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A novel signaling paradigm for cell surface TLR4 and 
intracellular TLR-7 and TLR-9

Central to this process is that neuromedin B (NMBR) 
GPCR-Neu1-MMP9 complex is bound to TLRs in naive 
and ligand stimulated macrophage cells.



TIR 
Domain

Ectodomain Common Knowledge:

• Front-line Pattern Recognition 
Receptors of the innate immune 
system

• TLRs recognize microbial pathogen-
associated molecular patterns 
(PAMPs)

• Crystal structure reveals highly 
glycosylated ectodomain
• Potential 15 N-glycosylation sites 

depending on TLR

Still a mystery:

• How TLR activation is regulated? 

• What Is the role for TLR glycosylation 
in this ligand–induced TLR activation?

Crystal Structure of TLR3 courtesy of Dr. David Segal, Centre for Cancer Research, NIH
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MMP with elastase activity is required to induce NEU1 



MMP9i inhibits sialidase activity –

live cell sialidase assay



MMP9i inhibits LPS-induced pNFκB
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NFκB-dependent SEAP Assay – RAW-blue cells

Caffeic acid phenethyl ester is a 
potent and specific inhibitor of 
activation of nuclear 
transcription factor NF-kappa B.

IL-1 
receptor-
associated 
kinase-4

LPS

http://www.invivogen.com/seap-reporter-gene-system
http://www.invivogen.com/seap-reporter-gene-system


MMP9-siRNA inhibits LPS-induced NFκB in RAW-blue 
macrophages



MMP-9 forms a complex with TLR4  in naïve and LPS treated 
BMA macrophage cells



MMP9 forms a Complex with NEU1





RAW-blue

GPCR agonists induced sialidase activity is inhibited by 
oseltamivir phosphate

Lysophosphatidic 
acid (LPA)

a potent endothelium-dependent vasodilator, 
leading to a drop in blood pressure

Lipid signaling

Angiotensin -vasoconstriction
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Sialidase activity is abscent in Neu1 deficient primary 
macrophages derived from genetically engineered mice
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Bombesin induces NFκB activation in Raw-blue cells
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Bombesin receptor neuromedin B (NMBR) co-IP’s with 
TLR4 in BMA MØ cell lysates



Bombesin receptor NMBR co-IP’s 
with MMP-9 in RAW-blue MØ cell 
lysates



LPS and Bombesin agonists induced SEAP activity in RAW-
blue cells is blocked by MyD88 specific inhibitor
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NEU1 and MMP-9 form a complex with TLR7 in naïve and 
ligand-stimulated macrophage cells



NEU1, MMP-9 and NMBR are essential for TLR7 activation



NMBR is involved in intracellular TLRs signaling



Tamiflu, MMP9i and BIM46174 abrogates TLR7 ligand-
induced inflammatory cytokines production



CONCLUSIONS

Neu1 plays a central role in mediating nucleic 
acid-induced intracellular TLR activation, 

GPCR NMBR–MMP9–Neu1 cross-talk 
constitutes a novel intracellular TLR signaling 
platform that is essential for NF-κB activation 
and pro-inflammatory responses.


