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Chronic rhinosinusitis is one of the most common upper respiratory tract diseases. In 

the USA chronic rhinosinusitis has a high prevalence, with around 12% of the 

population having the disease, and therefore as a consequence the disease has a 

high health cost burden (1). Chronic rhinosinusitis is classified as an inflammatory 

nasal disease in which the nasal cavities become inflamed and swollen. The disease 

can be divided into two distinct disease phenotypes: Chronic rhinosinusitis without 

nasal polyps (CRSsNP) and Chronic rhinosinusitis with nasal polyps (CRSwNP) (2). 

One of the major clinical differences between the two subsets of disease is that 

CRSwNP patients form nasal polyps within their nasal cavities, with these being 

described as inflammatory lesions of sinonasal tissue which further narrow this 

space (3). This leads to symptoms of nasal congestion, rhinorrhoea and facial 

pressure or pain that is of duration of 12 weeks or longer (3). CRSwNP is believed to 

be a disease of eosinophilia, with an impaired sinonasal epithelial barrier that causes 

hypersensitivity to inhaled pathogens and particulates, as well as increased 

permeability, exacerbating the recruitment of inflammatory cells in response to the 

stimulus.  

The pathogenesis of CRSwNP remains unclear, as the cellular and molecular 

mechanisms which drive the disease are not fully elucidated. However, the formation 

of nasal polyps is believed to occur through tissue remodelling, the deposition and 

breakdown of extracellular matrix, as well as epithelial cell damage and erosion (4-
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6). This nasal airway remodelling has been accredited to elevated levels of active 

matrix metalloproteinase 9 (MMP-9) within the nasal polyps of CRSwNP patients 

compared to control mucosa (7). The elevated levels of MMP-9 may also cause 

increased permeability of the basement membrane of the sinonasal mucosa and 

blood vessels, promoting further recruitment of inflammatory cells, potentiating the 

already-present inflammation.  

Here, Suzuki and colleagues set out to understand the mechanism behind the 

elevated expression and activity of MMP-9 in CRSwNP patients (8). To perform this 

work, human nasal epithelial cells (HNEC) were treated with various innate immune 

stimuli, focusing specifically on Toll-like receptor (TLR) activation. Previous work 

within the field had suggested activation of TLR3 and TLR4 induces MMP-9 

expression in HNEC, but the effect on MMP activity had not be examined (9, 10). 

This current study takes these findings further, by examining MMP-9 expression after 

activation of all 9 TLRs and finding that TLR1, TLR3, TLR5 and TLR6 all induced 

MMP-9 gene and protein expression. The authors show that TLR3 activation via both 

low and high molecular weight Poly (I:C) produced the greatest induction of MMP-9, 

and suggest this to be via TLR3 receptor activation rather than retinoic acid-inducible 

gene I (RIG-I). As well as examining MMP-9, the authors show that MMP-1, MMP-10 

and interestingly TIMP-1 were also induced by TLR3 stimulation, while MMP-2 was 

reduced. One explanation for the greater induction of MMP-9 by TLR3 may be the 

activation of NFκB signalling via a MyD88-independent pathway (11). TLR3 activates 

NFκB through the recruitment and activation of TIR-domain-containing adapter-

inducing interferon-β (TRIF), and subsequently TANK Binding Kinase 1/ IκB kinase 

(TBK1/IKKε) (11), inducing NFκB signalling that then drives MMP-9 transcription 

directly. NFκB signalling is also known to suppress MMP-2 expression (12), as 
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shown by the authors.  However, this does not explain why TLR4 activation in this 

study failed to induce MMP-9 expression, as this TLR also signals though TRIF (13). 

The difference in TLR signalling may help to explain some of the differences in TLR 

induction of MMP-9, but for this to be understood the expression of TLR receptors in 

HNEC should be examined as this may explain the differential responses.  

Suzuki and colleagues further dissect this pathway by investigating the role of 

sirtuin (SIRT)1 in TLR3/NFκB-mediated MMP-9 expression. They suggest that TLR3 

activation induced MMP-9 expression via SIRT1 inhibition, triggering the 

translocation of NFκB into the nucleus, leading to NFκB-mediated MMP-9 

transcription. Treatment of HNEC with the sirtuin inhibitor, splitomicin, further 

prolonged TLR3-induced MMP-9 expression; whereas stimulation with the sirtuin 

activator, resveratrol, inhibited MMP-9 expression. Although these data link the 

induction of MMP-9 to TLR-sirtuin-1 inhibition, these data must be viewed cautiously 

as resveratrol is an indirect SIRT activator, and the mechanism by which resveratrol 

activates SIRT1 is not fully understood. The possibility of resveratrol as a therapeutic 

option should also be considered carefully. Resveratrol has poor bioavailability, as 

approximately 1% of the molecule remains available after processing by the liver and 

intestine (14). However, direct administration of resveratrol or the use of novel 

sirtuin-activating compounds (STACs), which are more potent and have higher 

bioavailability compared to resveratrol, could be used to treat CRSwNP. 

