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Abstract

Background—Sepsis is a deadly immunological disorder and its pathophysiology is still poorly 

understood. We aimed to determine if specific pro-inflammatory and anti-inflammatory cytokines 

can be used as diagnostic and therapeutic targets for sepsis.

Materials and Methods—Recent publications in the MEDLINE database were searched for 

articles regarding the clinical significance of inflammatory cytokines in sepsis.

Results—In response to pathogen infection, pro-inflammatory cytokines [interleukin-6 (IL-6), 

IL-8, IL-18 and tumor necrosis factor-α (TNF-α)] and anti-inflammatory cytokine (IL-10) 

increased in patients with sepsis. Importantly, a decrease in IL-6 was associated with a better 

prognosis and overproduction of IL-10 was found to be the main predictor of severity and fatal 

outcome.

Conclusion—Both pro-inflammatory and anti-inflammatory cytokines constitute a double-edged 

sword in sepsis; on one hand they are critical to eliminate the infection while on the other, 

excessive production can cause tissue and organ damage. Increase in cytokines such as IL-6, Il-8, 

IL-10, IL-18 and TNF-α may have implications in diagnosis and treatment of sepsis.
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Sepsis and sepsis-associated multi-organ failure are a tremendous burden for healthcare 

systems and constitute a major challenge to scientists. Despite extensive basic research and 

clinical studies, the pathophysiology of sepsis is still poorly understood. It is increasingly 

becoming clear that sepsis is a heterogeneous and dynamic disorder, which results from 

imbalances in the inflammatory network (1). Sepsis is exhibited as a whole-body or a 

systemic inflammatory response syndrome (SIRS), in the presence of a known or suspected 
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infection. It becomes severe following organ dysfunction, which results from low blood 

pressure, or insufficient blood flow to one or more organs due to lactic acidosis, reduced 

urine production and altered mental status. Severe sepsis is defined as sepsis with organ 

dysfunction including hypotension (<90 mmHg or a reduction of ≥40 mmHg from baseline), 

hypoxemia, oliguria, metabolic acidosis, thrombocytopenia and obtundation (2). Sepsis can 

also cause septic shock, multiple organ dysfunction syndrome and death. Septic shock is 

defined as severe sepsis with at least any two SIRS criteria, including tachypnea, white 

blood cell count abnormality, high heart rate and fever or hypothermia, and presumed 

infection in which the patient remains hypotensive despite adequate fluid challenge. Septic 

shock and multi-organ dysfunction are the most common causes of death in patients with 

sepsis (3).

The worldwide yearly mortality from sepsis is considerable, and it is greater than that from 

both lung and breast cancer. Furthermore, the incidence of sepsis is increasing, however, 

currently there is no effective treatment available for sepsis (4). There are about 750,000 

cases of sepsis annually in the United States. Overall, sepsis is the second-leading cause of 

death in the United States in patients in non-coronary intensive care units (ICUs) and the 

tenth most common cause of death according to data reported from the Centers for Disease 

Control and Prevention (5). In the United States, sepsis is also the leading cause of death in 

critically ill patients and more than 210,000 sepsis patients die each year (6). Sepsis is 

common and also more dangerous in elderly, immunocompromised and critically ill 

patients. It accounts for 1-2% of all hospitalizations and occurs in ~25% of ICU bed 

utilization. It is a main cause of death in ICUs worldwide, for instance, the mortality rates 

are 20% for sepsis, 40% for severe sepsis and >60% for septic shock (7, 8).

Sepsis results from the complicated interactions between the infecting bacteria or viruses 

and the host immune system. A high burden of infection, the presence of superantigens and 

other virulence factors, resistance to opsonization and phagocytosis, and antibiotic resistance 

lead to sepsis progression when the host cannot inhibit the infection (9). Such infections also 

trigger a cytokine storm, which is often detected in patients with sepsis. In this review, the 

production, functions and underlying mechanisms of cytokines in response to infection in 

patients with sepsis are discussed. Results from cytokine research also have great 

implications in the prevention and treatment of sepsis.

Pro-inflammatory Cytokines in Sepsis

Cytokines are regulators of the immune response to infection and play a key role in 

regulating inflammation and trauma. There are two types of cytokines. Pro-inflammatory 

cytokines stimulate systematic inflammation, whereas anti-inflammatory cytokines inhibit 

inflammation and enhance healing. The major pro-inflammatory cytokines that regulate 

early responses include interleukin-1α (IL-1α), IL-1β, IL-6, and tumor necrosis factor-α 

(TNF-α). Other pro-inflammatory mediators include members of the IL-20 family, leukemia 

inhibitory factor (LIF), interferon-γ (IFN-γ), oncostatin M (OSM), ciliary neurotrophic 

factor (CNTF), transforming growth factor-β (TGF-β), granulocyte-macrophage colony-

stimulating factor (GM-CSF), IL-8, IL-11, IL-12, IL-17, IL-18, IL-33 and a variety of other 

chemokines that attract inflammatory cells. Pro-inflammatory cytokines act as endogenous 
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pyrogens (IL-1, IL-6, TNF-α), up-regulate the synthesis of secondary mediators and other 

pro-inflammatory cytokines by both macrophages and mesenchymal cells, such as 

fibroblasts, epithelial and endothelial cells, and stimulate the production of acute phase 

proteins, or attract inflammatory cells. Host immunosuppression may be responsible for late 

death in patients with sepsis (10, 11). It has been reported that immunosuppression results 

from the apoptosis of circulating and tissue lymphocytes such as B-cells and CD4+ T-cells 

and dendritic cells (DCs) (12). Below, we discuss the individual role played by the different 

cytokines involved in sepsis.

IL-1β

Also known as catabolin, IL-1β is a member of the interleukin-1 cytokine family. This 

cytokine is produced by activated macrophages as a proprotein, which is proteolytically 

processed to its active form by caspase-1. IL-1β is an important mediator of the 

inflammatory response, and is involved in a variety of cellular activities, including cell 

proliferation, differentiation, and apoptosis. The role of IL-1β in sepsis has not been 

extensively studied. It has been reported that after simultaneous measurement of 17 

cytokines during the first seven days after admission of patients with sepsis, IL-1β exhibited 

persistent increases in those who died (13), suggesting that IL-1β may play a role in sepsis.

