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Immunoinflammatory response in critically ill patients is very complex. This review explores some of the new elements of immu-
noinflammatory response in severe sepsis, tumor necrosis factor-alpha in severe acute pancreatitis as a clinical example of immune
response in sepsis, immune response in severe trauma with or without secondary sepsis, and genetic aspects of host immuno-
inflammatory response to various insults in critically ill patients.

1. Some of the New Elements of
Immunoinflammatory Response in
Severe Sepsis

Infection has been the leading cause of death in humans,
since the earliest written sources. In the early 15th century,
the black death plague wiped out between one-third and one-
half of the entire European and Asian populations.TheGreek
word “sepo,” from which the term “sepsis” derives, means
“decomposition of animal, or vegetable or organic matter
in the presence of bacteria” [1]. Modern cytokine research
began in 1932, with the pioneer work of Rich and Lewis,
who first observed antigen-mediated inhibition of leukocyte
migration in tuberculin-sensitized tissue. Cytokine biology
expanded 30 years ago, and the term “cytokine” was first used
by Cohen, referring to the variety of soluble factors, with
wide range of biological activities related to immune system,
produced by wide range of cell types [2]. In 1975, Carswell
described the pivotal role of tumor necrosis factor, as one
of the earliest monokines, in severe sepsis [3]. At first,

this cytokine was also called “cahectin,” which describes
its ability to suppress lipoprotein lipase activity, leading to
hypertriglyceridemia and rapid weight loss in experimental
animals [4]. Interactions between infecting microorganisms
and host response can lead to severe sepsis and septic shock.
In response to pathogen adherence to an epithelial surface,
the host initiates specific mucosal defense mechanisms, in
order to prevent microbial invasion. The critical bacterial
density needed to initiate an infection is called quorum.
Bacterial cell-to-cell communication enables them to assess
their population density and interact with the host as a
population (quorum-sensing systems). Innate immunity—
representing early non-specific response system—and adapt-
ive immunity—representing more pathogen-specific re-
sponse system—are parts of immune system as a whole [5].
The inflammatory response of the host is similar, regardless
of the nature of the stimuli (infectious or noninfectious, like
tissue injury). Initially, microorganisms bind to surface Toll-
like receptors (TLRs) on phagocytic cells. These receptors
are homologues of the Drosophila Toll protein. This binding
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initiates a series of intracellular events resulting in the release
of cytokines. TLR-2 type of these receptors reacts with Gram-
positive bacterial cell wall antigens, such as peptidogly-
cans and lipoteichoic acid, while TLR-4 form reacts with
lipopolysaccharide (LPS) and endotoxin of Gram-negative
bacteria [6–8]. TLRs may recognize either pathogens or
endogenous danger signals released by stressed or damaged
cell and consequently alert the host by activating the innate
immune system. Somemolecular fragments from pathogens,
such as LPS and bacterial DNA, may induce an immune
response and are known as specific patterns called pathogen
associated molecular patterns (PAMPs). These patterns are
recognized by cellular receptors termed pattern recognition
receptors (PRRs). Besides PAMPs, there are also several
endogenous molecules, such as high-mobility group box-
(HMGB-) 1, hyaluronan, and heat-shock proteins (HSPs)
that are also able to trigger the immune response through
PRRs. These signals are normal cell constituents, which may
be released either passively (by necrotic cells) or actively (by
stressed cell, in response to cellular injury). Endogenous
analogues of PAMPs are called alarmins. These endogenous
alarmins and exogenous PAMPs represent two subgroups of
the larger category of danger signals termed damage asso-
ciated molecular patterns (DAMPs) [9]. The explanation of
SIRS in absence of obvious microbial infection was provided
by Matzinger [10], thus elucidating host response to DAMPs
that can activate innate immunity through, among others,
TLRs.

Severe sepsis and/or trauma complicated with multiple
organ dysfunction syndrome (MODS) are leading causes of
death in intensive therapy units withmortality rate exceeding
50%. Besides the infection, the intensity of immunoinflam-
matory response also influences the outcome because it is
essential for host defense. Unfortunately, if this reaction
is uncontrolled, it can lead to the MODS [11]. Resident
macrophages and polymorphonuclear cells (PMCs) initiate
the primary host response to the invading microorganisms,
for they are responsible for the primary phagocytosis and sub-
sequent activation and recruitment of polymorphonuclear
granulocytes and monocytes. The macrophage population
increase by rapid differentiation of monocytes. This con-
certed action which constitutes the innate response to infec-
tions and tissue damage is mediated by various soluble and
membrane-bound factors. Cytokines are potent, low molec-
ular weight proteins produced by nucleated cells, particularly
those of the immune system, which exert control over
the duration and amplitude of the immune/inflammatory
response. They are the main positive and negative regulators
of immune responses as well as the key components in the
integration of these reactions with other physiological sys-
tems such as the complement and hematopoietic systems.The
capacity of cytokines to activate diverse cell types and to incite
equally diverse responses underscores the pleiotropism of
these inflammatory mediators. The bioactivities of different
cytokines are significantly overlapping. According to their
variations in effects in vivo, depending on time and location,
there are basically three classes of cytokines: proinflamma-
tory (T helper—Th1), anti-inflammatory (Th2), and Th17,

different form both Th1 and Th2. Cytokines with proin-
flammatory effects are tumor necrosis factor- (TNF-) alpha,
interleukin- (IL-) 1, IL-8, and HMGB-1; anti-inflammatory
effects are present, for example, in IL-10 and IL-1 receptor
antagonist (ra), and some cytokines possess both character-
istics, like IL-6. The effects of cytokines are initiated by their
binding to specific receptors at the membrane of target cell.
This binding starts a cascade of events that leads to induction,
enhancement, or inhibition of cytokine-regulated genes in
the nucleus of the target cell, which results in modulation of
cell immune activity [12–14].

