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ABSTRACT

Chronic itch with an itch-scratch vicious circle is a significant problem in a large amount of diseases. Some of
these diseases, such as psoriasis, atopic dermatitis, prurigo nodularis, Sézary syndrome, uremic pruritus, dia-
betes and jaundice, are common. For a very long time, chronic itch has been a thorny problem with few effective
treatments. Because of this, itch researchers and dermatologists seek to find the mechanisms among chronic
itch, inflammatory cytokines and neurons. As an immediate area of research focus, we are going to find the
peripheral cross-talk between neurons and skin cells. Two receptors, named transient receptor potential channel
vanilloid 1 and transient receptor potential channel ankyrin transmembrane protein 1, have been shown to play
important roles in chronic itch. Many advances have been made so far this decade. This review talks about the
updated mechanism of itch-related inflammatory cytokines via transient receptor potential channels in cutaneous
chronic itch and corresponding diseases. The search for itch-related inflammatory mediators and the structure of
transient receptor potential channels this decade could deepen our understanding of the mechanism of itch and
help us find more treatments of chronic itch in the future.
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INTRODUCTION

Chronic itch is defined as a more than 6 weeks’ (1.5 months’)
progression which causes an uncomfortable feeling or scratch.
A validated postal questionnaire was sent to 4500 individuals
from the German general population. The point prevalence of
chronic pruritus was 13.5%, 12-month prevalence 16.4% and
lifetime prevalence 22.0%." Chronic itch seriously affects peo-
ple’s physical and mental health and it is also a common fea-
ture of diseases such as psoriasis, atopic dermatitis (AD),
prurigo nodularis (PN), Seézary syndrome, uremic pruritus, dia-
betes and jaundice. Eighty-seven to 100% of the AD patients
were found having chronic itch.? Until now, there are still many
aspects of itch signal transmission that are unexplained, and
treatments for chronic itch are lacking. As such, the relation-
ship between inflammatory mediators and itch must be
explored.® Many itch-related diseases cause the release of itch
mediators which could act on their own receptors expressed in
dorsal root ganglion (DRG) neurons. Subsequently, these sig-
nals activate the phospholipase C (PLC)/protein kinase C
(PKC)/transient receptor potential channel vanilloid 1 (TRPV1)/
transient receptor potential channel ankyrin transmembrane

protein 1 (TRPA1) pathway. TRPV1 and TRPA1 are associated
with chronic pruritus. With TRPV1 and TRPA1 phosphorylated,
the ion channel open, calcium enters the cytoplasm. Finally,
the itch signal is transmitted through the spinal cord to the
brain.* Here, we review recent advances in understanding how
itch is transmitted from the periphery to the center of neurons
as well as the roles of TRPV1/TRPA1 channels in recognizing
itch-related stimuli in DRG. In addition to these, we reviewed
the cutaneous chronic itch-related diseases which caused by
many pruritic mediators via TRPV1/TRPA1 channels.

