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Abstract

The pathophysiology, diagnosis, treatment and prognosis of sepsis remain major challenges for contemporary
clinical practice. In this sense, efforts to broaden the knowledge about the mechanisms involved in systemic
inflammation and to identify new methods for detecting sepsis in the early stages and the stratification of patients are
extremely important. The purpose of this paper is to review the role of the anti-inflammatory cytokines in sepsis and
present perspectives on the in silico investigation of the role of these mediators in this nosological entity, using the
computational system AutoSimmune.

Keywords: Cytokines, Inflammation, In silico research, Sepsis.

Introduction
Cytokines are low molecular weight proteins (polypeptides) or

glycoproteins secreted by leukocytes and by various other cells in the
organism, in response to diverse stimuli [1]. The function of these
molecules is to mediate the interactions between the cells of the
affected organism in order to establish an effective immune response
[2].

These substances are often named according to their cellular sources
and their action in other cells. Thus, for example, those produced by
leukocytes and which act on other leukocytes are called interleukins
(IL) [1]. It is also important to note that other compounds are known
by common names unassociated with their functionality, such as
tumor necrosis factor and the interferons. There is yet another group of
cytokines, the chemokines, which are thus named due to their effect on
leukocyte chemotaxis and behavior [3].

The clinical importance of these substances is mostly related to their
function in inflammatory processes and their ability to generate
immune responses to external stimuli [2]. There are cytokines that
function primarily as inductors of inflammation - pro-inflammatory
cytokines -, while others act in counter regulation processes - the anti-
inflammatory cytokines [4]. The inflammatory response is controlled
by both groups of cytokines. Examples of markedly pro-inflammatory
cytokines include tumor necrosis factor (TNF), interleukin 1 (IL-1),
interleukin 6 (IL-6), interleukin 8 (IL-8), and interleukin 17 (IL-17)
[4]. On the other hand, the principal cytokines possessing an anti-
inflammatory effect, known to date, include the interleukins IL-4,
IL-10, IL-22, IL-13, IL-1RA, and transforming growth factor β (TGF-β)
[3]. It is known that the action of IL-10, IL-1AR, and TGF-β takes
place, primarily in the innate immune response, while anti-
inflammatory action on specific immunity is mediated by IL-4 and

IL-13. It is important to note that the action of the cytokines is directly
linked to some of their properties, as summarized in Table 1.

Properties of the Cytokines

Rapid and self-limiting secretion

Not stored as pre-formed molecules

Are able to act in different cell types (pleiotropism)

Are redundant (several cytokines with the same effect)

Influence the synthesis of other cytokines

Local and/or systemic action

Able to bind to membrane-specific receptors

May stimulate proliferation and new functions of target cells

Action on mRNA synthesis processes

Table 1: General properties of the cytokines in human immunological
system. Source: Material elaborated by the authors based on references
1 and 2.

The role of the cytokines in human medicine has been amply
studied over the past years, and, especially in the context of sepsis,
deserve notice for their central role in the pathophysiology of this
disease. Sepsis, before 2016 had been defined as a systemic
inflammatory response due an infection [5-6]. However, now we have
to define sepsis as a life-threatening organ dysfunction caused by
infection. For clinical operationalization sepsis defined by a clinical
score termed quickSOFA (qSOFA): respiratory rate of 22/min or
greater, altered mentation, or systolic blood pressure of 100 mmHg or
less by a dysregulated host response to infection [7]. The rate of
occurrence is high, with over 1665 cases of sepsis occurring yearly in
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the United States, reaching a lethality rate of 20–50 percent [8]. It is
also important to note that, even with ideal treatment, the possibility of
death is approximately 40 percent and can be greater than 50 percent
in the most severe cases [9-12].

It is known that in sepsis, the widespread participation of pathogen-
responsive cells evolves with the production and secretion of several
pro-inflammatory cytokines. However, in addition to this intense pro-
inflammatory activity, anti-inflammatory cytokines are also produced,
which are implicated in the development of anergia and in the slowed
response to etiologic agents. Regulation of this anti-inflammatory
response is associated with the progression of the sepsis state, whether
to resolution or death, and is carried out by a complex web of
mediators [13-14].

Simulations of the immune system have been used in the study of
certain clinical situations in order to better understand the
pathophysiological aspects of disease in humans [15-16]. In this sense
the use of multi-agent systems is interesting, in which cells of the
organism, their products (e.g., cytokines, antibodies, etc.) and the
antigens can be implemented as independent agents that interact
amongst themselves, following a specific set of rules for each of these
agents, for different contexts [15,17].

