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Abstract
Atopic dermatitis (AD) and psoriasis (Pso) are two common inflammatory skin dis-
eases which are symptomatically characterized by pruritus to variable degrees. 
Whereas AD is nearly always associated with pruritus, only 50%-70% of patients with 
Pso suffer from itching. Within the last decade, the development of biologic agents 
targeting specific cytokines or cytokine receptors has led to tremendous progress in 
suppressing inflammation (and thus improving quality of life) in these two diseases. 
While suppressing inflammation would generally reduce pruritus in these inflamma-
tory diseases, pruritus is still recalcitrant for treatment in some patients due to rela-
tive lack of therapeutics that specifically inhibit pruritus signaling. There is abundant 
evidence that certain cytokines and neuropeptides-ion channels signaling mediate 
pruritus that is independent of inflammation in AD and psoriasis. Of note, Janus ki-
nase (JAK) and nerve growth factor (NGF)-tropomyosin receptor kinase A (TrkA)-
transient receptor potential vanilloid 1 (TRPV1) signaling partially regulates pruritus 
in AD and psoriasis. JAK kinases inhibitors decrease the extent of itch in patients with 
AD and psoriasis. In clinical trials, topical inhibitors of TrkA and TRPV1 have been 
reported to reduce pruritus in patients with Pso and AD, respectively. In this article, 
we review recent literature knowledge regarding the mechanisms underlying pruritus 
in AD and Pso, providing hypotheses for why pruritus may be more common in AD 
than in Pso. In light of the different mechanisms underlying these two diseases, the 
current and developing therapeutics, either in human clinical trials or animal studies, 
for targeting pruritus are also discussed.
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1  | INTRODUC TION

Pruritus is defined as an unpleasant perception that provokes the 
desire to scratch to itch. Often resulting from the activation of free 
nerve endings by pruritogenic, or itch inducing, stimuli in the skin 
and regarded as an ancient self-defense mechanism among nearly all 
mammals to remove the pruritogenic stimuli, pruritus is a common 
feature of many inflammatory skin diseases, including atopic der-
matitis (AD) and psoriasis (Pso). In skin, the propagation of itch can 
result from both inflammatory (eg, AD, Pso) and noninflammatory 
diseases (eg, uremic pruritus, cholestatic pruritus).1 Both AD and Pso 
are prototypic inflammatory skin diseases that are accompanied by 
pruritus. AD and Pso are complex diseases with genetic,2 immuno-
logical,3 and environmental4 contributions. Less understood perhaps 
are the roles of neuronal sensitization and skin barrier disruptions 
which likely contribute to pruritus as well. In this review article, we 
will focus predominantly on the similarities and, importantly, differ-
ences in pruritus between AD and Pso. This comparison will not only 
help define the mechanisms underlying pruritus but also contribute 
to specific therapeutic targets of pruritus in these two common skin 
diseases.

2  | ITCHING IN ATOPIC DERMATITIS

2.1 | Itch characteristics in AD

Atopic dermatitis is a chronic relapsing disease with intense itch 
that is felt by early all affected individuals. In early characteriza-
tions of AD, itching was an essential symptom for the diagnosis of 
AD.5 Others have defined AD by the presence of elevated immuno-
globulin E (IgE) and pruritus that is often accompanied by other al-
lergic diseases.6,7 Different from Pso, AD generally develops in early 
childhood with 90% of patients demonstrating onset within the first 
5 years of life.8 Itch is a nearly universal feature of AD and is an es-
sential clinical component in most diagnostic criteria.9–11

The itch in AD is often characterized by patients as burning 
and stinging, suggesting a neurogenic origin.12 The pruritus can 
be intense even when there are no visible skin lesions. In fact, AD 
is commonly referred as “the itch that rashes,” which reflects itch 
often precedes skin lesions in AD.13,14 Sleep disturbance due to 
itch is common in patients with AD, and this itch is often exacer-
bated at night in a circadian manner.15 Furthermore, transepider-
mal water loss (TEWL) is associated with itch intensity in AD,16 and 
TEWL increases at night in patients with AD, which may explain 
why AD patients have nocturnal bouts of itch.17 Moreover, pa-
tients with AD often develop lesions on flexor surfaces, which has 
led others to suggest that sweating may play a role in the patho-
genesis of AD.18

The pruritus in AD is very difficult to treat and does not re-
spond well to traditional antipruritic treatments such as oral anti-
histamines.1 There is an “itch-scratch cycle” that exacerbates skin 
lesions and pruritus.19 Mechanical scratching due to itch eventu-
ates in secondary rash and occasional infection or colonization with 

microorganisms, particularly Staphylococcus aureus (S. aureus),20 
which further aggravates the disease course. It is often observed that 
patients with AD present with initial edema, erythema, and papules, 
progressing to secondary skin lesions such as lichenification, exu-
dation, and crusting. As mentioned before, itching often precedes 
visible dermatitis. The sequential change of the skin lesions reflects 
the effect of pruritus and scratching in the course of disease devel-
opment. Scratching-induced lesions are more frequently observed in 
AD than Pso. Among these scratch-induced lesions, lichenification is 
more common in AD (80%) compared with Pso (33%).21 Dryness and 
sweating are important triggers for AD flares, and there is a positive 
relationship between SCORing Atopic Dermatitis (SCORAD) and 
itch intensity.22

2.2 | Immune mechanisms of pruritus in AD

The precise allergens in most patients with AD are not known, but 
AD in some patients is associated with house dust mite and fungal 
allergens.23 After allergens penetrate the impaired skin barrier, they 
bind to Langerhans cells and activate Th2 cells to release inflam-
matory cytokines mainly IL-4 and IL-13. These cytokines stimulate 
IgE production and reduce production of antimicrobial peptides, 
which may facilitate microbial infections such as S. aureus.24,25 
Research has indicated microbial infections such as S. aureus 
emerge during the onset of atopic dermatitis, and antibiotic treat-
ments for these microbial infections eliminated skin inflammation.26 
More specifically, S. aureus digests the epidermal barrier via serine 
proteases to penetrate epidermis and induces expression of AD-
associated cytokines, including IL-4, IL-13, IL-22, and thymic stro-
mal lymphopoietin (TSLP).27,28 Conversely, human skin commensal 
coagulase-negative Staphylococcus (CoNS) such as Staphylococcus 
epidermidis and Staphylococcus hominis secrete antimicrobials to 
kill S. aureus, and reintroduction of antimicrobial CoNS strains to 
human subjects with AD decreased colonization by S.aureus.20

Th2 cells also release IL-31, a recently identified member of the 
IL-6 family, that can be a critical driver of pruritus in AD,29–31 but is 
generally not thought to be expressed at high levels in the skin of Pso 
patients.32 In mice, IL-31 induces pruritus through IL-31 receptors 
that are expressed by the primary afferent neurons, mediating ac-
tion through the TRPV1 and TRPA1 ion channels.32 In humans, IL-31 
injection evoked delayed onset itch, implicating an indirect prurito-
genic mechanism.33 It has been proposed that IL-31 induces pruritus 
indirectly via keratinocytes and subsequently released secondary 
mediators such as vascular endothelial growth factor (VEGF).34,35 
IL-31 also promotes β-endorphin production by keratinocytes to 
transmit itch sensation.31 IL-31 also remodels and thickens the epi-
dermis which leads to impaired skin barrier function resulting in an 
increased TEWL.36

