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which have been shown to be successful may be implemented
as soon as possible.

The original model for sepsis was the immune response to
endotoxin, a lipopolysaccharide (LPS) found in the cell walls
of Gram-negative bacteria4. Endotoxin is an excellent
example of a pathogen-associated molecular pattern
(PAMP). Innate immune cells such as macrophages have
receptors that recognize different types of PAMPs5. Toll-like
receptors (TLRs) and lectin receptors on the cell surface
recognize a variety of bacterial substances in the extra-
cellular space. In fact, the receptor for LPS was the first TLR
found in mammals. Other types of receptors in the cytoplasm
recognize bacterial peptidoglycans and/or nucleic acids.
When engaged by bacterial ligands, these receptors stimulate
macrophages to produce tumor necrosis factor (TNF),
interleukin-1b (IL-1b) and IL-6. These three pro-inflamma-
tory cytokines produce a systemic inflammatory response
which is characteristic of early sepsis, and for many years
physicians believed that sepsis essentially represented an
unusually robust reaction on the part of the innate immune
system to a bacterial infection.

A consensus conference in 1991 defined ‘‘sepsis’’ as the
combination of an infection with two or more features of what
was called the ‘‘systemic inflammatory response syndrome’’
(SIRS): altered body temperature, elevated pulse rate,
elevated respiratory rate and abnormal white blood cell
count6. An update to that original definition, published in
20037, expanded the criteria to include other signs and
symptoms commonly seen in critical illness (Table 1).
In addition, the update recommended that physicians make
the diagnosis of sepsis when infection is strongly suspected,
even if documentation is lacking. This change reflected the
fact that it was often very difficult to identify an infection in
patients based on characteristic clinical signs and symptoms,
which made the use of the earlier definition problematic.
It also highlighted the fact that most of the clinical features
of sepsis are similar regardless of the nature of the infection.
In septic patients, it appears that the immune response, not the
inciting microorganism, is the problem.

Most investigators credit Dr Roger C. Bone with the
recognition that there was more to sepsis than the exuberant
hyper-inflammatory SIRS8. Bone helped to stress the
importance of a ‘‘compensatory anti-inflammatory response

syndrome’’, which he called CARS9, that often follows the
hyper-inflammatory phase, especially in patients who develop
what is called ‘‘severe’’ sepsis (Figure 1). In severe sepsis,
evidence of widespread organ dysfunction is also present.
This may include lung, liver and/or kidney injury, as well as
cognitive impairment. So-called septic shock, in which
patients suffer cardiovascular collapse and often are unre-
sponsive to fluid resuscitation and vasopressor therapy, is
often the terminal event of severe sepsis.

The cause of the organ failure in severe sepsis is unknown,
but it resembles the multiple organ dysfunction syndrome
(MODS) seen in patients who survive serious traumatic
injury10. Many investigators now consider both sepsis and
post-traumatic MODS to represent the same stereotypical
immunologic response to a severe insult. In this paradigm, the
innate immune system initially generates a pro-inflammatory
state in response to PAMPs, or in the case of tissue injury, in
response to similar molecules called damage-associated
molecular patterns (DAMPs) that are derived from damaged
host cells. In most patients, this pro-inflammatory response is
self-limited, even in the absence of effective treatment. But, in
patients who develop sepsis, the response is exaggerated (or
‘‘hyper-inflammatory’’) and leads to a compensatory down-
regulation of the immune system. It is not clear why this
happens in some patients and not others. A major risk factor
appears to be some degree of pre-existing immune dysfunc-
tion. For instance, elderly patients (who usually have some
degree of immunodeficiency) and immunosuppressed patients
both have a higher incidence of sepsis, as well as a higher
mortality rate. Some other underlying factor or genetic
predisposition may also be involved. This subject has been
recently reviewed by Chung and Waterer11.

As the paradigm of sepsis pathogenesis has evolved over
time and as different therapeutic approaches to sepsis have
been tried, different biomarkers have been used for diagnosis
of sepsis and monitoring of treatment. The initial focus in the
1980s was on the early hyper-inflammatory phase, and high-
dose corticosteroids were an important component of sepsis
treatment12. TNF, IL-1b and IL-6, the three pro-inflammatory
cytokines that produce SIRS, as well as C-reactive protein
(CRP), a well-established member of the group of proteins
whose synthesis in the liver is up-regulated by IL-6, were all

Figure 1. Sepsis may be divided into two phases. Following infection, a
hyper-inflammatory phase is characterized by SIRS. This may resolve or
the patient may progress to what is called severe sepsis. During this
phase, there is evidence of CARS with immunosuppression and multiple
organ dysfunction. This may also resolve, especially with appropriate
support, but it often leads to death.

Table 1. Definitions of sepsis.

Criteria for SIRSa

Two or more of the following are required:
! Body temperature438 "C or536 "C
! Heart rate490 beats/min
! Respiratory rate 420 breaths/min (or arterial pCO2 532mmHg,
indicating hyperventilation)

! White blood cell count 412.0# 109/L or 54.0# 109/L (or 410%
immature forms)

Sepsis¼ Infectionþ SIRS
Severe sepsis¼ Sepsisþ evidence of organ dysfunction

The 2001 update to the Definitions stresses that documentation of
infection may not be required for the diagnosis of sepsis if strong
suspicion exists. Additional criteria, such as altered mental status,
edema, hyperglycemia in the absence of diabetes, and elevated CRP or
elevated PCT, are also included.

aSee references Wang et al.3 and Ulevitch and Tobias4.

