
pathogens [7, 8]. As such, macrophages are the
most prominent cells found in tissues within
the first few days after thermal injury [9]. Since
the primary defense against pathogens, the
skin, is compromised after thermal injury, mac-
rophages serve a pivotal role in the host
defense [9]. Their unique properties allow them
to perform a variety of functions in all aspects
of healing, including antigen presentation [10],
cytokine secretion [11], phagocytosis, and
wound healing [12]. Macrophages are altered

after thermal injury leading to dysfunction and
are linked to severe complications. Thus, mac-
rophages are an ideal cell population to study in
thermal injury to improve burn care research.

Macrophage function

Macrophages’ primary function is to maintain
homeostasis through host defense, clearance
of apoptotic debris, and wound healing follow-
ing injury. These operations can be simplified
into four basic innate functions: sensing, che-
motaxis, phagocytosis, and repair [13].

Macrophages are equipped with broad-range
pattern-recognition receptors used to sense
two groups: pathogen/danger signals from the
environment (exogenous stimuli) or apoptotic
cell debris/modified host proteins (endogenous
stimuli) [13]. When bound to a given ligand,
intracellular signaling pathways are activated to
initiate the appropriate macrophage response.
For example, a bacterial infection can activate
macrophages to promote a Thl type response,
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healing process [17]. Finally,
macrophages promote repair
through extracellular matrix
remodeling, fibrogenesis, and
angiogenesis [18].
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Origin of macrophages

In 1968, as an initial attempt
to classify macrophages, van
Furth and Cohn determined
that macrophages were de-
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Figure 1. Development of tissue-resident macrophages. Macrophages can
be derived from early embryonic development (the fetal liver or yolk sac) or
from monocytes. Circulating monocytes develop from hematopoietic cells in
the bone marrow and are induced into their specific phenotypes by the local

tissue microenvironment.

which secretes several specific chemokines
(e.g., CCL2, CCL5, CXCLS8, and CXCL11) that
attract monocytes, macrophages, neutrophils,
and natural killer cells to resolve the infection
[14].

To return the injured tissue to homeostasis, the
damaged/unwanted materials (e.g., microbes
and dying/necrotic cells) must be phagocy-
tized. Efferocytosis, a term used to describe
phagocytosis of apoptotic cells by macro-
phages, is an essential function for resolving
inflammation. The injured tissue is protected
from exposure to toxic contents of dying cells
and stimulates the production of anti-inflam-
matory mediators, which, in turn, prevents fur-
ther tissue damage [15-17]. Specifically, the
well-characterized clearance of apoptotic neu-
trophils is theorized to evoke the switch in mac-
rophages from an inflammatory phenotype to a
growth-promoting phenotype initiating the
healing process [15, 17]. Macrophages also
clear other types of apoptotic cells, such as
fibroblasts, suggesting the importance of mac-
rophage function throughout the entire wound

rived from blood monocytes
[19]. This discovery led to the
concept of the mononuclear
phagocyte sequence (MPS), a
linear model describing how
adult tissue-resident macro-
phages rely on circulating
monocytes derived from hematopoietic cells in
the bone marrow. The local tissue microenvi-
ronment then induces these cells into their spe-
cific phenotypes. However, in the 2000s, stud-
ies demonstrated a separate lineage of tissue-
resident macrophages are generated during
development, persist into adulthood, and main-
tain themselves via self-renewal [20, 21].
Research studies have demonstrated that cer-
tain embryonic macrophage populations, such
as microglia and Langerhan cells, are derived
from the yolk sac and therefore do not have a
monocytic progenitor [6, 8]. Thus, a revised
concept of the MPS now accommodates two
distinct origins for macrophages: 1) tissue-resi-
dent macrophages established prenatally, and
2) macrophages that develop in adulthood from
monocytes [7] (Figure 1).