IL-22 is thought to play a distinct role in AD pathogenesis. In con-
trast to Th17 cells in Pso skin that produce both IL-17 and IL-22, Th22 
cells in AD skin independently express IL-22 with lower expression 
of IL-17 and are responsible for epidermal hyperplasia and lichenifi-
cation that are typical of chronic AD skin.37
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The Janus kinase-signal transducer and activator of transcription 
(JAK-STAT) signaling comprises a cell membrane receptor, receptor-
associated JAKs, and recruited STATs. More specifically, when the 
cytokine receptor is activated by a cytokine, JAKs phosphorylate 
tyrosine residues on the receptor, which in turn recruits STATs to 
bind to the phosphorylated tyrosine residues with SH2 domains. 
Once STATs are recruited, JAKs phosphorylate tyrosine residues 
on STATs, and then, two STATs bind together to form a dimer. The 
dimer can translocate to the nucleus and transcript target genes. The 
intracellular signaling pathway JAK-STAT plays a crucial role in up-
regulation of IL-4, IL-13, IL-31, and IL-22-induced pro-inflammatory 
cytokines.30,38

While Th2 and Th22 immune response are predominant in many 
patients with AD, Th17 pathways are also activated in certain sub-
types such as intrinsic, pediatric, and Asian-origin AD.38–43 Th17-
associated cytokines such as IL-17 are increased in AD but not as 
prominently as Pso. IL-17 is a pro-inflammatory cytokine, and it can 
downregulate the expression of filaggrin and involucrin, both of 
which are important skin barrier proteins, through the P38 and ERK 
pathways.44 The elevation of IL-17 and subsequent downregulation 
of filaggrin in certain subtypes of AD may lead to skin barrier dys-
function in patients who don't carry filaggrin mutations.45 Disruption 
of the skin barrier function can have several consequences in skin by 
potentially increasing allergen penetration and by provoking a bar-
rier repair response that includes specific inflammatory responses.

2.3 | Ion channels and neuropeptides in AD

The transient receptor potential (TRP) channels are a family of ion 
channels with a myriad of roles, many of which act as biological sen-
sors for heat, cold, pressure, osmolarity, and chemicals.46 While TRP 
channels have a clear role in the transmission of pain, they are also 
important for the transmission of itch. The receptors for pruritogenic 
signaling molecules will bind to their cognate receptors expressed 
on primary afferent neurons and will activate TRP channels through 
second messenger G-proteins to ultimately open TRP channels, thus 
inducing electrical activity of the neurons. TRPV1 is a thermally 
sensitive channel that mediates response to noxious heat and has a 
critical role in mediating the histamine-induced itch pathway.47 The 
expression of TRPV1 is up-regulated in a murine AD model and in 
pruritic skin of patients with AD.2,48 TRPV1 has been shown to be 
closely linked with skin barrier disruption.49,50 TRPV1 on keratino-
cytes regulates calcium gradient along different layers of epidermis 
and helps maintain normal barrier function.50

TRPA1 is sensitive to a number of environmental allergens 
and noxious agents. It responds to allyl isothiocyanate, cinnamal-
degyde as well as extreme cold. Similar to TRPV1, TRPA1 has a 
role in mediating itch response to nonhistaminergic pruritogens.51 
TRPA1 is required for histamine-independent, Mas-related G 
protein-coupled receptor-mediated itch.51 Eighty percent of 
TRPA1-positive cells express protease-activated receptor 2 
(PAR2), which has been reported to be increased in the skin of 
AD patients with chronic pruritus.52,53 PAR2 is co-expressed with TA
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TRPV1 in small-to-medium diameter dorsal root ganglion (DRG) 
neurons.53 TRPA1 expression is highly enhanced in the dermal af-
ferent nerves, their dorsal root ganglia, mast cells, and the epider-
mis in the lesional skin biopsies from patients with AD, compared 
with skin from healthy subjects.54,55

In AD, neuropeptides such as substance P (SP), calcitonin gene-
related peptide (CGRP), and nerve growth factor (NGF) play an im-
portant role in cross-talk between the immune and nervous systems. 
Neuropeptides can directly act on immune cells to secrete cytokines 
to induce inflammatory response. On the other hand, immune cells 
release histamine and cytokines that bind directly to receptors on 
primary afferent neurons to mediate itch. SP mediates pruritus by 
activating Mas-related G protein-coupled receptor A1 (MrgprA1) on 
sensory neurons.56 SP also acts via neurokinin 1 receptor (NK1R) 
on immune cells, keratinocytes, and cutaneous nerve endings, which 
in turn upregulate cytokines such as IL-1, IL-8, and IL-10 to mediate 
neurogenic inflammatory response and release additional itch me-
diators.55,57 CGRP can increase the production of IL-13 from cuta-
neous lymphocyte-associated antigen (CLA)+ T cells and induce an 
immune shift from a Th1 to a Th2 cytokine profile.58 The IL-13 cyto-
kine stimulates expression of TRPA1 on tryptase-positive mast cells, 
which can act on afferent nerves to transmit itch.54

NGF plays an important role in inflammatory disease and is in-
creased in the plasma and lesion site of AD.59 The increased nerve 
density in AD lesions is partly mediated by the release of NGF by 
keratinocytes.55 NGF binds to its high-affinity receptor tropo-
myosin receptor kinase A (TrkA), which sensitizes and sprouts the 
small diameter sensory neurons, and upregulates the expression 
and sensitivity of TRPV1 via TrkA on sensory neurons.60 The NGF-
TrkA-TRPV1 signaling loop is regarded as a key mechanism of itch in 
many of the inflammatory diseases, including Pso and AD. Gastrin-
releasing peptide (GRP) and gastrin-releasing peptide receptor 
(GRPR) are involved in sensation of itch, but their role in AD remains 
unclear.55 GRP, which is released by neurons in dorsal root ganglion, 
activates GRPR on spinal interneurons and transmits itch.61 Severity 
of pruritus in AD correlates with serum GRP levels.62 Table 1 shows 
neuropeptides that are involved in pruritogenic signaling in AD.

2.4 | The relationship among keratinocytes, nervous 
system, and the immune system in AD

The mechanism of chronic itch in AD is a complex cross-talk between 
keratinocytes, neurons, and immune system. Keratinocytes and im-
mune cells can release inflammatory mediators such as cytokines, 
histamine, and serotonin. Many of these inflammatory mediators 
can activate sensory nerves to mediate itch in the skin.63 Sensory 
neurons released neuropeptides such as SP and CGRP that stimulate 
keratinocytes to secrete NGF, which in turn promotes proliferation 
of keratinocytes and hyperinnervation of sensory neurons. SP and 
CGRP also act on Th2 cells to skew inflammation and act on mast cell 
to induce degranulation.63

The communication between skin and the nervous system is not 
restricted to the peripheral nervous system. Neurodegenerative 

diseases such as Parkinson's disease and dementia are more preva-
lent in elderly patients who met diagnostic criteria of AD.64 The exact 
mechanism underlying this phenomenon is unclear, but it has been 
reported that BP180- and BP230-specific IgG autoantibodies are 
associated with pruritus in elderly patients.65 Immunosenescence 
of T cells may result in a loss of immune tolerance and the devel-
opment of BP180- and BP230-specific IgG autoantibodies. This, 
in turn, may lead to a chronic generalized eczema mimicking atopic 
dermatitis that may be regarded as a preclinical variant of bullous 
pemphigoid.64–66

Another connection between skin and the nervous system which 
contributes to pathophysiology of AD lies in circadian rhythms. 
Circadian rhythm is a biological clock that controls physiologi-
cal functions throughout the body.67 Skin physiology parameters 
such as TEWL and cutaneous blood flow fluctuate with circadian 
rhythm.67 AD often exacerbates at night, and this phenomenon is 
related to increased TEWL at nighttime.17 Melatonin is a hormone 
mainly secreted by pineal gland that regulates the circadian rhythm 
and sleep.68 The circadian melatonin rhythm was abolished or di-
minished in patients with AD,69 and melatonin supplementation has 
been demonstrated as an effective way to improve AD severity in 
children.70