24 J. D. Faix Crit Rev Clin Lab Sci, 2013; 50(1): 23–36
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CARS (illustrated in Figure 1), there is experimental and
clinical evidence that the seeds of the down-regulation of both
innate and adaptive immunity are sown relatively early while
the pro-inflammatory phase is ascendant.

Analysis of cytokine production in the CLP model of
sepsis shows that both pro- and anti-inflammatory cytokines
are elevated early on and that both may help predict
outcome126. This observation has been confirmed in studies
of human patients with sepsis as well. For instance, in a
cohort study of almost 2000 patients with community
acquired pneumonia in whom 30% developed severe sepsis
and 26% died, elevated cytokine levels were present in the
majority of the patients (82%) at presentation to the ED.
Cytokine levels were highest in those patients who died of
severe sepsis and the pattern associated with the highest risk
of death was marked elevation of both the pro-inflammatory
cytokine IL-6 and the anti-inflammatory cytokine IL-10127.
A similar significant association between early elevation
of IL-10 and development of severe sepsis was found in
critically ill hospitalized patients128. We also know that the
loss of cell-surface HLA-DR on circulating monocytes occurs
very early and that the transition to severe sepsis is
characterized, not by the loss of HLA-DR expression, but
by its failure to return to normal129.

Gene expression profiling of patients, using RNA extracted
from circulating PMNs and oligonucleotide microarrays, tends
to support a more sequential process. Although there is an
enhanced expression of pro-inflammatory cytokine genes in
both early and severe sepsis, enhanced expression of anti-
inflammatory cytokine genes, such as IL-10 and TGF-b, was
seen only in severe sepsis130. Also, pathway analysis of the
transcriptome studies confirms a pattern of immunosuppres-
sion of the adaptive immune system primarily in patients with
severe sepsis. Expression of nuclear factor-kB, a transcription
factor important for the activation of T-cells and B-cells, was
diminished and expression of its inhibitor was enhanced in
patients with sepsis, but not SIRS131. This discrepancy between
the sequential model originally proposed by Bone and what
might be called the concurrent model (Figure 5) suggested by
van der Poll and van Deventer132 needs to be addressed.

Finally, the model usually ascribes survival to some event
during the immunosuppressive phase that allows immune
function to return to normal133. What is this event, and what
factors contribute to it? A marker or, more likely, a panel
of markers which could identify those patients who are moving
from the hyper-inflammatory state to the anti-inflammatory
state of sepsis could help identify patients who would benefit
from novel therapies designed to restore immune function.

Recently, at least two studies have attempted to combine
pro-inflammatory and anti-inflammatory markers. Andaluz-
Ojeda et al.134 utilized an automated multiplexed immunoas-
say approach to simultaneously measure almost 20 different
cytokines in approximately 30 patients with severe sepsis.
Levels of IL-6 and IL-8 (both of which can be considered pro-
inflammatory), as well as IL-10 and MCP-1 (both of which
can be considered anti-inflammatory) were all higher in
patients who died (mortality rate was 59%), and a combined
score was more predictive than any one cytokine, whether or
not the hazard ratio was adjusted for the APACHE score.
Gouel-Cheron et al.135 combined monocyte HLA-DR

expression using flow cytometry with IL-6 and IL-10 levels
by immunoassay in 100 trauma patients admitted to the
intensive care unit; 37% developed sepsis, but mortality was
low (and probably not very different from patients who did
not develop sepsis). In this study, plasma IL-10 was not
measurable but the combination of a lack of increase in
monocyte HLA-DR expression and elevated IL-6, after
adjustment for the degree of trauma, was a powerful predictor
of the development of sepsis, more than doubling the odds
ratio of either biomarker alone.

This approach, in which markers of the hyper-
inflammatory state are combined with markers of the
anti-inflammatory state, is the one most likely to succeed in
predicting the onset of severe sepsis in future studies.

Conclusion

Rory Staunton was a 12-year-old boy who grew up in
Queens in New York City. During gym class on Wednesday,
March 28, 2012, he dove for a basketball and scraped his arm.
He did not think much of it but, later that night, his leg began
to hurt. Waking up on Thursday, March 29, he felt weak and
nauseous. His mother took his temperature and, when she saw
that it was 104 !F, she called the family’s pediatrician who
saw Rory in her office that afternoon. The doctor was
concerned because Rory had vomited in the pediatrician’s
waiting room and his temperature was still very elevated.
The pediatrician recommended that his mother take him to
a nearby medical center’s ED.

