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Sepsis is the leading cause of death from infection. Its incidence is on the rise. Sepsis is characterized by life-threatening

organ dysfunction caused by a dysregulated host response to infection, and it can occur after major surgery and injury.

TLRs (toll-like receptors) regulate free radical generation, macrophage and leukocyte function, and modulate eicosanoid

synthesis, and thus have a critical role in inflammation, immune response, and development and/or recovery from sepsis.
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1. Introduction

Sepsis is the leading cause of death from infection. Its incidence is on the rise. In the United States alone, sepsis

accounted for more than 20 billion dollars in hospital costs in 2011. Sepsis is defined as life-threatening organ dysfunction

due to a dysregulated host response to infection. Septic shock is defined as a subset of sepsis, in which particularly

profound circulatory, cellular, and metabolic abnormalities substantially increase mortality. The new diagnostic tool

quickSOFA, or qSOFA, can be used to detect, at the bedside, patients who are at risk for sepsis. These are those who are

experiencing:

An alteration in mental status

A decrease in systolic blood pressure of less than 100 mm Hg

A respiration rate greater than 22 breaths/min

Studies suggest that patients with two or more of these conditions are at a significantly greater risk of having a prolonged

ICU stay (3 or more days) or dying in the hospital. Hence, these patients need to be investigated further for organ

dysfunction, therapy should be initiated or escalated, as appropriate, and the frequency of monitoring should be increased

. Despite these clinical indices in the evaluation of patients with sepsis, it will be worthwhile to have and/or establish

specific laboratory indices that could serve as indicators of prognosis and response to therapy. Such laboratory indices

could include: plasma cytokines, nitric oxide (NO), antioxidants (such as SOD, catalase, glutathione), lipid peroxides, ROS

(reactive oxygen species), and pro- and anti-inflammatory eicosanoids. Several studies did look at these indices in sepsis

and other critical illnesses, but a comprehensive study of these parameters was not done. In addition, there were no

studies that looked at the potential interaction(s) among the various indices enumerated above with specific reference to

sepsis. 

Sepsis is characterized by life-threatening organ dysfunction caused by a dysregulated host response to infection, and it

can occur after major surgery and injury. Dysregulated innate and adaptive immunity, as seen in those with sepsis, can

result in sustained immunosuppression, predisposing them to secondary opportunistic infections. Paradoxically, autopsy

studies revealed only minimal signs of inflammation or necrosis . It is likely that the initial hyperinflammatory

response(s) may result in the development of subsequent immunosuppression . It is likely that the duration of the initial

hyperinflammatory response and subsequent immunosuppression are variable. The heterogeneous presentation(s) and

responses seen in sepsis may result in failure to recover from tissue injury, wound healing, and restoration of

homeostasis. When dynamic changes in the innate and adaptive immune responses in sepsis was correlated with patient

outcomes, it was found that absolute lymphocyte counts and lymphocyte subsets levels were reduced in those with

sepsis, and there was an increase in the proportion of Tregs correlated with disease progression and immunosuppression,

suggesting that downregulated adaptive immunity is responsible for the prolonged immune suppression seen in sepsis. In

contrast, though cellular immunity reverted to near normal within 2 weeks of admission, humoral and innate immunity

recovery lags. These findings suggest that appropriate therapeutic approaches need to be developed to improve the

immune responses in those with sepsis.
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This heterogenous presentation of sepsis could be attributed to mutations in Toll-like receptor-4 (TLR-4) , though

this has been disputed . Mutations in TLR-4 are associated with differences in lipopolysaccharide (LPS) responsiveness

in humans, implying that host response to infections may be variable, rendering some to develop sepsis, while others may

be resistant . This indicates that an imbalance in the synthesis and release of pro-inflammatory and inflammation-

resolving molecules determines the degree of infection, injury, and recovery from sepsis. Thus, a disparity in the timing

and generation of adequate amounts of pro- and anti-inflammatory molecules determines the degree of the inflammatory

process, inflammation resolution, and tissue repair in a sequential and coordinated fashion. TLRs regulate free radical

generation, macrophage and leukocyte function, and modulate eicosanoid synthesis, and thus have a critical role in

inflammation, immune response, and development and/or recovery from sepsis . Hence, efforts need to be made

to revert the initial hyperinflammatory response and subsequent immunosuppression to facilitate recovery from sepsis to

one in which there could be a role for essential fatty acids (EFAs) and their metabolites. This is further supported by the

observation that EFAs and their metabolites have a regulatory role in the elaboration of various cytokines, reactive oxygen

species (ROS), TLR and NF-kB expression, and the cGAS-STING pathway.