Therefore, one of key events in bacterial sepsis is acti-
vation of immune cells, either by whole bacteria or with
products derived from the bacteria, which both lead to local
and systemic inflammation. Inflammatory response is not a
uniform event: its characteristics differ from organ to organ,
as well as from organ to peripheral blood. This finding
leads to the concept of compartmentalization, with the most
prominent difference between the blood compartment and
tissues. During infection, immune cells interact not only
with live and dead bacteria (killed by complement, defensins,
antimicrobial peptides, or antibiotics) but also with bacterial
products, either cell wall antigens of Gram-positive bacteria,
such as peptidoglycans and lipoteichoic acid; endotoxin of
Gram-negative bacteria or derived from inside cells like
bacterial DNA and HSPs. Whole bacteria and PAMPs are
potent activators of immune cells. They interact with specific
sensors, like TLRs and nucleotide-binding oligomerization
domain: NOD1 and NOD2 molecules, which induce the
production of inflammatory cytokines. Final results are
activation and overexpression of early response genes, which
are mostly driven through the activation of nuclear factor 𝜅B
(NF-𝜅B). Anti-inflammatory mediators tend to predominate
within the circulation in order to avoid initiation of new
inflammatory foci, but their presence within tissues may
not always be sufficient to prevent the onset of dangerous
proinflammatory response in the different compartments.
Contrary to normal conditions, in severe infection cytokines
are produced in excess, so their presence in blood becomes
detectable. However, the cytokines in circulation are merely
the tip of the iceberg, and leukocyte-associated cytokines
can be identified even when amounts in plasma are unde-
tectable. Traditionally, sepsis has been represented by an
excess production of proinflammatory mediators in blood,
with the presence of cytokines within the blood compart-
ment being a key factor in maintenance of proinflamma-
tory process. But, the presence of circulating cytokines may
also deactivate leukocytes from a further migration within
tissues in response to local gradients of chemokines. Hence,
both proinflammatory and anti-inflammatory responses are
concomitantly present in sepsis [15].

Accurate cause of organ failure and death in major-
ity of patients who died of sepsis remains unknown. The
results of postmortem investigations have shown a rela-
tive paucity of cell death in most organs [16]. According
to one theory, the organ dysfunction in sepsis may be
the consequence of a so-called cellular hibernation response
[17, 18]. In the most recent review, Hotchkiss with his
coauthors delineated three potential inflammatory responses
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in sepsis [19]. Major factors determining the immune
responses in sepsis include pathogen virulence, size of bac-
terial inoculums, and comorbidities. In the first scenario,
the initial phase in previously healthy patients with severe
sepsis is characterized by an excess hyperinflammatory—
proinflammatory response with fever, hyperdynamic circu-
lation, and shock. These features are present despite the fact
that both proinflammatory and anti-inflammatory responses
begin rapidly and concomitantly after sepsis onset. In this
early phase of sepsis, patients die due to cardiovascular
collapse, metabolic derangements, and multiple organ dys-
functions. Although no particular anti-inflammatory ther-
apies have improved survival in large phase 3 trials, short
acting anti-inflammatory or anticytokine therapies offer a
theoretical benefit. Hotchkiss proposed a second scenario,
in which many septic patients are elderly, with numerous
comorbidities impairing their immune response. In these
patients, sepsis development is commonly characterized by
blunted or absent hyperinflammatory response, with pre-
domination of anti-inflammatory phase. In this setting,
boosting immunity with an immunoadjuvant therapy seems
promising. Finally, the third theory of immune response in
sepsis is featured by cycling between hyperinflammatory and
hypoinflammatory states. In this scenario, septic patients first
experience an initial hyperinflammatory response, followed
by hypoinflammatory state. With the development of a new
secondary infection, patients experience a new onset of
hyperinflammatory reaction and may either recover or reen-
ter the hypoinflammatory phase. Death may occur in either
state. The longer the sepsis continues chances for a patient
to develop profound immunosuppression increase. Autopsy
results show that most patients admitted to intensive care
units (ICUs) for treatment of sepsis had unresolved septic foci
at postmortem. These findings suggest that septic patients
were unable to eradicate invading pathogens and were more
susceptible to nosocomial infections or both. In order to
investigate modulation of the immunosuppressive phase of
sepsis, Coopersmith and Hotchkiss with coworkers per-
formed very interesting animal study using clinically relevant
two-hit model of sepsis, that is, cecal ligation and puncture
(CLP), followed by the induction of Pseudomonas aeruginosa
pneumonia in mice. They applied an agent that blocks IL-
10, a key mediator of immunosuppression, to investigate its
ability to reverse immunoparalysis and improve survival.
The improved survival was associated with restoration of
interferon- (INF-) gamma synthesis, increased production of
proinflammatory cytokines, and decreased bacterial growth.
These authors found that immunosuppression, which occurs
after the initial septic insult, increases susceptibility to sec-
ondary infection. However, seven days after CLP procedure,
the host’s immune system recovers sufficiently to generate
an effective immune response. Modulation of the immuno-
suppressive phase of sepsis may help develop the therapeutic
strategies [20].