Interestingly, skin tissue contains both embry-
onic macrophages in the epidermis (i.e.,
Langerhans cells) as well as monocyte-derived
macrophages in the dermis. The inflammatory
response relies heavily on monocyte-derived
macrophages as tissue-resident macrophages
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Figure 2. Three phases of wound healing after ther-
mal injury. The wound healing cascade is described
by three interrelated and overlapping phases: inflam-
mation (red), proliferation (green), and remodeling
(blue). Inflammation begins immediately upon burn
injury and can last approximately 5-7 days. Prolifera-
tion covers 3-10 days post-injury, while remodeling
can take up to a year to complete after injury. While
macrophages are implicated in all aspects of the
wound healing process, macrophage dysfunction
can lead to severe complications such as sepsis or
death or cosmetic complications such as hypertro-
phic scarring and contractures.

are rapidly lost during the initial inflammation
phase [22]. This phenomenon, referred to as
the “disappearance reaction”, occurs specifi-
cally in Langerhans cells [23, 24]. Therefore,
after initial injury, a small pool of monocytes
can enter the wound through the leaky vascula-
ture and differentiate into macrophages [25].
Simultaneously, the injury initiates the produc-
tion of the myeloid progenitor cell (the mono-
cyte precursor cell) in the bone marrow, leading
to the eventual increase in circulating mono-
cytes that must actively cross the endothelium
and differentiate into macrophages [26] (Figure
1). Tissue-resident macrophages rely on their
capacity for self-renewal to repopulate during
the resolution of the inflammatory process.
Therefore, thermal injury involves both an acute
inflammatory phase and a delayed wound heal-
ing phase in which both embryonic and mono-
cyte-derived macrophages have a role.

Macrophage phenotype

An additional binary classification separates
macrophages based on their inflammatory
states in response to environmental signals:

3

activated macrophages (M1) with pro-inflam-
matory features versus alternatively activated
macrophages (M2) with reparative features
that contribute to resolving inflammation [27].
In vitro, interferon (IFN)-y and toll-like receptors
(TLRs) activate M1 macrophages producing
pro-inflammatory cytokines [e.g., tumor necro-
sis factor (TNF)-a and interleukin (IL)-1, -6, -12]
as a crucial response to host protection fol-
lowed by the production of nitric oxide or reac-
tive oxygen species [6, 21, 28]. Conversely, in
vitro, IL-4 and 1L.-13 stimulate M2 macrophages,
which triggers IL-10, transforming growth factor
(TGF)-B, and glucocorticoid (GC) production to
help dampen inflammation and initiate tissue
remodeling [8, 28].

However, such a simplistic binary classification
does not accurately represent the complexity of
the in vivo environment [6]. Instead, studies
have demonstrated that macrophages can
develop mixed M1 and M2 phenotypes, switch-
ing their phenotype between pro- and anti-
inflammatory states to stimulate growth after
the initial period of inflammation [28-30].
Tissue-resident macrophages are commonly
classified as “M2-like”, whereas monocyte
derived macrophages differentiate into M1 or
M2 depending on the microenvironment [21].
Interestingly, it has been proposed that M2
macrophages can convert into M1 phenotype,
but generally the reverse does not occur
because M1 macrophages are “end-stage killer
cell[s]” that likely die during the inflammatory
response [21, 31].

Overall, multiple theories propose how macro-
phages differentiate, originate, and determine
their phenotypes, but few studies reveal the
role of macrophages with respect to wound
healing in thermal injury. Here, we aim to review
the available literature on macrophages and
their function in thermal injuries, which will
allow for identification of further areas of
research needed to improve outcomes for
patients affected by burn injuries.

Macrophages and thermal injury

As a highly dynamic cell, macrophages are cru-
cial to all aspects of wound healing. Although
the wound healing process after thermal injury
is lengthy, it generally comprises three interre-
lated and overlapping phases: inflammation,
proliferation, and remodeling (Figure 2). This
review will discuss the role of macrophages in
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the initial inflammatory process after burn inju-
ry, which involves the release of inflammatory
cytokines, antigen presentation, and phagocy-
tosis that starts immediately upon burn injury
and can last approximately 5-7 days [26]. The
proliferation phase, covering about 3-10 days
post-injury, involves angiogenesis and granula-
tion tissue being formed through the combined
aid of macrophages, granulocytes, and kerati-
nocytes [26]. Finally, the effects of macrophage
presence on remodeling, which can take up to
ayear to complete after injury, will be discussed
regarding scar formation [26] (Figure 2). As
macrophages are implicated in all aspects of
the wound healing process, this cell’'s dysfunc-
tion can lead to multiple complications span-
ning the spectrum of severe sepsis or death to
functional complications such as hypertrophic
scarring and contractures. Therefore, reviewing
the current literature involving the roles macro-
phages have in wound healing is key to under-
standing how to treat burn injuries and avoid
complications.