Keratinocyte-derived TSLP plays a crucial role in the pathophys-
iology of AD. TSLP binds to neuronal TSLP receptor (TSLPR), which 
in turn activates TRPA1 to mediate TSLP-induced itch.71 The release 
of TSLP from keratinocytes is regulated by ORAI1/NFAT calcium 
signaling pathway. An association between single nucleotide poly-
morphism of ORAI1 and the susceptibility of AD has been reported 
in Japanese and Taiwanese populations.72

3  | ITCHING IN PSO

3.1 | Itch characteristics in Pso

Pso is an immune-mediated chronic inflammatory disease that com-
monly affects the skin and, in a minority of patients, affects the 
joints. Pso affects approximately 2%-11% of Caucasian populations 
while its prevalence is around 0.24%-5.5% in Asian populations.73 
Patients with an early onset tend to have a more severe course and a 
positive family history, whereas patients with late onset have a more 
mild disease and often have a negative family history.74 In the last 
decade, it has become clear that Pso is a systemic disease with mul-
tiple comorbidities, including enhanced cardiovascular risk, obesity, 
and psychiatric disorders.75–77 Itch exacerbates patients’ quality of 
life and may account for increased psychological burden and psychi-
atric comorbidities of Pso.78,79

Despite its name (psoriasis is derived from “psor”, Greek, to itch), 
pruritus is not regarded as a universal symptom of Pso since pruri-
tus affects ~60-90% of patients,80 especially females.81 The itching 
sensations are not limited to lesional areas and often include areas 
on the scalp, groin, and buttocks.82 Itch also induces scratching and 
leads to damage to the skin and development of Koebner phenome-
non. Therefore, relief of itch is very important for treatment of Pso. 
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Compared with patients with AD, however, patients with Pso expe-
rience fewer problems with insomnia and sleep quality.83 A systemic 
review reported that the prevalence of insomnia in patients with Pso 
is similar to that in the general population.84

3.2 | Immune mediators and neuropeptides in the 
pathogenesis of pruritus in psoriasis

An explosion of clinical and experiment data has emerged in recent 
years regarding the immune mechanisms that give rise to psoriasis 
in the skin.85,86 Pso represents an example of a disease predomi-
nantly driven by a single polar immune pathway. While early studies 
suggested that Th1 cells were found in Pso skin and, indeed, IL-12 
and interferon-g are found in psoriatic skin, careful clinical studies 
suggest that Th1 cytokines do not correlate with disease activity 
in the same way that Th17 cytokines clearly do.87 Thus, the Th17 
axis is now considered paramount psoriatic disease. TNF-α activated 
dendritic cells (DCs) are thought to be critical drivers in the Th17 
response. Activated Th17 cells secrete cytokines such as IL-17, which 
activate STAT3 in keratinocytes and induce subsequent epidermal 
hyperplasia and neutrophil recruitment, creating a “feed forward” 
inflammatory response.88 Downstream events include the eventual 
activation and recruitment of the Th22 T-cell subsets into psoriatic 
lesions, which may further contribute to epidermal hyperplasia.89,90

Much of the pathogenesis of pruritus in Pso remains to be elu-
cidated, but neurogenic inflammation seems to be crucial.80 In con-
trast to AD patients, Pso patients rarely complain of itching in the 
absence of obvious skin redness and scaling. The number of epider-
mal nerve fibers is increased in skin lesions of psoriatic patients with 
pruritus.91 The sensory nerve fibers in the skin not only mediate 
pruriception but also release bioactive substances such as SP, which 
can mediate the inflammation and is responsible for the itching sen-
sation in Pso. The active form SP cleaved by dipeptidyl peptidase IV 
(DPPIV) is increased in sera of patients of Pso. DPPIV-knockout mice 
and mice treated with DPPIV inhibitors show decreased SP-induced 
scratching behavior.92 There is also enhanced growth of nerve C-
fibers found in Pso.93 Another neuropeptide important for Pso is 
NGF, which can trigger the outgrowth of C-fibers, leading to pruri-
tus. NGF and platelet-derived growth factor (PDGF) with some cyto-
kines such as IL-17 and IL-22 activate phosphatidylinositol 3-kinase 
(PI3K)-AKT-mTOR kinase system, elucidating the inflammatory and 
proliferative cascades.94

Prokineticin 2 (PK2) is a neuroendocrine peptide, which can 
upregulate cytokines such as TNF-α, IL-23, IL-17 and induce ke-
ratinocyte and macrophage production of IL-1. IL-1 feeds back on 
macrophages to induce PK2 production, forming a positive feedback 
loop.95 VEGF may also mediate pruritus in Pso. In an imiquimod-
induced murine model of Pso, VEGF partially induces pruritus via 
epidermal hyperinnervation.96

β-endorphin is an endogenous opioid neuropeptide that pref-
erentially binds to the μ-opioid receptor rather than the κ-opioid 
receptor. A common side effect of μ-opioid receptor agonists is pru-
ritus, while κ-opioid receptor agonists reduce itch. Itch induced from 

μ-opioid receptor agonists, like morphine, is mediated through the 
μ-opioid receptor (MOR) isoform MOR1D. When bound, MOR1D 
heterodimerizes with the GRPR and is internalized to evoke itch.97 
In AD, IL-31 induces production of β-endorphins and the blood level 
of β-endorphins correlate with itch intensity.16,31 Recently, it has 
been reported that the κ-opioid receptor pathway is downregulated 
in lesional skin of Pso patients and positively correlate with itch 
sensation. In contrast, the μ-opioid receptor pathway is uniformly 
expressed by epidermal keratinocytes of psoriatic skin.98 Taken to-
gether, these findings suggest that homeostasis of epidermal opioid 
receptors may be involved in the generation of itch in both AD and 
Pso.99

3.3 | Ion channels in the pathogenesis of pruritus 
in Pso

The ion channels are known to participate in the itch of cutaneous 
neurogenic inflammation, which is related to itch. TRPV1 and TRPA1 
are not only expressed in neuronal cells, which exist in cutaneous C- 
and Aδ-type sensory nerve endings, but are also expressed in non-
neuronal cells such as keratinocytes.46 The activation of the TRPV1 
channel can upregulate of the expression of SP and CGRP in DRG 
neurons in a Ca2+ dependent manner. TRPV1+Nav1.8+ nociceptors, 
by interacting with dermal DCs, drive the response of IL-23/IL-17 
pathway.100 As in AD, the NGF-TrkA-TRPV1 interaction partially 
mediates pruritus in Pso. A topical TrkA inhibitor, CT327, has been 
reported to reduce pruritus in patients with Pso.101 Our recent stud-
ies showed that TRPV1 knockout mice have significantly reduced 
epidermal and dermal inflammation and TEWL compared to wild-
type mice in the IMQ-mediated model of psoriasiform dermatitis.102 
We did not see marked changes in behavior signs of pruritus in the 
TRPV1 knockout mice under the same conditions, suggesting that 
dermal inflammation and pruritus can be independently mediated in 
some cases (manuscript submitted).