The implementation of the cytokines in AutoSimmune (immune
system simulator) is performed as values scattered in arrays of data
parallel to the agent interaction environment [18].

Thus, in this paper, we present the principal aspects of the
pathogenesis of the anti-inflammatory response in sepsis. We, also,
highlight the main anti-inflammatory cytokines. which can be used
like biomarkers in the clinical setting. In addition, we argue about the
new perspectives for in silico investigation of sepsis, using the
AutoSimmune computer system.

Methods
The research methodology that was used for the text making based

on a PubMed search, using the fixed descriptor sepsis, always in
association with one of the anti-inflammatory cytokines under

investigation, including interleukin 1-RA (IL-1RA), interleukin 4
(IL-4), interleukin 10 (IL-10), interleukin 13 (IL-13), interleukin 22
(IL-22) and transforming growth factor β (TGF-β).

Among the results of the searches described in Table 2 during the
process of choosing papers, we focused on the text that best correlated
the role of the anti-inflammatory cytokines in the context of sepsis and
its possible etiologies. Thus, 1,651 citations were obtained, from which
21 papers were selected. After reading the papers, the material was
organized in four sections (1) The anti-inflammatory cytokines, and
(2) The anti-inflammatory cytokines in the context of sepsis and a brief
commentary was made on the perspectives for scientific investigation
using in silico experimentation the section AutoSimmune: overall
characteristics and anti-inflammatory cytokines emphasizing the use
of the AutoSimmune computational system.

Strategies Number of Citations Obtained

Sepsis+“interleukin 4” 210

Sepsis+“interleukin 10” 1273

Sepsis+“interleukin 22” 7

Sepsis+“interleukin 13” 30

Sepsis+“interleukin 1RA” 3

Sepsis+“TGF beta” 128

Total 1651

Table 2: Distribution of the number of citations obtained following the
search strategy up to 31/12/2015.

Anti-Inflammatory Cytokines
The cytokines IL-4, IL-10, IL-22, IL-13, IL-1RA and TGF-β have

known anti-inflammatory roles and will be addressed in this section
(Table 3).

Cytokines Secreted by Sites of Action and Biological Effects

Interleukin-1 receptor
antagonist (IL-1Ra)

Inhibits the pro-inflammatory action of IL-1α and IL-1β in order to maintain the equilibrium
of the inflammatory response.

Interleukin-4 (IL-4) Mast cells, T cells, and stomatal cells
from bone marrow

Promotes the growth and development of B and T cells and monocytic lineage cells; also
affects cells external to the immune system, including endothelial cells and fibroblasts.

Interleukin-10 (IL-10) Subgroup of activated T CD4+ and
CD8+ cells

Stimulates proliferation of B cells, thymocytes, and mast cells; stimulates, together TGF-β,
synthesis and secretion of IgA by human B cells; antagonizes generation of the TH1
subgroup of helper T cells.

Interleukin-13 (IL-13) Activated T cells, mast cells, and NK
cells

Role in TH2 responses; increases IgE synthesis and suppresses inflammatory responses;
involved in the pathology of asthma and some allergic conditions.

Interleukin-22 (IL-22) Primarily T CD4+ cells.
Member of the IL-10 family, inhibits epidermal differentiation; induces acute phase
responses, activates pancreatitis-associated protein 1 (PAP1) and osteopontin; like IL-19
and IL-20 shown to alter the TH1/TH2 equilibrium.

Transforming growth factor
beta (TGF-β)

Multiple types of nucleated cells and
also found in platelets

Inhibits growth of various cell types; affects tissue remodeling, lesion repair, development
and hematopoiesis; exerts suppressive effect on the expansion of certain immune
populations; IgA exchange factor.

Table 3: Principal pro-inflammatory cytokines, their sources and their biological functions. Source: Material elaborated by the authors based on
references 1 and 2.
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IL-10 is an unglycosylated polypeptide, with approximately 18 kDa,
synthesized in inflammatory cells as well as neuroendocrine and
neural tissues. The anti-inflammatory action of this cytokine limits
excessive tissue damage in infectious conditions be they viral or
bacterial. It is responsible for establishing control of the inflammatory
activity mediated by Th1 cells inhibiting pro-inflammatory cytokines –
especially tumor necrosis factor (TNF), IL-1, and IL-6 – produced by
macrophages and activated monocytes, stimulating the endogenous
production of anti-inflammatory cytokines [19].

