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QUESTIONS

1. Which TLR was identified as the receptor specific for LPS? 
a. TLR-2
b. TLR-4
c. TLR-6
d. TLR-9

2. Gram-negative disease is associated with greater plasma levels of which cytokine?
a. IL-1
b. IL-2
c. IL-6
d. IL-10

3. Which one of the following is NOT a receptor for PAMPS
a. TLR-3
b. RLHs
c. MyD88
d. NOD

4. True or False: One TLR is activated by only one type of infectious organism.

5. True or False: TLR signaling is a linear cascade. Each type of LTR has its own unique adaptor protein that links it to
intracellular kinases and ultimately transcription factors.

6.  Place in order:
a. Ligation of TLR by bacterial products
b. Gene transcription
c. Activation of adaptor protein
d. Cytokines release
e. Activation of intracellular kinases
f. Activation of transcription factors

7. Which is a component of gram-positive bacteria?
a. LTA
b. LPS
c. Mannan
d. Chitin

8. What is particular about TLR3?
a. It only recognizes PAMPS originating from bacterial products
b. It works independently from MyD88
c. It does not use TRIF
d. It is localized predominantly on the cytoplasmic membrane of the host cells.

9. True or False: The
expression of TLR2 increases on neutrophils and monocytes
in patients with sepsis. 

10.  MyD88s, IRAKM, A20 and ST2L target ____________ to attenuate TLR signaling.




QUESTIONS

1. Which TLR was identified as the receptor specific for LPS? 
a. TLR-2
b. TLR-4
c. TLR-6
d. TLR-9

In the late 1990s, the
laboratory of Bruce Beutler identified Toll-like receptor-4
(TLR4) as the receptor specific for LPS.

2. Gram-negative disease is associated with greater plasma levels of which cytokine?
a. IL-1
b. IL-2
c. IL-6
d. IL-10

Gram-negative disease is associated with greater
plasma levels of tumour necrosis factor alpha (TNF-α) and
interleukin 6 (IL-6) when compared to Gram-positive
disease.

3. Which one of the following is NOT a receptor for PAMPS
a. TLR-3
b. RLHs
c. MyD88
d. NOD
e. 
There are other families of re- ceptors that recognise PAMPs, which include RIG-like helicases (RLHs) and nucleotide-oligomerisation domain (NOD) receptors. These recognise pathogens that have invaded intracellularly. MyD88 is an adaptor protein. 

4. True or False: One TLR is activated by only one type of infectious organism.

Different TLRs are activated by different
infectious organisms and trigger different transcription
factors, and hence, different genes. This implies that the
host response may not only vary in its manifestations but
also probably in its response to any therapeutic intervention.	Comment by Jo-Annie Letendre: Example: cytokine profiles differ according to the infecting organism.  Gram negative: more TNF-a and IL-6 than gram positive. 


5. True or False: TLR signaling is a linear cascade. Each type of LTR has its own unique adaptor protein that links it to
intracellular kinases and ultimately transcription factors.

TLR signaling is more than a linear cascade, as different
receptors share adaptor proteins that link them to
intracellular kinases and ultimately transcription factors.
Sharing adaptor proteins creates potential for cross talk
as organisms ligate multiple receptors. Moreover, positive and negative feedback loops exist
on the various cascades.

6.  Place in order:
a. Ligation of TLR by bacterial products
b. Activation of adaptor protein
c. Activation of intracellular kinases
d. Activation of transcription factors
e. Gene transcription
f. Cytokines release

7. Which is a component of gram-positive bacteria?
a. LTA
b. LPS
c. Mannan
d. Chitin

8. What is particular about TLR3?
a. It only recognizes PAMPS originating from bacterial products
b. It works independently from MyD88
c. It does not use TRIF
d. It is localized predominantly on the cytoplasmic membrane of the host cells.

TLR3 is localized predominantly on cytoplasmic vesicles and the endoplasmic reticulum. It is responsible for recognizing viruses expressing double-stranded RNA.TLR3 is unique in func- tioning independently from the adaptor protein MyD88 and using only TIR-domain-containing adapter-inducing inter- feron-β (TRIF) instead. TRIF is also used by TLR4, and this may account for some of the similarities observed between the pathophysiology of severe systemic viral infec- tion and that of the inflammatory response to LPS.

9. True or False: The
expression of TLR2 increases on neutrophils and monocytes
in patients with sepsis. 

Whether TLR4 expression on monocytes is upregulated is debated.

10.  MyD88s, IRAKM, A20 and ST2L target    adaptor proteins   to attenuate TLR signaling.

There are also many intracellular inhibitory mechanisms that include MyD88s, IRAKM, A20 and ST2L. These target the adaptor proteins such as MyD88 and IRAK to attenuate TLR signaling. 


