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-independent pathways are involved in TLR4-mediated

production of inflammatory cytokines50,51.Therefore,

the expression of the genes that encode inflammatory

cytokines and co-stimulatory molecules is differentially

regulated during TLR signalling.

Although MyD88 has been reported to be involved

in TLR3 signalling52, TLR3 seems to transduce its 

signals mainly through the MyD88-independent 

pathway, because stimulation with the TLR3 ligand

polyinosinic–polycytidylic acid (poly I:C) does not

result in impaired production of inflammatory cytokines

and co-stimulatory molecules in MyD88-deficient mice

(S.A and K.T.,unpublished observations).

Adaptor family

The discovery of the MyD88-independent pathway led

researchers to characterize the signalling pathways of

the various TLRs, the activation of which leads to dif-

ferent patterns of gene expression.As a result, the mol-

ecular mechanisms underlying such differences can

now be explained, at least in part, by the existence of

several adaptors, which are used by different TLRs.

These adaptors, which all have TIR domains, include

the following (in order of identification): MyD88;

TIRAP(TIR-domain-containing adaptor protein; also

known as MyD88-adaptor-like protein, MAL); TRIF

(TIR-domain-containing adaptor protein inducing

IFN-b; also known as TIR-domain-containing mole-

cule 1, TICAM1); and TRAM (TRIF-related adaptor

molecule; also known as TIR-domain-containing

molecule 2,TICAM2) (FIG. 3).

TIRAP. Identification of the MyD88-independent

pathway of TLR4 signalling led to the discovery of the

second TIR-domain-containing adaptor, which is

known as TIRAP53,54.Unlike MyD88, TIRAP does not

have a DD and was initial ly thought to mediate the

MyD88-independent pathway of TLR4 signalling.

However, the physiological role of TIRAP was revealed

by generating knockout mice: the production of

inflammatory cytokines in response to LPS was found

to be defective in TIRAP-deficient mice, but the

expression of IFN-inducible genes and the delayed

activation of NF-kB was still observed54,55. This phe-

notype was similar to that of MyD88-deficient mice,

and it indicated that TIRAP is essential for the TLR4-

mediated, MyD88-dependent signalling pathway but

not the MyD88-independent pathway.The possibility

that MyD88 and TIRAP might function redundantly in

the MyD88-independent pathway was excluded by gen-

erating mice deficient in both MyD88 and TIRAP.

Enforced overexpression of MyD88 in TIRAP-deficient

embryonic fibroblasts, but not vice versa,activates the

NF-kB-dependent promoter, indicating that TIRAP

probably acts upstream of MyD88 (S.A.and K.T.,unpub-

lished observations). Interestingly, TIRAP-deficient

mice also show impaired cytokine production in

response to TLR2 ligands, despite having normal

responses to TLR3, TLR7 and TLR9 ligands55,56.

Therefore,TIRAP is essential for MyD88-dependent

signalling through TLR2 and TLR4.

pathway is sufficient for the induction of co-stimulatory

molecules. For TLR4, the MyD88-independent pro-

duction of co-stimulatory molecules is mainly sec-

ondary to the production of IFN-b47.By contrast, the

TLR-mediated expression of genes that encode inflam-

matory cytokines is controlled by the MyD88-dependent

pathway, although both the MyD88-dependent and 

TLR3

MyD88

TRAF6

IR
A

K
1

IRF3

p65p50

IkB

IKK-a IKK-b

TLR5/7/9

NF-kB-binding motif

Nuclear
membrane

NF-kB

TLR2TLR1/6

TRIF
TRAM

TLR4CD14

MD2

TIRAP

IKK-e

TBK1

IKK-g

Figure 3 | Involvement of TIR-domain-containing adaptors in TLR-signalling pathways.