NEURONS

Dorsal root ganglion neurons branch out to the skin with the
expression of TRPV1/TRPA1 and other receptors. Some of the
itch-related inflammatory mediators act on receptor tyrosine
kinase (RTK) such as cytokines and nerve growth factor (NGF).
The others act on G protein-coupled receptors (GPCR) such as
proteases, histamine, serotonin bradykinin and prostaglandin
(PG)E2. Following the activation of their own receptors, intra-
cellular pathways can lead to the sensitization of TRPV1 or
TRPA1. The pathway known as the GPCR/RTK-TRPV1/TRPA1
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axis plays an important role in detecting and responding to
diverse nociception.>® GPCR/RTK expresses mostly in the
neurons of nociception. The activation of GPCR/RTK further
activates PLC which plays an important role in connecting
GPCR/RTK and intracellular signaling. The activation of PLC
hydrolyzes phosphatidylinositol-4,5-bisphosphate (PIP2) into
inositol-1,4,5-triphosphate and diacylglycerol (DAG). Subse-
quently, PIP2 and DAG activate PKC which lead to the activa-
tion of TRPV1 and TRPA1. Finally, the opening of these two
channels increases the concentration of cellular calcium
(Fig. 1).” The perception of itch is transmitted from the afferent
fibers (C fiber) endings in the epidermis and dermis to neuron
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body in DRG (the first-order neurons). Then, the signal needs
to be transmitted to the spinal cord (the second-order neu-
rons). Subsequently, it is transmitted to the thalamus (the third-
order neurons) through the spinothalamic tract, and eventually
the signal radiates to the cortical neurons (Fig. 2).8 It was also
found that the parabrachial nucleus (PBN), one of the brain
stem structures, acted as a central relay for both acute and
chronic itch. In the spinal cord, gastrin-releasing peptide
receptor-positive neurons are required for itch and could acti-
vate PBN neurons through synaptic contact. It means that the
spinoparabrachial pathway also plays a key role in itch, in
addition to the classical spinothalamic tract pathway.®
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Figure 1. Dorsal root ganglion (DRG) neurons branch out to the skin with transient receptor potential channel vanilloid 1 (TRPV1)/
transient receptor potential channel ankyrin transmembrane protein 1 (TRPA1) and other receptors expressing. Some of the itch-
related inflammatory mediators act on receptor tyrosine kinase (RTK) such as cytokines and nerve growth factor (NGF). The others
act on G protein-coupled receptors (GPCR) such as proteases, histamine, serotonin, bradykinin and prostaglandin E2. Following the
activation of their own receptors, the intracellular pathway can lead to the sensitization of TRPV1 or TRPA1. GPCR/RTK expressed
mostly in the neurons of nociception, phospholipase C (PLC), plays an important role in connecting GPCR/RTK and intracellular sig-
naling. The activation of PLC hydrolyze phosphatidylinositol-4,5-bisphosphate (PIP2) into inositol-1,4,5-triphosphate (IP3) and diacyl-
glycerol (DAG). Subsequently, PIP2 and DAG activate PKC which lead to the activation of TRPV1 and TRPA1. Finally, the opening
of these two channels increases the concentration of cellular calcium.
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Figure 2. Dorsal root ganglion (DRG) neurons branch out to the skin with transient receptor potential channel vanilloid 1 (TRPV1)/tran-
sient receptor potential channel ankyrin transmembrane protein 1 (TRPA1) and other receptors expressing which receive external or inter-
nal stimuli. The perception of itch is transmitted from the afferent fiber (C fiber) endings in the epidermis and dermis to neuron body in
DRG (the first-order neurons). Then, the signal needs to be transmitted to the spinal cord (the second-order neurons). Subsequently, it is
transmitted to the thalamus (the third-order neurons), and eventually the signal radiates to the cortical neurons. IFN, interferon; IL, inter-
leukin; LT, leukotrienes; NGF, nerve growth factor; PG, prostaglandin; TNF, tumor necrosis factor; TSLP, thymic stromal lymphopoietin.

TRANSIENT RECEPTOR POTENTIAL CHANNEL
VANILLOID 1

Transient receptor potential channel vanilloid 1 is a member of
the transient receptor potential family. It is a cation channel
(mainly Ca®*) triggered by vanilloids, capsaicin, heat (tempera-
ture, >43°C), protons (pH < 5.9), inflammatory mediators and
so forth.’® The structure of TRPV1 was exploited by electron
cryomicroscopy in 2013, which provided a structural blueprint
for understanding the function of TRPV1."" Recently, scientists
have found that there are three significant amino acid residue
phosphorylation sites: S800, S502 and T704. T704 and S800
contribute to PKC-induced hypersensitivity to heat. S502 and
S800 contribute to PKC-induced hypersensitivity to capsaicin.

S800 contributes to PKC-induced hypersensitivity to acid
(Fig. 3). These phosphorylation sites may serve as the targets
for the development of antipruritic drugs in the future.'®'® As
TRPV1 is activated, calcium influx forms electrical signals on
nerve fibers. The receptor transduces nociceptive signals such
as pain, itch and heat in the peripheral nervous system. As is
known, the TRPV1 nociceptor is a subset of primary sensory
afferent neurons residing in cranial and spinal sensory ganglia
such as DRG and TG.'® Recently, TRPV1 has been found to
be expressed not only in neurons but also in other cells or tis-
sues such as keratinocytes, mast cells, dendritic cells, fibrob-
lasts, vascular endothelial cells, monocytes, hair follicles,
sweat glands, smooth muscle, pneumocytes, urothelium, gut
epithelium, thymocytes and so forth.'
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Figure 3. There are three significant amino acid residue phos-
phorylation sites: S800, S502 and S704. T704 and S800 con-
tribute to protein kinase C (PKC)-induced hypersensitivity to
heat. S502 and S800 contribute to PKC-induced hypersensitiv-
ity to capsaicin. S800 contributes to PKC-induced hypersensi-
tivity to acid. These phosphorylation sites may serve as the
targets for the development of antipruritic drugs in the future.
TRPVA1, transient receptor potential channel vanilloid 1.