IL-22 is an anti-inflammatory cytokine with similar activity to that
of IL-10, is produced and released exclusively by leukocytes – CD4 T
lymphocytes (especially Th17), natural killer (NK) cells, LTi and LTi-
like cells – and its primary site of activity is epithelial tissue. Although
it has known inflammatory action in chronic diseases – such as
psoriasis and rheumatoid arthritis – its protective is also fundamental.
As a result of the inflammatory/anti-inflammatory duality, its function
is determined according to its concentration, duration time of the
process, and affected tissues. It is an important protective molecule
during the inflammatory process, acting by activation of the Stat3
cascade that induces anti-apoptotic and proliferative cell activities and
AIDS in the prevention and repair of tissue damage. This interleukin
presented a protective effect in cases of hepatitis, inhibiting apoptosis
of hepatocytes and later stimulating the process of hepatic
regeneration [20].

IL-4 is a 15 kDa glycoprotein with action on mast cells, T and B
lymphocytes, NK cells, synoviocytes, and endothelial cells through the
JAK/STAT pathway [19]. This cytokine plays a fundamental role in cell
growth and survival, with regulating action on T lymphocyte
differentiation - especially during the immune response - in addition
to having been shown to function as a factor in the differentiation of B
cells. It is produced and regulated mainly by Th2 cells, mast cells, and
basophils. In vitro experiments have shown that IL-4 acts on
monocytes, inhibiting production of inflammatory cytokines, such as
TNF-a, IL-1a, IL-1b, IL-6, and IL-8 [21]. Its protective anti-
inflammatory effect in chronic illness - such as diabetes mellitus and
rheumatoid arthritis - is being investigated, opening possibilities for its
role as a potential factor in the treatment of auto-immune diseases
[21-22].

IL-13 is an anti-inflammatory cytokine produced mainly by T-CD4
cells of the Th2 subtype [19]. It has a dominant role in parasite
immunity, asthma mediation, and resistance to intracellular
microorganisms [23]. It acts by inhibiting the production of nitric
oxide and various other cytokines produced by B lymphocytes and
monocytes. It has stimulating action on the production of IL-1RA [19].
It also has an important function in inhibiting monocyte production of
IL-1, IL-6, IL-8, and TNF-α, via the IL-1 receptor antagonist [23]. It
has strong inhibitory action on the lipopolysaccharide induced
secretion of IL-6 by monocytes [24].

TGF-β is an anti-inflammatory cytokine that acts in the innate
immune response, with an important function in aiding tissue repair. It
is a suppressor of differentiation and proliferation, for both B and T
lymphocytes as well as antigen-presenting cells. Its function in tissue
reconstitution occurs in two forms (1) through production of protease
inhibitors, and (2) reduction of protease synthesis. In the context of
human pathology, TGF-β has been associated as a promoter of
pulmonary fibrosis, and may be associated with acute adult respiratory
distress syndrome (ARDS) [25].

IL-1RA, a interleukin 1-receptor antagonist, is a 17 kDa protein of
the IL-1 family, which inhibits the pro-inflammatory action of IL-1α
and IL-1β in order to maintain the equilibrium of the inflammatory
response [26-27]. In humans, under physiological conditions, it is
detected in synovial fluid, tears, blood, and cerebrospinal fluid [27].

Anti-Inflammatory Cytokines in the Context of Sepsis
Severe sepsis remains one of the greatest causes of morbimortality

of individuals hospitalized with severe illness in intensive care units.
Actually, sepsis is defined as a life-threatening organ dysfunction
caused by a dysregulated host response to infection [7,28]. For clinical
operationalization, the organ dysfunction can be represented by an
increase in the Sequential [Sepsis-related] Organ Failure Assessment
(SOFA) score of 2 points or more, which is associated with in-hospital
mortality greater than 10%. Septic shock should be defined as a subset
of sepsis in which particularly profound circulatory, cellular, and
metabolic abnormalities are associated with a greater risk of mortality
than with sepsis alone [28].

It is a syndrome that generally begins with a pro-inflammatory state,
evolving later to immunological non-responsiveness. The balance
between the inflammatory and anti-inflammatory cytokines is
probably a central part of the pathophysiology of this process. There is
evidence demonstrating that the catecholamines and glycocorticoids
have an important role in the regulation of cytokine production,
inhibiting the production of pro-inflammatory substances – such as
IL-12, TNF-α, and INF-γ – and stimulating production of anti-
inflammatory substances – such as IL-10, IL-4, and TGF-β [29].
However, under circumstances associated with stress exacerbation –
such as in the case of acute or chronic disease, intense exercise,
pregnancy and immediately postpartum -, the balance between the
cytokines may be altered and consequently influence the progression
or development of autoimmune diseases [30,31].