Critically ill patients suffer a high rate of nosocomial
infection. In fact, the common cause of death in these patients
is secondary sepsis. This high prevalence of secondary infec-
tions argues for the influence of an immune suppression
that may, at first glance, appear paradoxical in light of

the proinflammatory nature of many critical illnesses. In
ICU patients requiring organ support, the prevalence of
nosocomial infections increases to 25–40% [21]. Research
performed in the last 10 years revealed that many inter-
ventions applied in ICUs, such as high-volume crystalloid
resuscitation, early total parenteral nutrition, liberal blood
transfusions, high tidal volume mechanical ventilation, and
intermittent hemodialysis, were, in fact, facilitating nosoco-
mial infections and late MODS.There is growing evidence of
the role of proinflammatorymediators in developing immune
dysfunction. This observation may contribute to explanation
of apparent paradox of immune suppression present in
a patient with manifested hyper-inflammation [22]. Clini-
cally, many patients show signs of persisting inflammation
and immune-mediated organ damage while simultaneously
remaining highly susceptible to secondary infections, sug-
gesting the term complex immune dysfunction syndrome
(CIDS) [23]. The novel investigations of sepsis point out that
virtually all immune cells (both innate immune type such as
neutrophils, monocytes, tissue macrophages, and dendritic
cells and adaptive immune type like T cells, B cells, and
natural killer (NK cells)) demonstrate immune hypoactivity.
For example, neutrophils display dual state by concomitant
presence of activation and dysfunction features. In critically
ill patients, dysfunction of organs is, to a considerable degree,
driven by neutrophils, which are key immune cells [24].
They tend to express surface markers of activation (increased
levels of CD11b and CD64), but simultaneously they display
major impairment of phagocytic capacity and generation of
reactive oxygen species (ROS). This apparently paradoxical
superposition of both proinflammatory activation and failure
of key antimicrobial functions within the same cell type was
illuminated by the finding that dysfunction was driven by
an excess of the proinflammatory complement split product,
anaphylatoxin, and C5a [25, 26]. Key role of the systemic
complement activation in acute organ dysfunction during
sepsis has been revealed 20 years ago [27].

Most recently, Lyle Moldawer and Frederick More, with
their coworkers, proposed that “persistent inflammation-
immunosuppression catabolism syndrome—PICS” is the pre-
dominant phenotype that has replaced late occurring MODS
in surgical ICU patients who fail to recover [28]. Key
effector cells that remove pathogens and present antigens in
innate immunity are terminally differentiated macrophages
(Kupffer cells and splenic macrophages), blood monocytes,
and dendritic cells. Macrophage dysfunction is a significant
contributor to both innate immunosuppression and adaptive
immunosuppression. The state of immune paralysis is char-
acterized by decreased bacterial clearance, decreased capacity
to present antigens and to release proinflammatory cytokines.
The main features of sepsis-induced immunosuppression
are presence of defective T cells, with apoptotic depletion,
decreased proliferation, and Th-2 polarization. Clinical rel-
evance of PICS was elucidated by Moldawer and More. Over
the years, the management of SIRS in ICUs has becomemore
and more successful. That means the more patients reside
in ICUs for weeks, with clinical manifestations of moderate
SIRS and/or secondary infection, requiring life support.They
commonly develop progressive protein catabolism resulting
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in substantial loss of lean body mass followed by additional
weakening instead of regaining strength. Considering these
facts, the main challenge for clinicians today is to manage
simultaneous chronic inflammation and adaptive immuno-
suppression, as well as to provide the protection against
secondary nosocomial infection and prevent severe protein
catabolism.

Myeloid-derived suppressor cells (MDSCs) are other
important regulators of the immune system, representing
heterogeneous myeloid-originated population of cells that
comprise myeloid progenitor cells, immature macrophages,
immature granulocytes, and immature dendritic cells. When
activated, they produce reactive oxygen and nitrogen species
and arginase 1. They are also potent suppressors of various
T-cell functions, predominantly antigen-specific CD8+ and
CD4+ T-cell responses [29]. In his work, Moldawer, with his
coworkers, was particularly interested in a paradoxical role
of MDSCs in sepsis and trauma [30]. He reported that there
is important role of MDSCs in inflammatory processes, both
acute and chronic, and suggested that MDSC expansion is
rather a programmed response to inflammation, regardless
of its source, contrary to the previously established opinion
that it is simply a pathologic response to a growing tumor.
Mature myeloid cells are a relatively diverse population; half-
life of blood neutrophils is few hours, while, in terminally
differentiated macrophages and dendritic cells, half-life is up
to months and even years. Nevertheless, during infection
and inflammation, there is rapid increase in requirements
for and the consumption of these cells, so the host responds
to PAMPs, alarmins, and DAMPs with emergency increase
in production of myeloid cells. This response is probably
mediated by growth factor (e.g., granulocyte/granulocyte-
macrophage colony stimulating factor (G/GM-CSF)) and
cytokines (IL-6 and IL-17) produced during the early SIRS
response. In emergency myelopoiesis, MDSCs are present in
bone marrow, secondary lymphoid organs, and even organs
of the reticuloendothelial system. Unlike terminally differ-
entiated macrophages and monocytes, these cells produce
large amounts of IL-10 and TNF-alpha after sepsis or trauma.
They also consume large quantities of arginine, producing
nitric oxide (NO), ROS, and peroxynitrites, acting both in
proinflammatory and immunosuppressive manner. Patients
with sepsis and burn injury, in which the expansion of the
MDSC population is prevented, show decreased survival.
MDSCs may be crucial for maintenance of innate immunity
and inflammatory responses to secondary infection.