SUMMARY
[bookmark: _GoBack]
Toll-like receptor (TLR) system can recognize many infectious organisms through relatively few receptors to trigger pro-inflammatory and anti-inflammatory cytokine release. Further complexity arises from positive and negative signaling feedback loops. Severe sepsis may be a consequence of an inappropriately excessive response or inadequate endogenous negative feed- back.	Comment by Jo-Annie Letendre: 
The TLR system represents an ingenious method of
activating the immune system in response to an enormous
range of infectious agents through a relatively few number
of receptors. This obviates the need for previous exposure
to an organism or many receptors encoded on the genome
such as occurs with VDJ recombination of T cell receptors.


VDJ RECOMBINATION OF T CELL RECEPTORS: (D)J recombination, also known as somatic recombination, is a mechanism of genetic recombination in the early stages of immunoglobulin (Ig) and T cell receptors (TCR) production of the immune system. V(D)J recombination takes place in the primary lymphoid tissue (the bone marrow for B cells, and Thymus for T cells). V(D)J recombination nearly randomly combines Variable, Diverse, and Joining gene segments in vertebrate lymphocytes, and because of its randomness in choosing different genes, is able to diversely encode proteins to match antigens from bacteria, viruses, parasites, dysfunctional cells such as tumor cells,[1] and pollens. (From Wikipedia)

TLR system works through a relatively small number of receptors. Only 10 TLR have been identified in human - these ten TLR recognize molecular structures common to infectious organisms (pathogen-associated molecular patterns, PAMPs) that are very infrequently found in the host - 
As different TLR recognize different PAMPs,
collectively, they detect most infectious organisms including protozoa, bacteria, fungi and viruses.

Some ligands recognized by TLR are structurally within microorganisms. However, they are often released during organism replication or antibiotic-induced bacterial lysis, and thus, accessible to surface TLR receptors. Some TLR are intracellular. 

The end result is the activation of pro-inflammatory transcription factors such as nuclear factor kappa B (NF-kB), activator protein-1 (AP-1) and interferon response factor-3 (IRF-3). After gene transcription, cytokines are released, which results in the clinical manifestations of sepsis. There are other families of receptors that recognize PAMPs, which include RIG-like helicases (RLHs) and nucleotide-oligomerisation domain (NOD) receptors. These recognize pathogens that have invaded intracellularly.

TLR signaling is more than a linear cascade, as different
receptors share adaptor proteins that link them to
intracellular kinases and ultimately transcription factors.
Sharing adaptor proteins creates potential for cross talk
as organisms ligate multiple receptors. At present, this is
poorly defined, with only few studies examining the effects
of simultaneously activating more than one receptor. Moreover, positive and negative feedback loops exist
on the various cascades.
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Sepsis: one disease or several?
Different TLRs are activated by different
infectious organisms and trigger different transcription
factors, and hence, different genes. This implies that the
host response may not only vary in its manifestations but
also probably in its response to any therapeutic intervention.	Comment by Jo-Annie Letendre: Example: cytokine profiles differ according to the infecting organism.  Gram negative: more TNF-a and IL-6 than gram positive. 

Gram-negative disease is associated with greater
plasma levels of tumour necrosis factor alpha (TNF-α) and
interleukin 6 (IL-6) when compared to Gram-positive
disease.

Bacterial sepsis:
LTA – component of gram + bacteria ; LPS – component of gram – bacteria
TLR-4 associated with gram -; TLR-2 associated with gram +
Both the cell walls can activate both type of TLR. 
The balance of the two types of signal
may differ according to the Gram staining characteristics of
the organism. Thus, Gram-positive infection may have a
TLR2-dominant signal, whereas Gram-negative infections
have a TLR4-dominant signal.

In patients with sepsis, the
expression of TLR2 increases on neutrophils and monocytes
with respect to healthy controls or non-septic critically ill
patients. 
Whether TLR4 expression on monocytes
is upregulated is debated. These represent a possibly very significant positive feedback loop that may either prime the immune system for subsequent infection or amplify the response. 

Endogenous mechanisms exist that inhibit TLR signaling, including soluble TLR receptors that may compete for ligand and
intracellular inhibitory mechanisms (MyD88s, IRAKM, A20, ST2L - these target the adaptor proteins to attenuate TLR signaling. Many are induced over a period of hours after LPS stimulation of monocytes and/or macrophages]; others are expressed constitutively)	Comment by Jo-Annie Letendre: To provide a brake to excessive inflammation	Comment by Jo-Annie Letendre: Appears to have an effect on NF-KB

Polymorphisms within TLR genes may influence a
patient’s susceptibility to bacterial infection.