During infectious processes, the initial response to microbial
penetration is, generally, mediated by production of inflammatory
cytokines that will modulate the immune response to the pathogenic
agents. The principal cytokines involved in the pro-inflammatory
process are tumor necrosis factor alpha (TNF-α), IL-1β, IL-12, IL-6,
and interferon γ (INF-γ). Following an exacerbated inflammatory
response, usually with elevated production of pro-inflammatory
cytokines, septic shock ensues. In an attempt to maintain organic
homeostasis in sepsis, there is an increase of the anti-inflammatory
mediators [32]. It is currently proposed that the anti-inflammatory
cytokines are promptly produced in counterbalance to the onset of an
exacerbated systemic immune response [25].

Studies with septic shock patients show that during follow-up,
survivors present higher serum levels of INF-ɣ when compared with
those who did not survive hospitalization. Among the deceased,
significant quantities of TNF and IL-1 antagonist anti-inflammatory
cytokines were found, such as IL-1RA [32].

The significant increase in IL-22 among patients with abdominal
sepsis was described for the first time in a study performed at the
University of Frankfurt [33]. This cytokine stood out as an important
factor to be evaluated in infectious processes, given that reports of its
activity in response to pneumonias by Klebsiella pneumoniae infection
and, likewise, as a protective factor in gastrointestinal infections by
Citrobacter rodentium and Salmonella enterica [33-34]. Because IL-22
has potentially damaging activity in circumstances such as psoriasis
and arthritis, it is supposed that substantially elevated levels are
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responsible for altering its activity, initially anti-inflammatory, to pro-
inflammatory activity [33].

The TGF-β cytokine is an important factor in the inflammatory and
anti-inflammatory balance. On the other hand, a study of a model of
pulmonary fibrosis induced by bleomycin found that the TGF-β
isoforms present a crucial factor in the pathogenesis of the lung
damage. Given this, subsequent investigations on the influence of the
production of this cytokine on patients presenting ARDS associated
with sepsis showed significant elevation in serum levels of the TGF-β1
subtype in individuals with fatal outcome [25].

It is known that IL-10 is a potentially anti-inflammatory cytokine,
such that excessive production can induce immunosuppression and
increase lethality. Studies comparing the IL-10 genotypes AA, AG, and
GG – of severely ill patients – having sepsis as the principal cause –
showed that there was a statistically significant association of the G
allele to higher lethality rates [26]. Upon analysis of the influence of
lipopolysaccharide (LPS) desensibilization on IL-10 production, it was
noticed that this process causes a reduction in the production of this
cytokine. Faced with the fact that macrophages and monocytes present
high sensitivity to LPS – a substance frequently released by pathogenic
microorganisms -, it can be perceived that the fatal cases of sepsis,
generally, were associated with a monocyte state of lower
responsiveness to LPS occurring in conjunction with a reduction of
IL-10 synthesis and consequent fatal outcome [35].

Currently, knowledge about the endogenous and exogenous activity
of IL-4 in the inflammatory process in living beings remains imprecise.
Endogenous IL-4 is thought to inhibit development of arthritis, but it
has not been proven to present this effect [21]. Studies performed with
a group of trauma victims showed a possible correlation between
IL-4/-589 polymorphism and its stimulating action on the Th2
immune response, with development of a severe picture of systemic
inflammatory response in these subjects. In combination with the role
of IL-4 in the pathogenesis of sepsis, this polymorphism may come to
be considered a risk factor for the development of post-traumatic
sepsis in this research group [36].

Given the knowledge that IL-13 represents an important factor in
the pathogenesis of allergic asthma – inducing proliferation of mucous
and the hyper-responsiveness of the airways – studies have sought to
investigate its influences on children with sepsis, who, generally evolve
to multiple organ failure and death. In this study, a correlation was
found between an unfavorable outcome (death) among the individuals
admitted with sepsis and low levels of IL-13. This, on the other hand,
represents a divergent result from other studies, which makes it
impossible to predict an association of this cytokine with patient
outcome in sepsis [37].

While many studies are currently being developed – both in vitro
and in vivo –, different gaps remain in relation to understanding the
role of the anti-inflammatory cytokines in sepsis. In this sense, as an
additional strategy for the study of the human immune system,
computer systems have been developed for the simulation of cells and
mediators, which permit the development of numerous assays – in
silico experimentation – with the potential use in the study of sepsis, as
we will briefly comment on.