2. TLRs and Eicosanoids in Sepsis

Polyunsaturated fatty acids (PUFAs) form an important constituent of all cell membranes and regulate cell membrane

fluidity and the expression of receptors on their surface and serve as mechanotransducers to convey external stimuli to

the cytoplasm and DNA . This cross-communication between the cell membrane PUFAs and the nucleus (and,

consequently, genes) enables the cell to tailor its responses to external stimuli and produce adequate changes in cell

shape and control dynamic cell behavior . Thus, cells sense their physical environment through their plasma

membrane, which harbors mechanosensitive ion channels and adhesion molecules. It is likely that cells sense their

environment though the cell membrane that induces stretch in the nuclear membrane, leading to the activation of the

enzyme cytosolic phospholipase A2 (cPLA2), which induces the release of cell membrane PUFAs (especially arachidonic

acid, AA). The released AA, in turn, initiates cell blebbing and movements, as well as other cell functions . It is also

known that cPLA2 senses nuclear swelling upon osmotic shock to initiate rapid immune cell chemotaxis . AA can be

converted to form various eicosanoids, which attract immune cells and control cell differentiation and survival, among

various other functions (see Figure 1 for metabolism of essential fatty acids). These studies suggest that the fluidity of

plasma and nuclear membranes sense physical clues from the cell environment and converts them into chemical signals

that drive inflammation. It is noteworthy that cPLA(2)(−/−) (cPLA2 knockout) mice recover from allergen-induced

bronchoconstriction and show no airway hyperresponsiveness. Their peritoneal macrophages [cPLA(2)(−/− mice] do not

produce prostaglandins (PGs), leukotriene B4 (LTB4), and cysteinyl leukotrienes after stimulation. Moreover, cPLA(2)(−/−)

mice bone marrow-derived mast cells also do not produce eicosanoids. Thus, cPLA2 has a critical role in inflammation

and tissue injury that is relevant to the pathobiology of sepsis.

Figure 1. Scheme showing metabolism of essential fatty acids (EFAs) and the effect of corticosteroids on the same. Note

the differences in the actions of corticosteroids (dexamethasone) and radiation. Corticosteroids inhibit desaturases, and

PLA2, COX-2, and LOX enzymes, whereas radiation blocks only desaturases, but activates PLA2, COX-2, and LOX

enzymes. Radiation enhances the formation of PGs, LTs, and TXs, but blocks the formation of LXA4, resolvins, protectins,
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and maresins by inducing deficiency of AA/EPA/DHA, whereas corticosteroids block the formation of PGS, LTs, TXs, and

LXA4, resolvins, protectins, and maresins by inhibiting PLA2, COX-2, and LOX enzymes, and induces deficiency of

AA/EPA/DHA by inhibiting desaturases. Thus, corticosteroids are potent inhibitors of inflammation but also block

resolution of inflammation, whereas radiation is a potent inducer of inflammation and interferes with the inflammation

resolution process.

PUFAs modulate the expression of TLRs. COX-2 (cyclooxygenase-2) mediated high production of PGE2 following LPS

stimulation, whereas LPS down-regulated COX-1, and COX-1 deficiency enhanced PGE2 production. Thus, coordinated

down-regulation of COX-1 facilitates PGE2 production after TLR activation . On the other hand, the

supplementation of AA and docosahexaenoic acid (DHA) inhibited intestinal TLR-4 gene expression and ameliorated NEC

(necrotizing enterocolitis) . Resolvins and protectin D1, which are derived from DHA, inhibited the number of

infiltrating leukocytes, blocked TLR-mediated activation of macrophages, and suppressed ischemia-reperfusion-induced

kidney injury . These results emphasize the fact that the coordinated synthesis, release, and action of pro- and anti-

inflammatory eicosanoids can control inflammation and its resolution, including in sepsis .
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