Rory and his parents arrived at the ED at approximately
7 pm that evening. Convinced that he probably had a viral
infection of some kind, he was treated with an anti-emetic and
hydrated. Blood was drawn for laboratory testing but he was
discharged before the results were reported. His white blood
cell count was elevated with an increase in immature band
forms, but, apparently, no one made any note of these results.
On the morning of Friday, March 30, Rory had a bout of
diarrhea which actually reassured his parents because this had
been predicted by the ED physician as part of the likely
resolution of his gastrointestinal virus. However, Rory
remained very weak and could not get out of bed on

Figure 5. An alternative model for the progression of sepsis to severe
sepsis proposes that the CARS begins while the pro-inflammatory SIRS
is still present. Understanding the interplay of these opposing features
may help investigators discover the pathogenesis of the organ
dysfunction that occurs in patients who develop severe sepsis (and die).

32 J. D. Faix Crit Rev Clin Lab Sci, 2013; 50(1): 23–36

Van der Poll T, van Deventer SJH.. Infect Dis Clin North Am 1999;13:413–26
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investigated as potential biomarkers. In the 1990s, investiga-
tors discovered that the levels of procalcitonin (PCT), the
precursor of the hormone calcitonin, were elevated in patients
with bacterial infection, and it emerged as another potential
biomarker13. Elevations of both CRP and PCT were added to
the updated definition of sepsis in 2003. Then, in the early
part of the past decade, studies of intensive ‘‘goal-directed’’
treatment of severe sepsis and septic shock used elevated
lactate levels to guide therapy14, and obtaining a lactate level
when monitoring patients at risk of developing sepsis became
standard practice. Recently, as therapies targeting the anti-
inflammatory phase of sepsis have begun to enter into clinical
trials15, novel biomarkers that attempt to detect changes
associated with the down-regulation of the immune system
have also been studied.

No single biomarker of sepsis may be ideal, but many are
helpful in terms of at least identifying critically ill patients
who need more careful monitoring so that the condition may
be diagnosed and treated as soon as possible. This review will
discuss all the major types of biomarkers of sepsis which have
been proposed, and will try to place them within the context
of both the different stages of sepsis and the targeted
therapeutic approaches.

Pro-inflammatory cytokines as markers of the
hyper-inflammatory phase of sepsis

TNF, IL-1b and IL-6 are the cytokines that mediate the initial
response of the innate immune system to injury or infection.
TNF and IL-1b both activate endothelial cells, attracting
circulating polymorphonuclear leukocytes (PMNs) to the site.
They also enter the circulation, causing fever and other
systemic symptoms. IL-6 enhances the liver’s production of
the so-called acute phase reactants, including CRP, and also
stimulates a shift in the production of cells in the bone
marrow so that more PMNs are produced. Therefore, these
three cytokines are essentially responsible for the features of
SIRS and could be potentially useful as biomarkers of sepsis
(Figure 2).

TNF and IL-1b levels are both elevated in endotoxin-
related Gram-negative sepsis. Indeed, administration of TNF
(or IL-1b) to experimental animals is as effective as endotoxin
itself in terms of inducing septic shock16. However, the pre-
treatment TNF level does not appear to affect outcome
in clinical trials that use anti-TNF antibody therapy17,18.
Levels of IL-1b are not elevated to the same degree as TNF19,
and the role of IL-1b, the related IL-1a, and the naturally
occurring IL-1 receptor antagonist in the development of
sepsis remains somewhat controversial20. For these reasons,
neither TNF nor IL-1b has emerged as a major biomarker
for sepsis.

Of the three major pro-inflammatory cytokines, IL-6 has
received the most attention. It is more reliably measurable in
plasma than the other two cytokines, and it also has other
potential clinical uses, such as diagnosis and management of
autoimmune rheumatic disorders. Unlike TNF and IL-1b,
immunoassays, including some designed to be performed at
the patient’s bedside, are commercially available21. However,
like TNF and IL-1b, IL-6 is not specific for sepsis, and its
major role as a biomarker of sepsis appears to be prognostic,
not diagnostic. Numerous studies have shown that elevated
levels of IL-6 in septic patients are associated with an
increase in mortality22–24. This has been demonstrated even
more powerfully in a mouse model of acute septic peritonitis
(cecal ligation and puncture, or CLP) in which IL-6 levels not
only predict survival, but also are able to target those mice
that could benefit most from treatment25. Thus, IL-6 meets
one of the desired attributes of an ideal biomarker of sepsis
because it may be able to identify those patients with sepsis
who are at increased risk of developing severe sepsis, and who
therefore need supportive therapy.

Another group of pro-inflammatory cytokines which have
been investigated as biomarkers of sepsis are the chemotactic
cytokines called chemokines. Although the classification of
chemokines is based on the arrangement of their amino-
terminal cysteine residues, there are two major types, based
on function26. Homing chemokines help to organize the
adaptive immune system, especially in secondary lymphoid
tissue, while inflammatory chemokines attract PMNs and
monocytes to sites of inflammation and enhance their
movement through the blood vessel wall. Therefore, many
inflammatory chemokines are potential biomarkers of
sepsis, and some have been shown to be superior to IL-6.
These include the chemokine IL-8 for diagnosis of sepsis27

and monocyte chemoattractant protein (MCP-1) for prediction
of sepsis mortality28. Although it promotes inflammation
by attracting monocytes to sites of injury or infection,
MCP-1 may also promote the synthesis of IL-10, an anti-
inflammatory cytokine discussed below. As such, MCP-1
may represent a key element in the evolution of sepsis
from the pro-inflammatory phase to the immunosuppressive
phase.