The role of TRPA1 in mediating pruritus of Pso is not as well 
defined. TRPA1 is generally regarded as a contributor of chronic 
pruritus.103 Activation of TRPA1 triggers the expression of Pso-
related genes, including IL-33, CCL20, CXCL2, CXCR2, lipocalin, and 
Slc9a3r1.103 In a topical imiquimod-induced murine model of psoria-
siform dermatitis, spontaneous scratching to the imiquimod-treated 
sites and alloknesis are observed.104 In that study, no significant 
change in the mRNA expression of TRPV1 or TRPA1 in DRG cells 
was observed. The mRNA expression levels of histidine decarbox-
ylase and tryptophan hydroxylase 1, as well as the intensity of his-
tamine and serotonin immunoreactivity, transiently increased in the 
skin but returned to baseline by the end of imiquimod 7-day treat-
ment course. In parallel with that finding, histamine H1-receptor 
antagonists significantly inhibited spontaneous scratching on day 
2, but not day 7. These results may explain the limited antipruritic 
effects of histamine H1-receptor antagonists in human Pso.104 In a 
recent article, TRPA1 is reported to act in a protective manner in an 
imiquimod murine model of psoriasiform dermatitis.105 Intriguingly, 
another study using the same imiquimod murine model found that 
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blockade, either genetic or pharmacological approaches, of common 
sensory neurogenic mechanisms for TRPV1, TRPA1, SP, and CGRP 
inhibits spontaneous biting/licking behaviors, which are indicative of 
cutaneous discomfort.106 This indicates neuropeptides-ion channels 
signaling can induce cutaneous discomfort, but its role in psoriatic 
inflammation, either pro-inflammation or anti-inflammation, remains 
to be clarified.

4  | TRE ATMENT OF PRURITUS FOR AD 
AND PSO

For mild disease in both AD and Pso, topical corticosteroids re-
main the gold standard for treatment based on their known ef-
ficacy and safety profiles. When larger surface areas are involved, 
graduated treatment to other topicals such as tacrolimus (for AD) 
or calcipotriol (for Pso) or to light therapy may be added. Patients 
with moderate-to-severe AD or Pso who have larger degrees of 
body surface involvement or resistance to topicals historically 
were treated with systemic agents such as methotrexate and cy-
closporine, but due to their enhanced risk profiles, these broadly 
immunosuppressive agents are gradually being replaced by bio-
logic agents and a new generation of targeted small molecules as 
discussed below.

4.1 | Biologic agents

Traditional antihistamine drugs have limited effects for the treatment 
of pruritus in AD and Pso, so the histamine-independent itch path-
ways are suggested to dominate in these two diseases. Th17 signal-
ing is the main pathway of Pso, and cytokines including IL-17, IL-23, 
TNF-α contribute to the immunopathogenesis of Pso. So biologic 
drugs targeting TNF-α, IL-12/-23, and IL-17 are highly efficacious 
for the treatment of Pso. As skin disease diminishes with effective 
treatment, the itch nearly always subsides. In AD, dupilumab, a fully 
human monoclonal antibody against shared IL-4/13 receptor α com-
ponent, inhibits both IL-4 and IL-13 signaling and demonstrates sig-
nificant efficacy, reducing the itch of moderate-to-severe AD.107,108 
It not only has a dramatic antipruritic effect but also decreases the 
anxiety or depression associated with AD.107 Inhibitors of IL-31 
(nemolizumab) 109,110 and IL-13 (lebrikizumab, tralokinumab) 111,112 
have had promising results from phase 2 clinical trials for patients 
with moderate-to-severe AD. Fezakinumab, an IL-22 monoclonal 
antibody, showed efficacy only for severe AD (SCORAD ≥50) in a 
phase 2 clinical trial.113 Another report suggested that fezakinumab 
may be more effected for patients with high baseline IL-22 expres-
sion.114 Interestingly, selective targeting of some propruritogenic 
factors such as TSLP has shown mixed results in clinical testing. For 
example, the anti-TSLP monoclonal antibody, tezepelumab, showed 
efficacy for uncontrolled asthma in a phase 2 clinical trial,115 but its 
efficacy for atopic dermatitis has not been validated.116 Omalizumab, 
which targets IgE, is currently undergoing a clinical trial to determine 
its efficacy for severe recalcitrant pediatric AD.117 Other anti-IgE 

agents such as MEDI4212 and ligelizumab have undergone phase 1 
clinical trials but their efficacy for AD has yet to be evaluated.118,119

4.2 | Small molecule drugs

Phosphodiesterase 4 (PDE4) is an enzyme which degrades cyclic aden-
osine monophosphate (cAMP). Apremilast is an oral PDE4 inhibitor 
that is used for treatment for immune-mediated diseases, including 
Pso, although its clinical efficacy is not as great as those of biologi-
cal agents.120 Crisaborole ointment is a FDA-approved topical PDE4 
inhibitor for the treatment of mild-to-moderate AD.121 Interestingly, 
apremilast is not considered to be effective for AD.122

Janus kinase (JAK) is a family of tyrosine kinases. Many of the 
cytokines of Pso utilize the JAK-STAT pathway.123 Because of JAK 
inhibitors are small molecules, they can penetrate the epidermal bar-
rier and therefore can be used in topical formulations. In Pso, oral 
and topical JAK inhibitors are used for treatment. STAT3 has been 
proved to play a role in keratinocyte differentiation and prolifera-
tion, upregulation of keratin 17, which is a hallmark of Pso, activation 
of T cells, and release of the inflammatory cytokine IFN-γ, which in 
turn can increase the expression of K17 through the STAT2 path-
way.124 The anti-JAK1/3 inhibitor tofacitinib is a therapeutic agent 
for treatment of Pso both orally and topically and shows effective 
and fast treatment with safe effects.125,126 Topical JAK1/2 inhibi-
tor INCB018424 has also been shown efficacy for the treatment of 
Pso.127,128 Tyrosine kinase 2 (TYK2) belongs to the JAK family and is 
involved in a large number of cytokine signaling cascades.129 A TYK2 
inhibitor BMS-986165 showed greater clearing of Pso than placebo 
over a period of 12 weeks in a phase 2 clinical trial.130

In AD, all three JAKs and STATs are overexpressed. The JAK/
STAT pathway is a potential therapeutic target to AD. JTE-052 is a 
novel JAK inhibitor, which can inhibit JAK1/JAK2/JAK3 pathways 
as well as the Th1-, Th2-, Th17-mediated inflammation and relieve 
itching induced by IL-31. Experiments on AD mice confirmed it has 
excellent curative effects in a dose-dependent manner by oral use in 
AD.131 JTE-052 has obvious effects and works fast in the treatment 
for moderate-to-severe AD by topical use in a clinical phase 2 clini-
cal trial.132 In AD, the JAK1/3 and STAT6 pathways can mediate the 
IL-4 signaling. Topical JAK1/3 inhibitor tofacitinib has been shown 
effective for AD in phase 2 clinical trial.133 Oral tofacitinib is also 
effective for deceasing severity and itching in AD in some case se-
ries, but further clinical trials with larger sample sizes are warranted 
to validate the efficacy.134,135 In a murine model of AD, a PAR2 an-
tagonist PZ-235 significantly inhibits PAR2-mediated inflammation 
and epidermal thickening and reduces pruritus, suggesting PAR2 as 
a therapeutic target for AD.136

4.3 | Ion channel inhibitors and potential 
targeted therapies

NGF-TrkA-TRPV1 partially mediates pruritus in AD and Pso. The 
amount of NGF is 10 times higher in keratinocyte cultures of Pso 
compared to the healthy individuals.137 Topical TrkA inhibitor CT327 
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showed significant clinical effect in reducing chronic pruritus in Pso 
patients.101 In AD, TrkA is expressed in all layers of keratinocytes. 
Th2 cytokines such as IL-4 and IL-13 enhance TrkA expression. 
The development of inhibitors of NGF and TrkA can decrease IL-4-
induced keratinocyte proliferation.138