IL-6

Also called interferon-β2 and B-cell stimulatory factor-2 (BSF-2), IL-6 is a pleiotropic 

interleukin, and interestingly, functions as both a pro-inflammatory and anti-inflammatory 

cytokine. The IL-6 family of cytokines also includes IL-11, oncostatin M, leukemia 

inhibitory factor, ciliary neurotrophic factor, cardiotrophin-1, and cardiotrophin-like 

cytokine. All cytokines of the IL-6 family use the glycoprotein 130 (Gp130) (also known as 

IL-6Rß or CD130) receptor as a signaling subunit (14). IL-6 is secreted by T cells and 

macrophages to stimulate immune response to trauma, especially burns or other tissue 

damage leading to inflammation. IL-6 can also be secreted by macrophages in response to 

specific microbial molecules, referred to as pathogen associated molecular patterns 

(PAMPs). These PAMPs bind to a highly important group of detection molecules of the 

innate immune system, called pattern recognition receptors (PRRs), including toll-like 

receptors (TLRs). They are present on the cell surface and intracellular compartments and 

induce intracellular signaling cascades, leading to inflammatory cytokine production. Thus, 

IL-6 is relevant to many disease processes such as cancer (15), cardiovascular disease (16), 

and autoimmune diseases (17). Such findings suggest that IL-6 may also play a role in 

sepsis.

It has been documented that IL-6 production is elevated in patients with sepsis (13, 18), 

indicating that IL-6 is associated with the development of sepsis (18). Further studies 

indicated that the IL-6 level in patients with shock is higher than that in patients without 

shock, and in those who died from severe sepsis (19), suggesting that IL-6 is the key 

cytokine in the pathophysiology of severe sepsis. In addition, an increased level of IL-6 was 

found to be associated with the highest risk of death in patients with sepsis (20). Among the 

milieu of cytokines induced during sepsis, plasma IL-6 has the best correlation with 
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mortality rate (21). The precise mechanisms through which IL-6 regulates sepsis are not 

clear and additional research is needed.

IL-8

IL-8 is a chemokine produced by macrophages and other cell types, including epithelial cells 

and endothelial cells. IL-8 belongs to the Cysteine X Cysteine (CXC) family of chemokines. 

The CXC nomenclature relates to the presence of two conserved cysteine residues at the 

amino terminus separated by one amino acid. IL-8 belongs to a subdivision of CXC 

chemokines which has the amino acid sequence Glu-Leu-Arg (ELR) preceding the first 

conserved cysteine amino acid residue in its primary structure. CXC chemokines with the 

ELR motif are potent angiogenic factors (22).

IL-8 is one of the major mediators of the inflammatory response. Its primary function is the 

induction of chemotaxis in its target cells, e.g. neutrophil granulocytes. IL-8 serves as a 

chemical signal that attracts neutrophils to the site of inflammation, and therefore is also 

known as neutrophil chemotactic factor. IL-8 has implications in human disease, such as 

periodontitis (23) and psoriasis (24).

It has been reported that serum and plasma levels of IL-8 were enhanced in patients with 

sepsis (25). Further investigations suggest that the initial levels of IL-8 were the most 

predictive factor for death in patients with sepsis (13), indicating that IL-8 may play a role in 

sepsis.

IL-12

IL-12 is a cytokine that is naturally produced by dendritic cells, macrophages and B-

lymphoblastoid cells in response to antigenic stimulation. IL-12 is involved in the 

differentiation of naïve T-cells into T helper type 1 (Th1) cells (26). It stimulates the 

production of IFN-γ and TNF-α from T- and natural killer (NK) cells, and reduces IL-4-

mediated suppression of IFN-γ. IL-12 has been shown to be important in both infectious and 

autoimmune disease (27). Serum cytokine levels of IL-12 were increased in patients with 

sepsis (13), thereby suggesting its role in sepsis.

IL-17

IL-17 is the founding member of the IL-17 family. It functions as a pro-inflammatory 

cytokine. When the immune system responds to the invasion of extracellular pathogens, 

IL-17 is involved in excessive tissue damage (28). IL-17 also is a potent mediator in the 

regulation of hemopoiesis and inflammation by increasing chemokine production in various 

tissues to recruit monocytes (29) and neutrophils (30) to the site of inflammation. IL-17 is 

produced by helper T-cells and is induced by IL-23, which results in destructive tissue 

damage in chronic inflammatory diseases (31).

IL-17 stimulates the production of many other cytokines including IL-6, granulocyte-colony 

stimulating factor (G-CSF), GM-CSF, IL-1β, TGF-β, TNF-α, chemokines [including IL-8, 

growth-related oncogene-α (GRO-α), and monocyte chemotactic protein-1 (MCP-1)] and 

prostaglandins (PGE2) from many cell types such as fibroblasts, endothelial cells, epithelial 
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cells, keratinocytes, and macrophages (32). The release of these cytokines has many 

consequences such as airway remodeling (33), a characteristic of response to IL-17. Thus, 

IL-17 is commonly associated with allergic responses (34). IL-17 also plays a key role in the 

functioning of a subset of CD4+ T-cells, called Th17 cells (35). Th17 cells play an important 

role in many immune/autoimmune-related diseases such as rheumatoid arthritis, asthma, 

lupus, allograft rejection and antitumor immunity (36).

The role of IL-17 in sepsis is controversial. Several studies suggested that IL-17 is crucial 

for the protection against Candida infection, whereas other studies reported that IL-17 may 

contribute to inflammatory pathology and worsening of fungal disease. IL-17 was shown not 

have a major contribution to the inflammatory pathology leading to organ failure in fungal 

sepsis, suggesting that the IL-17 pathway is rather protective in antifungal host defense (37). 

It has been also reported that IL-17 may take part in host protection during polymicrobial 

sepsis (38). A multiplex analysis in 60 patients with severe sepsis showed that IL-17 was 

undetectable (39).

IL-18

Formerly named IFN-γ-inducing factor, IL-18 belongs to the IL-1 superfamily. IL-18 is a 

pro-inflammatory Th1 cytokine. Macrophages and other cells produce IL-18 (40). IL-18 

may stimulate NK cells and certain T-cells to release IFN-γ or type II interferon, which 

plays an important role in activating the macrophages or other cells. IL-18 can induce cell-

mediated immunity in response to infection with microbial products such as 

lipopolysaccharide (LPS).

IL-18 has been suggested to play a significant role in the pathophysiology of sepsis. Serum 

cytokine levels of IL-18 were elevated in patients with sepsis (41). Studies have shown that 

elevated plasma IL-18 concentrations are associated with poor clinical outcome in severe 

inflammatory and septic conditions. Moreover, a significant increase in IL-18 concentrations 

may be used in the discrimination between Gram-positive- and Gram-negative-related sepsis 

(42).

IFN-γ

Also known as type II interferon, IFN-γ is a cytokine that is critical for innate and adaptive 

immunity against viral and intracellular bacterial infections and for tumor control (43). CD4 

and CD8 T-cells predominantly produce IFN-γ upon antigen stimulation, and NK cells also 

produce IFN-γ in the innate immune response. IFN-γ is the primary cytokine used to define 

Th1 cells. Abnormal expression of IFN-γ has been shown to be related to a number of 

inflammatory and autoimmune diseases (43).