AutoSimmune: Overall Characteristics and Anti-
Inflammatory Cytokines

AutoSimmune is the name given to the immune system Simulator
implemented at the Universidade Federal de Viçosa, originally for the
study of autoimmunity. Proposed by Possi (2012) [38], the Simulator is
based on the concept of multi-agent systems.

The computational tool was implemented using the Rephast
Simphony framework, and assumes as agent all components of the
immune response that possess recognition patterns. In this way, the
cells of the immune system, the antibodies, and the etiologic agents –
bacteria, protozoa, and viruses -are implemented as agents, which, in
turn are simulated in an environment where they interact over time in
accordance with previously defined rules, based on the behavior of
these same components in a living organism, in accordance with the
literature [15-16].

The substances that participate in the immune responses, such as
the cytokines, for instance, are implemented as data matrixes parallel
to the agent interaction environment. Each agent has access to the
concentration of each substance dispersed in that instant, to its
position, through these matrixes, as well as, to secrete more substances
[18].

Currently, the implemented substances are divided in two major
groups defined as pro- and anti-inflammatory, identified in the system
by the termination 1 and 2, respectively. The pro-inflammatory
cytokines include PK1 (stress factors released by tissues that are
undergoing damage as a result of infection or immunologic response),
MK1 (a group of pro-inflammatory substances present in innate
immune responses), and CK1 (a group of pro-inflammatory
substances present in adaptive immune responses).

The anti-inflammatory cytokines include: (1) CK2: a group of anti-
inflammatory substances present in adaptive immune responses;
representing the substances TGF-β, IL-4, IL-5, IL-6, IL-10, and IL-13;

(2) MK2: a group of anti-inflammatory substances present in innate
immune responses; representing the substances IL-10, CCL1, CCL17,
CCL22, CCL11, CCL24, and CCL26 [15, 38, 39, 40].

The current work is focused on separating the CK2 and MK2
cytokines in the different molecules that make them up, thus
increasing the computational complexity of the system. Once these
changes have been implemented, it will be possible for focused studies
on the role of these substances in the immune response, in silico, of
sepsis [38,41].

With this, we hope to aid in the identification of the relationships of
the anti-inflammatory cytokines in the pathophysiology of sepsis, as
well as try to direct future research for the definition of diagnostic and
prognostic markers for this morbid condition. Furthermore, in silico
experiments may provide important result in the elaboration and
validation of new hypotheses, which, in conjunction with other
analysis, such as those involving proteomics and transcriptomics, may
provide important tools for understanding the mechanisms related to
sepsis [15].

Final Considerations
In a general assessment, the anti-inflammatory cytokines, with their

diverse functionalities and importance in the context of sepsis, present
as potentially related factors to the outcome of affected patients.
However, there is still a need for more studies able to evaluate the real
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influence of each of them on individuals with sepsis, and consequently,
to assess whether these substances can be used routinely to evaluate
the evolution of these individuals. This in turn, would allow for early
intervention in an attempt to recover the normal state of the
individual’s immune response and proceed with a favorable outcome.

Conflict of interest:
None

Acknowledgments:
The authors are grateful to FAPEMIG for financial support.

References
1. Abbas AK, Lichtman AH (2005) Imunologia Celular e Molecular, 5ºed.

Rio de Janeiro: Elsevier.
2. Thomas J, Imunologia de Kuby (2008) 6ª ed. Porto Alegre: Artmed.
3. Siqueira Batista R, Gomes AP, Calixto Lima L, Vitorino RR, Perez MCA,

et al. (2013) Sepse: atualidades e perspectivas. Rev bras ter intensive 23:
207-216.

4. Gomes AP, Miguel PSB, Alves DLS, Inoue VH, Oliveira AP, et al. (2016)
Pro-inflammatory cytokines in sepsis: biological studies and prospects
from in silico research. Biological Systems: Open Access 5:1-7.

5. American College of Chest Physicians/Society of Critical Care Medicine
Consensus Conference: definitions for sepsis and organ failure and
guidelines for the use of innovative therapies in sepsis. Crit Care Med
1992; 20:864.

6. Dellinger RP, Levy MM, Rhodes A (2013) Surviving sepsis campaign:
international guidelines for management of severe sepsis and septic
shock: 2012. Crit Care Med 41:580.

7. Shankar Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX, et al.
(2016) Developing a new definition and assessing new clinical criteria for
septic shock: for the third international consensus definitions for sepsis
and septic shock (sepsis-3). JAMA 315: 775-787.

8. Elixhauser A, Friedman B, Stranges E (2009) Septicemia in U.S. Hospitals,
Agency for Healthcare Research and Quality. Rockville.

