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TLR4-dependent pain depends on different cell types in males and females.
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Understanding how different cell types recognize and respond to danger-
associated molecular patterns (DAMPs) could lead to a better 
understanding of basic mechanisms of pain plasticity and lead to new 
therapeutic insights. DAMPs are produced in a broad variety of tissue 
injury paradigms and are linked to the generation of pain and pain 
plasticity underlying chronic pain. High-mobility group-box1 (HMGB1) is a 
major DAMP that regulates pain states, it is produced after injury, and 
activates toll-like receptor-4 (TLR4). Here we have employed a novel 
transgenic model that allows for cre-mediated deletion of a floxed TLR4 
allele, utilizing NaV1.8 and LysozymeM to drive cre expression in 
peripheral nociceptors or macrophages, respectively. We observed a 
robust sexual dimorphic behavioral effect in mechanical hypersensitivity 
and hyperalgesic priming when TLR4 is removed from peripheral 
macrophages in males versus nociceptors in females. After intraplantar 
administration of HMGB1, wild-type (WT) littermates of both sexes show 
a mechanical hypersensitivity that is blocked in males when TLR4 is 
removed from macrophages while it is blocked in females when TLR4 is 
removed from nociceptors.  Conversely, macrophage TLR4 KO females 
and nociceptor TLR4 KO males develop mechanical hypersensitivity 
similar to their WT littermates. Moreover, these cell-specific TLR4 KO’s 
were also associated with decreased hyperalgesic priming precipitated by 
PGE2 injection in respective groups (macrophages in males and 
nociceptors in females). We then assessed whether intrathecal 
administration of LPS, another TLR4 agonist, is capable of likewise 
mediating a sex- and cell-specific behavioral response. These 
experiments show a similar trend toward cell-specific TLR4-mediated 
modulation of pain in a sex-dependent manner.  Collectively our work 
demonstrates a cell-specific effect of TLR4 in acute pain plasticity and in 
the transition to a chronic pain state, pointing to a clear sex-difference in 
how DAMPs promote pain.

ANIMALS

Adult (8 weeks of age) male and female C57BL/6J mice were utilized.

PACLITAXEL INJECTIONS

Paclitaxel diluted in vehicle was administered at a dose of 4 mg/kg 

intraperitoneally on days 0 and 2. Control group was administered an equal volume 

of vehicle alone.

BEHAVORIAL TESTING

We used the von Frey assay to test the mechanical sensitivity. Mice were placed in 

an acrylic chamber with a wire mesh floor for 1 to 2 hours before testing. With 

calibrated von Frey filaments, we tested for a response using the up-down 

method. Animals were tested on days 0, 1, 3, 5, 6, and 7 post injection. Data was 

then expressed as mean ± SEM. Statistical analysis was performed using repeated 

measures two way ANOVA with statistical significance set at p <0.05.

IMMUNOCHEMISTRY

On day 8 post paclitaxel treatment, we perfused, post-fixed, and cryo-protected 

hind paw and sciatic nerve. The hind paws were cut in 25 micron sections. 

Sections were then blocked, incubated in primary solution overnight, incubated in 

secondary solution for 1 hour, stained with DAPI, and then mounted. Sciatic nerves 

were stained free floating, incubated in primary for 3 days, washed with PBS, 

incubated in secondary for 1 day, incubated with DAPI and then whole mounted. 

Antibodies used in the staining of the paw include anti-IB4+(1:500) and anti-

PGP9.5 (1:500). Antibodies used to stain the sciatic nerves included CD-3γ(1:1000) 

and DAPI. Images of the tissue samples were taken using an Olympus FluoView

1200 single-photon confocal microscope with a 40x and 20x objective. All images 

are presented as z-projections of z-stacks.

FIGURE 1. Proof-of-concept genetic & drug experiment. 
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TLR4

nociceptor

Requirement Sufficiency

Mice lacking TLR4 in 
DRG nociceptors OR

microglia only

Mice re-expressing TLR4 in 
DRG nociceptors OR 

microglia only

Onset of 
Neuropathic Pain

Spared-nerve injury
Diabetic neuropathy

Chemotherapy-induced 

Translational 
signaling and 

plasticity
Translation Control and 

Electrophysiology

Development of 
Chronic Pain

Long-term development

macrophage

TLR4

vs.

Cell-Specific Toll-like Receptor 4 Modulation

HYPOTHESIS

Working Hypothesis

Neuroimmune interactions mediate pain states in a cell-type and sex-
specific fashion.
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CONCLUSIONS

 Utilizing genetic tools to specifically remove TLR4 from 
nociceptors or macrophages yields a female and male, 
dependency, respectively in acute mechanical 
hypersensitivity and the transition to a chronic pain state 
as measured with hyperalgesic priming.

 Collectively our work demonstrates a cell-specific TLR4 
effect in acute pain plasticity and in the transition to a 
chronic pain state.

Genetic tools and validation of the model

FIGURE 2. Sex- and cell-specific ablation of TLR4.  
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