It has been reported that homozygotes for the D allele of the IFN-γ gene have an increased 

risk for developing sepsis after traumatic injury compared with those with other allelic 

combinations (44), suggesting that IFN-γ may play a role in sepsis. Several studies indicated 

that IFN-γ promoted the pro-inflammatory response during septic shock (45). IFN-γ 

expression was enhanced persistently in patients who died of sepsis (13), however, treatment 

of IFN-γ neutralization did not improve survival consistently (45). Furthermore, survival 
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after sepsis was associated with the improvement of the pro-inflammatory, but not the anti-

inflammatory response (46). Severe sepsis led to deficient IFN-γ production, and there was 

an elevation of Th2 cytokine and a decrease in Th1 cytokine in the patients with severe 

sepsis (47). Nevertheless, IFN-γ is a potent agent for the treatment of hemorrhagic shock-

induced immunosuppression. It may increase the ability of the host immune system to 

inhibit bacterial infections. Thus, IFN-γ decreased the susceptibility to sepsis after 

hemorrhage (48). Taken together, such studies stress the need to pursue further research on 

the role of IFN-γ in sepsis.

GM-CSF

This is a cytokine which stimulates white blood cell growth. It is secreted by macrophages, 

T-cells, mast cells, endothelial cells, and fibroblasts. GM-CSF induces stem cells to develop 

into neutrophils, eosinophils, basophils and monocytes (49). GM-CSF may also have a pro-

inflammatory function (50). The role of GM-CSF in sepsis has not been well-elucidated.

It has been reported that GM-CSF increased persistently in patients who died of sepsis (13). 

However, a multiplex analysis in 60 patients with severe sepsis showed that GM-CSF was 

not detectable (39). An in vitro culture study suggested that GM-CSF increases immune 

functions in severely injured patients vulnerable to bacterial sepsis (51). Considering 

immunosuppression in sepsis, GM-CSF has been used in a clinical trial for the treatment of 

patients with sepsis (52). However, a recent meta-analysis suggested there was not enough 

data to support the routine use of GM-CSF in patients with sepsis (53).

TNF-α

Stimulating the acute phase reaction involved in systemic inflammation, TNF-α has also 

been shown to induce apoptotic cell death, and inhibit tumorigenesis and viral replication 

(54, 55). Dysregulation of TNF-α production has been implicated in a variety of human 

diseases, including major depression (56), Alzheimer's disease (57) and cancer (58). It has 

been documented that the plasma levels of TNF-α increased significantly in patients with 

sepsis and in animal models (13). TNF-α has become the pro-inflammatory cytokine most 

well-studied in sepsis.

Other cytokines

High-mobility group box-1 (HMGB1), a highly conserved protein, is also known as a DNA-

binding protein. It is involved in the maintenance of nucleosome structure and regulation of 

gene transcription. HMGB1 was also recently found to function as a potent pro-

inflammatory cytokine in response to infection. Levels of HMGB1 were found to be 

enhanced in serum and tissues during infection, especially in sepsis (59). In another study, 

after measurement of 17 cytokines in 30 patients with sepsis, a significant positive 

association was noted between the levels of MCP-1 and macrophage inflammatory protein 

(MIP)-1β in the first three days and the scores of sepsis-related organ failure assessment on 

day 1 (13). Thus, in addition to the well-established cytokines, there may be others which 

may play a role in the regulation of pathogenesis of sepsis (60).
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Anti-inflammatory Cytokines in Sepsis

The anti-inflammatory cytokines are a group of immunoregulatory molecules that are 

involved in the prevention of potentially harmful effects of persistent or excess 

inflammatory reactions. Major anti-inflammatory cytokines include IL-1 receptor antagonist 

(IL-1Ra), IL-4, IL-6, IL-10, IL-11, and IL-13 (61). Anti-inflammatory cytokines may also 

play a role in sepsis.

IL-1Ra

A 152-amino-acid protein, it acts as a specific inhibitor for the two other functional 

members of the IL-1 family, IL-1α and IL-1β. IL-1Ra competes with IL-1α and IL-1β in the 

binding to IL-1 receptor and thus blocks the function of IL-1α and IL-1β. IL-1Ra binding to 

IL-1 receptor prevents cellular activation by IL-1α or IL-1β by steric inhibition (62). Some 

anti-inflammatory cytokines, including IL-4, IL-6, IL-10, and IL-13, increase the synthesis 

of IL-1Ra but also inhibit the synthesis of IL-1β (63).

In a rat model of sepsis induced by cecal ligation and puncture (CLP), IL-1Ra treatment 

inhibited the acute hemodynamic, hypothermic, and fatal effects of Gram-negative sepsis 

(64). The results indicated that IL-1 receptor blockade may be an important novel treatment 

strategy against overwhelming bacterial sepsis. Nevertheless, the role of IL-1Ra in patients 

with sepsis is still unclear.

IL-4

A pleiotropic cytokine, IL-4 was initially identified as a B-cell differentiation factor, as well 

as a B-cell stimulatory factor. It is produced by activated T-cells, mast cells and basophils. 

IL-4 has many biological roles. It can stimulate the proliferation of activated B-cells and T-

cells, and induce the differentiation of CD4+ T-cells into Th2 cells. Excessive production of 

IL-4 is associated with allergies (65). In animals with sepsis, IL-4 induces the activation of 

the Stat6 pathway, suppressing cell-mediated immunity and death (66). However, enzyme-

linked immunosorbent assays (ELISA) in 56 cases with severe trauma who developed 

sepsis, of whom 36 died, indicated that IL-4 had no significant correlation with the severity 

and outcome of sepsis (67). Moreover, studies on the disruption of the IL-4 gene in two 

inbred mouse strains demonstrated different roles of IL-4 in Staphylococcus aureus-induced 

sepsis. In 129SV mice, IL-4 was beneficial; however, in C57BL/6 mice, IL-4 was 

unfavorable (68). Thus, the precise role of IL-4 in sepsis is not clear.

IL-10

IL-10 is the key cytokine in anti-inflammatory responses. CD4+ Th2 cells, monocytes and 

B-cells produce IL-10. IL-10 powerfully inhibits the expression of Th1 cytokines, including 

both IL-2 and IFN-γ. After binding to its high-affinity IL-10 receptor, IL-10 also suppresses 

the production of TNF-α, IL-1, IL-6, IL-8, IL-12, GM-CSF, MIP-1α and MIP-2α in 

monocytes, macrophages, neutrophils and NK cells (61).

It has been reported that IL-10 is one of the critical cytokines in the pathophysiology of 

sepsis (19). Measurement of serum cytokines in patients with severe sepsis indicated that the 
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IL-10 level was significantly enhanced (41, 67). Increased IL-10 levels in serum were 

correlated with the sepsis score and death. A high IL-10-to-TNF-α ratio was associated with 

death. Furthermore, persistent overproduction of IL-10 is the main risk factor for sepsis 

severity and fatal outcome (69), suggesting that patients with sepsis are in profound 

immunosuppression.