2. TNF-Alpha in Severe Acute
Pancreatitis as a Clinical Example of
Immune Response in Sepsis

As previously mentioned, sepsis is frequently character-
ized by elevated blood concentrations of both pro- and
anti-inflammatory cytokines which may be associated with
increased mortality. Cytokines activate multiple cellular pro-
cesses and also activate other inflammatory mediators that
contribute to organ dysfunction. Hence, patients with severe
infection often developMODS,which lead to further increase

inmorbidity andmortality. Actual underlying cause of severe
sepsismay be different, for example, severe acute pancreatitis,
secondary peritonitis, and trauma-induced sepsis, but they
all may lead to systemic inflammation. Several clinical trials
have been conducted in patients with severe sepsis, septic
shock, and MODS in order to investigate the efficacy of
biomodulators in blocking or inhibiting inflammation, but
they all generally failed to improve the outcome. Recently, the
trials have been performed to investigate the role of counter-
inflammatory signaling and newer concept of the cholinergic
anti-inflammatory pathways [31].

TNF is one of the best described proinflammatory cy-
tokines. It not only is a potent stimulator of the activation
of many cell types such as macrophages/monocytes and
NK cells but also can induce cell survival or cell death by
apoptosis.This cytokine is tightly related to regulation of host
innate immunity, inflammation, and apoptosis. It is primarily
produced as a 212-amino acid type 2 trimeric transmembrane
protein. The release of soluble form is enabled by proteolytic
cleavage, mediated by the metalloprotease TNF converting
enzyme (TACE, also called ADAM17) [32].There are numer-
ous different physiological stressors which may stimulate
the secretion of TNF, such as endotoxin (LPS), hypoxemia,
ischemia/reperfusion, hemorrhage, and complement system.
Once secreted, TNF has multiple effects on the host response
like increasing synthesis of a potent vasodilator NO, activat-
ing the arachidonic acid pathway, and inducing activation of
cyclooxygenase and lipoxygenase. These processes increase
the production of thromboxane A2 and prostaglandin E2
and augment their physiological effects. TNF also induces
the production of selectins, platelet activating factor, and
intracellular adhesion molecules (ICAM), which mediate
neutrophil migration into tissues. This indicates that TNF
plays a major role in activation of both thrombotic and
fibrinolytic pathways on endothelial and epithelial cells.
Besides macrophages and monocytes, there are other cells
capable of TNF production, such as T cells after activation.
TNF is early proximal cytokinewith a short half-life (less than
20 minutes). This short half-life is long enough for induction
of synthesis of the variety of pro- and anti-inflammatory
cytokines like IL-6, IL-8, IFN-gamma, and IL-10. The other
effects of TNF include altering the levels of corticosteroids.
Not only these effects are the consequence of systemic release
but also local release of TNF may lead to organ failure,
independent of its blood concentrations. TNF acts via its
receptors TNFR1 and TNFR2, which belong to a still growing
number of TNF receptors in the TNFR superfamily. TNF
recognition can lead to divergent results, depending on the
specific receptor and environmental factors. TNFR1 has a
death domain at the cytoplasmic tail. By binding to this
receptor, TNF-alpha induces the transcription factors like
NF-𝜅B and subsequent transcription of inflammatory genes,
which seems to protect cell against programmed death.
This binding can also induce the apoptosis by caspase cas-
cade activation. Activation of TNFR1 only signals for cell
death under distinct circumstances, for example, when the
protein synthesis is blocked or when NF-𝜅B activation is
inhibited. Contrary to TNFR1, which is expressed in most
tissues and can be activated by both membrane-bound and
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soluble trimeric forms of TNF-alpha, TNFR2 is expressed
in immune competent cells and on the endothelium and
becomes activated by membrane-bound TNF-alpha. Also,
this receptor does not contain a death domain. Bind-
ing to TNF initiates conformational changes in its recep-
tors, thus inducing downstream signaling which activates
at least three different pathways including NF-𝜅B, mitogen-
activated protein kinases (MAPK), and death signaling
[33].

Contact of TNF and TNFR2 activates signal transduction
pathways such as NF-𝜅B and Jun N-terminal kinase and
also induces activation and proliferation of immune cells
(neutrophils, NK cells, B cells, and peripheral T cells). In
patients with chronic inflammatory diseases, but not in
patients with sepsis, there was a considerable success with
the administration of anti-TNF antibodies or soluble TNF
receptors in order to inhibit TNF activity.

Acute pancreatitis (AP) is a disease with incidence vary-
ing from 5 to over 100/100 000 people per year. Severity and
mortality rates also vary. The most frequent is mild form of
the disease, but severe acute pancreatitis (SAP), complicated
with local lesions and/or organ failure, is developed in
about 20% of the cases. Clinical course of SAP may be
fulminant, and the releasing of inflammatory mediators into
the bloodstream may affect distant organs. Hence, the major
cause of death in these patients is MODS which occurs as a
complication of SAP in 20–80% of the cases [34]. Recently,
we performed a study regarding plasma levels of TN-alpha,
as one of the most important cytokines in pathogenesis of
acute pancreatitis, in patients with severe acute pancreatitis
(SAP) on admission as predictors of severity and outcome
of SAP. Blood samples were obtained from 100 patients
with SAP. According to severity, patients were divided into
two groups: 69 patients were in SAP group and 31 in SAP-
induced MODS group. Fifty-three patients were alive 90
days after taking the blood sample for cytokine measurement
and thus were recorded as survivors. When comparing
SAP group with SAP-induced MODS group, we found that
mean values of TNF-alpha on admission were 191.5-fold
lower in group with SAP-induced MODS (𝑃 < 0.01).
When comparing nonsurvivors with survivors, we found
that mean values of TNF-alpha on admission were 63-fold
higher in survivors (𝑃 < 0.01). At cut-off level of 7.95 pg/mL
sensitivity was 83.9% and specificity was 72.5%. Patients
with TNF-alpha level lower that 7.95 pg/mL had 3.2-fold
higher probability to develop SAP with MODS. At cut-off
level of 10.5 pg/mL, sensitivity was 83.0% and specificity was
77.4%. Patients with TNF-alpha level higher than 10.5 pg/mL
had 4.8-fold higher probability to survive. We concluded
that TNF-alpha is good predictor of severity and outcome.
Low TNF-alpha concentration in patients with SAP predicts
development of MODS and fatal outcome in our study [35].
Several studies have produced conflicting results regarding
levels of cytokines in circulation and severity and outcome
of systemic inflammation in critically ill patients. Contrary
to some authors [36, 37] who found that high serum TNF-
alpha levels correlate positively with the severity of disease
and fatal outcome, we showed in our investigation that
patient with SAP-inducedMODS and fatal outcome had very