9. Bernard GR, Wheeler AP, Russell JA (1997) The effects of ibuprofen on
the physiology and survival of patients with sepsis. The Ibuprofen in
Sepsis Study Group. N Engl J Med 336: 912.

10. McCloskey RV, Straube RC, Sanders C (1994) Treatment of septic shock
with human monoclonal antibody HA-1A. A randomized, double-blind,
placebo-controlled trial. CHESS Trial Study Group. Ann Intern Med 121:
1.

11. Zeni F, Freeman B, Natanson C (1997) Anti-inflammatory therapies to
treat sepsis and septic shock: a reassessment. Crit Care Med 25: 1095.

12. Sasse KC, Nauenberg E, Long A (1995) Long-term survival after intensive
care unit admission with sepsis. Crit Care Med 23: 1040.

13. Hotchkiss RS, Karl IE (2003) The pathophysiology and treatment of
sepsis. N Engl J Med 348: 138.

14. Adib Conquy M, Cavaillon JM (2009) Compensatory anti-inflammatory
response syndrome. Thromb Haemost 101: 36.

15. De Sousa FO, Paiva AO, Santana LA, Cerqueira FR, Siqueira-Batista R
(2014) Predicting the occurrence of sepsis by in silico simulation. Lec
Notes Comp Sci 486-498.

16. Da Silva CC, De Araujo Possi M, Cerqueira FR, Gomes AP, Santana LA,
et al. (2012) Immune system simulation: Modeling the mast cell. IEEE
International Conference on Bioinformatics and Biomedicine (BIBM),
Philadelphia.

17. Paiva RA, David CM, Domont GB (2010) Proteomics in sepsis: A pilot
study. Rev Bras Ter Intensiva 22: 403-412.

18. Skirecki T, Borkowska-Zieliaska U, Zaotorowicz M, Hoser G (2012)
Sepsis immunopathology: Perspectives of monitoring and modulation of
the immune disturbances. Arch Immunol Ther Exp 60: 123-135.

19. Oliveira CMB (2011) Citocinase Dor. Rev Bras Anestesiol 61: 255-265.
20. Ren X, Hu B, Colletti LM (2010) IL-22 is involved in liver regeneration

after hepatectomy. Am J Physiol Gastrointest Liver Physiol 298: 74.
21. Woods JM, Katschke KJ, Volin MV, Ruth JH, Qin S, et al. (2011) IL-4

Adenoviral Gene Therapy Reduces Inflammation, Proinflammatory
Cytokines, Vascularization, and Bony Destruction in Rat Adjuvant-
Induced Arthritis. J Immunol 166: 1214-1222.

22. Zamorano J, Rivas MD, Pérez GM (2003) Interleukin-4: A
multifunctional cytokine. Inmunología 22: 215-224.

23. Luis AS, Gowardman J, Silva D, Correcha M, Petrosky N (2006) Elevation
in interleukin 13 levels in patients diagnosed with systemic inflammatory
response syndrome. IntensiveCareMed 32: 244-250.

24. Collighan N (2004) Interleukin 13 and inflammatory markers in human
sepsis. Br J Surg 91: 762-768.

25. Pablo R (2012) Sepsis-induced acute respiratory distress syndrome with
fatal outcome is associated to increased serum transforming growth
factor beta-1 levels. Eur J Intern Med 23: 358-362.

26. Surbatovic M, Grujic K (2010) Polymorphisms of genes encoding tumor
necrosis factor-alpha, interleukin-10, cluster of differentiation-14 and
interleukin-1ra in critically ill patients. J Crit Care 25: 542-542.

27. Shapiro NI, Trzeciak S, Hollander JE, Birkhahn R, Otero R, et al. (2009) A
prospective, multicenter derivation of a biomarker panel to assess risk of
organ dysfunction, shock, and death in emergency department patients
with suspected sepsis. Crit Care Med 37: 96-104.

28. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, et
al. (2016) The Third International Consensus Definitions for sepsis and
septic shock (Sepsis-3). JAMA 315: 801-810.

29. Brogliato AR, Antunes CA (2012) Ketoprofen impairs
immunosuppression induced by severe sepsis and reveals an important
role for prostaglandin E2. Shock 38: 620Y629.

30. Elenkov IJ, Chrousos GP (2002) Stress Hormones, Proinflammatory and
Antiinflammatory Cytokines, and Autoimmunity. Ann NY Acad Sci 966:
290-303.

31. Koh KB (2012) Effects of high and low stress on proinflammatory and
antiinflammatory cytokines. Psychophysiology 49: 1290-1297.