IL-11

IL-11 is a member of the Gp130 family of cytokines. IL-11 has hematopoietic, 

immunomodulatory and epithelial cell-protective activities. IL-11 is usually not detected in 

the systemic circulation; however, it may be detected in localized areas of inflammation. 

IL-11 binds to its own unique receptor, IL-11α, and then activates Gp130, like IL-6 (70). 

IL-11 has been shown to act as a Th2-type cytokine. It induces the expression of IL-4, but 

inhibits the production of IFN-γ and IL-2, the Th1-type cytokines (71). Reverse 

transcription-polymerase chain reaction (RT-PCR) analysis demonstrated a considerable 

increase in IL-11 mRNA level in the femurs of group B Streptococcus (GBS)-infected 

neonatal rats with sepsis. Prophylactic administration of IL-11 was potentially effective in 

the treatment of GBS sepsis in neonatal rats (72). Oral administration of IL-11 also inhibited 

infection in a neutropenic rat model of Gram-negative sepsis (73). However, the role of 

IL-11 in patients with sepsis is still unclear.

IL-13

IL-13 is an important cytokine in allergic inflammation and disease. Many cell types, 

especially Th2 cells, secret IL-13 (74). IL-13 and IL-4 have a common cellular receptor, 

IL-4 type 1 receptor. Thus, IL-13 and IL-4 have many similarities in anti-inflammatory 

responses (75). IL-13 reduces the expression of TNF-α, IL-1, IL-8, and MIP-1α in 

monocytes (76). IL-13 also inhibits the production of TNF-α, IFN-γ and IL-12 and thus 

improves LPS-induced lethality in animal models (77), suggesting that IL-13 may play a 

role in sepsis.

It has been reported that the intestinal concentration of IL-13 was dramatically increased in 

rats with sepsis as compared with healthy normal rats (78). However, IL-13 was not detected 

in plasma in patients with sepsis and increased IL-13 production was not found to take part 

in an inducible host defense mechanism during sepsis (79). Further studies will be necessary 

to elucidate the role of IL-13 in sepsis.

IL-35

A recently-discovered anti-inflammatory cytokine belonging to the IL-12 family (80), IL-35 

is a heterodimeric cytokine composed of IL-12α and IL-27β chains. Regulatory T-cells 

produce IL-35, but effector T-cells do not (80). IL-35 converts naive T-cells into IL-35-

producing induced regulatory T-cells, stimulates regulatory T-cell proliferation and is 

required for the maximal suppressive function of regulatory T-cells (81, 82). It has been 

reported that IL-35 reduces Th17 cell activity (82) and suppresses inflammation in 

inflammatory bowel disease (80). IL-35 may contribute to infectious tolerance (83), 

suggesting that IL-35 may play a role in immunosuppression in sepsis. The role of IL-35 in 

sepsis, however, has not been studied thus far.
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TGF-β

An anti-inflammatory cytokine, TGF-β is involved in the control of cell proliferation, cell 

differentiation, and other functions in many cells. For instance, TGF-β suppresses the 

proliferation and differentiation of T- and B-cells. It may also antagonize or modify the 

functions of other cytokines or growth factors. For example, TGF-β inhibits the production 

of IL-2, IFN-γ and TNF. As an anti-inflammatory cytokine, TGF-β is an important regulator 

of the immune system by regulatory T-cells. TGF-β also inhibits the activation of 

lymphocytes and monocyte-derived phagocytes. TGF-β1 suppresses the functions of 

monocytes and macrophages in a manner similar to IL-10. However, TGF-β is less potent 

than IL-10 and has little or no effect on IL-1 production.

TGF-β was elevated in the blood from mice with sepsis (84) and increased in the circulation 

and in adherent splenic cells in rats with sepsis (85). However, real-time PCR analysis in 

total RNA from foal blood samples indicated that expression of TGF-β was significantly 

decreased in the sick non-septic and septic groups, compared with the healthy group (86). 

After comparison of 28 patients with Gram-positive sepsis to 11 patients with Gram-

negative sepsis and 15 healthy volunteers, it was found that there was no role for TGF-β in 

the development of Gram-positive sepsis nor in prognosis (87). These results suggest that 

TGF-β may not have a role in sepsis.

As stated above, both pro-inflammatory and anti-inflammatory cytokines may play critical 

roles in sepsis. Importantly, plasma and/or serum levels of IL-6, IL-8, IL10, IL-18 and TNF-

α significantly increased in patients with sepsis. Enhanced production of IL-6, IL-8, IL-18 

and TNF-α may be responsible for an excessive inflammatory state, whereas IL-10 may 

play a role in late immunosuppression in sepsis. Therefore, these cytokines are associated 

with disease severity and mortality in sepsis (Table I). Accordingly, transcription factors in 

the regulation of cytokine production may also play a role in sepsis. It was not surprising 

that activity of transcription factor nuclear factor kappa-light-chain-enhancer of activated B 

cells (NF-κB) was strongly correlated with the severity of sepsis and significantly associated 

with a higher rate of mortality (88, 89).

Cytokine Profile in Sepsis

Understanding the cytokine profile in patients with sepsis may be very useful in the 

diagnosis of disease severity, and prediction of mortality and better patient management. 

Cytokine assay by multiplex array in burnt mice with susceptibility to sepsis showed that 

IL-1β, IL-6, IL-17, G-CSF, GM-CSF, MIP-1α, RANTES (regulated on activation, normal 

T-cell expressed and secreted) and TNF-α were increased, but IL-2, IL-3 and IL-5 were 

decreased and IL-10, IFN-γ and IL-12p70 were expressed in a biphasic manner following 

the burn injury (90). There was a similar cytokine profile in mice and children after a severe 

burn (90), suggesting the utility of the burnt mouse model for development of therapeutic 

interventions to attenuate the post-burn inflammatory response. A multiplex analysis 

evaluating plasma levels of 17 cytokines in patients with severe sepsis discovered that the 

concentrations of IL-1β, IL-6, IL-7, IL-8, IL-10, IL-13, IFN-γ, MCP-1 and TNF-α were 

significantly higher in patients with septic shock than in those with severe sepsis, and 
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distinct cytokine profiles were associated with severity of sepsis, evolution of organ failure 

and death (39).

Serial estimation of IL-6 and TNF-α in patients with sepsis on days 1, 3 and 7 after 

admission showed that IL-6 levels were reduced from day 1 to 7 in the survivor group and 

the TNF-α level was significantly low on day 1 in the non-survivor female group (21). 

These results suggest that a decreasing trend in IL-6 values was associated with a better 

prognosis in sepsis.

It has been reported that IL-10 paralleled the sepsis score and elevated serum IL-10 and 

TNF-α levels and a high IL-10 to TNF-α ratio were associated with death (69). The results 

demonstrate that the sustained overproduction of the anti-inflammatory cytokine IL-10 is the 

main predictor of severity and fatal outcome.

