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The role of the immune system in the development of sepsis

after burns
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Abstract.

Burns are a destructive form of trauma that remain a major cause of morbidity and mortali-
ty worldwide; despite the improvements in medical care, burns often leave lifelong physi-
cal and emotional sequelae. Likewise, infectious complications, including sepsis and
septic shock are common in patients with moderate to severe burn injuries. In this regard,
sepsis is a life-threatening disturbance produced by a dysregulated reaction to infections,
which can cause serious complications and lead to death. Therefore, the study of patho-
physiological mechanisms related to development of sepsis is pivotal. In this article, we
perform a comprehensive description of immune processes associated with burn injury,
particularly the mechanisms involved in the development of sepsis after burns. In addition,
we provide relevant information about immune mediators potentially useful as biomarkers
of sepsis

Resumen.

Las quemaduras son una forma destructiva de trauma que sigue siendo una de las princi-
pales causas de morbilidad y mortalidad en todo el mundo; a pesar de las mejoras en la
atencion médica, las quemaduras a menudo dejan las secuencias fisicas y emocionales
de por vida. Del mismo modo, las complicaciones infecciosas, como la sepsis y el shock
séptico, son frecuentes en pacientes con lesiones por quemaduras de moderadas a
graves. En este sentido, la sepsis es una alteracion potencialmente mortal producida por
una reaccion desregulada a las infecciones, que puede causar complicaciones graves y
llevar a la muerte. Por lo tanto, el estudio de los mecanismos fisiopatologicos relaciona-
dos con el desarrollo de la sepsis es fundamental. En este articulo, realizamos una de-
scripcién completa de los procesos inmunolégicos asociados con la lesién por quemadu-
ras, particularmente los mecanismos involucrados en el desarrollo de la sepsis después
de las quemaduras. Ademas, proporcionamos informacion relevante sobre mediadores
inmunes potencialmente Utiles como biomarcadores de sepsis
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Introduction

Burns are considered among the most devastating
injuries that can undergo a person, especially in
childhood. Since burns are a significant cause of
disability and death’; moreover, in survivors, there
are often lifelong physical complications and emo-
tional sequelae®?.

According to the International Society of Burn Inju-
ries, a burn is an injury to the skin and/or other
organic tissue mainly caused by thermal or other
acute trauma. Burns occur when some or all of the
cells of the skin or other tissues are injured or de-
stroyed by flames (flame burns), hot liquids
(scalds), or hot solids (contact burns). In addition,
injuries to the skin or other organic tissues due to
radiation, radioactivity, electricity, friction or contact
with chemicals are also identified as burns™.

Burns injury is highly variable in terms of the se-
verity, the affected tissue, and resultant complica-
tions. In this respect, depending on variables such
as mechanism of injury, the burn location, size and
depth, the burned patient may experience a high
number of dangerous conditions including electro-
lytes imbalance, shock, and respiratory failure®. In
addition, it should be noted that skin plays an in-
dispensable first line of defense against microor-
ganisms, which its disruption leaves patients great-
ly susceptible to invasion by pathogens that may
lead to sepsis”.

Regarding this, sepsis is a life-threatening condi-
tion considered as a strong public-health concern,
since a recent study demonstrated that mortality in
patients with sepsis after burns was 34.4%°, which
may be increased due to lack of suitable medical
care’. Sepsis is defined as a dysregulated inflam-
matory response associated with infection on the
basis of either microbiologic cultures or strong clin-
ical evidence of the presence of an infection® ™.
Accumulated experimental and clinical evidences
indicate that burns injury can alter function of im-
mune system, predisposing the patients to infec-
tions and sepsis”. However, despite numerous
studies focused in understanding the relationship
between function of immune system and develop-
ment of sepsis, the mechanisms responsible for

initiating and controlling burn-induced immunosup-
pression have not been completely understood™.

This article describes the current understanding of
the pathophysiology of burns, particularly the im-
mune mechanisms involved in the development of
sepsis after burn injury; in addition we offer an
overview of immune mediators potentially useful as
biomarkers of sepsis.

Molecular bases of sepsis in burn injury

Burns produce diverse complications of varied
severity, such as edema, cutaneous barrier break-
down, hypovolemic shock, and a hypermetabolic
response, which may lead to an organic dysregula-
tion and giving rise to greater susceptibility to infec-
tion and eventually sepsisl3. Once the sepsis is
established, several mechanisms of immune re-
sponse become activated, and the duration of the
infection is dependent on the type of microorgan-
ism involved. However, many severe drawbacks,
such as septic shock, massive organ dysfunction,
and even death, are results of burn injury and sep-
SiSl4_16.