Macrophage cytokine production in burn injury

Burn injury induces an inflammatory cytokine
response initiated by macrophages immediate-
ly following injury. Macrophages have a decisive
role in supporting the differential expression
of Thl or Th2 and the subsequent cytokine
response by producing IL-12 and IL-10, respec-
tively. Thl cytokines (e.g., IL-2, IFN-y) support
the cell-mediated immune response and gener-
ally support activation, whereas Th2 cytokines
(e.g., IL-4, 1L-10) support the humoral immune
response and are suppressive [32, 33].
Macrophages can also act as a predominant
and continuous source for TNF-q, IL-1, and IL-6,
which can induce a secondary cascade of cyto-
kines and intracellular signaling that assist in
the early inflammatory phase of wound healing
[9, 32]. Our group and others have revealed
that burn injury alone induces numerous pro-
(IL-1, -6, -8, and TNF-a) and anti-inflammatory
(IL-4, -10) cytokines to regulate the acute phase
response, usually peaking in the first week and
then decreasing over time [34, 35]. However,
the cytokine profiles differ significantly between
pediatric and adult burn patients [36].

While macrophages are pivotal in the immune
response to tissue homeostasis, burn injury
can also alter the macrophages’ response and

initiate several physiological parameters result-
ing in a massive inflammatory response, hyper-
metabolism, and immune dysfunction, which
ultimately contribute to increased susceptibility
to sepsis and multisystem organ failure [37].
Specifically, thermal injury increases the pro-
ductive capacity of macrophages for pro-inflam-
matory mediators (e.g., prostaglandin E,, nitric
oxide, TNF-q, IL-6) leading to macrophage hype-
ractivity, which has been implicated in post-
burn immune dysfunction and the development
of immunosuppression [32, 37, 38]. This dys-
function led to the concept of the “two-hit” phe-
nomenon explained by Dietrich (1992): the ini-
tial insult (i.e., burn) “primes” the host to exhibit
an abnormal response (e.g., increased pro-
inflammatory cytokines) so that on the second
hit (i.e., infection) the host’s response is greatly
amplified and can ultimately lead to multisys-
tem organ failure and death [39]. Specifically,
increased cytokine production of TNF-«, IL-6,
macrophage migration inhibitory factor (MIF),
and TGF-B and decreased production of IL-12
and IFN-y have been linked to immunosuppres-
sion resulting in an increased risk of infections
after thermal injury [33, 40-45].

As such, infection-related complications remain
high, but macrophage hyperactivity has recent-
ly gained attention as a potential implication to
deleterious outcomes. However, there is still
limited research in understanding macrophage
function and its role in inflammatory dysfunc-
tion following burn injuries, especially in pediat-
rics who are noted to have different cytokine
profiles than adults. Understanding this rela-
tionship is critical to developing immunomodu-
latory therapies that can either augment mac-
rophage function or alter their phenotype to
improve outcomes related to thermal injury. For
example, recent research has suggested gran-
ulocyte macrophage colony-stimulating factor
(GM-CSF) as a topical therapy to help with burn
wound healing [46-48]. The use of GM-CSF
could potentially target macrophages to aug-
ment its phenotype or function to improve
outcomes.

Phagocytosis in burn injury

As previously mentioned, the ability of macro-
phages to phagocytize infectious agents and
senescent or dying cells is a key function for
adequate wound repair [17]. Specifically, in
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burn injury, macrophages aim to uptake and
remove infectious organisms (e.g., predomi-
nantly bacteria, but also yeast, fungi, or virus-
es) as a critical role in the first line of defense
against infection [49]. Bacteria, once bound to
the surface of macrophages, are rapidly inter-
nalized into phagosomes, which gradually
acquire the characteristics of terminal phagoly-
sosomes resulting in the microbe’s death [50].
However, some pathogens (e.g., Legionella spp.
and Mycobacteria spp.) can be resistant to the
phagosome contents or escape the phago-
some into the cytosol [50]. Additionally, a 2021
review of the role of macrophages in the clear-
ance of Staphylococcus aureus infection notes
that the presence of the M1 or M2 phenotype
of macrophages leads to either an appropriate
phagocytic response or ineffective clearance,
respectively [51].