It has become clear that sepsis is typically characterized by an initial intense inflammatory 

response or cytokine storm (11). These cytokines trigger a beneficial inflammatory response, 

such as increased local coagulation and restricted tissue damage. Overwhelming production 

of these pro-inflammatory cytokines, however, can be very dangerous in that excessive 

cytokines destroy the normal regulation of the immune response and induce pathological 

inflammatory disorders, such as capillary leakage, tissue injury and lethal organ failure (91).

The initial hyperinflammatory phase may be followed by immunosuppression in late sepsis 

(11). This theory is very important because it might help to explain these recent therapeutic 

failures and could innovate the way that new sepsis therapies are designed.

Cytokines in Neonatal Patients with Sepsis

Similar to adult patients, serum levels of IL-6, IL-8, IL-10, GM-CSF, IFN-γ, TNF-α and 

IL-12 significantly increased in neonatal patients who developed and died of sepsis (92). 

Furthermore, there was a positive correlation between serum TNF-α and IL-10 levels 

measured early in the course of sepsis and those detected in cord blood (93). It has been 

reported that enteral feeding with cow milk formula may induce sepsis. IFN-γ, IL-4, IL-10 

and TGF-β1 were dramatically augmented in such neonatal patients (94). Such findings 

suggest that similar cytokines mechanisms may operate in sepsis in neonatal and adult 

patients.

Cytokines in Elderly Patients with Sepsis

There are very limited data available on elderly patients regarding cytokines in sepsis. Age-

dependent defects in T- and B-cell function have been demonstrated in elderly patients (95). 

Thus, elderly patients have a considerable decrease in both cell-mediated immune function 

and reduced humoral immune function. Immune dysfunctions may contribute to enhanced 

susceptibility of elderly patients to sepsis. The cytokine and chemokine signaling networks 

may also be severely altered in elderly patients. For instance, a type 2 cytokine response is 

favored over type 1 cytokine responses in elderly adults (96). Immune dysfunctions may 

contribute to the enhanced susceptibility of elderly patients to sepsis.
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Studies in mouse models of intra-abdominal sepsis indicated that aged mice displayed a 

significantly higher mortality rate and profound hypothermia. IL-1β, IL-6 and IL-10 were 

higher in the circulating blood with aging. In the heart and lungs, the expression of IL-6 and 

IL-10 mRNA was also significantly increased with aging. These results demonstrate an age-

associated enhancement in mortality, hypothermia and induction of IL-6 during sepsis in 

mice (97). Serial estimation of IL-6 and TNF-α in elderly patients with sepsis indicated that 

IL-6 levels reduced in the survivor group from day 1 to 7, whereas the TNF-α level 

significantly decreased in the non-survivor group on day 1 (21). Further investigation will be 

needed in understanding the function of cytokines in elderly patients with sepsis.

Cytokines as a Biomarker in Sepsis

A reliable biomarker for the diagnosis and prognosis of sepsis is critical. The ideal 

biomarker for sepsis should be easy to determine analytically, highly specific and very 

sensitive, and assays should be inexpensive and readily available. Using such biomarkers 

would not only provide early diagnostic accuracy and prognostic information on sepsis but 

also predict the responsiveness to treatment interventions. Thus far, there are no such 

biomarkers available for sepsis. It is also impossible to develop such an ideal assay for 

sepsis diagnosis in the near future (98).

Although there are not ideal biomarkers available for sepsis, a number of existing and 

candidate biomarkers have been tested and may provide useful information to the clinicians 

caring for patients with sepsis (Table I) (98). It has been reported that there is an association 

of cytokine concentrations with the severity and evolution of organ dysfunction in patients 

with sepsis (39). Several studies have shown that high plasma levels of IL-18 correlated with 

poor clinical outcome in patients with sepsis (42), and thus IL-18 may constitute a candidate 

biomarker for sepsis.

Midkine, also known as neurite growth-promoting factor-2 (NEGF2), is a multifunctional 

cytokine. Recent studies indicate that midkine significantly increased in the patients with 

severe sepsis and septic shock (99). Sepsis-related global hypoxia may contribute to midkine 

enhancement. Midkine may have an application as a sepsis biomarker. Potentially, midkine 

may be used in the differentiation of SIRS from sepsis, and the identification of Gram-

positive sepsis and patients with sepsis who are susceptible to cardiovascular insufficiency 

and shock (99).

Leptin, a hormone mainly produced by adipocytes, functions primarily in the hypothalamus 

to control body weight and energy expenditure. Leptin is also involved in cell-mediated 

immunity and cytokine crosstalk. It has been established that there is a serum threshold (38 

mg/l) of leptin between sepsis and non-infectious SIRS (100). Therefore, leptin is another 

potential biomarker to distinguish sepsis from SIRS.

Procalcitonin is a peptide precursor of calcitonin, which is involved in calcium homeostasis. 

It has been demonstrated that the serum levels of procalcitonin rise dramatically in a 

response to bacterial infection (101). Thus, measurement of procalcitonin could be used as a 

marker of severe sepsis caused by bacteria (102). Procalcitonin also has the greatest 

sensitivity and specificity for differentiating patients with SIRS from those with sepsis, 
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when compared with IL-2, IL-6, IL-8 and TNF-α (103). Currently, procalcitonin assays are 

widely used in the clinical setting (104) although there are some limitations, such as the 

induction of procalcitonin expression by non-infectious disease conditions (105).

An assay of nine biomarkers in the blood obtained from 971 emergency department patients 

demonstrated that a biomarker panel of neutrophil gelatinase-associated lipocalin, IL-1Ra, 

and protein C could be used to predict severe sepsis, septic shock, and death in the patients 

with suspected sepsis (106). Further study, however, is necessary to prospectively validate 

the clinical utility of these biomarkers.

It has been reported that the serum levels of IL-1β, IL-6, IL-8, and TNF-α were significantly 

increased in the new-born patients with sepsis than the control groups and were significantly 

decreased at the seventh day after antibiotic treatment (107). Thus, serum levels of IL-1β, 

IL-6, IL-8, and TNF-α may be used in the diagnosis and the assessment of the therapeutic 

efficiency of neonatal sepsis (107).

IL-8 and MCP-1 displayed the best association with the sequential organ failure assessment 

(SOFA) scores of patients with sepsis on day 1. In addition, the concentrations of IL-6, IL-8 

and G-CSF during the first 24 h were used to predict worsening organ dysfunction or failure 

of organ dysfunction to improve on day three. Furthermore, several cytokines such as IL-1β, 

IL-4, IL-6, IL-8, MCP-1 and G-CSF were used to predict early mortality (<48 h), whereas 

IL-8 and MCP-1 were used in the prediction of mortality at 28 days. A multivariate analysis 

indicated that MCP-1 was independently coupled with sepsis prognosis (39). Thus, a 

multiple cytokine assay platform might be developed to identify distinct cytokine profiles, 

which are linked with sepsis severity, evolution of organ failure and death.

