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Abstract

A multitude of exogenous environmental stimuli and endogenous molecular and cellular
components interface directly or indirectly with the free nerve endings of sensory nerves in the
skin. Environmental stimuli include substances derived from the microbiome and materials, such
as allergens, that otherwise come in contact with the skin. Endogenous stimuli include components
of or mediators derived from the epidermal barrier, keratinocytes, mast cells, and additional
resident and skin-homing immune cells. The sensation of itch is ultimately provoked by mediators
that interact with and activate pruriceptors on the sensory nerve fibers. These peripheral fibers
convey signals from the skin to the dorsal root and trigeminal ganglia and on to the spinal cord and
brain where central processing of the itch sensation occurs. A discussion of the nature and sources
of itch stimuli and receptors in the periphery form the basis of this chapter. The development of
drugs that target these processes is in the process of revolutionizing therapeutic approaches to itch.
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A simple view of peripheral itch is that a stimulus generates an action potential in a sensory
nerve fiber that the brain interprets as the sensation of itch. This view, while convenient,
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does not reflect the remarkable complexity and redundancy in mechanisms that contribute to
itch. Here, we address the panoply that contributes to peripheral itch. Our focus is on aspects
that are most relevant to the practicing clinician so that mechanisms are appreciated while
ongoing advances in therapies can be placed within an approachable context.

A multitude of exogenous environmental stimuli and endogenous molecular and cellular
components interface directly or indirectly with sensory nerves in the skin. Environmental
stimuli include substances derived from the microbiome, temperature, humidity, and
materials that otherwise come in contact with the skin. Endogenous components include the
epidermal barrier, pH, keratinocytes, and resident and skin-homing immune cells. It is now
appreciated that communication between nerves, stimuli, and cutaneous components,
including the dermal milieu of vessels and stroma, which provide a scaffold, is bi- or
multidirectional such that each may serve to modulate the sensation of itch.

Nerve Fibers and ltch

Itch is sensed by nerve fibers called pruriceptors. Fibers that transmit pain and other noxious
stimuli are called nociceptors. These are all afferent fibers that convey signals from the
periphery to the dorsal root and trigeminal ganglia and on to the spinal cord where they
synapse with second-order neurons. Signals are then transmitted to the brain for
interpretation as itch and then back to the skin via motor neurons instructing us to scratch, in
an effort to relieve this sensation. Complex neurocircuitry at the level of the spinal cord, as
discussed in the previous chapter, can serve to not only activate, but also to inhibit itch
signaling.

The sensation of itch, but not pain, requires at least a portion of the epidermis. It was
demonstrated more than 50 years ago that free nerve endings can be found in the epidermis
[1]. Itis likely that these free nerve endings are innate sensors probing the environment and
communicating with adjacent skin cells. These sensory fibers are characterized and
distinguished by a number of features. Two distinct types of fibers that transmit itch are
recognized: A-fibers and C-fibers [2]. A-fibers are myelinated, rapidly conduct nerve
impulses, and are divided further into A8- and Ap-fibers. As-fibers can function as
pruriceptors and nociceptors. Ap-fibers do not [2].

Being unmyelinated, C-fibers conduct impulses slowly. They are of smaller diameter as
compared to A-fibers. There are two populations of C-fibers. One population can respond to
mechanical stimulation and heat, and is thus referred to as CM or CMH fibers. The other
class is insensitive to such stimulation and is referred to as CMi fibers. CMi fibers respond
to histamine and, upon stimulation, release the neuropeptides substance P and calcitonin
gene-related peptide. Substance P and calcitonin gene-related peptide participate in vascular
flare and the activation of mast cells. CMH fibers do not respond to histamine, but they do
respond to cowhage [3]. Cowhage refers to a tropical bean plant, the pods of which are
covered with small needles, also called cowhage. Contact with the skin allows the active
component, a protease, to interact with a receptor on sensory fibers to provoke itch, pricking,
and stinging sensations, akin to many clinical itches, including that of atopic dermatitis [4].
While we may ask a patient if he or she itches, or they tell us that they itch, further
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questioning often reveals the presence of additional, but less intense, sensations of pricking
or stinging. It is likely that most itches are mediated by CMH fibers.

It is not clear whether humans have fibers that specifically sense itch as opposed to pain,
although such a distinction has been shown in mice. There are theories that can account for
the differentiation between itch and pain. For our purposes, the stimulation of overlapping
populations of cutaneous sensory fibers combined with interpretation of signals in the spinal
cord and brain result in the sensation of itch.

