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INTRODUCTION

Since its discovery by Von Euler and Gaddum in 1984 have learned a considerable
amount about substance P (SP) and its role inugtioman pathologiésyet, much of the
knowledge gained in animal studies has proven iafrelin human clinical trials. Originally
described as a proteinaceous preparation that aodide hypotension and muscle
contraction, it was later determined to be an uadeptide, expressed by a number of cell
types, including immune cells and neurons, andgmteis almost all body fluids, including

blood, cerebrospinal fluid, and breast rhilk

In the late 80s and early 90s, evidence that SPawasportant participant in inflammation
came from observations that inflamed tissues pessédacreased amounts of SP and
blockade of SP signaling, mainly using antagoniss principal receptor neurokininl
(NK1R), had some beneficial effects in inflammatdisease modelsSubsequent studies
then showed that SP activated the production ahflasnmatory mediators such as cytokines,
chemokines, arachidonic acid metabolites and oxyageéicals, further supporting the premise
that SP was a proinflammatory neuropeptide thalittted communication between the
nervous and immune systems. Thus, many animal mb@eke shown that SP can have
significant pro-inflammatory roles in certain coxtiee Although various NK1R antagonists
have proven very effective at ameliorating inflantiorain various animal models, they have
had little success in clinical trials and have gmoneffective in treating bronchoconstriction
associated with asththa\K1R antagonists such as aprepitant have beaessfully used to
treat emesis associated with cancer chemotheragythare is growing evidence that they
may be useful as an adjunct therapy for HIV pasichtit their effectiveness as anti-
inflammatories remains controversiarhis has prompted some to speculate that SP Isay a

have unknown functions in human airways that mayrrelated to inflammation. At the
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same time, viral infection increases SP produdticenumber of contextsand in the recent
study in this issue by Larsson et al. titled “Sabse P represents a novel first-line defense
mechanism in the nose,” the authors suggest thatéfRalso influence innate immune

responses, possibly via the toll-like receptor (Jissten.

TLRs have rightfully garnered a considerable amadiatttention in recent years as the
pathogen recognition receptors mediating sevecatt$aof a complex innate immune
response. Relatively little information exists b telationship between TLRs and SP,
particularly in the airways and thus Larsson eeaplore the relationship between TLRs and
SP in nasal epithelial cells and sensory neurotts tve aim of determining whether SP could
locally alter TLR expression and whether virus-likelecules could potentially alter SP
production in nasal cells. They begin by examinhmgexpression of TLRs in nasal epithelial
cells in response to SP using a combination of immytochemistry and flow cytometry.
The authors show that SP upregulated the expresesgpecific TLRs (namely, TLR1, TLRS,
TLR4, TLR7 and TLR9) in human nasal epithelial selhd that this was at least partially
mediated by activation of the NK1R. An examinatedTLR expression in the nasal mucosa
of healthy patients showed that TLR3, TLR4 and TiR9e ubiquitously expressed
throughout these tissues, confirming this groupidier observations that these TLRs were
expressed in nasal epithelial cBllm contrast to their earlier studies, the authmns
examined the cellular contributors to the expressiothese TLRs and found that TLR7 was
limited to the nasal epithelium and nerve fibenscadaveric human trigeminal ganglia, they
further discovered that TLR7 expression co-localisgth SP expression on innervating
nerve fibers. When human trigeminal gangliar nesr@GN), murine nasal epithelial cells
(MNECSs) and human nasal epithelial cells (HNECs)enstimulated with a TLR7 agonist R-

837, they produced small but significant amountSBffurther implying a link between these
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two molecules. Perhaps not surprisingly, TGN prediui@r greater (about 500 fold) amounts
of SP when compared to epithelial cells on a cgltéll basis. However, two observations
were notable. First, SP production and releasdllilgrae cell types was very rapid — 15 min.
This rapid release of intracellularly stored SP maegurhie modus connaturalis in neurons,

but this would be unusual in epithelial cells whasle not normally known to be mediator
storehouses. Essentially, HNEC and MNEC producesantete SP very rapidly in response
to the TLR7 ligand. As the authors point out, theere greater numbers of epithelial cells in
the nasal mucosa compared to neurons, and epitbellsi.could be a significant source of SP

following TLR7 activation.

Our group has previously shown that SP upregul@kétiexpression in human mast c@lls
and work by other groups has shown that activaifofLR on nasal epithelial cells can
impact innate immune respon&&sn the study by Larsson et al., SP upregulatguession

of TLR1, TLR3, TLR4, TLR7 and TLR9. With the except of TLR1 and TLR4, these TLRs
mainly respond to virally derived molecules. Theref SP could potentially act in an
autocrine manner and upregulate TLRs on nearblieit cells. This rapid increase in
expression of TLRs seems to be due to a changeatization of intracellular TLR4 to the
cell surface as shown by confocal microscopy. TLR&nd 9, on the other hand, reside both
in the endoplasmic reticulum (ER) and in the Gelgnplex in resting cells and traffics from
these stores to the endosomes upon stimulationpd$sble signaling pathways involved in
such processes remain speculative, but there ie seidence that other stimuli are capable
of inducing rapid intracellular shuttling of TLRMm intracellular stores to the surface. If
this was to occur in HNECSs, it would rapidly prinese cells to become increasingly

sensitive to viral pathogen molecules.