Cytokines in Sepsis Treatment

As stated above, sepsis is characterized by the excessive production of cytokines in the 

circulating blood, leading to a systematic inflammatory response. Therefore, inhibition of 

excessive cytokine production or removal of cytokines and other inflammatory mediators 

from the blood may suppress systemic inflammation during sepsis and improve patient 

outcomes (Table II).

It has been documented that corticosteroids inhibit transcription factors, such as NF-κB and 

activator protein 1 (AP-1), and thus suppress cytokine production (108). Clinical trials 

demonstrated that treatment with long courses of low doses of corticosteroids significantly 

reduced mortality in patients with severe sepsis and septic shock (109).

Specific devices and techniques are being developed to remove cytokines in the blood in 

order to treat patients with sepsis. Continuous hemodiafiltration (CHDF) using a 

polymethylmethacrylate (PMMA) membrane hemofilter (PMMA-CHDF) may effectively 

remove various cytokines from the circulating blood (110). The hemofilter membrane can 

absorb many cytokines including IL-6, IL-8, IL-10 and TNF-α. Use of PMMA-CHDF also 

restored blood pressure, reduced monocytic human leukocyte antigen DR (HLA-DR) 

expression, and inhibited the delayed neutrophil apoptosis in patients with sepsis. Thus, 

cytokine removal with PMMA-CHDF may be effective in clinical care (111). 
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Hemofiltration with an immobilized polymyxin-B fiber (PMX) column can also remove 

cytokines, such as IL-6, IL-10 and TNF-α, from the blood. After treatment with a PMX 

column, respiratory function was recovered, and SOFA scores improved in patients with 

sepsis (112).

Attempts have also been made to develop agents that specifically reduce levels of cytokines 

and other inflammatory mediators in order to treat sepsis. Ulinastatin (UTI), a human 

protease inhibitor, selectively reduces excessive production of pro-inflammatory cytokines. 

It has been reported that UTI administration effectively suppressed the levels of TNF-α and 

IL-6 in septic rats (78), suggesting that UTI may have a therapeutic role for patients with 

sepsis by inhibiting TNF-α and IL-6. Androstenediol is a metabolite of 

dehydroepiandrosterone. Administration of androstenediol also significantly reduced the 

plasma levels of IL-6 and TNF-α in rats following trauma-hemorrhage (T-H) and CLP for 

sepsis (113). After treatment with androstenediol, the survival rate improved in septic rats. 

These results indicate that androstenediol may represent a novel and useful agent in sepsis 

treatment.

Using soluble cytokine receptor or neutralizing antibodies, researchers have also attempted 

to develop specific blockade of pro-inflammatory cytokines to reduce infection, morbidity 

and mortality in sepsis. Use of TNF-α or IL-1 neutralizing antibodies has been shown to 

block cytokine functions, and thus reduce infection and inflammation in animal models 

(114). Soluble surface receptors of TNF-α and IL-1 may bind their respective cytokines and 

inhibit cytokine function. Animal model studies indicated that soluble TNF and IL-1 surface 

receptors ameliorate septic processes (114). Clinical trials, however, indicated that 

treatments by TNF-neutralizing antibodies, soluble TNF receptors and IL-1 receptor 

antagonist did not have any beneficial effects for patients with sepsis (115, 116).

Since augmented IL-17A levels have detrimental effects on mice with sepsis, neutralization 

of IL-17A by antibodies caused a striking attenuation of bacteremia, reduced plasma levels 

of pro-inflammatory cytokines, and improved survival rates when the treatment was 

administered at 12 h after the initiation of experimental sepsis in mice (117). However, the 

role of IL-17 in patients with sepsis is controversial. Recently, it has been reported that 

IL-17A and IL-17F mRNA are undetected in peripheral blood mononuclear cells from 

patients with sepsis (118). A multiplex analysis in 60 patients with severe sepsis showed that 

IL-17 was not detected (39). Therefore, it is unclear if IL-17 neutralization is a useful 

therapeutic intervention for patients with sepsis (1, 119).

Several studies have shown that elevated plasma levels of IL-18 are associated with poor 

clinical outcome in severe inflammatory and septic conditions (41, 42). Caspase-1 

intervention or IL-18-binding protein may neutralize IL-18 biologically. Experimental data 

show that such biological neutralization of IL-18 may be a promising therapeutic approach 

in treatment of sepsis (120), however, further studies will be required to evaluate their full 

potential in the treatment of human sepsis (42).

A series of cyclohexene derivatives have been synthesized and tested for their inhibition of 

cytokines in order to develop an anti-sepsis agent. It has been reported that benzylsulfone 
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derivatives, (R)-(+)-10a and (6R, 1S)-(+)-22a, not only significantly suppress the production 

of inflammatory cytokines such as TNF-α and IL-6 in vitro, but also protected mice from 

LPS-induced lethality in a dose-dependent manner (121). The results suggest that these 

agents may be effective in the treatment of sepsis in patients.

Considering the immunosuppression status in patients with sepsis, cytokine immunotherapy 

is also used in clinical trials of sepsis treatment. Meisel and co-workers reported the results 

of a randomized, double-blind, placebo-controlled, multicenter trial of GM-CSF 

immunotherapy in patients with sepsis and sepsis-associated immunosuppression (122). 

GM-CSF treatment improved clinical parameters in patients with sepsis and sepsis-

associated immunosuppression. The treatment was well-tolerated, but did not improve 

survival rates. Nevertheless, this study was the first biomarker-guided immunostimulatory 

treatment trial in patients with sepsis (123).

Neutralizing antibodies have also been tested in the development of specific blockade of 

anti-inflammatory cytokines to reduce immunosuppression in sepsis. It has been reported 

that neutralization of IL-10 restored IL-18R expression on liver NK cells and re-established 

IFN-γ response in septic mice, thereby leading to an improved survival (124). Neutralization 

of IL-10 may also reduce the percentage of CD4+CD25+Foxp3+ regulatory T-cells in septic 

mice and thus improve survival (125). The results suggested that neutralizing IL-10 might 

represent a novel strategy for treating the immunosuppressive conditions in patients with 

sepsis.

Cytokine Signaling in Sepsis

It has been reported that there is an significant increase in IL-1β level as early as 12 h, IL-10 

as early as 6 h, and TNF-α as early as 6 h in brain extracts after sepsis induction in mice 

(126). The results demonstrated that cytokine production in the brain is an early event during 

sepsis. Early production of cytokines may participate both in central nervous system (CNS) 

dysfunction and brain-blood barrier (BBB) permeability alterations. Therefore, the brain 

inflammatory response may play a role in the pathophysiology of sepsis.