low serum TNF-alpha levels. Florence Riche with coauthors
found, as did we in our study, that in patients with abdom-
inal septic shock high serum TNF levels were associated
with increased survival [38]. The high serum level of TNF
may reflect the efficacy of peritoneal inflammatory response
against abdominal sepsis, and SAP belongs to that category.
Ten years ago Dugernier and coauthors published the results
of their interesting study regarding compartmentalization of
the inflammatory response during acute pancreatitis. Their
investigation was conducted in large cohort of 60 patients
with SAP in whom they did peritoneal lavage and thoracic
duct drainage at the onset of MODS [39]. In order to assess
the pro- and anti-inflammatory responses, the site of medi-
ator production, and their route of diffusion, they collected
simultaneous samples of ascites, thoracic lymph, and blood
at the onset of MODS and for the following 6 days. In
less than 15% of blood and lymph samples they detected
TNF-alpha and IL-1beta. Levels of secondary pro- and anti-
inflammatory cytokines were elevated in all compartments
from the beginning of investigation and throughout the entire
sampling period. Cytokine concentrations were the highest
in ascites and decreased from lymph to blood, suggesting a
splanchnic origin. Although a net proinflammatory activity
ascribed to IL-1beta was detected in ascites, a net anti-
inflammatory activity was measured virtually in all lymph
and blood samples. That indicates that the pancreas and the
splanchnic area are sites of proinflammatory response while
an early and sustained anti-inflammatory activity domi-
nates in circulating compartments. This suggests that local
proinflammatory stimuli induce rapid, robust, and dominant
anti-inflammatory response in circulatory compartments,
which may lead to an increased risk of developing sec-
ondary infection [40]. The timing of measurement of the
proinflammatory cytokines from the onset of the disease
is of great importance. In SAP, TNF-alpha is released in
circulation in the first few hours and rapidly disappears after
that. Because our patients presented to the ED at various
stages of SAP, in some cases the first samples might be
collected after this early TNF-alpha peak. In addition, the
presence of soluble TNF receptors can interfere with the
detection of unbound TNF. The production of cytokines at
various tissue sites depends, in part, on the proximity of
given site to the injurious stimulus. The magnitude of injury
may also influence the increase in cytokine levels. However,
it has been difficult to correlate plasma concentration of a
particular proinflammatory cytokine with the overall extent
of tissue damage in clinical trials. This is supported by the
fact that cytokines are a component of a paracrine system
that is involved in signaling the local presence of inflam-
mation to adjacent somatic tissue. Also, cytokines may
occur both as free secreted and cell-associate forms. TNF-
alpha exists as a high-molecular weight, cell-associated
membrane form in inflammatory cells. This form of TNF-
alpha acts by direct cell-to-cell contact. Its dual nature also
helps explainwhy systemic concentration of circulating TNF-
alpha may not be reflective of the degree of local TNF-alpha
activity.
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3. Immune Response in Severe Trauma with
or without Secondary Sepsis

In 1536 the army of King Francis I of France fought at the
city of Turin against the army of the Holy Roman Emperor
Charles V. After the French army recaptured the city in
1537, their surgeon general, Amroise Pare, wrote a passage in
which he reported inevitable consequence of nonfatal wound,
dreaded by soldiers. We now entitle Amroise Pare to be the
father of modern trauma surgery, and the described entity is
now termed posttraumatic sepsis [41].

Worldwide, in the general population under the age of
45, trauma is one of the main causes of death. Mortality
rate after major trauma is different regarding time period
after injury. First, we recognize the immediate effects of
trauma with death at the scene or within the first hour
with mortality rate of 53–72%. These deaths are common
consequences of massive head injury or bleeding.The second
peak is somewhat smaller and occurs in the first 24 hours.The
deaths are mainly due to hypoxia, hypovolemia, or traumatic
brain injury. In survivors, we recognize the third pattern,
characterized by high risk of developing immune dysfunction
and subsequently sepsis, leading to MODS with high mor-
tality rate. All severe posttraumatic complications (systemic
inflammatory response syndrome (SIRS), acute respiratory
distress syndrome (ARDS), and MODS) are directly related
to synthesis and release of inflammatory mediators into
the bloodstream, which is in fact the first hit—representing
the severity of injury itself, and then there is second hit,
such as surgical intervention and/or bacterial infection [42–
44]. Based on this concept, a new immunoinflammatory
paradigm in critically injured patients is developed [45].
Current concept explains the complications of severe injury
as the consequence of excessive proinflammatory response
(SIRS), representing excessive innate immune response, then
followed by compensatory anti-inflammatory response syn-
drome (CARS), representing suppressive adaptive immune
response. A second-hit phenomenon results from sequential
insults that lead tomore severe, recurrent SIRS andorgandys-
function. The proposed new paradigm considers rapid and
simultaneous induction of innate genes (both pro- and anti-
inflammatory) and suppression of adaptive immunity genes.
Recoveries from complications are delayed, and patients are
captured in prolonged state of immune-inflammatory dys-
regulation. Patient is defending against the bacterial invasion
by his/her first line of defense, epithelial barrier, but it is often
disrupted in trauma, allowing the penetration ofmicroorgan-
isms. Other lines of defense include activation of immune
cells and production of cytokines.

