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Sepsis is one of the most challenging health problems worldwide. 
In the USA alone, around three-quarters of a million cases occur 
every year, and the fatality rate remains between 30% and 50% [1]. A 
recent report indicates that between 1999 and 2005, sepsis contributed 
to 6% of all deaths in the United States [2]. Treating sepsis remains 
problematic, as no effective anti-sepsis drug is currently available.

Sepsis is associated with the activation of multiple inflammatory 
pathways within the host, including the cytokine network and 
coagulation system. It is a life-threatening disorder resulting from 
overwhelming systemic inflammatory responses commonly triggered 
by bacterial infections. Generally, host responses to bacterial infections 
are mediated by the innate immune system, which recognizes 
pathogens or pathogen-associated molecular patterns (PAMPs). This 
leads to secretion of pro- inflammatory cytokines and other mediators 
that promote the elimination of infectious agents and the initiation 
of tissue repair [3]. However, excessive production of inflammatory 
mediators or other pathogen-derived factors cause dys-regulation of 
the innate immune responses. This aberration of host-directed pro-
inflammatory response is triggered after exposure to gram-positive or 
gram-negative bacterial infections. This deviant hyper-production of 
pro-inflammatory cytokines and other factors can be due to excessive 
signaling over an extended period of time. The resulting systemic 
inflammation triggers the pathological outcomes of sepsis, such as 
septic shock, toxic shock syndrome (which often leads to systemic 
vascular leakage), tissue injury, multi-organ failure and death [4,5]. 

Both pro- and anti-inflammatory events may occur during sepsis 
[6]. However, sepsis is most commonly associated with an early 
phase of excessive systemic inflammation mediated by various pro-
inflammatory mediators of the innate immune system (e.g., pro-
inflammatory cytokines). Shortly after this initial phase, if there is 
survival beyond the initial phase, counter regulatory (compensatory 
anti-inflammatory response) pathways become activated and include 
anti-inflammatory cytokine release and a refractory state in which 
immune cells have a decreased capacity to produce pro-inflammatory 
cytokines. This later phase is accompanied by immunodepression 
or “immunoparalysis” that could leave patients more susceptible to 
secondary nosocomial infections and late mortality. Despite the fact 
that both pro- and anti-inflammatory events occur during sepsis, 
research on sepsis has been dominated by the assumption that this 
syndrome results from an early-phase excessive inflammation.  This is 
generated by massive activation of an inflammatory cascade (excessive 
systemic inflammation) mediated by various pro-inflammatory 
mediators of the innate immune system that contribute to fulminant 
sepsis and death. In line with this hypothesis, it’s feasible to assume that 
a host intracellular component predominantly regulates the early pro-
inflammatory response and that this intracellular component would be 
a potential target for therapeutic intervention. Thus, a strategy in which 
the molecular component that regulates the inflammatory signaling 
is targeted as a means to block pro-inflammatory signaling would 
consequently be expected to prevent hyper-inflammation and sepsis.

Myeloid Differentiation primary response protein 88 (MyD88) is a 

common adaptor protein that functions to recruit signaling proteins to 
the several Toll-like receptors and interleukin-1 receptors (TLR/IL-1R) 
[7,8], as well as interferon (IFN) -γ receptor [9].  Recent results from 
our laboratory demonstrate that MyD88-mediated pro-inflammatory 
signaling is activated after staphylococcal enterotoxin (SEB) binding 
to MHC class II [10] and that MyD88-/- mice are resistant to SEB 
intoxication [11,12]. In addition, MyD88 gene silencing in primary 
human cells via siRNA prevents SEB or SEB plus lipopolysaccharide 
(LPS) induction of IL-1β transcriptional activation suggesting that 
MyD88-mediated signaling is an essential component of SEB toxicity 
[13], as an excessive production of IL-1β drives systemic inflammation 
and lies at the center of the inflammatory response [14]. Consistent 
with our results, a recent report also indicated that deficiency in 
MHC class II impairs TLR-triggered production of pro-inflammatory 
cytokines and protects mice from lethal challenge with TLR ligands 
and gram-negative bacteria [15], whereas expression of MHC class II 
molecules contributes to LPS responsiveness and enhances Toll-like 
receptor mediated innate immune responses [16,17]. These results 
suggest that TLR-and MHC –mediated responses both engage MyD88 
[18]. Thus, in the context of attenuating the inflammatory response 
against gram-positive and gram-negative infections, a wider role for 
MyD88 is beginning to emerge that arguably defines an important 
opportunity for MyD88-targeted therapeutic intervention of sepsis. In 
fact, recent results from our laboratory demonstrate that a synthetic 
small molecule mimetic of the conserved BB-loop [(F/Y)-(V/L/I)-
(P/G)] in the Toll/IL-1 receptor (TIR) domain of MyD88 attenuates 
SEB-induced pro-inflammatory cytokine production in human 
primary cells. Administration of a BB-loop mimetic to mice increases 
survivability by reducing cytokine responses following a lethal SEB 
challenge [13]. 

The most potent microbial products implicated in septic shock 
pathogenesis are gram-positive-derived superantigenic exotoxins 
and gram-negative endotoxin. The interaction of endotoxin with 
superantigens is highly significant in several animal models. For 
example, it has been reported that SEB potentiates LPS-induced 
hepatic dysfunction and cytokine responses in chronically catheterized 
rats [19]. Results from our laboratory and others firmly established that 
LPS and SEB have a dose-dependent synergistic effect on toxicity in 
mice versus SEB or LPS alone [20-22].   Both types of toxin induce 
comparable pro-inflammatory cytokines from human mononuclear 
cells in vitro, cause lethal shock in vivo, and have been identified in 
the bloodstream of critically ill patients [23,24].  Additionally, these 
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results also raise the possibility that recognition of SEB by MHC 
class II receptors may exacerbate the pro-inflammatory response of 
monocytes to gram-negative infection or endotoxin through activation 
of a common MyD88-mediated signaling. In clinical scenarios, gram-
negative/gram-positive co-infections likely lead to worse outcomes 
than sepsis generated by gram-positive or gram-negative alone. In 
both cases, from a therapeutic perspective of sepsis, targeting MyD88 
–mediated signaling would be particularly pertinent.  Thus, a MyD88-
targeted therapy that utilizes small-molecule inhibitors to modify early 
pro-inflammatory cytokine signaling would be a potential approach in 
limiting hyper-inflammation and treating sepsis.

Sepsis may not be attributed solely to an uncontrolled 
inflammatory response but may indicate an immune system that is 
severely compromised and unable to eradicate pathogens. Clearly, 
this is a dangerous scenario for the host.  Therefore, measurement 
of circulating concentrations of inflammatory mediators may prove 
useful in evaluating the sepsis stage and tailoring anti-inflammatory 
agents useful in MyD88 targeted therapy. Alternatively, use of anti-
inflammatory therapeutics that target MyD88 may not be beneficial 
during the hypo-immune phase, but instead worsen the outcome.
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