It has been shown that abnormalities in cytokine receptor signaling pathways are responsible 

for inflammatory diseases (127). Thus, signal transduction pathways involved in cytokine 

production may also play an important role in sepsis. Bacterial endotoxins may induce 

tyrosine phosphorylation of STAT3 (128). Activated STAT3 induces NF-κB translocation 

and thus triggers cytokine production (129). Stattic, a STAT3 Inhibitor, was found to 

suppress STAT3 tyrosine phosphorylation in vivo, inhibit systemic inflammation, and thus 

increase mouse survival in experimental sepsis (130). These results indicate that the STAT3 

signaling pathway has implications in sepsis.

Bacterial-induced TLR signaling may also be involved in cytokine production in sepsis. 

Bacterial endotoxins such as LPS bind to TLR, leading to the activation of the small 

guanosine triphosphate hydrolase (GTPase) ras-related C3 botulinum toxin substrate 1 

(RAC1). Activated RAC1 in turn induces the activation of c-Jun N-terminal kinase (JNK), 

NF-κB and AP-1. Then, activated NF-κB and AP-1 bind to the promoters of inflammatory 

cytokines, leading to massive cytokine production in sepsis (131).
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Cytokines usually bind their specific receptors, induce signaling pathways and thus regulate 

immune responses and other cell functions. Therefore, cytokine signaling plays an important 

role in immune response. For instance, IL-6 binds its unique IL-6Rα receptor and activates 

the signal transducer Gp130, leading to the activation of the Janus kinase (JAK)/STAT and 

mitogen-activated protein kinase (MAPK) cascades. In the JAK/STAT pathway, IL-6 

binding to its receptor activates JAK tyrosine kinase family members, and then induces the 

activation of transcription factors of the STAT family. IL-6 mainly activates STAT3, and to 

a minor extent STAT1. STAT3 controls a number of cellular pathways which are involved 

in the regulation of cytokine production, cell-cycle progression, apoptosis, tumor 

angiogenesis, invasion and metastasis (132). IL-6 also leads to activation of the 

phosphatidylinositide 3-kinases (PI3K)/Akt (“Ak” refers to mouse Ak strain developing 

spontaneous thymic lymphomas, and “t” stands for thymoma) pathway, which is essential 

for the anti-apoptotic effect of IL-6 (133).

IL-10 binds to IL-10 receptor (IL-10R) to induce signal pathways and a series of immune 

responses. IL-10R is a tetramer, comprising of two IL-10R1 polypeptide chains and two 

IL-10R2 chains. IL-10 binds to the extracellular domain of IL-10R1, leading to the 

phosphorylation and activation of the receptor-associated Janus tyrosine kinases, JAK1 and 

tyrosine kinase-2 (Tyk2). After activation, Janus tyrosine kinases induce the 

phosphorylation of specific tyrosine residues (Y446 and Y496) on the intracellular domain 

of IL-10R1, resulting in IL-10R1 activation. Then, phosphorylated IL-10R1 activates 

STAT3 (134). After binding to its receptor, IL-10 may also induce activation of MAPK 

cascades (135). MAPK cascades are involved in many immune functions (136). For 

example, activated p38 MAPK suppresses IL-27 production (137). A signaling pathway 

consisting of MAPK kinase kinase-1 (MEKK1), JNK1 and E3 ubiquitin-protein ligase Itchy 

homolog (Itch) inhibits Th2 cytokine production and is indispensable for Th2 cell-mediated 

tolerance induction (138).

TNF-α has two receptors, TNFR1 and TNFR2. TNFR1 is present in most tissues, and both 

the membrane-bound and soluble forms of TNF-α can bind and activate TNFR1. TNFR2, 

however, is expressed exclusively in immune cells, and only the membrane-bound form of 

TNF-α can bind and activate TNFR2. The information about TNF-α signaling is derived 

from TNFR1, and the role of TNFR2 is still unclear. TNF-α binds to TNFR1, leading to the 

activation of NF-κB pathway, MAPK cascades and death signaling (139). In the death 

signaling, activated TNFR1 induces the binding of adaptor protein tumor necrosis factor 

receptor type 1-associated death domain protein (TRADD) to Fas-associated protein with 

death domain (FADD), which activates caspase-8. Activated caspase-8 induces its 

autoproteolytic activity, resulting in the cleavage of effector caspases and induction of cell 

apoptosis.

In summary, cytokine signaling plays an important role both in cytokine production and 

cytokine function. Cytokine signaling may also play a role in sepsis. Blockage of specific 

cytokine signaling pathways may be beneficial in sepsis treatment. Further studies are 

needed to help understand the role of cytokine signaling in sepsis.
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Cytokine Gene Polymorphisms in Sepsis

As stated above, cytokines play a pivotal role in sepsis. Because cytokine gene 

polymorphisms are involved in the control of cytokine production, it is becoming clear that 

genetic predisposition plays a critical role in the pathophysiology of sepsis.

Analysis of gene polymorphisms in patients treated with transthoracic esophagectomy 

without neoadjuvant treatment showed there to be a significantly greater frequency of 

postoperative infections in the patients carrying the INF-γ 874 (rs2430561) A/A and A/T 

genotypes. Univariate and multivariate logistic regression models also demonstrated that 

patients having the INF-γ 874A/T genotype were highly susceptible for the development of 

postoperative infectious complications (140). These findings suggest that the IFN-γ 874A>T 

polymorphism may be used in the assessment of risk for patients undergoing esophagectomy 

for thoracic esophageal cancer of having postoperative infections. This polymorphism may 

therefore have important clinical relevance in sepsis.

It has been documented that IL-6 is the key cytokine in the pathophysiology of severe sepsis 

(13, 18, 19). Thus, it is not surprising that the IL-6 -174 G/C promoter genotype is 

associated with septic shock and IL-6 secretion (141). A recent study, however, 

demonstrated that there were neither significant differences in the IL-6 -174G/C genotypic 

frequencies among burn patients with and without sepsis, and healthy individuals nor 

significant associations between IL-6 genotypes and the serum cytokine levels (142). 

Further experiments will be necessary to determine if IL-6 gene polymorphisms play a role 

in sepsis.

IL-4 may play a role in the pathophysiology of sepsis (66). It has been shown that the 

-589T/C polymorphism in IL-4 promoter may alter IL-4 expression and susceptibility to 

inflammatory or autoimmune diseases. The IL-4/-589C allele was significantly associated 

with higher plasma IL-4 level and lower IFN-γ production after LPS stimulation, signifying 

its effect on the regulation of Th1/Th2 balance. Moreover, homozygosity and heterozygosity 

for this polymorphism were linked with an increased susceptibility for sepsis (143). These 

results suggest that the IL-4 -589T/C polymorphism may regulate Th1/Th2 balance and 

increase susceptibility to sepsis.

Analysis of the -1082A/G polymorphism in the IL-10 gene promoter demonstrated that the 

A/A genotype was associated with lower IL-10 production in LPS-stimulated peripheral 

blood mononuclear cells (PBMCs) from healthy donors. LPS-stimulated PBMCs from the 

carriage of at least one copy of the IL-10-1082 G allele in patients with sepsis and in healthy 

controls had a statistically significant increase in IL-10 production. Importantly, as 

compared with healthy controls, the frequency of the A allele was greater in patients with 

severe sepsis, whereas surviving patients had a significant lower frequency of G allele. 