Therefore, in order to clear the pathophysiology of
sepsis, it is necessary the knowledge of the ana-
tomical, physiological, cellular, and molecular alter-
ations caused by burns.

In this regard, burn injury induces a plethora of
local and circulating mediators that are produced in
the blood or released by cells after thermal injury.
These mediators play important roles in the patho-
genesis of edema and the cardiovascular abnor-
malities of burn injury. The increased vascular
permeability post-burn is mediated by histamine
and numerous vasoactive substances, including
serotonin, bradykinin, prostaglandins, leukotrienes,
and platelet activating factor®. In addition, hyper-
metabolism is mediated by hormones such as cat-
echolamines, glucagon, and particularly cortisol.
Many mediators alter vascular permeability directly
or indirectly by increasing the microvascular hydro-
static pressure and surface area via the arteriolar
vasodilation superimposed on an already altered
membrane®. The exact mechanism(s) of mediator-
induced injury is/are of considerable clinical im-
portance, as this understanding would allow for the
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development of pharmacologic modulation of burn
edema and shock by mediator inhibition.

Likewise, after a burn injury, several processes,
such as hemostasis and inflammation, neovascu-
larization, fibroplasia, contraction, retraction, and
coagulation, are initiated. The initial stage involves
heat-induced protein denaturation, inflammation,
ischemia-induced injury, and cell death, which
cause burns of diverse depth. At the molecular
level, free radicals such as superoxide, hydroxyl,
hydrogen peroxide, nitric oxide, nitroperoxide, al-
kylperoxyl, and lipid radicals are present after se-
vere burns'’. Both intravascular stimulation and
complement activation of neutrophils lead to the
production of these free radicals that can react with
DNA, leading to important functional and structural
changes. In addition, damage to cell membranes
induces a cascade of inflammatory molecules that
increases cell-to-cell permeability™®. The main risk
after burn injury comprises a subsequent infection
because of several reasons, including tissue dam-
age and exposure to pathogenic bacteria or the
host immunosuppressive state (Figure 1A). Bacte-
rial toxins along with cytokines may give rise to
endothelial-cell damage. The organism’s patho-
physiological response to burn injury is to release
proinflammatory substances that may lead to dif-
ferent clinical stages, according to the body-surface
area injured; for instance, septic shock is a severe
response to an infection characterized by hypoten-
sion, fever, tissue hypoperfusion, lactic acidosis,
and organ dysfunction. All of these events are me-
diated by a plethora of molecules that may serve
as signals of and responses to survival. Further-
more, experimental observations have demonstrat-
ed that there is significant loss of gastrointestinal
physical-barrier function after burn injury, which is
due to physical disruption of its mucosa; there is
intestinal- bacteria overgrowth, systemic transloca-
tion, and suppression of the immune defense™.

An additional feature is the important increase in
several markers such as plasma catecholamines,
cortisol, and growing numbers of inflammatory
cells, which results in complete body catabolism,
elevated resting-energy expenditure, and the dys-
function of several organszo. The anti-inflammatory
response and immunosuppression following burn

injury are characterized by the production and re-
lease of cytokines and monocyte/macrophage dys-
function, which may lead to sepsis®’. These altera-
tions directly modify the immune response in the
organism; hence, knowledge on the latter is im-
portant