32. Pablo R, Monserrat J, Reyes E (2011) Mortality in patients with septic
shock correlates with anti-inflammatory but not proinflammatory
immunomodulatory molecules. J Intensive Care Med 26: 125-132.

33. Bingold TM, Ziesché E (2010) Interleukin-22 detected in patients with
abdominal sepsis. Shock 34: 337Y340.

34. Zenewicz LA, Flavell RA (2011) Recent advances in IL-22 biology. Int
Immunol 23: 159-163.

35. Byrne A, Denis JR (2002) Lipopolysaccharide induces rapid production
of IL-10 by monocytes in the presence of apoptotic neutrophils. J
Immunol 168: 4.

36. Gu W, Zeng L (2011) Association of Interleukin 4-589T/C Polymorphism
With TH1 and TH2 Bias and Sepsis in Chinese Major Trauma Patients. J
Trauma 71: 1583-1587.

37. Quiros AB (2005) Interleukin-13 is involved in the survival of children
with sepsis. Acta paediatrica 94: 1828-1831.

38. Possi MA (2012) Uma ferramenta para simulação do SI através de
sistemas multiagentes: Um caso de estudo da autoimunidade. Dissertação
(Mestrado)-Departamento de Informática, Universidade Federal de
Viçosa.

39. Cho SY, Choi JH (2014) Biomarkers of sepsis. Infect Chemother 46: 1-12.
40. Folcik VAG, Orosz C (2007) The basic immune simulator: an agent-based

model to study the interactions between innate and adaptive immunity.
Theoretical biology and medical modelling 4: 39.

41. MCA P (2009) Epidemiologia, diagnóstico, marcadores de
imunocompetênciae prognóstico da sepse. Rio de Janeiro: Universidade
do Estado do Rio de Janeiro.

Citation: Gomes AP, Alves DLS, Miguel PSB, Inoue VH, Correia Lopes TC et al. (2016) Anti-Inflammatory Cytokines in Sepsis: Immunological
Studies and In Silico Investigation. J Pharma Care Health Sys 3: 166. doi:10.4172/2376-0419.1000166