There was an association between increased IL-10 production and poor outcome of sepsis 

(144). These results indicated that the A allele of the - 1082 polymorphism in the IL-10 gene 

promoter is related to sepsis susceptibility, whereas the G allele is related to increased IL-10 

production and higher mortality in sepsis.
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Examination of IL-1Ra gene polymorphism demonstrated that there was a significant 

association between IL-1Ra allele *2 gene polymorphism and survival of patients with 

sepsis. As compared with patients homozygous or heterozygous for allele *1, PBMCs from 

homozygotes for IL-1Ra allele *2 produced significantly lower levels of IL-1Ra (145). The 

results suggested that insufficient production of IL-Ra due to gene polymorphism may 

contribute to the higher mortality rate in patients with sepsis.

Analysis of polymorphism in the TNF-α gene promoter revealed that there was no 

association between TNF-α gene polymorphism and sepsis (146). A recent study, however, 

demonstrated that TNF-308 polymorphism (rs1800629) was associated with mortality and 

ventilator duration in patients with sepsis (147), suggesting that TNF-α gene polymorphisms 

may play a role in sepsis.

TLRs are a class of proteins that play a key role in the innate immune system. In response to 

microbes, TLRs are involved in cytokine production and cellular activation (148). It has 

been reported that TLR1 gene polymorphisms correlated with whole-blood hyper-

inflammatory responses to pathogen-associated molecules, sepsis-associated multiorgan 

dysfunction and acute lung injury (149). Moreover, TLR2 single nucleotide polymorphism 

Arg753Gln was associated with increased plasma TNF-α concentrations, but reduced IFN-γ 

and IL-8 levels in Candida sepsis (150). Thus, TLR gene polymorphisms may also 

contribute to the pathophysiology of sepsis.

Conclusion

Sepsis triggers the production of a diverse array of cytokines that are pro-inflammatory and 

anti-inflammatory. While pro-inflammatory cytokines are necessary for controlling 

infection, their excessive production may lead to tissue and organ injury. Similarly, the anti-

inflammatory cytokines are critical in regulating the overall immune response and in 

establishing homeostasis. Therefore, their dysregulation can also trigger pathogenesis. 

Together, these studies indicate that an imbalance of pro- and anti-inflammatory cytokines 

produced during sepsis may play an important role in pathogenesis. While clinical and 

experimental studies have identified some critical roles played by individual cytokines, a 

combined signature profile of cytokines involved in sepsis is necessary to understand the 

mechanisms at play and offer better treatment approaches. Such a profile may also help 

identify biomarkers of sepsis and prognosis. Effective removal of pathogenic cytokines and 

administration of protective cytokines may be helpful in successful treatment of sepsis. 

Overall, studies on cytokines in sepsis have great implications in the understanding of 

pathophysiology and the development of effective treatment modalities against sepsis.
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Table I

Role of major pro-inflammatory and anti-inflammatory cytokines in sepsis.

Cytokine Family Cell origin Function Role in sepsis

Pro-inflammatory

    IL-1β IL-1 Macrophages, monocytes Cell proliferation, differentiation, 
apoptosis

Unknown

    IL-6 IL-6 T-cells, macrophages, endothelial 
cells

Cell growth, differentiation, cytokine 
production

Disease severity, mortality, 
biomarker

    IL-8 CXC Macrophages, epithelial cells, 
endothelial cells

Chemotaxis, angiogenesis Mortality, biomarker

    IL-12 IL-12 Dendritic cells, macrophages, B-
cells

IFN-γ production, TNF-α production, 
Th1 differentiation

Unknown

    IL-17 IL-17 Helper T-cells Cytokine/chemokine production, anti-
tumor immunity, autoimmunity

Controversial

    IL-18 IL-1 Macrophages, monocytes, 
dendritic cells

IFN-γ production, anti-microbial 
immunity

Disease severity, biomarker

    IFN-γ IFN T-Cells, NK cells, NKT cells Anti-infection, anti-tumor immunity, 
autoimmunity

Unclear

    GM-CSF IL-4 T-Cells, macrophages, mast cells, 
endothelial cells, fibroblasts

Cell growth, survival, granulocyte 
development, monocyte development, 

autoimmunity

Unclear

    TNF-α TNF Macrophage, CD4 T-cells, NK 
cells

Cytokine production, cell proliferation, 
apoptosis, anti-infection, tumor 

necrosis

Disease progress, survival, 
biomarker

Anti-inflammatory

    IL-1Ra IL-1 Macrophages, monocytes, 
dendritic cells

IL-1α inhibitor, IL-1β inhibitor Unknown

    IL-4 IL-4 T-Cells, mast cells, basophils Cell proliferation, Th2 differentiation Unclear

    IL-10 IL-10 Th2 cells, B-cells, monocytes Potent inhibitor of pro-inflammatory 
cytokine production

Disease severity, mortality

    IL-11 IL-6 Fibroblasts, neurons, epithelial 
cells

Induction of Th2 cytokines, inhibition 
of Th1 cytokine production

Unknown

    IL-13 IL-4 Th2 Cells Inhibitor of pro-inflammatory cytokine 
production

Unknown

    TGF-β TGF-β Macrophages, T-cells Proliferation, apoptosis, 
differentiation, migration, inhibition of 
pro-inflammatory cytokine production

Unclear

IL: Interleukin; CD: cluster of differentiation; Th: T helper; IFN: interferon; TNF: tumor necrosis factor; TGF: transforming growth factor; GM-
CSF: granulocyte-macrophage colony-stimulating factor; CXC: cysteine X cysteine.
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Table II

Outline of sepsis treatment.

Method Function Treatment in animal models Clinical trial in patients with sepsis

Corticosteroids Suppress cytokine production Reduced mortality

Hemodiafiltration Removes cytokines Restored blood pressure and respiratory 
function

Androstenediol Reduces cytokine production Increases survival Unknown

Benzylsulfone derivatives Suppress cytokine production Increases survival Unknown

Soluble TNF-α receptor Blocks TNF-α activity Reduces mortality No beneficial effects

TNF-α neutralizing antibody Blocks TNF-α activity Reduces morbidity and 
mortality

No beneficial effects

IL-17A neutralizing antibody Blocks IL-17 activity Improves survival Unclear

IL-18 neutralizing antibody Blocks IL-18 activity Reduces lung injury Unknown

IL-10 neutralizing antibody Blocks IL-10 activity Improves survival Unknown

GM-CSF Relieves immunosuppression Improved clinical parameters, but not 
survival

IL: Interleukin; GM-CSF: granulocyte-macrophage colony-stimulating factor; TNF: tumor necrosis factor.
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