PCT and CRP as biomarkers of sepsis

PCT and CRP are both proteins produced in response to
infection and/or inflammation. They are probably the two
most widely used clinical tests to diagnose and manage
patients with sepsis, with the exception of lactate.

Figure 2. Sepsis begins with either infection or tissue injury. PAMPs
from invading organisms or DAMPs from injured tissue cells (or both)
are recognized by macrophage receptors such as the TLRs. This results
in the production of pro-inflammatory cytokines such as TNF, IL-1b and
IL-6 and chemokines such as IL-8 and MCP-1. IL-6 stimulates the liver
to produce CRP and complement proteins. Many cells in the body also
produce PCT in response to both infection and injury.
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using the optimal cut-off68. It is likely that this test will
receive more widespread acceptance, especially because it is
available on some of the automated hematology analyzers
used to measure the total WBC count, a commonly ordered
test in sepsis evaluations.

The expression of the integrin CD11b, which enhances the
ability of neutrophils to adhere to the endothelium in sites
of inflammation, is also increased in bacterial infection, and
some have proposed the use of both CD64 and CD11b
together to diagnose sepsis69. Several other neutrophil
activation markers have been investigated as potential
biomarkers of sepsis but they have been measured in
plasma by immunoassay, either as soluble versions of the
cell-surface proteins or because the proteins are released
during degranulation. Most of these have been investigated in
experimental models of sepsis and reports of their usefulness
in clinical settings are limited.

The best studied is probably the triggering receptor
expressed on myeloid cells-1 (TREM-1). TREM-1 is a
member of the immunoglobulin superfamily which, like
CD64, is up-regulated when PMNs are exposed to bacteria70.
However, clinical studies of the ability of the soluble form
of TREM-1 to reliably identify patients with sepsis have
not been promising71. A recent report in which soluble
TREM-1 predicted poor survival in ED patients more
accurately than either PCT or CRP may renew interest in
this biomarker72.

Heparin-binding protein (HBP, also known as azurocidin)
is released from PMN granules when the surface integrins of
the PMNs engage selectins on the endothelial cell surface73.
It alters endothelial cytoskeletal structure and induces
disassembly of the intercellular junctions, enhancing the
ability of the PMNs to pass through the endothelial cell
barrier. One study showed it to be an excellent predictor of the
severe edema and vascular collapse seen in severe sepsis74.
This would make HBP an excellent biomarker for severe
sepsis, but there has not been any significant follow-up to
these initial reports.

Activation markers such as CD64, CD11b and TREM-1
are also expressed on monocytes. However, investigation of
monocyte activation markers as potential biomarkers of sepsis
has focused on the soluble form of the receptor for advanced
glycation end-products (RAGE). Just as the receptor for
endotoxin is an excellent example of a PAMP receptor, RAGE
may be considered the prototype of a DAMP receptor.
Although originally believed to be specific for oxidized cross-
linked glycated protein (hence its name), it appears to also be
able to bind a large variety of DAMPs. These include high-
mobility group box 1 (HMGB1), a non-histone DNA-binding
protein and other proteins released by necrotic, but not
apoptotic, cells75. In 2008, detection of elevated circulating
soluble RAGE (sRAGE), produced by either alternative
splicing or proteolytic cleavage of the extracellular domain
of the membrane receptor, was able to predict survival
in severe sepsis76. Recently, elevated sRAGE levels were
similarly predictive of poor survival in patients with
community-acquired pneumonia77. There is controversy
about the potential use of sRAGE as a biomarker of sepsis
in patients with pneumonia, however. Lung alveolar type 1
cells normally express high levels of RAGE and, therefore,
sRAGE levels may be elevated in pulmonary infection in the
absence of sepsis78.

The TLR on the surface of macrophages and monocytes
that recognizes endotoxin requires the assistance of another
membrane-bound protein, CD14, as well as an acute phase
reactant (lipopolysaccharide-binding protein or LBP) which
facilitates endotoxin binding to CD14. Although several
studies have shown that elevated levels of LBP can identify
patients with infection, at very elevated concentrations this
protein effectively neutralizes LPS, and may even be anti-
inflammatory79. Therefore, LBP may be less discriminating
than other biomarkers with regard to risk of developing severe
sepsis80. Recently, however, there has been interest in
measuring a soluble form of CD14 as a biomarker of sepsis.
Soluble CD14 levels were shown to be comparable to PCT for
diagnosis of bacterial infection81 and correlated with the
degree of severity in septic patients82.

Detection of infectious organisms and their
products in sepsis

If sepsis is defined as SIRS in a patient with infection, then
the ultimate biomarker would be the identification of the
microorganism responsible. This would not only confirm the
diagnosis; it would also provide a specific target for therapy.
Despite the fact that sepsis may represent an unusual response
to infection which might not be successfully treated by

Figure 3. Activated inflammatory cells up-regulate a number of proteins
which may be detected as biomarkers of sepsis, either on the cell
surface or as soluble forms in plasma. (a) An unstimulated PMN; (b) a
stimulated PMN with darker (‘‘toxic’’) granules and a Dohle body
(arrow); (c) frequently utilized biomarkers of sepsis related to PMNs
include CD64, the soluble forms of TREM-1 and CD11b, and HBP.
(d) Frequently utilized biomarkers of sepsis related to macrophages or
monocytes include the soluble forms of CD14 (which facilitates
recognition of bacterial lipopolysaccharides) and the receptor for RAGE.