The inability to appropriately remove cellular
debris and infectious organisms can ultimately
lead to chronic inflammation [15]. Interestingly,
both adult and animal studies have exhibited
reduced phagocytic function following thermal
injury, which may eventually lead to infections
throughout the body, not just the injury site [52-
54]. Accordingly, data from the National Burn
Repository from the American Burn Association
states burn patients’ top two complications
(pneumonia and urinary tract infection) are
separate from the site of injury, further sug-
gesting systemic immune dysfunction following
thermal injury [35, 55, 56]. Additionally, six of
the top ten complications following thermal
injury are infection-related, further stressing
the importance of understanding phagocytic
activity and the systemic immune response in
burn patients [55].

Future research elucidating the receptor mech-
anisms used by macrophages to identify cells
for phagocytosis may ultimately enhance our
knowledge about infections associated with
burn injury [16]. Importantly, research has sug-
gested that different receptor-mediated phago-
cytosis in macrophages initiates varying levels
of pro-inflammatory cytokines, therefore linking
phagocytosis dysfunction and the massive in-
flammatory response [57]. To date, no research
has been done on phagocytotic dysfunction in
pediatric thermal injury, indicating a knowledge
gap. Understanding the phagocytosis and cyto-
kine relationship can further assist immuno-
modulator therapy development. Specifically,

GM-CSF has shown to enhance phagocytic
activity and could potentially serve as a stimu-
lant to prevent infection following burn injury
[58]. However, immunomodulator therapies
have not been pursued in pediatric burn
patients, indicating a research gap with poten-
tial implications of improving outcomes for
patients with thermal injury.

Antigen presentation in burn injury

Macrophages represent the most prominent
antigen-presenting cell type during inflamma-
tion [59]. Simply, macrophages ingest the anti-
gen via phagocytosis and break it down into
fragments in the lysosome. A fragment then
binds to the class Il major histocompatibility
complex (MHC II) proteins on the surface of
macrophages for presentation to T cells.
However, the precise phenotype and access to
antigen vary extensively from tissue to tissue
[10, 60].

Lipopolysaccharide (LPS) stimulation is a com-
monly used assay to explore antigen presenta-
tion on macrophages and its influence on T cell
activation [61]. Specifically, LPS stimulation
can influence T cell activation by releasing
inflammatory cytokines (e.g., TNF-&) on healthy
macrophage antigen presenting cells. However,
after burn injury, several studies have indicated
increased anti-inflammatory cytokines (e.g.,
IL-10) inhibit macrophage antigen presentation
while decreasing ex vivo LPS-stimulated TNF-a
production [62, 63]. This impairment of LPS-
stimulated cytokine production is associated
with an increased risk for infection and mortal-
ity in both adult and pediatric populations
[62-72].

Concurrently, levels of MHC class Il expression
and antigen presentation decrease after a burn
injury [73-78]. Specifically, human leukocyte
antigen-DR (HLA-DR), an MHC class I cell sur-
face receptor, commonly decreases following
burn injury in both adults and pediatrics [63,
77, 79]. A delayed return to normal HLA-DR
expression has been linked to developing infec-
tions and correlates with increased mortality
[62, 63, 79, 80].

Our previous research in pediatric thermal inju-
ry has indicated that both percent HLA-DR
expression on CD14+ monocytes and ex vivo
LPS-induced TNF-a production capacity are
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rophages) by the pro-inflam-
matory M1 phenotype [81,
82]. M1 macrophages secrete
mediators such as nitric oxide,
TNF-¢, and IL-6, which serve
as cytotoxins against infected
cells and mediate resistance
against infections [83-85].
However, while pro-inflamma-
tory mediators can subside
quickly, M1 macrophages can
persist for weeks following

burn injury [78].