Innate immunity activity and sepsis

The most important determinants of the first im-
mune response comprise the innate receptor fami-
lies, such as NOD-Like Receptors (NLR), C-type
Lectin Receptors (CLR), Toll-Like Receptors (TLR),
and RIG-1-Like Receptors (RLR). These proteins
are expressed by immune cells, mainly the Anti-
genic Presenting Cells (APC), and their primary
function is to detect microbial molecules, generally
known as Pathogenic Associated Molecular Pat-
terns (PAMP), which indicate the presence of ex-
tra- or intracellular pathogens. In response to this
activity, innate receptors induce cytokine expres-
sion and release, inflammation induction, and even
cell death. The impairment of the innate immune
system, by PAMP Recognizing Receptors (PPR), is
one of the initial events observed after burn inju-
ry*>. PAMP include molecules that are present on
the cell surface or that are highly associated with
organisms but that are not present in the host. In
addition, PRR are also able to detect Damage As-
sociated Molecular Patterns (DAMP); however,
DAMP are the result of host-cell destruction and
the release of internal molecules. Failure of the
mechanism of control of DAMP can lead to inflam-
mation and sepsis. Several stimuli such as PAMP
can induce immune cells to secrete DAMP via vari-
ous non-classical pathways, indicating that there is
cross-talk between DAMP and PAMP in the regula-
tion of the innate immune system. The most stud-
ied DAMP in inflammatory diseases are High-
Mobility Group Box 1 (HMGB1), Heat Shock Pro-
teins (HSP), Adenosine TriPhosphate (ATP), DNA,
and uric acid®®. Both DAMP and PAMP induce
inflammation in tissue adjacent to the injury site.
After detection of molecules, APC become more
active and begin the process of pathogen phagocy-
tosis and engulfment. This process eventually re-
sults in antigen processing and presentation (main-
ly peptides) derived from the microorganism’s lysis.
Antigen presentation by Major Histocompatibility
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Complex (MHC) molecules leads to the activation
of a more precise immune response in which the
development of specialized cells is the main pur-
pose’. The interaction between APC and regulato-
ry T cells activates the cellular and humoral re-
sponses.

During sepsis, dysregulated responses among
immunity cells lead to unpredicted, destructive
patient outcomes such as elevated heart rate, high
fevers, and flushed skin. At the cellular level, den-
dritic cells and monocyte-macrophage cells play a
key role in modulating this innate immune re-
sponse. The activated phagocytic cells release
proinflammatory mediators such as chemokines,
cytokines, nitric oxide, lipid mediators, and oxygen
radicals® that contribute to the deregulation of the
immune system, as well as to the development of
the Systemic Inflammatory Response Syndrome
(SIRS), the reason for its giving rise to greater
susceptibility to sepsis (Figure 1A). In addition,
complement factors are released as part of the
inflammatory reaction to infection during sepsis. In
some models, high plasma levels of proteins C3a
and Cbha can be detected, indicative of activation of
the complement system?®, which react with each
other to opsonize pathogens and induce a series of
responses to face the infection (opsonization,
pathogen lysis, and coordination of inflammatory
events)”. Finally, sepsis has been associated with
a variety of alterations in pro- and anticoagulant
mechanisms. In this respect, it has been shown
that infection produces diverse responses that can
lead to coagulation®®. Actually, many of the innate
immune responses that fight infection may also
lead to coagulation. Furthermore, infection may
range from subtle activation of coagulation to ful-
minant, disseminated intravascular coagulation. On
the other hand, it should be noted that coagulation
in many cases limits dissemination of the infectious
agent.

Adaptive immunity mechanisms and sepsis

On the other hand, the presence of increasing lev-
els of certain immunoglobulins indicates that an
infectious process is occurring. In addition, activa-
tion of cells and the detection of signaling mole-
cules such as interleukins or chemokines are evi-

dence of adaptive immune response. Activation of
T-cell and B-cell response leads to a series of mo-
lecular, cellular, and physiological events to con-
front the infectious process. It is important to con-
sider that a burn injury may be only superficial or it
may expose a considerable internal surface; in any
case, a burn injury is a clear opportunity for patho-
gens to establish themselves in the host. Moreover,
the patient’s health status, age, and First Aid care
are also important factors that play a role in the late
immune response. During the adaptive response, B
cells become key players in order to produce Im-
munoglobulins (Ig) against pathogens. These pro-
teins (also known as antibodies) aid in exacerbat-
ing the phagocytosis and lysis of microorganisms,
neutralize toxic proteins, and increasing the in-
flammatory activity of granulocytic cells. At the
same time, other cells, such as the regulatory T
lymphocytes (CD4+CD25+ regulatory, gamma
delta, and NK T cells) participate in the control of
immune responses. Widespread lymphocyte apop-
tosis is observed in animal models of sepsis and in
patients with sepsis; in fact, lymphopenia is a hall-
mark of sepsis. In addition, lymphocyte anergy has
been also described in patients with burns or major
trauma, associated with a high mortality rate and
associated septic complications?”.

Immune mediators as biomarkers of sepsis
associated to burns injury

As described in previous sections, immune re-
sponses evoked by sepsis are transmitted by an
assortment of molecules, which have been pro-
posed as biomarkers of sepsis. Thus, the meas-
urement of these molecular complexes in serum or
tissue may represent an index of sepsis progres-
sion. In this regard, the most common markers are
cytokines, procalcitonin (ProCT), and C-reactive
protein (CRP).