28 J. D. Faix Crit Rev Clin Lab Sci, 2013; 50(1): 23–36
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МУТАЦИЯ ЛЕЙДЕНА  (МЛ) У БОЛЬНЫХ 
МЕНИНГОКОККОВОЙ ИНФЕКЦИЕЙ И 
ТЯЖЕЛЫМ СЕПСИСОМ ДРУГОЙ ЭТИОЛОГИИ

Показатель Менингококковая
инфекция

Тяжелый сепсис 
другой этиологии

Всего % МЛ Всего % МЛ
Всего 23 31 10 40
Выжило 18 20 5 20
Умерло 5 60 5 60

Выводы: 
o Диспропорциональное распределение пациентов с 
МЛ среди умерших и выживших 
o Высокая вероятность тромбозов у умерших пациентов
o Прогнозируемая неэффективность активированного 
протеина С при наличии мутации Лейдена 

Городнова ЕА и соавт. Клиническая анестезиология и реаниматология. 2006, 3 ()1: 40-55.



ПРОГНОСТИЧЕСКИЙ УРОВЕНЬ РАЗЛИЧНЫХ 
МАРКЕРОВ
Показатель Выжившие  

(204)
Погибшие 
(49)

p Тенденция

SOFA 4 (2-6) 8 (5-11) 0.000 

Lactate mmol/L 1.90 (1.30-2.98) 4.10 (2.30-7.70) 0.000

Systolic BP 

mmHg 

100 (80-120) 82 (70-100) 0.001 

Glasgow 14 (13-15) 13 (12-14) 0.000

Ferritin ng/mL 339 (157-757) 1103 (385-2000) 0.000

LDH UI/L 440 (332-670) 995 (608-2279) 0.000

Insulin μU/mL 12.3 (7.73-24.9) 8.4 (3.9-19.5) 0.003 

Transferrin 

mg/dL

164 (130-205) 119 (91-132) 0.000

PCT ng/mL 1.07 (0.25-3.64) 3.86 (0.46-11.3 0.032 

CRP μg/mL 17.2 (9.0-27.5) 18.6 (9.8-29.4 0.687 

TNFα pg/mL 15.8 (10-27.4) 22.5 (11.8-49.1) 0.012 

IL-6 pg/mL 49.1 (23.1-13) 145 (49.3-422) 0.000

M. Suárez-Santamaría, et al. Eur. Cytokine Netw., 2010, 21 (1), 19-26 



СРАВНЕНИЕ КОЛИЧЕСТВА 
ФОЛЛИКУЛЯРНЫХ ДЕНДРИТНЫХ 
КЛЕТОК (CD21) И СD4 Т-КЛЕТОК У 
ПАЦИЕНТОВ ТРАВМОЙ И СЕПСИСОМ

CD21

CD4

Травма Сепсис
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eradicating the microorganism, many have searched for ways
to better detect the presence of pathogens in critically ill
patients at risk of developing sepsis.

Blood cultures to detect bacteremia are the mainstay of
such attempts when patients do not display localizing signs or
symptoms. The presence of SIRS has been shown to increase
the likelihood that the blood culture will be positive83 but, as
has been noted above, blood cultures are often negative in
patients with clinical sepsis. Many approaches to the detection
of bacteremia by amplifying specific target nucleic acid
sequences using polymerase chain reaction (PCR) or other
techniques have been applied to both blood culture bottles and
patient blood samples84. These include real time multiplexed
PCR systems designed to detect the most frequently observed
bacteria (and fungi) in patients with sepsis, as well as
amplification of universal 16S and 18S ribosomal ribonucleic
acid (RNA) followed by sequencing of the amplification
target. In a prospective study of severe sepsis in a surgical
intensive care setting, PCR techniques identified approxi-
mately twice the number of positive specimens compared
with conventional blood culture85. This approach has promise
but it will be important to document that PCR-positive, blood
culture-negative specimens are not false positives by
correlating the results with other clinical data86.

PAMPs produced by microorganisms and DAMPs released
during tissue injury have themselves been investigated as
biomarkers of sepsis. During the past decade, endotoxin, the
classic PAMP, has been studied in patients with critical illness
and sepsis using a unique immunoassay approach, which
is easier to perform than the traditional test that relies
on coagulation of the hemolymph of the horseshoe crab.
An antibody to a conserved lipid moiety forms immune
complexes in the patient’s whole blood with any endotoxin
present, and these interact with the patient’s neutrophils
to produce an oxidative burst response that is measured by
chemiluminescence87.

In 2004, a large observational study showed that endotoxin
was present in more than one-half of all patients admitted to
intensive care units on the day of their admission, despite the
fact that only a small number had documented bacterial
infection. Approximately, 10% of the patients in this study
developed severe sepsis, and the level of endotoxin was a
significant risk factor88. This observation has been confirmed
by several subsequent studies, although the utility of the
endotoxin assay in patients who do not have documented
gram-negative bacterial infection or who have only inter-
mediate levels of endotoxin is unclear. The addition of other
biomarkers, such as PCT, may be necessary to reliably
identify risk in such patients89.