However, SIRT1 is a plausible target for the treatment of CRSwNP as it is 

known to modulate the expression of MMPs, as well as many of the pro-

inflammatory cytokines elevated in CRSwNP(15). SIRT1 has been shown to 

modulate MMP-9 expression, particularly in the context of chronic obstructive 

pulmonary disease (COPD) where SIRT1 expression is reduced. SIRT1 directly 
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deacetylates NFκB leading to reduced transcriptional activity at the MMP-9 promoter 

(16). That work, along with the current study, suggests that infection with a double-

stranded RNA virus can induce MMP-9 gene expression through TLR3 activation, 

leading to NFκB translocation to the nucleus where it engages NFκB binding sites 

within the promoter of the MMP-9 gene. How SIRT1 fits into this story in the context 

of TLR3 activation and CRSwNP is currently not clear. No changes in SIRT1 were 

seen in CRSwNP patients compared with control subjects and the mechanism of 

how SIRT1 reduces TLR3-mediated MMP-9 expression is unclear. Suzuki and 

colleagues suggest that activation of SIRT1 with resveratrol prevents TLR3-mediated 

translocation of NFκB into the nucleus but do not show how TLR3 is inhibiting this 

process. Further work is therefore needed to fully understand this mechanism and to 

understand how SIRT1 is prevented from modulating NFκB and MMP-9 under 

conditions of TLR3 activation.  

Currently there are few therapies for the treatment of CRSwNP, which include 

the use of corticoid steroids to treat the inflammation, nasal saline irrigation to clear 

mucus and antigens, antibiotics if thought to be bacterial induced, and in some cases 

surgery (17). One problem with these treatments is that they currently treat only the 

symptoms of the disease and not the underlying causes. New biologics (Dupilumab, 

Mepoliizumab and Omalizumab) are currently being assessed for the treatment of 

CRSwNP and are the first therapeutics to treat the pathophysiology of the disease 

(18).  These do have limitations, including the need for  greater endotyping of 

patients, and as a consequence will not work for all patients.   However, based on 

the work presented in this article, the use of drugs targeting MMP-9 directly or sirtuin 

activator compounds could potentially have therapeutic benefit in all CRSwNP 

patients. MMPs, especially MMP-9, have been targeted therapeutically before, in the 
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context of COPD. A recent trial of an MMP-9 and MMP-12 inhibitor (AZD1236) was 

completed in COPD but showed no clinical efficacy and did not reduce pro-

inflammatory biomarkers in sputum; including MMP-9 expression and activity (19). 

However, as the targets are limited to the nose and direct administration is feasible, 

repurposing of these drugs for a clinical trial in CRSwNP is a possibility. Non-

invasive measurements of eosinophils, MMP expression and activity, as well as 

detection of other biomarkers by nasosorption devices could be used to test for 

efficacy.  

The work presented by Suzuki and colleagues advances the knowledge and 

understanding of the mechanism behind CRSwNP, and suggests that TLR3 

activation induces MMP-9 expression and activity by decreasing SIRT1 activity and 

increasing NFκB translocation, as shown in Figure 1. However, questions still remain 

as to whether TLR3 is the major TLR expressed in HNECs and the exact mechanism 

by which TLR3 activation modulates SIRT1 to increase NFκB transcriptional 

induction of MMP-9.  
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Figure 1. Schematic diagram of proposed mechanism by which TLR3 activation may lead 

to elevated levels of MMP-9 in HNEC in CRSwNP. Double stranded DNA binds and activates 

TLR3 leading to recruitment of TRIF. TKB1 and IKK are then recruited and activated, leading to 

activation and translocation of NFκB into the nucleus. Once in the nucleus NFκB binds to 

promoters within the MMP-9 gene, inducing transcription. TLR3 may inactivate SIRT1 so that it 

no longer deacetylates NFκB and preventing its translocation into the nucleus, further 

enhancing MMP-9 transcription. Targeting MMP-9 directly or inducing SIRT1 activity via STACs 

may lead to a decrease in MMP-9 expression and activity in CRSwNP patients. 
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