Six years ago we focused our research on immune
cytokine response in very specific group of injured patients,
namely, combat casualties, regarding secondary sepsis devel-
opment [46]. Combat operations are becoming more fre-
quent worldwide. Considering this, we wanted to evaluate
the immune response in combat casualties who suffered from
blast or explosive trauma, with or without secondary sep-
sis, and to assess the prognostic values of certain proinflam-
matory (TNF-alpha and IL-8) and anti-inflammatory (IL-
4 and IL-10) cytokines, regarding severity and outcome. To

our knowledge, until that time, next to nothing was done
in research of cytokine response to combat trauma with or
without sepsis in war time condition.

The study group consisted of 76 male combat casualties.
The moment of sustaining injury was establish in 76% of the
cases. In 61% of the cases time interval between sustaining
injury and admission, when the first set of blood samples was
taken, was 6 hours. In these patients, initial surgical treatment
was administered in Military Medical Academy (MMA) in
Belgrade. In the rest of the cases, time interval between injury
and taking the first blood sample was 12 hours, for these
patients were initially surgically treated in front line hospitals
and then transferred toMMA.Group I consisted of 56 casual-
ties with blast of explosive trauma who developed secondary
sepsis (trauma + sepsis group). The criteria for establishing
diagnosis of sepsis included positive blood culture. Group II
consisted of 20 casualties, selected to match Group I. They
all suffered from blast or explosive trauma equally severe
as in Group I, but without sepsis (trauma group). Trauma
severity was determined according to injury severity score
(ISS). In Group I there were 15 and in Group II 5 true blast
victims (without any evidence of being struck by any object)
in which ISS was determined intraoperatively. There was no
statistically significant difference in ISS between two groups
(mean± SD): 29±10.4 inGroup I (trauma+ sepsis) and 31.7±
12.5 in Group II (trauma), respectively. Also, there was no
statistically significant difference in percentage of abdominal
wounds between two groups (35.7% in Group I versus 40.0%
in Group II). Severity of shock according to SOFA score was
significantly higher in Group I (trauma + sepsis): 6.09 ± 3.73
versus 2.95 ± 3.87 (mean ± SD), 𝑃 < 0.01.

According to severity of clinical status the patients were
also divided into two groups, SIRS (less severe) and MODS
(more severe) group. When compared trauma + sepsis group
with trauma group, we found statistically highly significant
difference (𝑃 < 0.01) in IL-8, IL-10 and statistically sig-
nificant difference (𝑃 < 0.05) in TNF-alpha concentra-
tions; mean values of IL-8 were 230-fold, IL-10 42-fold, and
TNF-alpha 17-fold higher in trauma + sepsis group. When
comparing MODS with SIRS group, we found statistically
highly significant difference (𝑃 < 0.01) in IL-8, TNF-
alpha, and IL-10 concentrations; mean values of IL-8 were
60-fold, TNF-alpha 43.5-fold, and IL-10 70-fold higher in
MODS group. Concentrations of the same three cytokines
were significantly different (𝑃 < 0.01) when we compared
nonsurvivors with survivors; mean values of IL-8 were 2.3-
fold and IL-10 1.4-fold higher in non-survivors, while mean
values of TNF-alpha were 2.2-fold higher in survivors. Unex-
pectedly, concentrations of IL-4were not statistically different
between groups regarding secondary sepsis, severity, and
outcome.

Meduri proposed interesting explanation for poor out-
come in our patients with excessive proinflammatory and
anti-inflammatory response. Since some studies have shown
positive correlation between sustained and intense inflam-
matory responses and the incidence of bacterial infections,
he hypothesized that cytokines secreted by the host during
MODS may indeed favor the growth of bacteria and hence
establish a relationship between exaggerated and protracted
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systemic inflammation and the frequent development of
infections [47].

Last year, Charles Wade and his group published com-
prehensive, systematic review of the literature regarding
comparison of mortality associated with sepsis in the burn,
trauma, and general intensive care unit patients [48]. Sepsis
outcomes in these three distinct patient populations were
compared for the first time.Conclusion of this reviewwas that
trauma patients showed relatively low mortality associated
with sepsis, while in burn patients as well as in the older
critical care patients the prevalence of sepsis was higher
with worse outcomes. Out of 334 titles, 97 abstracts, and 65
full texts retrieved, 38 studies fulfilled strict criteria to be
reviewed. Our study was included with the highest level of
evidence rating (IV: evidence from well-designed studies)
and quality (A grade). The same group of authors suggested
that combining markers of inflammation and coagulation
and standard clinical indices would improve early predic-
tion of in-hospital mortality in burn and nonburn trauma
(but not combat trauma) patients [49]. They concluded
that, compared to previous methods, the proposed model
improves prediction of in-hospital mortality. In spite of our
best efforts, we could not find, in the literature available to
us, studies regarding systemic effects of cytokines in combat
casualties. What we did find were several articles regarding
inflammatory biomarkers and combat wound dehiscence
and healing. Most of them concluded that the cytokine and
chemokine protein and gene transcript expression patterns
demonstrate a condition of inflammatory dysregulation asso-
ciated with war wound failure and that molecular biomarker
panel may predict wound healing outcome and warrants
prospective validation [50–53]. In one study, encouraged by
the correlation between systemic and local inflammatory
cytokines and microbial colonization assessed by quanti-
tative cultures, authors proposed the concept of interplay
between the systemic response to injury and local wound
environment as a determinant of outcome [54]. The same
authors also stated that this relationship remains poorly
defined and requires further investigation in both clinical
and preclinical studies; we completely agree with that state-
ment.