The macrophage population
then shifts to a less inflamma-
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Figure 3. Macrophage polarization and function. Monocyte-derived macro-
phages can differentiate into activated macrophages (M1) or alternatively
activated macrophages (M2) depending on environmental signals. Interfer-
on (IFN) and lipopolysaccharide (LPS) are common stimulators of M1 polar-
ization. M2 macrophages are further divided into four subgroups that are dif-
ferentially activated: M2a is stimulated by interleukin (IL)-4 or IL.-13; M2b by
IL-1 or toll-like receptor (TLR) agonists; M2c by glucocorticoids (GC) or IL-10;
and M2d by TLR agonists through the adenosine receptor (AR). Classically
activated macrophages are associated with pro-inflammation and microbici-
dal activity and appear immediately after tissue injury. However, persistence
can block appropriate wound healing. Conversely, alternatively activated
macrophages appear at later time points and are associated with anti-in-
flammation and tissue remodeling as part of the wound healing process.

better predictors of the development of noso-
comial infections than plasma cytokines [63].
Interestingly, decreases in antigen presenta-
tion capacity were observed as early as 72
hours after injury, with the median time to diag-
nosis of infection at 7 days, indicating a poten-
tial window to intervene with immunomodulator
therapy. Additional research is also needed to
understand the responsible mechanisms of
immune suppression perhaps through the
investigation of apoptotic signaling pathways.

Macrophage phenotype on healing burn tissue

As previously mentioned, wound macrophages
can exhibit both M1 and M2 markers. In gener-
al, tissue-resident macrophages are “M2-like”
and reparative, whereas cells expressing the
M1 phenotype are pro-inflammatory and
formed from monocyte-derived macrophages
[17, 21] (Figure 3). In normal human skin, the
M2 macrophage is dominant, but in response
to burn injuries, the initial inflammatory
response is primarily dominated (~85% of mac-

tory, proliferative, and remod-
eling profile dominated by the
M2 phenotype (~80% of mac-
rophages) at later time points
[78, 82]. M2 macrophages
debride the injury site by
phagocytosis, down-regulate
inflammation, and release
growth factors to promote
proliferation and angiogene-
sis [84]. M2 macrophages
can further be divided into
four subgroups, differentiated
based on the activating stimu-
lus: M2a is stimulated by IL-4 or IL-13; M2b
by IL-1 or TLR agonists (e.g., LPS); M2c by GCs
or IL-:10; and M2d by TLR agonists through
the adenosine receptor (AR) [85] (Figure 3).
However, it has been theorized that M2 macro-
phages in wound tissues are primarily M2c
being activated and maintained through a posi-
tive 1L-10 feedback loop: M2c releases IL-10
and TGF-B which in turn stimulates macro-
phages to polarize into more M2c [85, 86].

To date, no human studies have explored mac-
rophage phenotypes after thermal injury alone.
However, one study by Chen et al. (2019)
observed macrophage phenotype in different
stages of wound healing post-injury (including
trauma and burn patients). In this work, M1
markers increased early, peaking between 7 to
14 days post-injury (trauma and burn), then
rapidly declining between 14 to 28 days.
Conversely, M2 markers were elevated two
days after injury but remained high up to 28
days later until decreasing during scar forma-
tion (up to 6 weeks later) [86, 87]. While this
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study does provide insight into the macrophage
phenotypes after burn injury, additional re-
search is needed to further delineate these
results in burn injury alone and explore the
functional response of these macrophages in
pediatric thermal injuries.

Macrophages and adverse wound healing af-
ter burn injury

The delicate balance between the pro- and
anti-inflammatory response mediated by mac-
rophages is an extreme paradox for research-
ers studying post-burn wound healing. While an
active immune response is crucial to control
infection, excessive activation of macrophage
production of pro-inflammatory cytokines (e.g.,
IL-6, TNF-&) can lead to a systemic inflammato-
ry response syndrome (SIRS) and result in mul-
tisystem organ failure [32, 38]. A compensatory
anti-inflammatory response syndrome (CARS)
also occurs alongside systemic inflammation,
which results in post-burn immunosuppression
and is linked to the progression of infections
[88]. Along the same lines, increased macro-
phage production of IL-10, peaking within the
first 3-4 days, has been associated with sepsis
and death after burn injury [89, 90]. Therefore,
the dysregulation of the macrophage inflamma-
tory response poses a serious risk to morbidity
and mortality after thermal injury and warrants
further investigation.