Diverse studies have suggested that levels of se-
rum cytokines, such as Tumor Necrosis Factor
alpha (TNF-a), basic Fibroblast Growth Factor
(bFGF), and Interleukin-6 (IL-6), IL-8, or IL-10 are
related to the immune response triggered by infec-
tions and by the intensive damage associated to
burns®%.

Investigacion en Discapacidad

113



Immune system in the development of sepsis

For example, the plasma levels of IL6 are in-
creased in burned patients with sepsis, compared
to non-septic and healthy subjects, which suggests
that this cytokine could play a role in the pathogen-
esis of sepsis in these patients®. Furthermore,
another study revealed significant differences in
serum IL-6 values among patients who survived or
died, or among patients with a total body-surface
area of >50% or <50% from the burn injury®. Like-
wise, it has been shown that the levels of IL-8 in
burn patients increase signiﬁcantly33 and a positive
correlation between IL-10 levels and the develop-
ment of sepsis has been suggested®. In addition,
the levels of TNF-a, a central regulator of inflam-
mation, were found elevated in non-survivor pa-
tients in contrast to patients who survived>**°.

In a similar way, ProCT has been suggested as a
marker of infection®® and its levels in serum in-
creases in sepsis cases® . In this regard, serum
ProCT levels are undetectable in physiological
condition; however, those levels increases up >100
ng/ml in severe infections. On the other hand, the
function of CRP in acute inflammation is not com-
pletely clear; however, it is known that the levels of
CRP significantly increase during this process than
the levels of other markers*’. In addition, the levels
of CRP in serum reach >10 mg/dL in burned pa-
tients, which suggest that it could be an appropriate
marker for early analysis after burning and that the
combination of CRP and ProCT could facilitate
opportune detection of infection in sepsis pa-
tients*".

Potential new markers

Recent researches are focused in the search for
novel markers that provide greater efficacy in the
detection of early sepsis in burned patients. In this
respect, the short form of soluble CD14 (sCD14-
ST) seems to exhibit improved specificity and sen-
sitivity in the diagnosis of sepsis than biomarkers
such as IL-6, CRP, and ProCT****, Likewise, it has
been shown increases in levels of Intercelular Ad-
hesion Molecule 1 (ICAM-1) during inflammation. In
addition, the highest levels of ICAM-1 appear to
correlate with best outcomes in septic children®*. In
a similar way, animal models of burn sepsis and
analyses of burned patients have demonstrated

that some Heat Shock Proteins (HSP), particularly
HSP27, HSP60, and HSP70, and HSP90 are up-
regulated in sepsis cases, suggesting their possible
usefulness as biomarkers**™’. On the other hand,
plasma Granzyme A (GZMA) levels were shown
decreased in septic burned patients with respect to
non-septic burned patients and healthy individuals.
Moreover, plasma GZMA was significantly higher in
survivor than in non-survivor patients, which
strongly suggests that GZMA could exert as bi-
omarker of severity of sepsis®. Finally, animal
models of experimental sepsis have revealed in-
creased levels of Monocyte chemo-attractant pro-
tein 1 (MCP-1) in lung and liver, suggesting a role a
pro-inflammatory mediator in this condition®. This
notion is supported by a study that demonstrated
significant differences in plasma levels of MCP-1
between survivors and early death patients with
sepsis™; therefore, MCP-1 could be a promising
biomarker.

Conclusion

Burn injury is a devastating condition that often
causes severe disability, as well as lifelong physi-
cal and emotional sequelae; in addition, burned
patients frequently develop severe infections that
lead to sepsis. In this regard, although the relation-
ship between function of immune system and de-
velopment of sepsis is not completely understood,
diverse studies have provide information about a
variety of pathophysiological processes that take
place after burn injury. This has permitted to identi-
fy key immune mediators that participate in the
dysregulated inflammatory response associated to
sepsis. Concerning this, increasing clinical and
experimental evidences have suggested that burn
injury may disturb levels of cytokines and other
molecules related to immune response, such as IL-
6, IL-8, IL-10, TNFa, ProCT, CRP, ICAM-1, sCD14-
ST, HSP27, HSP60, HSP70, HSP90, GZMA, and
MCP-1. Since dysregulation of these molecules
may predispose the patients to develop severe
infections and sepsis, measurements of their levels
may be useful to early detection of sepsis and pre-
dicting non-favorable clinical outcomes.
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