TRANSIENT RECEPTOR POTENTIAL CHANNEL
ANKYRIN TRANSMEMBRANE PROTEIN 1

Transient receptor potential channel ankyrin transmembrane pro-
tein 1 is another member of the transient receptor potential family
and is also a nociceptive cationic (mainly Ca?*) thermoresponsive
channel. In contrast to TRPV1, TRPA1 is implicated in cold thermal
sensation (temperatures <17°C). The structure of TRPA1 had been
exploited by single-particle electron cryomicroscopy in 2015,
which provided a structural blueprint for understanding the func-
tion of TRPA1.'® Besides cold stimuli, a variety of exogenous and
endogenous activators or sensitizers of TRPA1 have been identi-
fied, such as mustard oil compounds (allyl isothiocyanate), garlic
compounds (allicin), cinnamon compounds (cinnamaldehyde),
environment (acrolein) and so forth.®> These agonists directly mod-
ify C619, C639 and C663 cystein residue sites in the TRPA1 mole-
cule (Fig. 4). These cystein residue sites may serve as the targets
for the development of antipruritic drugs in the future.'® The antag-
onists of TRPA1 hold potential for treating neurogenic inflamma-
tory conditions provoked or exacerbated by irritant exposure.'®

DIFFERENCES AND SIMILARITIES BETWEEN
TRPV1 AND TRPA1

Transient receptor potential channel vanilloid 1 and TRPA1
are co-expressed in a large amount of neurons, such as
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Figure 4. A variety of exogenous and endogenous
activators or sensitizers of transient receptor potential
channel ankyrin transmembrane protein 1 (TRPA1) have been
identified, such as mustard oil compounds (allyl isothio-
cyanate, AITC), garlic compounds (allicin), cinnamon com-
pounds (cinnamaldehyde) and environment (acrolein). These
agonists directly modify C619, C639 and C663 cystein resi-
due targets.

DRG and trigeminal ganglion (TG), where they integrate
numerous nociceptors. TRPV1 and TRPA1 also act as noci-
ceptive sensors and potentiate the inflammatory process.’
Many stimuli could sensitize TRPV1 and TRPA1. There are
many similarities but also many different points between
TRPV1 and TRPA1. TRPV1 is responsible for histamine-
dependent itch while TRPA1 is not. Scientists demonstrated
that capsazepine (TRPV1 antagonist) significantly receded
scratching behavior caused by histamine. However, AP18
(TRPA1 antagonist) showed no behavioral effects on his-
tamine-induced itch.'”” In addition to histamine, it was been
found that TRPV1 took part in imiquimod and chloroquine-
induced itch.'"'® TRPA1-deficient mice showed attenuated
behavioral responses to bovine adrenal medulla (BAM) and
chloroquine-induced itch.'®?° However, TRPV1 was found to
be unnecessary for BAM-induced itch.'” Thymic stromal lym-
phopoietin (TSLP) also activates sensory neurons through
TRPA1 rather than TRPV1, evoking severe itch in mice.?!
The similarity is that some cytokines including NGF, inter-
leukin (IL)-4/IL-13 and IL-31-related itch acted through both
TRPV1 and TRPA1.%'222-25 Generally speaking, TRPA1 acts
as an important role for histamine-independent itch while
TRPV1 are responsible for both histamine-dependent and -
independent itch.®'”
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CHRONIC ITCH-RELATED INFLAMMATORY
MEDIATORS AND CORRESPONDING
DISEASES