HMGB1 is elevated in most patients with severe sepsis90.
However, there have been discrepancies in several reports
which have correlated levels with organ dysfunction using
Sequential Organ Failure Assessment (SOFA) scores, and
there is a consensus that HMGB1 levels do not offer any
helpful prognostic information with regard to survival91.
Another important category of DAMP is a group of S100
proteins, called calgranulins or myeloid related proteins, that
are expressed on myeloid cells and form heterodimers when
released from damaged neutrophils during inflammation.
Despite the fact that mice deficient in these proteins show

enhanced survival in an experimental model of abdominal
sepsis, and the observation that blood levels of these
proteins are elevated in patients with sepsis92, there is not
yet any significant evidence that they are clinically useful as
biomarkers of sepsis.

Biomarkers of the immunosuppressive phase
of sepsis

Bone recognized the importance of CARS, which follows the
hyper-inflammatory state in septic patients, more than
15 years ago12. Recently, several biomarkers of the immuno-
suppressive phase of sepsis have received considerable
attention (Figure 4).

The earliest sign of dampening of the immune response,
in both patients with sepsis as well as patients who survive
severe traumatic injury, is a reduction in the expression of the
Class II major histocompatibility complex (MHC) proteins
(HLA-DR) (HLA, human leukocyte antigen) on the surface
of macrophages and other antigen-presenting cells. These
proteins display peptides derived from phagocytized protein
to T-cells. If recognized by the T-cell’s unique antigen
receptor, and the appropriate ‘‘second signal’’ is also
transmitted via co-stimulatory molecules, T-cell activation
occurs. Clinical studies have focused on monocyte HLA-DR
expression, which is markedly suppressed in most patients
with sepsis at onset but recovers within ten days in
survivors93. As mentioned, it may also be suppressed after
major trauma, and the failure of levels to return during the
first week of hospital stay is an accurate predictor of the
development of sepsis in these patients94. Low levels of
HLA-DR expression predict poor survival95 as well as
increased risk of nosocomial infection96.

Autopsy studies by Hotchkiss et al.97 demonstrated that
patients who died of severe sepsis had significant depletion
of T-cells and B-cells in the spleen, and these investigators
have recently extended these studies using spleen tissue
harvested immediately after death from patients with active
severe sepsis98. Compared with control spleens, the number

Figure 4. There is significant evidence that patients with severe sepsis
have defective adaptive immunity. Macrophages (or monocytes) may
lose expression of the Class II MHC proteins which display foreign
peptide to the TCR. However, more importantly, T-cells upregulate
expression of CTLA-4, an alternative ligand for the co-stimulator
B7 on the antigen-presenting cell. Instead of providing co-stimulation
and activation of the T-cell, which would occur if B7 interacted with
CD28, interaction with CTLA-4 results in T-cell unresponsiveness and,
eventually, death by apoptosis.
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Супрессия Т-клеток
Предиктор летальности при позднем сепсисе



ОСОБЕННОСТИ  
СОСТОЯНИЯ 
ИММУННОЙ СИСТЕМЫ
Механизмы саморегуляции:
o Иммунная толерантность
o Контроль нежелательных иммунных реакций
o Контроль избыточных иммунных реакций 
Обеспечиваются сетью контрольных пунктов
o Комплекс мембранных рецепторов и их лигандов, 

действующих как иммуномодуляторы
o Супрессирующих или активирующих ключевые 

сигнальные пути и модулирующие эффекторные
функции клеток 

o Описано более 20 иммунорегуляторных путей



НАИБОЛЕЕ ИЗУЧЕННЫЕ 
ИММУНОРЕГУЛЯТОРНЫЕ
ПУТИ ПРИ СЕПСИСЕ
o PD-1/PD-L1/ PD-L2 

o TIM-3/Galectin-9

o CTLA-4 и LAG-3 [25]

При активации клеток эти рецепторы появляются на 

поверхности, обеспечивают очень высокий уровень  

активности (включая секрецию множества цитокинов)

Их количество снижается после фазы активации, после 

разрешения острого повреждения, что приводит к 

восстановлению тканей и заживлению ран, 

формирование иммунной памяти 

Chen L, Flies DB. Nat Rev Immunol 2013;13(4):227–242 



damage. A major arm of this multifaceted immunoregula-

tory network are the checkpoint receptors, a complex array
of membrane receptors and their ligands that act as immune

modulators, suppressing or activating key signal transduc-

tion pathways and modulating effector cell functions. By
doing so, they fine-tune the magnitude, spread and breadth

of the immune response, containing it and making it

effective (Figs. 1a, 2a). Some of the main negative immune
checkpoints that are currently being investigated in cancer,

chronic viral infections and sepsis include the PD-1/PD-L1/
PD-L2 pathway, the TIM-3/Galectin-9 pathway, CTLA-4

and LAG-3. However, there is an ever-increasing list of

receptors and currently more than 20 endogenous
immunoregulatory pathways have been identified and at

least partly characterised [25].