TRPV1 is mainly expressed in keratinocytes, nerve fibers, as well 
as mast cells.53 PAC-14028, a TRPV1 antagonist, was shown to be 
effective by topical administration for the treatment of atopic der-
matitis.49 It not only blocks Ca2+ influx into keratinocytes and ac-
celerates skin barrier repair but also suppresses the degranulation 
of mast cells and decreases the serum IgE, which in turn blocks the 
downstream inflammatory response and relieves the itching and 
controls the scratching behavior. Suppression of TRPV1 activation in 
nerve fibers can decrease neuropeptide release, contributing to the 
alleviation the cutaneous neurogenic inflammation.139 While PAC-
14028 shows promise, another TRPV1 inhibitor SB705498 shows no 
effect on itch relief.140 JAK inhibitors oclacitinib and tofacitinib can 
decrease itch in AD and Pso, which are linked with the inhibition of 
TRPV1 receptor channels.141

While TRPV1 is necessary for histaminergic itch, TRPA1 is nec-
essary for many types of itch that are independent from histamine 
(nonhistaminergic itch) including TSLP-induced itch.71 The PAR2/
TRPA1 pathway maybe a potential target for treating AD itch.142 
Although a TRPA1 inhibitor has not been used to treat itch clinically, 
recent work has shown that IL-13 induces chronic pruritus in AD via 
a novel TRPA1-dependent pathway, and a TRPA1 antagonist allevi-
ated pruritus in AD mice.54

5  | CONCLUSIONS

AD and Pso are prototypic inflammatory skin diseases that are char-
acterized by intense pruritus. It is tempting to speculate that neuro-
genic itching may precede obvious cutaneous inflammation (and skin 
changes) in AD, which is radically different from the itching that gen-
erally follows obvious dermatitis in Pso. Although AD is traditionally 
regarded as Th2 predominant and Pso is Th17 predominant, recent 
research shows these two diseases have some common immune 
pathways, at least in certain subtypes of AD.38 Understanding of 
the similarities and discrepancy between AD and Pso would lead to 
development of treatments that are efficacious for both diseases or 
specific to either one. While inhibiting inflammation would generally 
reduce pruritus in AD and Pso, there is evidence that certain cytokine 
and neuropeptides-ion channels signaling can induce pruritus that is 
independent of inflammation in AD and Pso.71,106,143 Curiously, there 
are AD patients who have generalized pruritus with no or minimal 
dermatitis. Current therapies are truly lacking to adequately manage 
these patients in which topical corticosteroids are not particularly ef-
fective. Agents therefore that target itch pathways may be more ap-
propriate. More specifically, TRPV1- and TRPA1-associated signaling 
pathways are potential therapeutic targets to inhibit pruritus.54,101,141 
Current treatments for AD and Pso focus on inhibiting immune-
mediated inflammation. Further understanding of admittedly 

complex pruritogenic signaling pathways would help develop tailored 
treatment to reduce pruritus to improve patient quality of life.

CONFLIC T OF INTERE S T

 The authors declare no conflict of interest.

ORCID

Sebastian Yu   https://orcid.org/0000-0002-2955-458X 

R E FE R E N C E S

	 1.	 Lee CH. Immune regulation in pathophysiology and targeted ther-
apy for itch in atopic dermatitis. Dermatol Sin. 2016;34(1):1–5.

	 2.	 Nattkemper LA, Tey HL, Valdes-Rodriguez R, Lee H, Mollanazar 
NK, Albornoz C, et al. The genetics of chronic itch: gene expres-
sion in the skin of patients with atopic dermatitis and psoriasis with 
severe itch. J Invest Dermatol. 2018;138(6):1311–7.

	 3.	 Dainichi T, Kitoh A, Otsuka A, Nakajima S, Nomura T, Kaplan DH, 
et  al. The epithelial immune microenvironment (EIME) in atopic 
dermatitis and psoriasis. Nat Immunol. 2018;19(12):1286–98.

	 4.	 Pascal M, Perez-Gordo M, Caballero T, Escribese MM, Lopez 
Longo MN, Luengo O, et  al. Microbiome and allergic diseases. 
Front Immunol. 2018;9:1584.

	 5.	 Hanifin JM, Rajka G. Diagnostic features of atopic-dermatitis. Acta 
Derm-Venereol 1980;92:44–7.

	 6.	 Bos JD, Van Leent EJ, Sillevis Smitt JH. The millennium criteria for 
the diagnosis of atopic dermatitis. Exp Dermatol. 1998;7(4):132–8.

	 7.	 Saeki H, Nakahara T, Tanaka A, Kabashima K, Sugaya M, Murota 
H, et al. Clinical practice guidelines for the management of atopic 
dermatitis 2016. J Dermatol. 2016;43(10):1117–45.

	 8.	 Lyons JJ, Milner JD, Stone KD. Atopic dermatitis in children: clin-
ical features, pathophysiology, and treatment. Immunol Allergy 
Clin North Am. 2015;35(1):161–83.

	 9.	 Brenninkmeijer EE, Schram ME, Leeflang MM, Bos JD, Spuls PI. 
Diagnostic criteria for atopic dermatitis: a systematic review. Br J 
Dermatol. 2008;158(4):754–65.

	 10.	 Kang KF, Tian RM. Criteria for atopic dermatitis in a Chinese pop-
ulation. Acta Derm Venereol Suppl (Stockh). 1989;144:26–7.

	 11.	 Williams HC, Burney PG, Hay RJ, Archer CB, Shipley MJ, Hunter 
JJ, et al. The U.K. Working Party's Diagnostic Criteria for Atopic 
Dermatitis. I. Derivation of a minimum set of discriminators for 
atopic dermatitis. Br J Dermatol 1994;131(3):383–96.

	 12.	 Huet F, Faffa MS, Poizeau F, Merhand S, Misery L, Brenaut E. 
Characteristics of pruritus in relation to self-assessed severity 
of atopic dermatitis. Acta Derm Venereol 2018. [Epub ahead of 
print]. https://doi.org/10.2340/00015555-3053

	 13.	 Shahwan KT, Kimball AB. Itch intensity in moderate-to-severe 
plaque psoriasis versus atopic dermatitis: a meta-analysis. J Am 
Acad Dermatol 2017;76(6):1198–200 e1.

	 14.	 Boguniewicz M. Atopic dermatitis: beyond the itch that rashes. 
Immunol Allergy Clin North Am 2005;25(2):333–51, vii.

	 15.	 Fishbein AB, Vitaterna O, Haugh IM, Bavishi AA, Zee PC, Turek 
FW, et al. Nocturnal eczema: review of sleep and circadian rhythms 
in children with atopic dermatitis and future research directions. J 
Allergy Clin Immunol. 2015;136(5):1170–7.

	 16.	 Lee CH, Chuang HY, Shih CC, Jong SB, Chang CH, Yu HS. 
Transepidermal water loss, serum IgE and beta-endorphin 
as important and independent biological markers for devel-
opment of itch intensity in atopic dermatitis. Br J Dermatol. 
2006;154(6):1100–7.

https://orcid.org/0000-0002-2955-458X
https://orcid.org/0000-0002-2955-458X
https://doi.org/10.2340/00015555-3053


     |  11YU et al.

	 17.	 Yosipovitch G, Xiong GL, Haus E, Sackett-Lundeen L, Ashkenazi I, 
Maibach HI. Time-dependent variations of the skin barrier func-
tion in humans: transepidermal water loss, stratum corneum hy-
dration, skin surface pH, and skin temperature. J Invest Dermatol. 
1998;110(1):20–3.