It has been known for a long time that skin inflammation lowers
the threshold of pruritic stimuli. Some of the inflammatory cells
release mediators which could bind to their own receptors
expressed on sensory neurons. For example, mast cells
release histamine, tryptase, tumor necrosis factor-o, PG and
leukotrienes; T cells release IL-2, IL-6, IL-4, IL-13 and IL-31;
keratinocytes release acetylcholine and proteases; and
endothelial cells release kinins and protease-I1V.>® Like TRPV1
and TRPA1, the corresponding receptors of the above-men-
tioned inflammatory mediators are largely co-expressed in a
subset of sensory neurons, namely DRG and TG, which medi-
ate the interaction between inflammatory mediators and
responses in sensory neurons.® For instance, an analysis of the
systemic distribution of IL-31 receptor (IL-31R) in 63 different
human tissues found that IL-31R transcripts are most abun-
dantly expressed in DRG. Both human and mouse DRG neu-
rons express IL-31R and these neurons largely co-express
TRPV1. Of small-diameter DRG neurons (diameter, <30 um;
TRPV1* and TRPA1*), 50.6% were IL-31R*.%?® In addition, his-
tamine receptor (HR) has been found co-expressed with
TRPV1 in DRG. There was a HR*-neuron response of 77.8% to
capsaicin (TRPV1 agonist).?” For another example, a scientist
demonstrated that all TSLP receptor (TSLP)R* neurons are also
peripherin-positive by co-staining of TSLPR and peripherin (a
marker of small-diameter DRG neurons.?' This implied that
TRP channels could be bridges which connect pruritus-related
inflammatory factors with itch signals on the nerve fibers in
many diseases. The inflammatory mediators and their corre-
sponding diseases with chronic itch can be seen in Table 1.

INTERLEUKIN-31

Interleukin-31 is secreted mainly by T-helper (Th)2 cells, which
activates a heterodimeric receptor composed of IL-31RA and

Table 1. ltch-related inflammatory mediators and corresponding
diseases with chronic cutaneous itch

Inflammatory mediators Corresponding diseases

|L-31 AD 23,26,28-32 CTCL 26,29,30
chronic urticaria,?®3° PN,29-31
Csu23,32

IL-4 and IL-13 AD12:33-36

NGF CTCL,*" PN,%%3" AD,?® psoriasis*?

Histamine AD,?® eczema,®” urticaria,®”

TSLP AD'®

IL-2 and IFN-y Uremic pruritus,®® AD'°

Many itch-related inflammatory mediators such as IL-2, IL-4, IL-13, IL-
31, NGF, histamine, TSLP and IFN-y are related to a variety of diseases
which could cause cutaneous chronic itch. AD, atopic dermatitis; CSU,
chronic spontaneous urticaria; CTCL, cutaneous T-cell lymphoma; IFN,
interferon; IL, interleukin; NGF, nerve growth factor; PN, prurigo nodu-
laris; TSLP, thymic stromal lymphopoietin.

Inflammatory mediators and itch via TRP

oncostatin M receptor in keratinocytes and nerve fiber endings.
The expression of IL-31R in peripheral nerves of mice and
humans has been demonstrated. Thus, it suggests that IL-31
secreted by Th2 cells may act on peripheral nerves, directly
causing the pruritus. Furthermore, clinical trials have demon-
strated that blockade of IL-31 signals by a specific antibody
effectively alleviates AD-associated pruritus. s.c. injection of IL-
31 can cause severe itch in rats. IL-31 binds to a heterodimeric
receptor at TRPV1*/TRPA1* C-fibers, keratinocytes, macro-
phages and so forth.252® The DRG neurons co-express TRPV1
and IL-31R. As such, IL-31-induced itch requires the participa-
tion of TRPV1 and TRPA1.%23 Interestingly, in vitro, the culture
of DRG accompanied by IL-31 for 3 days resulted in growth of
neurons and nerve elongation which is closely related to itch.
However, this phenomena was independent of TRPV1.28 |L-31
is involved in transmission of pruritus and promotion of inflam-
mation. The blood level of IL-31 is increased in many pruritic
skin diseases including AD, cutaneous T-cell lymphoma
(CTCL), chronic urticaria and PN.2%2° |nterestingly, skin biop-
sies from PN patients with an atopic background, in compar-
ison with healthy skin from healthy individuals, showed a 50-
fold upregulation of IL-31 mRNA.3" It has been demonstrated
that IL-31 plays a key role in the itch of AD as well as its
pathogenesis. The cytokine leads to itch through the activation
of IL-31R on sensory neurons.?® Inhibiting the activity of IL-31
could reduce the severity of itch in patients with AD. CIM331,
a kind of IL-31Ra antibody, has already completed a phase Il
clinical trial in curing AD-induced itch.>2 BMS-981164, the anti-
body against IL-31, has been on trail in clinical phase 1.2° Tar-
geting therapy of IL-31Ra may control the Th2 caused itch,
including AD and CTCL.%® Furthermore, IL-31 is involved in the
itch and pathogenesis of chronic spontaneous urticaria (CSU),
and the level in serum could be one of the biomarkers of dis-
ease severity or treatment response in CSU.2%32

