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ptoms of rhinitis?
Patients suffering from rhinitis soon tire of the relentless nasal
itching, rhinorrhea, sneezing, andnasalblockage.Whether the rhinitis
is atopic in nature or idiopathic, the panoply of troubling symptoms
remains constant. These symptoms, as a whole, speak directly to
disease mechanism. The symptoms of rhinitis are what one would
expect if there were inappropriate activity in the trigeminal afferent
(sensory) nerves innervating the nasal mucosa. Activation of these
nerveswould likely lead to itching, sneezing, cholinergic reflex secre-
tions (rhinorrhea), and vasodilation (nasal blockage). The questions
remain:What alters the trigeminal nervous system in rhinitis, and are
the mechanisms the same between the 2 seemingly disparate disor-
ders of allergic rhinitis and nonallergic idiopathic rhinitis?

In a recent issue of The Journal, Gelincik et al1 evaluated the
number of mast cells and nerve growth factor (NGF) expressing
cells in nasal biopsy specimens of patients with symptomatic aller-
gic rhinitis or symptomatic idiopathic rhinitis, and in nonsymp-
tomatic controls. They describe a striking 30-fold increase in the
number of tryptase-positivemast cells in nasal biopsy specimens of
those suffering from rhinitis, with some 60% of these mast cells
expressing NGF. A key finding is that although the NGF-expressing
mast cells in the rhinitis subjects far exceeded those in biopsy
specimens taken from healthy volunteers, no difference was found
between allergic and idiopathic rhinitis.

Nervegrowthfactor is theprototypicalneurotrophin, thediscoveryof
which led toawardof the1986NobelPrize inMedicine toStanleyCohen
and Rita Levi-Montalcini. NGF is a powerful growth factor that regulates
growth and survival of autonomic and sensory neurons that express the
high-affinity NGF receptor tyrosine kinase receptor A (TRKA). In more
recent years, NGF has also been recognized to regulate the activity of
many immuneand structural cells, including those in the airwaywall, in
a manner that can contribute to the orchestration of the inflammatory
response.2,3

The ability of NGF to regulate neuronal activity is not limited to
periods of prenatal development. After development, interactions of
NGFwith its receptor (TRKA) on nerve terminals can lead to profound
neuroplasticity. This is because the NGF–TRKA receptor complex is
internalizedandtransportedbackto thecellbody(in thiscasesituated
in the trigeminal ganglion, and possibly parasympathetic ganglion
neurons),where it canalter the transcriptionofmany relevant genes.4

NGF released from the nasal mast cells could conceivably increase
axonal sprouting and modulate the expression of sensory neuropep-
tides, activating ion channels such as the capsaicin receptor TRPV1, as
well as modulatory ion channels including voltage gated sodium
channels.5-8 That both allergic and idiopathic rhinitis are typifiedwith
an increase in NGF-expressingmast cells might explain the observation
thatamongstructuraldifferencesbetweenallergicandnonallergic rhini-
is, inbothdisordersthenasalmucosaishyperinnervatedwithsubstance
and calcitonin gene related peptide containing sensory nervefibers.9

Onemight envisage a scenario inwhichmast cell activation in the
asal mucosa of subjects with allergic or idiopathic rhinitic leads to
he release of mast cell mediators such as histamine and leukotriene
4 that can acutely stimulate the nearby nasal trigeminal sensory
erves, causingovert sensorynerveactivation.10Basedonthefindings
fGelincik et al1 andothers,11mast cell activation alsomay lead to the
elease of neurotrophins such as NGF that can regulate the inflamma-
ory response anduniquely lead to phenotypic changes in the sensory
nnervation such that the nerves respond more strongly to noxious
timuli andalso respondtostimuli thathealthy individualswouldfind
nnocuous. Such neuroplasticity may contribute to the “hypersensi-
ive” state that is so often present in these individuals.12

Drugs capable of interfering with the NGF-TRKA axis are re-
orted to have remarkable efficacy in inhibiting certain types of
nflammatory pain.13 Ultimately it will be left to clinical pharma-
ologists to determine whether the NGF-TRKA axis is pivotal in
egulating the itching, sneezing, rhinorrhea, and the hypersensitive
tate that characterizes allergic and nonallergic rhinitis.

Bradley J. Undem, PhD
Johns Hopkins Asthma and Allergy Center

Baltimore, Maryland
bundem@jhmi.edu

eferences

[1] Gelincik A, Aydin F, Ozerman B, et al. Enhanced nerve growth factor expression
by mast cells does not differ significantly between idiopathic and allergic
rhinitis. Ann Allergy Asthma Immunol. 2012;108:396–401.

[2] Raap U, Braunstahl GJ. The role of neurotrophins in the pathophysiology of
allergic rhinitis. Curr Opin Allergy Clin Immunol. 2010;10:8–13.

[3] Freund-Michel V, Frossard N. The nerve growth factor and its receptors in
airway inflammatory diseases. Pharmacol Ther. 2008;117:52–76.

[4] Chowdary PD, Che DL, Cui B. Neurotrophin signaling via long-distance axonal
transport. Annu Rev Phys Chem. 63:571–594.

[5] Hunter DD MA, Undem BJ. Nerve growth factor-induced phenotypic switch in
guinea pig airway sensory neurons.Am J Respir Crit CareMed. 2000;161:1985–1990.

[6] Wilfong ER, Dey RD. Nerve growth factor and substance P regulation in nasal
sensory neurons after toluene diisocyanate exposure. Am J Respir Cell Mol Biol.
2004;30:793–800.

[7] Ji RR, Samad TA, Jin SX, Schmoll R, Woolf CJ. p38 MAPK activation by NGF in
primary sensory neurons after inflammation increases TRPV1 levels andmain-
tains heat hyperalgesia. Neuron. 2002;36:57–68.

[8] Fjell J, Cummins TR, Davis BM, et al. Sodium channel expression in NGF-
overexpressing transgenic mice. J Neurosci Res. 1999;57:39–47.

[9] Knipping S, Holzhausen HJ, Riederer A, Schrom T. Allergic and idiopathic rhinitis:
an ultrastructural study. Eur Arch Otorhinolaryngol. 2009;266:1249–1256.

10] Taylor-Clark TE, Nassenstein C, Undem BJ. Leukotriene D4 increases the excit-
ability of capsaicin-sensitive nasal sensory nerves to electrical and chemical
stimuli. Br J Pharmacol. 2008;154:1359–1368.

11] Leon A, Buriani A, Dal Toso R, et al. Mast cells synthesize, store, and release
nerve growth factor. Proc Natl Acad Sci U S A. 1994;91:3739–3743.

12] Sarin S, Undem B, Sanico A, Togias A. The role of the nervous system in rhinitis.
J Allergy Clin Immunol. 2006;118:999–1016.
13] CattaneoA.Tanezumab, a recombinanthumanizedmAbagainstnervegrowth factor
for the treatment of acute and chronic pain.Curr OpinMol Ther. 2010;12:94–106.

mailto:bundem@jhmi.edu