The Toll/interleukin-1 (IL-1)-receptor (TIR)-domain-containing adaptor molecule MyD88 (myeloid

differentiation primary-response protein 88) mediates the Toll-like receptor (TLR)-signalling pathway

that activates IRAKs (IL-1-receptor-associated kinases) and TRAF6 (tumour-necrosis-factor-

receptor-associated factor 6), and leads to the activation of the IKK complex (inhibitor of nuclear

factor-kB (IkB)- kinase complex), which consists of IKK-a, IKK-b and IKK-g (also known as IKK1,

IKK2 and nuclear factor-kB (NF-kB) essential modulator, NEMO, respectively). This pathway is

used by TLR1, TLR2, TLR4, TLR5, TLR6, TLR7 and TLR9 and releases NF-kB from its inhibitor so

that it translocates to the nucleus and induces expression of inflammatory cytokines. TIRAP (TIR-

domain-containing adaptor protein), a second TIR-domain-containing adaptor protein, is involved

in the MyD88-dependent signalling pathway through TLR2 and TLR4. By contrast, TLR3- and

TLR4-mediated activation of interferon (IFN)-regulatory factor 3 (IRF3) and the induction of IFN-b

are observed in a MyD88-independent manner. A third TIR-domain-containing adaptor, TRIF (TIR-

domain-containing adaptor protein inducing IFN-b), is essential for the MyD88-independent

pathway. The non-typical IKKs IKK-e and TBK1 (TRAF-family-member-associated NF-kB activator

(TANK)-binding kinase 1) mediate activation of IRF3 downstream of TRIF. A fourth TIR-domain-

containing adaptor, TRAM (TRIF-related adaptor molecule), is specific to the TLR4-mediated,

MyD88-independent/TRIF-dependent pathway. 

CONCLUSION

Significant insight into host response to injury and infection can
be obtained from molecular examination of injured tissue.
Further studies will investigate sham model up-regulation of
innate immunity functional genes.

Figure 1: TLR signaling cascade
Figure Reference:  Akira, Shizuo, and Kiyoshi Takeda. "TOLL-LIKE RECEPTOR 

SIGNALLING."Nature Reviews Immunology 4 (2004): 499-511. Web.

Figure 2: PCR microarray data showing differential mRNA expression of Nod-like receptor signaling pathway, downstream 
cytokines, and Toll-like receptors based on treatment.  

Figure 3: Confirmatory RT qPCR showing differential mRNA expression of NLRP3, TLR2, and IL6 based on treatment

Immune activation, particularly that which results in
inflammation, is critical in determining wound healing
success as well as physiologic status. This is especially the
case in burn-injured tissue. Infection complicates these
pathways, particularly if the pathogen produces virulence
factors. Determining the innate host response of a burn
wound infection at a local, molecular level may help
elucidate novel therapeutic targets, potentially topical in
nature. This investigation may also lead to identification of a
host biomarker signature for determining pathogenicity and
presence of bacterial proteins including virulence factors.

INTRODUCTION

Figure 4: Bacterial count, displayed as a fold change vs. Day 2, 
based on treatment

RESULTS
• MRSA was absent in sham animals, but was present as an

invasive infection by day 5 in infected, untreated (positive
control) animals. Antibiotic treated animals demonstrated
significantly lower levels of colonization than positive
controls (Fig. 4; p<0.01).

• Functional gene groups most impacted by infection were
pathogen recognition and signaling, and inflammatory
response.

• Transcript levels of genes involved in pathogen
recognition, such as TLR2 (p<0.001), TLR5, and NLRP3
(p<0.0001), were significantly unregulated in positive
control animals as compared to negative control (burn
only) animals (Fig. 2 and 3).

• Cytokines, such as IL-1B and IL6 (p<0.001), were
differentially regulated between groups (Fig. 2 and 3).

• Antibiotic treatment modulated the upregulation
associated with infection by bringing the same gene
expression levels closer to burn only levels (Figure 2 and 3)

• While burn only animals demonstrated lower fold changes
in expression of many of the innate immune response
genes, an increasing trend from baseline was still observed
over time

Sprague Dawley rats received burn injuries (2, 2cm x 2cm),
that were then inoculated with a virulence factor-producing
strain of MRSA or media alone (burn/negative control). A
subset of the infected animals received antibiotic treatment,
while one group did not (MRSA/positive control). Wound
biopsies were obtained daily for 10 days. Half of the
biopsies were used to determine bacterial colonization, and
the other half were processed for nucleic acid isolation.
Isolated RNA was used in an 84-gene antibacterial response
PCR Array to quantify gene expression. Real time RT-PCR
was then performed to examine differentially regulated
genes of interest.

METHODS