INTERLEUKIN-4 AND -13

Interleukin-4 and -13 are the cytokines secreted by Th2 cells.
Their receptors share a common subunit. The transgenic over-
expression of IL-4 or IL-13 in mice cause a severe itch. In
some skin diseases like AD, the blood levels of these two
cytokines are increased. A study in mice showed that the pruri-
tus induced by IL-13 in AD was at least in part through the
activation of TRPA1.'"?2 TRPV1 knockdown weakened airway
hyperresponsiveness and airway inflammation, induced by IL-
13 in BALB/c mice. IL-13 increased the levels of TRPV1 in
lungs of BALB/c mice.?* A recent study shows that in the
background of AD, IL-4 and IL-13 are important to disease
pathogenesis. In addition to this, they eventually progress to
chronic itch. As is demonstrated, the activation of IL-4R modu-
lates the neurons of both humans and mice through the IL-
4Ro/Janus kinase (JAK)1/signal transducer and activator of
transcription pathway which is indispensable in the develop-
ment of chronic itch. As such, in chronic itch patients, the itch
was relieved when treated with a JAK inhibitor which repre-
sents a promising target for treatment of chronic itch.®® IL-4
and IL-13 play important roles in the pathogenesis and
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development of itch in AD patients. Dupilumab, a human IL-4
monoclonal antibody directed against the IL-4Ra of IL-4 and
IL-13 receptors, was permitted by the US Food and Drug
Administration for the treatment of moderate to severe AD in
2017.3* Lebrikizumab, a monoclonal antibody against IL-13,
has been the subject of a phase Il trial in patients who have
moderate to severe AD. The trial was completed in 2017 but
the results had not been published.3%:%6

NERVE GROWTH FACTOR

Nerve growth factor directly correlates with scratching behavior
in mice, which has been demonstrated. The higher the blood
level of NGF is, the greater the degree of scratching in animal
models. NGF upregulates neuropeptides, such as substance P
(SP) and calcitonin gene-related peptide (CGRP). CGRP and
SP are involved in neurogenic inflammation and hypersensitiza-
tion of pruriceptors.® NGF can be released by many cells, such
as mast cells and eosinophils. In a study of localization of NGF
and its receptors in the human nasal mucosa, Wu et al.®”
observed positive staining for NGF in 2% of mast cells, 0.2%
of T cells and 62.2% of activated eosinophils by double
immunofluorescence staining technology, and demonstrated
that eosinophils, submucosal glands and nasal epithelium con-
stitute the main source of NGF in nasal mucosa. NGF can
cause the skin nerve sensitization and sprout.®' In human skin,
i.d. injection of NGF sensitizes receptors that cause non-hista-
minergic itch.®® The intracellular pathway of NGF is associated
with tropomyosin-receptor kinase A (TrkA) activation that
increases phosphoinositide (PI)3 kinases. Then, PI3 kinases
increase TRPV1 expression and intracellular calcium, which in
turn release SP and CGRP.%3° Nerve fibers within the epider-
mis and the dermis play important roles in PN which could
arise from various origins with chronic itch and scratch, such
as AD, chronic kidney failure and nervous system diseases.
The reasons for PN are complex, and unknown in most cir-
cumstances. The hyperplasia of nerves in the dermis and
hypoplasia in the epidermis are interesting findings for PN and
may be related to the ongoing generation of pruritus in PN.
Neurotrophins, especially NGF and its receptor, increase in
nerve fibers of PN.3" Lesional keratinocytes of subjects with
pruritus demonstrated significantly increased expression of the
NGF high-affinity receptor, TrkA.*° Anti-NGF therapy can be
used for the treatment of itch in NC/Nga AD mice, which could
reduce the increased density of nerve fibers and the instances
of scratching. NGF and its receptor may be one of the treat-
ment targets for itch.?®> Many patients with CTCL have severe
itch. Although the serum level of brain-derived neurotrophic
factor in patients with CTCL is not higher than normal people,
the serum level of NGF is higher than healthy people. In Seézary
syndrome patients, NGF expression increases in keratinocytes,
and nerve fiber density increases in the area of skin lesions.*!
Interestingly, however, a recent find showed that none of the
tested molecular markers including the neuron-distracting
SEMAS3A and neuron-attracting NGF altered in lesional and
non-lesional skin in PN subjects.®® In addition, the NGF/TrkA/
TRPV1 pathway is considered as an important mechanism of