Fungal sepsis:
Many fungal structures are recognized by TLR4 and TLR2 (and TLR1 and TLR2). Several of these PAMPS are based on the polysaccharides chitin and mannan. 

Protozoan sepsis:
Malaria (Plasmodium falciparum): TLR2, TLR4, TLR9	Comment by Jo-Annie Letendre: Inhibited by chloroquine = anti-malaria drug
It is possible that overactivity of some or all of these TLR
pathways account for the clinically more severe course.

Viral sepsis:
TLR2 and TLR4 are expressed on cell surfaces where they recognise viral surface proteins on entry
into the cell. By contrast, TLR7, TLR8 and TLR9 are
expressed on endosomes where they encounter viral nucleic
acid after viral uncoating. Thus, viral PAMPS activate a
number of TLR either intra or extracellular. 

Responses also
vary according to host cell type, with RIG-1 being important after infection of conventional dendritic cells and
fibroblasts by RNAviruses, whereas TLRs are more critical
in plasmacytoid dendritic cells in blood. The various
TLR, RIG-1 and NOD cascades converge on the induction
of type I interferons and other cytokines that mediate
antiviral defences.


TLR3 is unique in functioning independently from the adaptor protein MyD88 and
using only TIR-domain-containing adapter-inducing inter-feron-β (TRIF) instead. TRIF is also used by TLR4, and
this may account for some of the similarities observed
between the pathophysiology of severe systemic viral infec-tion and that of the inflammatory response to LPS


Viral proteins may exploit or disable TLR for their own
benefit to gain cell entry or replicate.

Therapeutic opportunities

Targeting single
cytokines such as TNF-α or IL-1 has not been effective. By contrast, supra-physiological doses of recombinant
activated protein C (drotecogin alfa, Eli Lilly) have been
shown to reduce mortality, possibly because its effect is
directed proximally in the inflammatory process and at a
point on a positive feedback loop.

INHIBITION: 
Possible approaches include
the advent of small molecules that can block protein–
protein interactions, the use of monoclonal antibodies
against TLR or augmenting endogenous inhibitory mechanisms

AUGMENTATION: It has been proposed that activating TLR signalling may
help in situations where microbial infection appears to circumvent the immune system and enter a phase of chronic
sepsis. It is possible in this setting that the TLR activation
and the subsequent immune response was inadequate on
initial infection. 
Moreover, some patients, often those who have
been admitted for a prolonged time, appear to develop
an anergy to new infectious stimuli. This has been termed
the compensatory anti-inflammatory response syndrome. 
Considerable interest has
focused on the use of TLR agonists as adjuvants to increase
the efficacy of vaccines.

	INHIBITION of TLR signaling
	AUGMENTATION of TLR signaling

	
TAK242 is a novel small molecule antagonist that sup-presses production of nitric oxide, IL-1β, IL-6 and TNF-α
by human blood mononuclear cells in response to LPS - 
it is likely that TAK242 acts very proximally
and selectively on the TLR4 pathway.
	
TLR3 agonists such as the synthetic compound Poly
I:C may havTe a role in the treatment of genital herpes
infections caused by herpes simplex virus 2 (HSV-2). Indeed,
local application of PolyI:C provided protection against
genital Herpes simplex virus 2 in mice. Unfortunately,
toxicity limits its clinical use

	
E5564, or Eritotran, is a synthetic lipodisaccharide that
antagonises the effects of endotoxin. Specifically, it
reduces the release of TNF-α, IL-1β, IL-6, IL-8 and IL-10.
	
The imidazoquinoline drugs, imiquimod and resiquimod
(R848), appear to mimic viral nucleic acid and are recognized by TLR7 and TLR8, resulting in the activation of type I interferons, thereby exerting an anti-viral
effect. Indeed, these are the first TLR agonists
used clinically. 

	
CRX-526 is a synthetic lipid A mimetic molecule which
antagonises TLR4.
	TLR7/TLR8 agonist 3M-011 significantly inhibited influ-enza serotype H3N2 viral replication in the nasal passages
even when administered after inoculation in rats; this may
be a potential therapeutic agent in influenza

	
An IgG1 anti-TLR2 monoclonal
antibody (T2.5) inhibits the TLR2-mediated release of TNF-α from primary murine macrophages and a human cell line.
	
IMO-2125 (IMO-2125, Idera Pharmaceuticals, Cambridge,
MA, USA) is an oligonucleotide that is agonist at TLR9.
It is currently undergoing phase I evaluation as a potential
stimulus for IFN-α production and a therapy for hepatitis C
infection.
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