Upon acute cell activation, these receptors appear on the
cell surface concurrently with the acquisition of a very

active functional profile (including secretion of multiple

cytokines) [26] and are subsequently downregulated during
the immune contraction phase, when the acute insults are

resolved, tissue repair and wound healing mechanisms

become predominant and immunological memory is

consolidated. Instead, during chronic inflammation,

chronic infections, cancer or sepsis, characterised by high
levels of antigen and proinflammatory cytokines, multiple

immunosuppressive checkpoint receptors are persistently

hyper-expressed on the cell surface and are continuously
activated, chronically suppressing immune cell functions.

This phenomenon, called immune ‘‘exhaustion’’, is char-

acterised by a sequential loss of immune activities,
including T-cell proliferation, secretion of cytokines

and cytotoxic markers, and priming of pro-apoptotic
pathways, causing a progressive immune shut-down

[26, 27]. Furthermore, other immunocytes including B cells

and NK cells are subjected to similar exhaustion processes,
thereby extending the depth of immune suppression to

humoral and innate immune responses [28–32]. The

patients’ overly active immune system thus contains
immunopathology and preserves the structural and func-

tional integrity of tissues and organs but becomes unable to

mount strong, effective and coordinated anti-pathogen
responses (Fig. 2b). This favours susceptibility to infection,

especially with opportunistic pathogens, similar to what we

observe in septic patients and in ARC/SAH patients
[10, 11, 33–35]. Immune functions remain persistently

deranged for years after the resolution of the first septic

episode in septic survivors and even after years of alcohol
abstinence in ARC/SAH patients [15]. This is directly

linked to persistently high expression of negative immune

checkpoints [34].
Different immune checkpoints display different

anatomical and temporal patterns of expression. The

kinetics of immune checkpoint expression are highly reg-
ulated and coordinated and the dynamic interplay between

stimulatory receptors (such as CD28, CD80 and CD86) and

inhibitory checkpoints (e.g., PD-1, PD-L1, TIM-3) during
cellular activation defines the evolution and fate of the

existing immune response.

The PD-1 and TIM-3 pathways

The PD-1 pathway belongs to the CD28/B7 family of
T-cell co-receptors. PD-1/CD279 is probably the most

studied checkpoint receptor in the field of T-cell exhaus-

tion. This receptor was first identified in apoptotic T-cell
lines (hence the name ‘‘programmed death 1’’) but was

soon characterised as a negative immunoregulator [36–39].

PD-1 has two known ligands, namely PD-L1/B7-H1/
CD274 and PD-L2/B7-DC/CD273 [40–43]. PD-L1 is

ubiquitously expressed at low levels and is strongly

induced by proinflammatory signals [44, 45], while PD-L2
displays a more restricted expression profile [43, 46, 47].

Upon engagement, PD-1 sequesters intracellular factors

involved in the TCR signalling, stopping T-cell activation
[40–43]. PD-1/PD-L1 signalling appears to be

Fig. 1 Immune regulation by checkpoint receptors (CR) and their
ligands (CR–L), and effects of immune checkpoint blockade with
neutralizing antibodies. Checkpoint receptors modulate the breadth,
magnitude and spread of the immune response by balancing
stimulatory and inhibitory signals delivered to immune cells by
antigen-presenting cells or target cells (a). Blockade of immune
checkpoint receptors or their ligands with neutralizing antibodies
(Anti-CR Ab and Anti-CR–L Ab) can dampen inflammatory
responses and restore dysfunctional immunity (b)
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Иммунная регуляция с помощью 

контрольных пунктов (CR) и их 

лигандов (CR–L), эффект блокады 

контрольных пунктов 

нейтрализующими антителами. 

Рецепторы контрольных пунктов 

регулируют величину, масштабы и 

рапространенность иммунного 

ответа, баланс стимулирующих и 

подавляющих сигналов для 

иммунных клеток со стороны 

антигенпрезентирующих и целевых 

клеток 

Блокада иммунных 

контрольных пунктов 

рецепторов и их лигандов

нейтрализующими 

антителами (Anti-CR Ab и  

Anti-CR–L Ab) снижают 

воспалительный ответ и 

восстанавливают иммунную 

дисфункцию 

Riva A et al. Hepatology International (2018) 12:223–236 



bidirectional: PD-L1-expressing cancer cells possibly

receive anti-apoptotic signals upon interaction with PD-1-

expressing T cells [48, 49], but it is not known if this
happens also in the context of T-cell interactions with

antigen-presenting cells (APCs). PD-L1 also binds CD80,

triggering inhibitory signals within PD-L1-expressing cells
[50–53]. Amongst T cells, PD-1 is mostly expressed on

primed T cells and is strongly upregulated upon TCR-

mediated antigen-specific T-cell activation in peripheral
tissues. Therefore, the PD-1 pathway is believed to play a

role in the establishment and maintenance of peripheral

tolerance [54]. It has been demonstrated that the PD-1
pathway can modulate immune cells other than T cells. The

effect of PD-1 engagement on causing B cell exhaustion,

for instance, is well-described [28, 29] and PD-1 expres-

sion on NK cells has also been linked to NK-cell functional

suppression [31, 32]. In a study investigating immune
exhaustion in HIV patients, contact with bacterial products

induced monocyte expression of PD-1 and these monocytes

secreted suppressive IL-10 upon PD-1 engagement. Fur-
thermore, T-cell exhaustion in these patients could be

reversed by blocking either PD-1 or IL-10 receptor [55].