psoriasis. In human keratinocytes of psoriatic plaques, the level
of NGF synthesis is high compared with normal people. In
respect of pruritus, the skin lesions in psoriatic patients are
more richly innervated in both dermis and epidermis. Signifi-
cantly, in psoriatic plaques there exists a large amount of
NGF-immunoreactive keratinocytes as well as the high expres-
sion of TrkA in nerve fibers compared with non-lesional skin or
non-pruritic lesions.*? In imiquimod-induced mouse psoriasis-
like models, TRPA1 was required for the activation of sensory
neurons and partially responsible for itch. Imiquimod was a
direct but weak TRPA1 agonist and imiquimod-responsive
TRPA1" neurons were more sensitive than other TRPA1" neu-
rons in response to noxious stimuli.*®

HISTAMINE

Histamine can cause histamine receptor 1 (H1R) activation and
then itch, which has known for a very long time.** It was until
2007, however, that a scientist found that the activation of H1R
finally opens TRPV1 on DRG neurons, which could cause the
influx of calcium and conduction of itch.*® Histamine receptors
belong to GPCR. As demonstrated, H1R and histamine recep-
tor 4 (H4R) are associated with itch. These two receptors are
also involved in the activation of the PKC/TRPV1 pathway.?” In
recent years, H4R has been gaining increasing attention. H4R
has been found expressed mainly on mast cells, dendritic cells
and eosinophils. These cells are important in the pathophysiol-
ogy of AD. Some scientists found that in H4R-deficient mice,
histamine-induced itch is reduced, which indicates that the
H4R may be important in itch perception in AD. A combination
of H1R and H4R antagonists also attenuate itch and inflamma-
tion, similar to prednisolone. In a phase Il trial, JNJ39758979, a
compound that inhibits H4R, has been shown to be effective in
treating AD patients with pruritus in Japan.?® Scientists found
that the first and second generations of antihistamines which
act on H1R could reduce itch in a trail including 61 patients;
however, the effect was rather moderate. Thus, H4R may play
more important roles in itch than H1R. These observations
need to be confirmed in larger patient groups.*® Furthermore,
many allergic skin diseases such as a variety of dermatitis,
eczema, urticaria, drug rash and contact dermatitis are associ-
ated with histamine.®”

THYMIC STROMAL LYMPHOPOIETIN

Thymic stromal lymphopoietin, another cytokine produced by
keratinocytes which triggers dendritic cell-mediated Th-cell
inflammatory responses plays an important role in itch. Ker-
atinocyte-derived TSLP directly activates cutaneous sensory
neurons to promote itch perception. It then activates TRPA1
and thereby induces itch. In AD patients, the expression of
TSLP is increased.® In mice, overexpression of TSLP induces
AD-like skin.”® AMG157 is a monoclonal antibody against
TSLP. The clinical phase | study of AMG157 was finished in
2011; however, the clinical data on the efficacy for this drug
are not yet known. There is some early evidence that AMG157
attenuates most measures of allergen-induced asthmatic
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responses, but its ability to treat atopic dermatitis has not been
reported.*” MK8226 is another inhibitor against TSLPR, a clini-
cal phase | study in participants with moderate-to-severe AD
patients was started in 2012 but terminated in 2016 due to
financial reasons.?4®