Acute versus Chronic ltch

Acute itches are those that last anywhere from an instant to 6 weeks. Examples range from a
spontaneous itch that necessitates a simple scratch, to the itch, scratch, and dermatographism
occurring in some people while changing into pajamas at night or the itch from poison ivy
that lasts approximately 3 weeks. These are self-limited itches although treatment is often
indicated.

Chronic itch is that which persists for 6 weeks or longer. Chronic itches associated with
inflammation include atopic dermatitis, psoriasis, or the persistence of contact with an
unknown allergen. Systemic diseases are also associated with chronic itch but may not
include apparent inflammation. Examples include chronic kidney disease and the itch of
cholestasis. Neurogenic and neuropathic chronic itches include notalgia paresthetica and
postherpetic neuralgia.

Itch mediators that turn on pruriceptors in the skin may be present in both acute and chronic
itches. Blocking the mediators, treatment of the inflammation, or a kidney transplant in a
patient with renal itch may ameliorate these itches. However, both the peripheral and central
nervous systems can become sensitized over time. When this happens, the neural
architecture is altered such that despite removal of the initial itch stimulus, itch may persist.
We do not yet understand the role of mediators and pruriceptors in these situations, nor do
we know how to reverse the effect of sensitization.

Sources of Mediators of ltch

As noted in the Introduction, exogenous environmental stimuli and endogenous molecular
and cellular components interface in a direct or indirect manner with sensory nerves in the
skin to provoke itch (fig. 1). Direct stimuli include mediators, such as proteases, released by
members of the microbiome. These stimuli and how they work are discussed in more detail
below. An indirect stimulus could be a contact allergen that generates an allergic response
leading to the release, from immune cells, of itch mediators which then stimulate sensory
nerves. Using atopic dermatitis as another example, there is a complex interplay between
bacteria, the epidermal barrier, keratinocytes, immune cells, and sensory nerves, which
together leads to itch, inflammation, and the itch-scratch cycle. This interplay is being teased
apart as manifest by the development of new therapeutics for atopic dermatitis. Ironically,
with the exception of some urticarias associated with histamine, there is not a single clinical
situation in which the mediators of itch are defined.
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Receptors, Channels, and Mediators of Itch

There are three classes of receptorsthat can be activated by itch mediators. These include
members of the G protein-coupled receptor (GPCR), Toll-like receptor (TLR), and cytokine
families, respectively. There is one class of channelsbroadly associated with itch. This is the
transient receptor potential (TRP) channel family. Generation of an action potential and
transmission of an itch signal ultimately depends upon activation of sodium channels.

G Protein-Coupled Receptors

Histamine and the Hq receptor remain the most widely known mediator and receptor in itch,
but they are no longer considered the most important. Their diminished importance arises
from the clinical observation that antihistamines are not effective in most itches, including
atopic dermatitis. Histamine is important in some urticarias. A number of other mediators
and their cognate receptors are in the process of replacing the classic view of the importance
of histamine and the H4 receptor in itch. There are four histamine receptors. One of these,
Hy, is also involved in itch [5]. Hy antagonists are helpful in itch, but side effects have
limited their use for now [5].

Most of the currently known endogenous and exogenous pruritogens activate GPCRs. GPCR
activation does not lead directly to the generation of an action potential. GPCR activation is
coupled via intracellular signaling pathways to TRP channels, the activation of which allows
for sufficient current influx to generate action potentials. As a general rule, histamine and
activation of the histamine receptor is linked to TRPV1 sensitization and activation, whereas
histamine-independent itch works through other GPCRs and is linked to TRPA1 [6, 7].

Nonhistamine receptors of importance in itch include protease-activated receptors, Mas-
related G protein-coupled receptors, the neurokinin 1 receptor, and those for serotonin,
endothelin, and lysophatidic acid. Protease-activated receptors are activated by proteases,
including tryptase from mast cells and kallikreins and cathepsin S from keratinocytes. Mas-
related G protein-coupled receptors are activated by some proteases but also by many other
substances, including antimicrobial peptides [8, 9]. Substance P, a neuropeptide associated
with neurogenic inflammation and atopic dermatitis, activates both Mas-related G protein-
coupled receptors and the neurokinin 1 receptor [10]. Drugs that the target neurokinin 1
receptor are in clinical trials for itch. Autotaxin is the enzyme responsible for the production
of lysophosphatidic acid. Autotaxin and the lysophosphatidic acid family of receptors may
be involved with cholestatic itch [11].