Monocyte activation by bacterial endotoxin was also
shown to physiologically cause increased secretion of

suppressive IL-10 and upregulation of PD-1 and TIM-3 on

T cells, and simultaneous blockade of TLR4 and CD14
abolished IL-10 secretion and inhibited T-cell checkpoint

upregulation [21]. These findings link the PD-1 pathway to

Fig. 2 Increased expression of
inhibitory checkpoint receptors
suppresses homeostatic
immunity and checkpoint
blockade restores a healthy
state. The homeostatic balance
between anti-pathogen
immunity and host-induced
immunopathology is maintained
in physiological conditions; this
maintains a healthy immune
state (a). Upon chronic
stimulation, inhibitory
checkpoints are hyper-
expressed, limiting uncontrolled
responses and immune-
mediated damage but
simultaneously suppressing
efficient anti-pathogen
responses (b). Blockade of
inhibitory checkpoints can
suppress these hyper-inhibitory
signals, restoring a healthy
immune state (c)
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Высокая  экспрессия подавляющих 
рецепторов контрольных пунктов 
супрессирующих иммунные реакции и 
блокирование контрольных пунктов 
восстанавливает здоровое состояние. Баланс
гомеостаза между антимикробным 
иммунитетом и аутоиммунными реакциями  
поддерживается в физиологическом 
состоянии (a). 
При продолжительной стимуляции, 
подавляющие контрольные пункты 
гиперэкспрессированы, что ограничивает 
неконтролируемый ответ и иммунные 
повреждения, но одновременно супрессирует
эффективность противомикробного ответа 
(b). 
Блокирование ингибиторных пунктов 
контроля может подавлять эти 
гиперингибирующие сигналы, 
восстанавливая нормальное иммунное 
состояние (c)

Riva A et al. Hepatology International (2018) 12:223–236 



opportunistic infections long term, indicating that

immunosuppression and immune impairments are main-

tained over time [133, 134]. Immunosuppression rather
than hyper-immunity drives the response to sepsis, as also

supported by the evidence that clinical trials focussed on

reducing hyper-immunity/SIRS have provided conflicting
and disappointing results [135–138].

Negative immune checkpoints (including PD-1, PD-L1,

TIM-3, CTLA-4, LAG-3 and others) play a causal role in
this persistent immunosuppression [139–143]. Their

expression on both innate and adaptive immune cells is

greatly increased in septic patients, correlating with loss of
immune functions (including innate antibacterial activities

from monocytes, macrophages or neutrophils and T-cell

production of cytokines and cytotoxic factors), immune
cell apoptosis, reduced pathogen clearance and increased

patient mortality [34, 141, 143–146]. Most of these

immune dysfunctions can be at least partially restored by
blocking checkpoint pathways (Figs. 1b, 2c) [34]. This

strategy is currently being investigated in several pre-

clinical and clinical ex vivo studies with promising results
in septic patients, suggesting that host-targeted

immunotherapy may rescue suppressed antimicrobial

immunity, reduce susceptibility to infection and improve
patient survival [34]. The first clinical trial to determine the

safety profile and efficacy of treatment with the anti-PD-1

antibody nivolumab in patients with severe sepsis or septic
shock has been completed (NCT02960854), and results of

this trial are eagerly awaited.

Immune checkpoints and checkpoint
blockade in ALD

Many features of sepsis and septic shock resemble those

observed in ALD patients who acquire bacterial infection.
This is particularly pertinent in the context of severe ALD,

including decompensated cirrhosis, alcohol-related liver

failure, alcohol-related acute-on-chronic liver fail-
ure (ACLF) and SAH. Furthermore, in abstinent patients

immune defects persist over a long term, a common feature

with sepsis survivors. Hence, there may be a strong par-
allelism between mechanisms of immune dysfunction in

sepsis and those at play in ALD. As discussed, several

studies have investigated the contribution of negative
immune checkpoints to the immunopathophysiology of

sepsis and several pre-clinical and clinical studies are

defining the parameters of immune checkpoint blockade as
a therapeutic strategy in these patients. However, no such

clinical investigations exist in the context of ALD, high-

lighting a large gap in the possibility to develop new host-
targeted strategies for ALD and its complications, for

which there are no current specific treatment options.

In a 2015 study, we performed an in-depth ex vivo
immunological characterisation of antibacterial responses

in ARC and SAH patients and we were the first group to

show that immune dysfunctions observed in SAH patients
relate directly to increased expression of PD-1 and TIM-3

on several immune subsets [21]. Immune alterations were

directly correlated with severity of disease, and gut-derived
bacterial products were driving these immune dysfunc-

tions, therefore highlighting a parallel with bacterial sepsis.

Fig. 3 Immune checkpoints as therapeutic targets. Monoclonal anti-
bodies currently in clinical development or tested in clinical trials
against CTLA-4, PD-1, PD-L1, LAG-3 and TIM-3, as new anticancer

agents, as these same immune checkpoint antibodies also represent
the most promising therapeutic agents for future clinical trials in ALD
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Перспективные направления регуляции состояния 

иммунной системы при сепсисе
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