104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

Kulka, Page 5

These data provide a small glimpse of alteratidrid. & expression following SP treatment
and we still know very little of the mechanisms aeadulatory networks involved. However,
this study essentially makes two important obsémat First, that HNEC express NK1R and
respond to SP via NK1R by upregulating TLRs. Sectimt HNEC and MNEC can very
rapidly produce significant amounts of SP. Withsthévo observations, the authors establish
a cyclic relationship between neurons and epithedilis in response to viral molecules, and
by extension possibly viral infection. The hypotisdbat nasal mucosal cells communicate
with one another during a viral infection by proohgcSP is an attractive one because SP is
rapidly produced by neurons (and also by nasahelist cells as observed in the present
study) and relatively short-lived with a short kg in tissues, making it a perfect candidate
for rapid, localized signals. It is important tot@ohowever, that these studies were
performed using TLR agonists, not virus or viralklgrived molecules. To adequately
determine whether SP is protective during a virddtion, further work using a live
respiratory virus needs to be performed, while &dsting NK1R and TLR antagonists. The
use of virally-induced asthma exacerbation modely atso provide some important insights

into the potential contribution of this communicatinetwork to virus-induced asthma.

Since SP is known to play an important role in aywnflammation associated with allergic
disease, it is nevertheless tempting to specuiatethis cyclic relationship specifically in the
nasal mucosa is somehow involved in allergic rtarigllowing a virally-associated
exacerbation. Since this study obtained tissues frealthy human donors and mice, we have
little information of how this relationship wouldspond in an “allergic inflammatory”
situation. Perhaps increased SP levels would mitdegia patients hyperreactive to

subsequent viral infections via engagement of thiesl as the authors suggest. By extension,
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a re-examination of NK1R antagonists in human ayrdiaease in the context of viral

infection may reveal a new role for these drughenclinic.

The increased expression of SP in the nasal munagde a normal, potent and rapid part of
the innate immune response to viral infection i lese that may facilitate the clearance of
viral particles. The nasal mucosa is a highly vies@ed tissue that contains a large amount
of mast cells and SP-producing sensory nerve fildasal bronchial epithelial cells express
high amounts of NK1R on their apical surface, allmythem to respond rapidly to SP-
mediated signals. Amplified production of SP in tfasal mucosa initiates increased plasma
protein extravasation and this causes increasatldhd plasma protein release into the
extracellular space, probably via activation of theadls and their rapid release of histamine.
SP can also stimulate the large number of mucaurwdglin the nasal mucosa and potentiate
the cholinergic contraction of the smooth musdbers present around the acini and tubes in
these glands, resulting in rapid mucus discharjefAhese physiological changes could
result in some level of viral particle clearanaanfrthe nasal cavity, initiation of

antimicrobial protein production from activatedtbplium and promotion of tissue repair. In
essence this may be an important part of the greéckcost response to viral infection in the

nose.

Larsson et al. examined expression of TLR in respda SP treatment of nasal epithelial
cells and further studies will need to determinesthigr this translates into increased
sensitivity to virus particles and viruses. Althbudis process seems to require NK1R, other
receptors for SP may be involved in different paibal settings. We have recently shown
that SP can also activate the G protein-couplegptec MrgprX2, and this receptor may also

be involved in this process and concurrent bloclkadeth NK1R and MrgprX2 would
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completely eliminate this response. The mechanisieraby NK1R shuttles intracellular
TLRs to the cell surface and endosomes could dartgiimportant information to the area of

TLR research, particularly as it relates to autgytend endosomal packaging of TLRs.

Lastly, it remains to be determined whether SPswauilarly increase TLR expression on
neurons, thereby completing the communication lbegcribed in this study. This cross-talk
between the nervous system and immune system wooNide novel insights into the ever-
expanding field of neuroplasticity, suggesting thigdl infections may alter the host’s
production of neuropeptides and therefore altehthst’s neuronal responses throughout their
lifetime. This is very intriguing because it im@iehat, much like the immune system, the
nervous system can also “learn and adapt” through@erson’s lifetime of exposure to

infection.

Although this study requires a great deal of adddi study, it does open some intriguing
possibilities for therapies in the context of at@li disease. For example, further examination
of SP effects on innate immune responses may reodahtial new uses of existing and
FDA-approved neuropeptide modifiers, i.e. NK1R gotasts, as treatments for virus-
associated disease. Conversely, SP and its signadinvork may be attractive new targets for
vaccine development, possibly using SP analoguadjasants for vaccines administered
through the nasal mucosa. All of these statements@eculative, but offer innovative new

approaches that may ultimately treat patients ratieetively.
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