Page 5 of 6

J Pharma Care Health Sys, an open access journal
ISSN: 2376-0419

Volume 3 • Issue 3 • 1000166

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-507X2011000200014&lng=en.%20http://dx.doi.org/10.1590/S0103-507X2011000200014
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-507X2011000200014&lng=en.%20http://dx.doi.org/10.1590/S0103-507X2011000200014
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0103-507X2011000200014&lng=en.%20http://dx.doi.org/10.1590/S0103-507X2011000200014
http://www.survivingsepsis.org/sitecollectiondocuments/implement-pocketguide.pdf
http://www.survivingsepsis.org/sitecollectiondocuments/implement-pocketguide.pdf
http://www.survivingsepsis.org/sitecollectiondocuments/implement-pocketguide.pdf
http://jama.jamanetwork.com/article.aspx?articleid=2492876
http://jama.jamanetwork.com/article.aspx?articleid=2492876
http://jama.jamanetwork.com/article.aspx?articleid=2492876
http://jama.jamanetwork.com/article.aspx?articleid=2492876
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb122.pdf
http://www.hcup-us.ahrq.gov/reports/statbriefs/sb122.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9070471
http://www.ncbi.nlm.nih.gov/pubmed/9070471
http://www.ncbi.nlm.nih.gov/pubmed/9070471
http://www.ncbi.nlm.nih.gov/pubmed/8198341
http://www.ncbi.nlm.nih.gov/pubmed/8198341
http://www.ncbi.nlm.nih.gov/pubmed/8198341
http://www.ncbi.nlm.nih.gov/pubmed/8198341
http://www.ncbi.nlm.nih.gov/pubmed/9233726
http://www.ncbi.nlm.nih.gov/pubmed/9233726
http://www.ncbi.nlm.nih.gov/pubmed/7774214
http://www.ncbi.nlm.nih.gov/pubmed/7774214
http://www.ncbi.nlm.nih.gov/pubmed/12519925
http://www.ncbi.nlm.nih.gov/pubmed/12519925
http://www.ncbi.nlm.nih.gov/pubmed/19132187
http://www.ncbi.nlm.nih.gov/pubmed/19132187
http://link.springer.com/chapter/10.1007%2F978-3-319-13650-9_42
http://link.springer.com/chapter/10.1007%2F978-3-319-13650-9_42
http://link.springer.com/chapter/10.1007%2F978-3-319-13650-9_42
http://www.ncbi.nlm.nih.gov/pubmed/25302519
http://www.ncbi.nlm.nih.gov/pubmed/25302519
http://www.ncbi.nlm.nih.gov/pubmed/22301668
http://www.ncbi.nlm.nih.gov/pubmed/22301668
http://www.ncbi.nlm.nih.gov/pubmed/22301668
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0034-70942011000200014
http://www.ncbi.nlm.nih.gov/pubmed/19875704
http://www.ncbi.nlm.nih.gov/pubmed/19875704
http://www.ncbi.nlm.nih.gov/pubmed/11145704
http://www.ncbi.nlm.nih.gov/pubmed/11145704
http://www.ncbi.nlm.nih.gov/pubmed/11145704
http://www.ncbi.nlm.nih.gov/pubmed/11145704
http://www.ncbi.nlm.nih.gov/pubmed/16437197
http://www.ncbi.nlm.nih.gov/pubmed/16437197
http://www.ncbi.nlm.nih.gov/pubmed/16437197
http://www.ncbi.nlm.nih.gov/pubmed/15164448
http://www.ncbi.nlm.nih.gov/pubmed/15164448
http://www.ncbi.nlm.nih.gov/pubmed/22560386
http://www.ncbi.nlm.nih.gov/pubmed/22560386
http://www.ncbi.nlm.nih.gov/pubmed/22560386
http://www.ncbi.nlm.nih.gov/pubmed/20163933
http://www.ncbi.nlm.nih.gov/pubmed/20163933
http://www.ncbi.nlm.nih.gov/pubmed/20163933
http://jama.jamanetwork.com/article.aspx?articleid=2492881
http://jama.jamanetwork.com/article.aspx?articleid=2492881
http://jama.jamanetwork.com/article.aspx?articleid=2492881
http://www.ncbi.nlm.nih.gov/pubmed/23143054
http://www.ncbi.nlm.nih.gov/pubmed/23143054
http://www.ncbi.nlm.nih.gov/pubmed/23143054
http://www.ncbi.nlm.nih.gov/pubmed/12114286
http://www.ncbi.nlm.nih.gov/pubmed/12114286
http://www.ncbi.nlm.nih.gov/pubmed/12114286
http://www.ncbi.nlm.nih.gov/pubmed/22803590
http://www.ncbi.nlm.nih.gov/pubmed/22803590
http://jic.sagepub.com/content/26/2/125.abstract
http://jic.sagepub.com/content/26/2/125.abstract
http://jic.sagepub.com/content/26/2/125.abstract
http://www.ncbi.nlm.nih.gov/pubmed/20220564
http://www.ncbi.nlm.nih.gov/pubmed/20220564
http://www.ncbi.nlm.nih.gov/pubmed/21393631
http://www.ncbi.nlm.nih.gov/pubmed/21393631
http://www.ncbi.nlm.nih.gov/pubmed/11823533
http://www.ncbi.nlm.nih.gov/pubmed/11823533
http://www.ncbi.nlm.nih.gov/pubmed/11823533
http://www.ncbi.nlm.nih.gov/pubmed/21460743
http://www.ncbi.nlm.nih.gov/pubmed/21460743
http://www.ncbi.nlm.nih.gov/pubmed/21460743
http://www.ncbi.nlm.nih.gov/pubmed/16421047
http://www.ncbi.nlm.nih.gov/pubmed/16421047
http://www.locus.ufv.br/bitstream/handle/123456789/2632/texto%20completo.pdf?sequence=1
http://www.locus.ufv.br/bitstream/handle/123456789/2632/texto%20completo.pdf?sequence=1
http://www.locus.ufv.br/bitstream/handle/123456789/2632/texto%20completo.pdf?sequence=1
http://www.locus.ufv.br/bitstream/handle/123456789/2632/texto%20completo.pdf?sequence=1
http://www.ncbi.nlm.nih.gov/pubmed/24693464
http://www.ncbi.nlm.nih.gov/pubmed/17900357
http://www.ncbi.nlm.nih.gov/pubmed/17900357
http://www.ncbi.nlm.nih.gov/pubmed/17900357

	Contents
	Anti-Inflammatory Cytokines in Sepsis: Immunological Studies and In Silico Investigation
	Abstract
	Keywords:
	Introduction
	Methods
	Anti-Inflammatory Cytokines
	Anti-Inflammatory Cytokines in the Context of Sepsis
	AutoSimmune: Overall Characteristics and Anti-Inflammatory Cytokines
	Final Considerations
	Conflict of interest:
	Acknowledgments:
	References