INTERLEUKIN-2 AND y-INTERFERON

Interleukin-2 and interferon (IFN)-y are the cytokines secreted by
Th1 cells. Th1 cells mediate the type IV hypersensitivity (de-
layed-type hypersensitivity) which means that the excessive
activation of Th1 cells will lead to many diseases. Th1 cells and
their cytokines play important roles in the chronic inflammatory
diseases. Many scientists have supposed that IL-2 and IFN-y
are related to TRP channels; however, it has not been demon-
strated until now. As commonly known, IL-2 is a strong itch
mediator whether in a healthy person or patient. Injection of IL-2
into healthy controls or into patients with AD induces a 48-72-h
itch that appears after some delay.®“® However, the exact
mechanism remains unknown.*” Recently, it has been found that
the cytokines secreted by Th1 cells, especially IL-2 and IFN-y,
are increased in uremic pruritus.®® Interestingly, as a systemic
treatment of metastatic melanoma, IL-2 could cause severe
itch.>® As we all know, the acute phase of AD is caused by Th2
and Th22 infiltration. In the chronic phase of AD, in addition to
the rise of Th2 and Th22 cells in the first 48 h, Th1 cells gradually
appear in skin lesions. Regarding the pathological mechanism of
chronic AD, it is suspected that IFN-v is the cause of the thicken-
ing in skin.%" Regarding IL-2, it is not only an immune regulatory
cytokine, but also a neuromodulation molecule of the central
nervous system. Some evidences indicate that systemic
changes of IL-2 can lead to neurological and psychiatric symp-
toms such as headache, memory impairment, cognitive impair-
ment, anxiety and pruritus. It is still unknown whether IL-2 leads
to increased central cognition to the itch or the activation of
some receptors. More research is required. Whether these two
cytokines are associated with TRPV1 or TRPA1 needs to be
explored.?® Cyclosporin, which inhibits T-lymphocyte activation
mediated by the IL-2 autocrine pathway, reduces inflammation
and pruritus in AD."©

PROSPECT OF TREATMENT

In acute itch, the first-line treatment is drugs acting on his-
tamine receptors or opioid receptors and glucocorticoid. How-
ever, the treatment of chronic itch has always been a big
problem. There is no standard or general treatment for chronic
itch.52 We could pay more attention to the methods of curing
chronic itch. Drugs acting on cellular components, including
keratinocytes, eosinophils and soluble factors, such as IL-31,
IL-4, IL-13 and TSLP, need to be explored.'®" The mono-
clonal antibodies of IL-31, IL-4, IL-13 and TSLP are being clini-
cally researched. A number of TRPV1 antagonists have been
developed® and some TRPV1 channel inhibitors also trialed at
the clinical stage.>** Until now, at least 15 small molecular
compounds have entered phase 1 clinical trials and five of
these antagonists have progressed to phase Il clinical trials.

Inflammatory mediators and itch via TRP

However, due to some side-effects, there still have been no
advances beyond that.>®> AMG-517 is the first TRPV1 antago-
nist that has progressed to a phase | clinical trial. Its termina-
tion was due to the side-effect of hyperthermia.*® To reduce
the systemic side-effects, topical forms of these agents are
being developed. Long-term treatment with a topical form of
AMG-9810, a TRPV1 antagonist, was shown to promote
tumors in preclinical mouse models.>” Most recently, this risk
has been discharged by experiments in vitro and in vivo on
AMG-9810, SB-705498, PAC-14028 and capsazepine. The cor-
relation between tumor development and the topical use of
TRPV1 antagonists is still in debate.®® Because of these, a
large amount of studies need to be done and targeted thera-
pies are gradually appearing on the horizon.

CONCLUSION

At present, the mechanism of itch is still little known to us
worldwide. Pruritus can be caused by a variety of pathogene-
ses.®® The mechanisms of chronic itch, inflammatory cytokines
and neurons have been explored this decade. However, the
researches are still in a primary stage.®® This review describes
the itch mechanism of various inflammatory mediators in the
chronic itch-related diseases, as well as their role in pruritus
and the relationships with the TRP receptors on the nerve
fibers and the molecular mechanism of their interaction. We
have attempted to summarize some of the mechanisms of
chronic pruritus.

As far as we are concerned, TRPV1 and TRPAT1 are bridges
associated with pruritus-related inflammatory factors and itch
signals on the nerve fibers. ltch-related inflammatory factors
repeatedly stimulate TRPV1 and TRPA1 for a long time in a
pathological state, which would decrease the threshold of itch
sensation. Thus, it sends the body into a state of chronic itch.

There has been no standard criterion of treatment for itch
until now. In particular, chronic itch and non-histamine pruritus
lack effective antipruritic treatments. This review summarizes
many of the experimental drugs targeting itch-related inflam-
matory mediators, which may be of clinical value in the future.
In addition, we believe that drugs acting on different amino
acid residue sites of TRPV1 and TRPA1 may be explored in
the future and the treatment of chronic itch may be developed
in this direction. All this requires the unremitting efforts of sci-
entists.
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