Prostaglandins and leukotrienes can induce itch in human skin and can signal through
GPCRs. However, it appears that their function is to potentiate itch rather than evoke it
directly. Gastrin-releasing peptide and its receptor as well as brain natriuretic peptide and its
receptor are important in itch, but these seem to be primarily in the spinal cord, not the skin
[12, 13]. Morphine and other opiates cause itch via activation of certain opiate receptors.
These itches are not relieved by scratching and the receptors are thus in the central, not
peripheral, nervous system.
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There is also a protective side to GPCR signaling. Activation of certain GPCRs has the
benefit of inhibiting itch. Cannabinoids, which are agonists of CB; and CB receptors,
compounds that are agonists of the x-opioid receptors including dynorphin, an endogenous
x-agonist, and stimulation of Hs receptors all can inhibit itch [14, 15]. The extent to which
these effects are peripheral, central, or a mix is an active area of investigation.

Toll-Like Receptors

TLRs function as innate sensors in the immune system. They may have a similar role in the
nervous system but this possibility has not been demonstrated conclusively. TLR3, TLR7,
and potentially TLR4 are expressed on small-sized primary sensory neurons. Direct
activation of TLRs by any of the classic pruritogens has not been demonstrated. TLRs can
thus facilitate itch transmission, but a direct role in itch has not yet been elucidated [16].

Cytokine Receptors: Interleukin-31 and Thymic Stromal Lymphopoietin

Interleukin (IL)-31 is produced by Th2 cells, each of which has been identified as having a
role in atopic dermatitis [17]. The receptor for 1L-31 is expressed on various cell types,
including sensory neurons [18]. Although these observations suggest a role for this receptor
in itch, the slow onset of pruritus following injection are consistent with 1L-31 being
primarily an indirect mediator of itch [19]. Antibodies to the receptor are in development for
the treatment of itch.

Thymic stromal lymphopoietin (TSLP) is an IL-7-like cytokine produced primarily by
epithelial cells. This cytokine has been linked to atopic dermatitis and the atopic march to
asthma. TSLP mediates its effects via a receptor composed of a TSLP receptor chain and an
IL-7 receptor a-chain. Itch evoked by TSLP is via its receptor on a subset of sensory nerves
[20]. A monoclonal antibody directed to TSLP has demonstrated efficacy in allergen-
induced asthmatic responses in humans [21]. Whether or not targeting TSLP or its receptor
will be of benefit in itch in general or atopic dermatitis has not been reported.

Transient Receptor Potential Channels

Although a direct role for TRPs in itch remains elusive, TRPs facilitate itch transduction.
More than 25 TRP family members have been described and these are broken down further
into subfamilies. TRPs are distributed broadly across tissues. TRPs relevant to itch are
TRPV1, TRPV3, TRPV4, TRPAL, and TRPMS [22]. TRPV1 is best known as the receptor
for capsaicin, but is also a heat sensor. TRPAL is a chemosensor that is activated by allyl
isothiocyanate, cinnamaldehyde, and allicin, the pungent compounds found in mustard,
cinnamon, and garlic extracts, respectively. TRPM8 is a cold sensor and is activated by
menthol. Extremes of heat and cold, via activation of TRPV1 and TRPMB8, can distract from
the sensation of itch. Although TRPV1 and TRPA1 may not be directly associated with most
clinical itches, their threshold for activation is modulated by signaling following pruritogen
activation of GPCRs.
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Conclusions and Future Expectations

M
in

any receptors, channels, and mediators are linked to itch. The importance of each of these
clinical conditions is being deciphered. The possibility of treating itch by targeting the

nervous system, not just the immune system, is on the horizon. Drugs directed to some of
these targets will be available within the next several years and will usher in a targeted
approach for the treatment of many itches.
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Fig. 1.

It(?h is provoked by the interaction of exogenous and endogenous stimuli with free nerve
endings in the epidermis. Itch-selective free nerve endings reach all layers of the epidermis
and are depicted in yellow. Pain-selective free nerve endings are depicted in a darker color.
The pain and itch nerve endings may be part of the same sensory nerve with cell bodies in
dorsal root ganglia (figure generated by Jimmy Xia).
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