	 18.	 Hendricks AJ, Vaughn AR, Clark AK, Yosipovitch G, Shi VY. Sweat 
mechanisms and dysfunctions in atopic dermatitis. J Dermatol Sci. 
2018;89(2):105–11.

	 19.	 Weidinger S, Beck LA, Bieber T, Kabashima K, Irvine AD. Atopic 
dermatitis. Nat Rev Dis Primers. 2018;4(1):1.

	 20.	 Nakatsuji T, Chen TH, Narala S, Chun KA, Two AM, Yun T, et al. 
Antimicrobials from human skin commensal bacteria protect 
against Staphylococcus aureus and are deficient in atopic dermati-
tis. Sci Transl Med 2017;9(378):eaah4680.

	 21.	 Brenaut E, Garlantezec R, Talour K, Misery L. Itch characteristics 
in five dermatoses: non-atopic eczema, atopic dermatitis, urticaria, 
psoriasis and scabies. Acta Derm Venereol. 2013;93(5):573–4.

	 22.	 Chrostowska-Plak D, Salomon J, Reich A, Szepietowski JC. Clinical 
aspects of itch in adult atopic dermatitis patients. Acta Derm 
Venereol. 2009;89(4):379–83.

	 23.	 Campana R, Dzoro S, Mittermann I, Fedenko E, Elisyutina O, 
Khaitov M, et al. Molecular aspects of allergens in atopic dermati-
tis. Curr Opin Allergy Clin Immunol. 2017;17(4):269–77.

	 24.	 Silverberg JI, Kantor R. The role of interleukins 4 and/or 13 in the 
pathophysiology and treatment of atopic dermatitis. Dermatol 
Clin. 2017;35(3):327–34.

	 25.	 Kopfnagel V, Harder J, Werfel T. Expression of antimicrobial pep-
tides in atopic dermatitis and possible immunoregulatory func-
tions. Curr Opin Allergy Clin Immunol. 2013;13(5):531–6.

	 26.	 Kobayashi T, Glatz M, Horiuchi K, Kawasaki H, Akiyama H, 
Kaplan DH, et  al. Dysbiosis and Staphylococcus aureus col-
onization drives inflammation in atopic dermatitis. Immunity. 
2015;42(4):756–66.

	 27.	 Nakatsuji T, Chen TH, Two AM, Chun KA, Narala S, Geha RS, 
et al. Staphylococcus aureus exploits epidermal barrier defects in 
atopic dermatitis to trigger cytokine expression. J Invest Dermatol. 
2016;136(11):2192–200.

	 28.	 Zhu TH, Zhu TR, Tran KA, Sivamani RK, Shi VY. Epithelial barrier 
dysfunctions in atopic dermatitis: a skin-gut-lung model linking 
microbiome alteration and immune dysregulation. Br J Dermatol. 
2018;179(3):570–81.

	 29.	 Raap U, Wichmann K, Bruder M, Stander S, Wedi B, Kapp A, et al. 
Correlation of IL-31 serum levels with severity of atopic dermatitis. 
J Allergy Clin Immunol. 2008;122(2):421–3.

	 30.	 Lee DE, Clark AK, Tran KA, Shi VY. New and emerging targeted 
systemic therapies: a new era for atopic dermatitis. J Dermatolog 
Treat. 2018;29(4):364–74.

	 31.	 Lee CH, Hong CH, Yu WT, Chuang HY, Huang SK, Chen GS, 
et  al. Mechanistic correlations between two itch biomarkers, 
cytokine interleukin-31 and neuropeptide beta-endorphin, 
via STAT3/calcium axis in atopic dermatitis. Br J Dermatol. 
2012;167(4):794–803.

	 32.	 Cevikbas F, Wang X, Akiyama T, Kempkes C, Savinko T, Antal 
A, et  al. A sensory neuron-expressed IL-31 receptor mediates T 
helper cell-dependent itch: involvement of TRPV1 and TRPA1. J 
Allergy Clin Immunol. 2014;133(2):448–60.

	 33.	 Hawro T, Saluja R, Weller K, Altrichter S, Metz M, Maurer M. 
Interleukin-31 does not induce immediate itch in atopic derma-
titis patients and healthy controls after skin challenge. Allergy. 
2014;69(1):113–7.

	 34.	 Kasraie S, Niebuhr M, Baumert K, Werfel T. Functional ef-
fects of interleukin 31 in human primary keratinocytes. Allergy. 
2011;66(7):845–52.

	 35.	 Krause K, Krull C, Kessler B, Lange-Asschenfeldt B, Maurer M, 
Metz M. Effective control of recalcitrant pruritus by bevacizumab: 

a possible role for vascular endothelial growth factor in chronic 
itch? Acta Derm Venereol. 2013;93(2):175–9.

	 36.	 Singh B, Jegga AG, Shanmukhappa KS, Edukulla R, Khurana 
Hershey GH, Medvedovic M, et  al. IL-31-driven skin remodeling 
involves epidermal cell proliferation and thickening that lead to 
impaired skin-barrier function. PLoS ONE. 2016;11(8):e0161877.

	 37.	 Nograles KE, Zaba LC, Shemer A, Fuentes-Duculan J, Cardinale I, 
Kikuchi T, et al. IL-22-producing “T22” T cells account for upreg-
ulated IL-22 in atopic dermatitis despite reduced IL-17-producing 
TH17 T cells. J Allergy Clin Immunol 2009;123(6):1244–52.

	 38.	 Guttman-Yassky E, Krueger JG. Atopic dermatitis and psoria-
sis: two different immune diseases or one spectrum? Curr Opin 
Immunol. 2017;48:68–73.

	 39.	 Chan TC, Sanyal RD, Pavel AB, Glickman J, Zheng X, Xu H, 
et  al. Atopic dermatitis in Chinese patients shows TH2/TH17 
skewing with psoriasiform features. J Allergy Clin Immunol. 
2018;142(3):1013–7.

	 40.	 Noda S, Suarez-Farinas M, Ungar B, Kim SJ, de Guzman Strong C, 
Xu H, et al. The Asian atopic dermatitis phenotype combines fea-
tures of atopic dermatitis and psoriasis with increased TH17 polar-
ization. J Allergy Clin Immunol. 2015;136(5):1254–64.

	 41.	 Brunner PM, Israel A, Zhang N, Leonard A, Wen HC, Huynh T, 
et  al. Early-onset pediatric atopic dermatitis is characterized by 
TH2/TH17/TH22-centered inflammation and lipid alterations. J 
Allergy Clin Immunol. 2018;141(6):2094–106.

	 42.	 Suarez-Farinas M, Dhingra N, Gittler J, Shemer A, Cardinale I, de 
Guzman Strong C, et al. Intrinsic atopic dermatitis shows similar 
TH2 and higher TH17 immune activation compared with extrinsic 
atopic dermatitis. J Allergy Clin Immunol. 2013;132(2):361–70.

	 43.	 Esaki H, Brunner PM, Renert-Yuval Y, Czarnowicki T, Huynh T, Tran 
G, et al. Early-onset pediatric atopic dermatitis is TH2 but also TH17 
polarized in skin. J Allergy Clin Immunol. 2016;138(6):1639–51.

	 44.	 Tan Q, Yang H, Liu E, Wang H. P38/ERK MAPK signaling pathways 
are involved in the regulation of filaggrin and involucrin by IL17. 
Mol Med Rep. 2017;16(6):8863–7.

	 45.	 Pellerin L, Henry J, Hsu CY, Balica S, Jean-Decoster C, Mechin MC, 
et al. Defects of filaggrin-like proteins in both lesional and nonle-
sional atopic skin. J Allergy Clin Immunol. 2013;131(4):1094–102.