Severe trauma, commonly followed by substantial blood
loss, leads to decreased endothelially derived NO, which
further leads to increased platelet aggregation, increased
neutrophil infiltration, and deregulation of vasorelaxation.
As a result, the increase of microvascular permeability, con-
comitantly with ultimate loss of endothelial integrity, simul-
taneously occurs. The first line of defense against invading
microorganism is formed by the innate immune responses,
which rapidly react to DAMPs. Adaptive immunity responds
slower because antigen-specific reaction requires initial sen-
sibilisation [55]. Antigen presentation after injury is the func-
tion of monocytes and macrophages as their mature phago-
cytotic phenotype. They recognize, uptake, and kill invad-
ing microorganisms, which initiate an adequate immune
response. In cases when this monocyte function is impaired,
antigen-presenting ability is decreased, together with dis-
rupted monocyte—T cell interaction; that has been related
to development of septic complications after severe trauma.

Restitution of monocyte function is reflected by the signifi-
cant increase of TNF-alpha, for example, after a temporary
state of predominant anti-inflammatory production of IL-4
and IL-10 by Th2 cells. Endogenous inflammatory mediators
such as TNF-alpha and NO activate premature apoptosis of
immune effector cells, which may contribute to the sepsis-
associatedMODS after severe trauma. Neurohumoral signal-
ing, via binding of glucocorticoids, catecholamines, or adren-
ergic agonists to the corresponding receptors on immune
cells, can, for example, suppress cytokine production and thus
impair a competent immune regulatory cell-cell interaction
[56]. The concept of T-cell mediated immunosuppression
is now somewhat improved by reports of the activity of
Th17 cells. This lineage of inflammatory CD4+ T-cell sub-
population exhibits particular developmental and phenotypic
characteristics different from both Th1 and Th2-types and
is capable of IL-17 production [57]. Numerous authors
use cytokines as prognostic markers regarding outcome of
trauma in patients with SIRS, sepsis, orMODS. Some authors
favor IL-6 in this regard and propose threshold level of
800 pg/mL on admission to be a good indicator for dif-
ferentiating between patients with or without organ failure
[58].

Besides its role in sepsis (as we elucidated in the first
part of this review), complement also plays a significant role
in activation of the innate immune system in contributing
to the pathogenesis of trauma-induced sequelae and adverse
outcome. Complement system takes part in the first line of
defense, where it acts as a potent effector of innate immunity,
which implicates this system in mediation of the early
posttraumatic inflammatory response. Despite its generic
beneficial functions, including pathogen elimination and
immediate response to danger signals, complement activa-
tion may exert detrimental effects after trauma in terms of
mounting an “innocent bystander” attack on host tissue.
Ischemia-reperfusion injury after trauma is classical example
of tissue damage mediated by complement activity. Comple-
ment activity may also exacerbate local and systemic inflam-
mation and release of toxic mediators, thus adding to the
“antigenic load.” This activity may consequently sustain SIRS
after major trauma, ultimately contributing to remote organ
injury and death. This pathophysiological pattern represents
the fundament of new therapeutic approach named site-
targeted complement inhibition [59].

Severe trauma commonly leads to major impairment of
the immune system. Hyperinflammation state after trauma
mediates remote organ damage and may lead to MODS,
while, on the other hand, immunosuppression enhances
risk of developing acquired infectious complications. Patho-
physiological substrates for these opposite consequences
of trauma involve the role of endogenous danger signals,
such as HMGB-1 and HSPs, generated in destroyed tissues,
which mediate trauma-induced immune dysfunction [60].
The major danger signals that initiate immune response after
trauma are dual-function alarmins HMGB-1, IL-1 alpha, and
IL-33. They play the most important role in activation and
propagation of the inflammatory response after disruption
of cellular integrity. The common characteristics of these
three alarmins are their activity as transcription factors and



8 Mediators of Inflammation

extracellular mediators of inflammation; however, each dual-
function protein exerts distinct functions. In addition, a
new field for investigation of danger sensing and transmis-
sion is opened by the discovery of mitochondrial DAMPs,
which activate immune response after cellular disruption by
mimicking bacterial infection [61]. Mitochondria emerged as
crucial mediators in the induction of apoptosis during trau-
matic shock [62]. Besides apoptosis, there is now evidence
of presence of necroptosis, a form of organized cell necrosis.
Necroptosis can be induced by TNFR and other so-called
death receptors [63, 64]. The important role of mitochondria
in activation of innate immunity is supported by the fact
that they contain constituents of their bacterial ancestors
which are potentially immunogenic [65]. Key receptor for
danger signals is TLR-4. This receptor has been extensively
studied, and ten TLR homologues have been identified in
humans. In addition to its ability to recognize the bacterial
LPS, it has been now revealed that TLR-4 can be activated
by danger signal molecules released after cellular injury.
Hemorrhagic shock and consequent resuscitation, that make
common chain of events following severe trauma, may lead
to global ischemia/reperfusion injury and MODS as a final
result.The potential role of TLR-4 in this process is supported
by its expression in liver, lungs, andmyocardiumduring hem-
orrhagic shock and resuscitation [66]. The immune response
may be influenced by the type of trauma. In the study of
Mace and coauthors, burns were associated with a greater
and more sustained immune-inflammatory response than
nonburn trauma (evidenced by increased concentrations of
IL-6 and IL-8 in plasma during the first week after trauma).
They found no association between MODS and plasma
cytokine concentrations [67].