Despite the roles macrophages have in the
inflammatory cascade of SIRS or CARS, macro-
phage dysfunction can also pose additional
issues in terms of wound healing, including skin
graft failure and fibrosis (e.g., hypertrophic
scars) [91]. Although the functional nature of
macrophages in allografts is poorly under-
stood, macrophages have been implicated as a
detrimental component to allograft failure [92,
93]. Rodent studies have best explored allo-
graft failures where depleting macrophage infil-
tration improves graft survival in animal rejec-
tion models [94]. Interestingly, in a study by
Schwacha et al. (2000), burn wound excision
and grafting in a rodent model decreased the
hyperactive macrophage phenotype [95]. There-
fore, while the optimal timing of excision and
grafting post-burn injury remains controversial,
the macrophage phenotype could well deter-
mine its success [96].

Contrary to the limited research on macro-
phages in graft failure, many animal studies

have linked increased macrophages to improp-
er wound healing, including scar formation. For
example, Martin et al. used a PU.1 gene knock-
out mouse (deficient in both macrophages and
neutrophils) and observed no apparent scar
formation with similar wound repair times to
normal mice [97]. Similarly, wounds in the oral
mucosa have significantly lower levels of mac-
rophages than dermal wounds and generally
heal faster with less scarring [98]. In another
study, when diphtheria toxin ablated macro-
phages, these mice had less scarring, delayed
re-epithelialization, impaired angiogenesis, and
decreased cell proliferation [99]. An additional
study conducted to determine how the exact
timing of macrophage depletion affects the
healing process found that depleting macro-
phages during the early inflammatory phase
significantly reduced the formation of vascular-
ized granulation tissue and resulted in less
scar formation [100]. However, depleting mac-
rophages during the late stage (tissue matura-
tion) did not significantly impact scar formation
[10Q]. Therefore, it is hypothesized that exces-
sive pro-inflammatory mediators and the pres-
ence of M1 macrophages stall/impair the heal-
ing process and ultimately contribute to scar-
ring [101-104] (Figure 3). Nevertheless, the M2
macrophage cytokine production of TGF-$ has
also been associated with collagen deposition
and been detected in post-burn scars [105-
108]. Therefore, the spatiotemporal diversity of
the M1 and M2 macrophages has a crucial role
in the formation and degree of scarring in post-
burn injury [109].

Unfortunately, animal models (e.g., mice, rab-
bits) comprise most of the current literature
involving macrophages, but the wound healing
process in these species differs significantly
from humans [110]. Particularly, healing in
mouse skin primarily occurs through contrac-
tion and not re-epithelialization, and mice have
an enriched pool of progenitor cells expediting
their healing process [78]. Thus, the inflamma-
tory processes surrounding wound healing are
likely to lead to different clinical outcomes [86].
Only a few human studies describe macro-
phage function in burn wound healing exists
[103, 111], therefore studies fully delineating
the regulation of macrophage phenotypes in
wounds are urgently needed. An additional
area of research, with great translational impor-
tance, is the use of immunomodulator therapy,
that can either control inflammation or aug-
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ment macrophage phenotype to reduce the risk
of macrophage dysfunction and reduce infec-
tious complications while assisting in optimal
wound healing and functional outcomes.

Conclusion

Burn injuries are a serious health problem,
affecting approximately two million people in
the United States per year; roughly half of these
occur in children [112]. Macrophages repre-
sent a highly heterogeneous population of
immune cells with many different functional
capabilities (phagocytosis, cytokine produc-
tion, antigen presentation, and wound healing).
This review highlights the complexity of the
macrophages through the healing cascade in
burn injury and suggests their role in post burn
immune dysfunction. Macrophages serve as a
double-edged sword in which hyperactive mac-
rophages can lead to increased inflammation,
slowed wound healing, and increased scar for-
mation. In contrast, decreased macrophage
function can lead to immunosuppression and
subsequent risk of infection. Studies following
thermal injury have displayed prolonged dys-
regulation of the macrophage response is
linked to an increase risk of morbidity and mor-
tality. Unfortunately, literature is lacking on the
impact macrophage function has on outcomes
in human thermal injury, especially in pediat-
rics. Current research investigating the com-
plete mechanisms of macrophage dysfunction
after thermal injury are limited and needs fur-
ther evaluation in both adults and pediatrics.
Through this more complete understanding of
macrophages, the development of appropriate
therapeutics in treating burn wounds that can
simultaneously help control inflammation, pre-
vent infection, assist in wound healing, and
reduce scar formation, is an absolute necessity
for burn care research.
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