	 46.	 Denda M. Epidermis as the “Third Brain”? Dermatol Sin. 
2015;33(2):70–3.

	 47.	 Shim WS, Tak MH, Lee MH, Kim M, Kim M, Koo JY, et al. TRPV1 
mediates histamine-induced itching via the activation of phospho-
lipase A2 and 12-lipoxygenase. J Neurosci. 2007;27(9):2331–7.

	 48.	 Yun JW, Seo JA, Jang WH, Koh HJ, Bae IH, Park YH, et  al. 
Antipruritic effects of TRPV1 antagonist in murine atopic dermati-
tis and itching models. J Invest Dermatol. 2011;131(7):1576–9.

	 49.	 Lee JH, Choi CS, Bae IH, Choi JK, Park YH, Park M. A novel, 
topical, nonsteroidal, TRPV1 antagonist, PAC-14028 cream 
improves skin barrier function and exerts anti-inflammatory ac-
tion through modulating epidermal differentiation markers and 
suppressing Th2 cytokines in atopic dermatitis. J Dermatol Sci 
2018;91(2):184–94.

	 50.	 Elsholz F, Harteneck C, Muller W, Friedland K. Calcium–a central 
regulator of keratinocyte differentiation in health and disease. Eur 
J Dermatol. 2014;24(6):650–61.

	 51.	 Wilson SR, Gerhold KA, Bifolck-Fisher A, Liu Q, Patel KN, Dong 
X, et  al. TRPA1 is required for histamine-independent, Mas-
related G protein-coupled receptor-mediated itch. Nat Neurosci. 
2011;14(5):595–602.

	 52.	 Steinhoff M, Neisius U, Ikoma A, Fartasch M, Heyer G, Skov PS, 
et al. Proteinase-activated receptor-2 mediates itch: a novel path-
way for pruritus in human skin. J Neurosci. 2003;23(15):6176–80.

	 53.	 Nakagawa H, Hiura A. Four possible itching pathways related to 
the TRPV1 channel, histamine, PAR-2 and serotonin. Malays J Med 
Sci. 2013;20(4):5–12.



12  |     YU et al.

	 54.	 Oh MH, Oh SY, Lu J, Lou H, Myers AC, Zhu Z, et  al. TRPA1-
dependent pruritus in IL-13-induced chronic atopic dermatitis. J 
Immunol. 2013;191(11):5371–82.

	 55.	 Mollanazar NK, Smith PK, Yosipovitch G. Mediators of chronic 
pruritus in atopic dermatitis: getting the itch out? Clin Rev Allergy 
Immunol. 2016;51(3):263–92.

	 56.	 Azimi E, Reddy VB, Pereira PJS, Talbot S, Woolf CJ, Lerner EA. 
Substance P activates Mas-related G protein-coupled receptors to 
induce itch. J Allergy Clin Immunol. 2017;140(2):447–53 e3.

	 57.	 Mashaghi A, Marmalidou A, Tehrani M, Grace PM, Pothoulakis C, 
Dana R. Neuropeptide substance P and the immune response. Cell 
Mol Life Sci. 2016;73(22):4249–64.

	 58.	 Antunez C, Torres MJ, Lopez S, Rodriguez-Pena R, Blanca M, 
Mayorga C, et al. Calcitonin gene-related peptide modulates inter-
leukin-13 in circulating cutaneous lymphocyte-associated antigen-
positive T cells in patients with atopic dermatitis. Br J Dermatol. 
2009;161(3):547–53.

	 59.	 Toyoda M, Nakamura M, Makino T, Hino T, Kagoura M, Morohashi 
M. Nerve growth factor and substance P are useful plasma 
markers of disease activity in atopic dermatitis. Br J Dermatol. 
2002;147(1):71–9.

	 60.	 Zhang X, Huang J, McNaughton PA. NGF rapidly increases mem-
brane expression of TRPV1 heat-gated ion channels. EMBO J. 
2005;24(24):4211–23.

	 61.	 Mishra SK, Hoon MA. The cells and circuitry for itch responses in 
mice. Science. 2013;340(6135):968–71.

	 62.	 Kagami S, Sugaya M, Suga H, Morimura S, Kai H, Ohmatsu 
H, et  al. Serum gastrin-releasing peptide levels correlate with 
pruritus in patients with atopic dermatitis. J Invest Dermatol. 
2013;133(6):1673–5.

	 63.	 Voisin T, Bouvier A, Chiu IM. Neuro-immune interactions in al-
lergic diseases: novel targets for therapeutics. Int Immunol. 
2017;29(6):247–61.

	 64.	 Chou PS, Chou TC, Chang CH, Yu S, Lee CH. Chronic eczema-
tous dermatitis in patients with neurodegenerative diseases may 
be an early marker of bullous pemphigoid. Med Hypotheses. 
2017;103:86–9.

	 65.	 Schmidt T, Sitaru C, Amber K, Hertl M. BP180- and BP230-specific 
IgG autoantibodies in pruritic disorders of the elderly: a preclinical 
stage of bullous pemphigoid? Br J Dermatol. 2014;171(2):212–9.

	 66.	 Pietkiewicz P, Gornowicz-Porowska J, Bowszyc-Dmochowska 
M, Bartkiewicz P, Dmochowski M. Bullous pemphigoid and 
neurodegenerative diseases: a study in a setting of a Central 
European university dermatology department. Aging Clin Exp Res. 
2016;28(4):659–63.

	 67.	 Vaughn AR, Clark AK, Sivamani RK, Shi VY. Circadian rhythm in 
atopic dermatitis-Pathophysiology and implications for chrono-
therapy. Pediatr Dermatol. 2018;35(1):152–7.

	 68.	 Chang YS, Chiang BL. Mechanism of sleep disturbance in children 
with atopic dermatitis and the role of the circadian rhythm and 
melatonin. Int J Mol Sci. 2016;17(4):462.

	 69.	 Schwarz W, Birau N, Hornstein OP, Heubeck B, Schonberger A, 
Meyer C, et  al. Alterations of melatonin secretion in atopic ec-
zema. Acta Derm Venereol. 1988;68(3):224–9.

	 70.	 Chang YS, Lin MH, Lee JH, Lee PL, Dai YS, Chu KH, et  al. 
Melatonin supplementation for children with atopic dermatitis 
and sleep disturbance: a randomized clinical trial. JAMA Pediatr. 
2016;170(1):35–42.

	 71.	 Wilson SR, The L, Batia LM, Beattie K, Katibah GE, McClain SP, 
et al. The epithelial cell-derived atopic dermatitis cytokine TSLP 
activates neurons to induce itch. Cell. 2013;155(2):285–95.

	 72.	 Chang WC, Lee CH, Hirota T, Wang LF, Doi S, Miyatake A, et al. 
ORAI1 genetic polymorphisms associated with the susceptibility 
of atopic dermatitis in Japanese and Taiwanese populations. PLoS 
ONE. 2012;7(1):e29387.

	 73.	 Chiu HY, Wang TS, Chen PH, Hsu SH, Tsai YC, Tsai TF. Psoriasis 
in Taiwan: from epidemiology to new treatments. Dermatol Sin. 
2018;36(3):115–23.

	 74.	 Boehncke WH, Schon MP. Psoriasis. Lancet. 
2015;386(9997):983–94.

	 75.	 Hwang ST, Nijsten T, Elder JT. Recent highlights in psoriasis re-
search. J Invest Dermatol. 2017;137(3):550–6.

	 76.	 Yu S, Tu HP, Yu CL, Lee CH, Hong CH. Is psoriasis an independent 
risk factor of renal disease? A nationwide retrospective cohort 
study from 1996 to 2010. Dermatol Sin. 2017;35(2):78–84.