There are several factors that contribute to the immune
response and end organ damage after trauma. Some etio-
logical factors are intrinsic, including genetic physiological
status and predisposition, while others are extrinsic, such as
type of injury (“trauma load” or “intervention load,” meaning
surgery). The only factor that can be altered by the attending
physician is the intervention load. The damage caused by
immune response to trauma hence may be attenuated by
the adjustment of the therapeutic approach and surgical
treatment strategy [68].

4. Is Immune Response in Sepsis and Trauma,
at Least in Part, Genetically Determined?

The inflammatory response contributes significantly to the
morbidity and mortality of critically ill patients and may
extremely vary between individuals. In patients with similar
infection, there is tremendous variability reported in the clin-
ical profile and outcome. The risk of sepsis and its outcome
are influenced by host predisposition [69, 70]. That predis-
position may be explained by interindividual genetic vari-
ability, represented by genetic polymorphisms [71]. Genetic
polymorphisms in the immune response to infection are
associatedwith the susceptibility to certain infection andwith
clinical outcome. Understanding the biology of inflammation
is significantly improved, but so far it is not followed by
substantial improvements in clinical outcome; furthermore,

the sporadic promising results have been related to support-
ive care efforts rather than to specific therapies. As a result,
mortality and cost of treatment of patients suffering from
severe infections remain high.

Twenty-five years ago, Sorensen and coauthors reported
that in adult adoptees the risk of dying from infection has
been 5.81-fold higher when one of their biologic parents
died of infection before the age of 50. This risk exceeded
the relative risk (RR) of dying of malignancy (1.19) and
cerebral and/or cardiovascular causes (4.5). These findings
suggest a significant genetic susceptibility to lethal infection
and sepsis [72]. Studies performed in order to determine
polymorphisms related to sepsis have been mainly focused
on one or more polymorphisms for specific genes that
generate proteins involved in immune response in sepsis
such as pro- and anti-inflammatory cytokines and elements
of innate immunity and coagulation/fibrinolysis pathways.
Severe injury also activates the innate immune response as
part of the inflammatory response, which in turn can lead to
secondary MODS, so there may be genetic predisposition to
adverse effects due to trauma [73]. The connection between
phenotype and sepsis has been established by genetic map-
ping of the single nucleotide polymorphisms of IL-6, IL-18,
TNF-alpha, IFN-gamma, and TLRs [74].

The most common form of stable genetic variation in the
population is a single nucleotide polymorphism (SNP), which
refers to single-base-pair positions in genomicDNA inwhich
sequence alternatives exist with a frequency of more than 1%.
SNPs are not the cause of disease itself, but they may alter
the risk for disease development.Theymay also influence the
outcome of a disease. Of all SNPs in the human genome, it
has been estimated that 10% have the potential of modifying
some biologic processes [75].

Three years ago we investigated whether distributions
of TNF-alpha

308
, IL-10

1082
, CD14

159
, and IL-1ra gene intron

2 genotypes in critically ill are associated with outcome,
underlying cause of sepsis, type of microorganism. Blood
samples from 106 critically ill Caucasian patients (severe
acute pancreatitis, secondary peritonitis, and trauma with
or without sepsis) were genotyped by methodology based
on polymerase chain reaction (PCR) for TNF-alpha

308
, IL-

10
1082

, cluster of differentiation, CD14
159

, and IL-1 receptor
antagonist gene intron 2. All patients with TNF-alpha

308
AA

genotype survived; RR of death in patients with AG was
3.250 and with GG 1.923 (𝑃 < 0.01). In patients with Gram-
positive sepsis IL-10

1082
AA and then AG genotypes were the

most frequent ones (OR 18.67 and 7.20, resp., 𝑃 < 0.01).
When comparing IL-10

1082
AA with AG, RR of pancreatitis

being underlying cause of sepsis was 1.80; ORwas 3.40.When
AA and GG were compared, RR was 7.33; OR was 20.00.
In patients with GG, RR of peritonitis being underlying was
4.07; OR was 5.88 (𝑃 < 0.01). In patients with Gram-positive
sepsis CD14

159
CT was the most frequent one with OR 5.25.

Distribution of six IL-1ra gene intron 2 genotypes showed
no significant association. We concluded that distribution
of TNF-alpha

308
genotypes is associated with outcome, IL-

10
1082

with type of microorganism and underlying cause of
sepsis, and CD14

159
with type of microorganism [76]. We are

aware that there are inconsistent findings in current studies
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of genetic association in human trauma and/or sepsis (same
as ours, opposite to ours, or with no association at all).
Strict critics have focused on methodological and analytical
problems (namely, underpowered studies), but they also state
that, for example, it has been calculated, for a general ICU
population with sepsis or septic shock, that a sample size of
2000 patientswould be required to detect amortality RRof 1.5
from any polymorphism to confidently exclude false negative
associations. To our knowledge no genetic association study
recruited this number of patients. Until then, relatively small
population studies should be taken into account.

Identification of strong associations between certain
genetic polymorphisms and increased mortality rate, under-
lying cause of sepsis or the type of infecting microorganism,
is intriguing and requires further research. Despite previously
mentioned limitations of the most studies of association
between genetic polymorphisms and sepsis, this approach is
promising. Genetic andmolecular aspects of host immunoin-
flammatory response to various insults in critically ill patients
are complex, and establishing a certain association does not
mean revealing the causative relationship. Genetic studies
might allow for earlier differentiation among patients with
immunoinflammatory response to either infection or trauma,
allowing for more focused and timely treatment. Molecular
profiles might be established to distinguish a good versus a
poor response to therapeutic intervention.
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