	 77.	 Tu HP, Yu CL, Lan CCE, Yu S. Prevalence of schizophrenia in patients 
with psoriasis: a nationwide study. Dermatol Sin. 2017;35(1):1–6.

	 78.	 Mrowietz U, Chouela EN, Mallbris L, Stefanidis D, Marino V, 
Pedersen R, et al. Pruritus and quality of life in moderate-to-severe 
plaque psoriasis: post hoc explorative analysis from the PRISTINE 
study. J Eur Acad Dermatol Venereol. 2015;29(6):1114–20.

	 79.	 Yu S, Yu CL, Huang YC, Tu HP, Lan CE. Risk of developing psoriasis 
in patients with schizophrenia: a nationwide retrospective cohort 
study. J Eur Acad Dermatol Venereol. 2017;31(9):1497–504.

	 80.	 Szepietowski JC, Reich A. Pruritus in psoriasis: an update. Eur J 
Pain. 2016;20(1):41–6.

	 81.	 Bahali AG, Onsun N, Su O, Ozkaya DB, Dizman D, Topukcu B, et al. 
The relationship between pruritus and clinical variables in patients 
with psoriasis. An Bras Dermatol. 2017;92(4):470–3.

	 82.	 O'Neill JL, Chan YH, Rapp SR, Yosipovitch G. Differences in itch 
characteristics between psoriasis and atopic dermatitis patients: 
results of a web-based questionnaire. Acta Derm Venereol. 
2011;91(5):537–40.

	 83.	 Kaaz K, Szepietowski JC, Matusiak L. Influence of itch and pain on 
sleep quality in patients with Hidradenitis Suppurativa. Acta Derm 
Venereol. 2018;98(8):757–61.

	 84.	 Gupta MA, Simpson FC, Gupta AK. Psoriasis and sleep disorders: a 
systematic review. Sleep Med Rev. 2016;29:63–75.

	 85.	 Albanesi C, Madonna S, Gisondi P, Girolomoni G. The interplay 
between keratinocytes and immune cells in the pathogenesis of 
psoriasis. Front Immunol. 2018;9:1549.

	 86.	 Kim J, Krueger JG. The immunopathogenesis of psoriasis. Dermatol 
Clin. 2015;33(1):13–23.

	 87.	 Martin DA, Towne JE, Kricorian G, Klekotka P, Gudjonsson JE, 
Krueger JG, et  al. The emerging role of IL-17 in the pathogene-
sis of psoriasis: preclinical and clinical findings. J Invest Dermatol. 
2013;133(1):17–26.

	 88.	 Calautti E, Avalle L, Poli V. Psoriasis: a STAT3-centric view. Int J 
Mol Sci 2018;19(1):E171.

	 89.	 Ghoreschi K, Bruck J, Kellerer C, Deng C, Peng H, Rothfuss O, et al. 
Fumarates improve psoriasis and multiple sclerosis by inducing 
type II dendritic cells. J Exp Med. 2011;208(11):2291–303.

	 90.	 Kim J, Krueger JG. Highly effective new treatments for psoriasis 
target the IL-23/Type 17 T cell autoimmune axis. Annu Rev Med. 
2017;68:255–69.

	 91.	 Taneda K, Tominaga M, Negi O, Tengara S, Kamo A, Ogawa H, et al. 
Evaluation of epidermal nerve density and opioid receptor levels in 
psoriatic itch. Br J Dermatol. 2011;165(2):277–84.

	 92.	 Komiya E, Hatano R, Otsuka H, Itoh T, Yamazaki H, Yamada T, et al. 
A possible role for CD26/DPPIV enzyme activity in the regulation 
of psoriatic pruritus. J Dermatol Sci. 2017;86(3):212–21.

	 93.	 Kubanov AA, Katunina OR, Chikin VV. Expression of neuropep-
tides, neurotrophins, and neurotransmitters in the skin of pa-
tients with atopic dermatitis and psoriasis. Bull Exp Biol Med. 
2015;159(3):318–22.

	 94.	 Raychaudhuri SK, Raychaudhuri SP. mTOR signaling cascade in 
psoriatic disease: double kinase mtor inhibitor a novel therapeutic 
target. Indian J Dermatol. 2014;59(1):67–70.

	 95.	 He X, Shen C, Lu Q, Li J, Wei Y, He L, et al. Prokineticin 2 plays a 
pivotal role in psoriasis. EBioMedicine. 2016;13:248–61.



     |  13YU et al.

	 96.	 Wong LS, Otsuka A, Yamamoto Y, Nonomura Y, Nakashima C, 
Honda T, et al. Vascular endothelial growth factor partially induces 
pruritus via epidermal hyperinnervation in imiquimod-induced 
psoriasiform dermatitis in mice. J Dermatol Sci. 2016;83(2):148–51.

	 97.	 Liu XY, Liu ZC, Sun YG, Ross M, Kim S, Tsai FF, et al. Unidirectional 
cross-activation of GRPR by MOR1D uncouples itch and analgesia 
induced by opioids. Cell. 2011;147(2):447–58.

	 98.	 Kupczyk P, Reich A, Holysz M, Gajda M, Wysokinska E, 
Kobuszewska A, et al. Opioid Receptors in Psoriatic Skin: relation-
ship with Itch. Acta Derm Venereol. 2017;97(5):564–70.

	 99.	 Tominaga M, Ogawa H, Takamori K. Possible roles of epidermal 
opioid systems in pruritus of atopic dermatitis. J Invest Dermatol. 
2007;127(9):2228–35.

	100.	 Riol-Blanco L, Ordovas-Montanes J, Perro M, Naval E, 
Thiriot A, Alvarez D, et  al. Nociceptive sensory neurons drive 
interleukin-23-mediated psoriasiform skin inflammation. Nature. 
2014;510(7503):157–61.

	101.	 Roblin D, Yosipovitch G, Boyce B, Robinson J, Sandy J, Mainero V, et al. 
Topical TrkA kinase inhibitor CT327 is an effective, novel therapy for 
the treatment of pruritus due to psoriasis: results from experimental 
studies, and efficacy and safety of CT327 in a Phase 2b clinical trial in 
patients with psoriasis. Acta Derm Venereol. 2015;95(5):542–8.

	102.	 Zhou Y, Follansbee T, Wu X, Han D, Yu S, Domocos DT, et  al. 
TRPV1 mediates inflammation and hyperplasia in imiquimod 
(IMQ)-induced psoriasiform dermatitis (PsD) in mice. J Dermatol 
Sci. 2018;92(3):264–71.

	103.	 Wilson SR, Nelson AM, Batia L, Morita T, Estandian D, Owens 
DM, et al. The ion channel TRPA1 is required for chronic itch. J 
Neurosci. 2013;33(22):9283–94.

	104.	 Sakai K, Sanders KM, Youssef MR, Yanushefski KM, Jensen L, 
Yosipovitch G, et al. Mouse model of imiquimod-induced psoriatic 
itch. Pain. 2016;157(11):2536–43.

	105.	 Kemeny A, Kodji X, Horvath S, Komlodi R, Szoke E, Sandor Z, et al. 
TRPA1 acts in a protective manner in imiquimod-induced psorias-
iform dermatitis in mice. J Invest Dermatol. 2018;138(8):1774–84.

	106.	 Kodji X, Arkless KL, Kee Z, Cleary SJ, Aubdool AA, Evans E, 
et  al. Sensory nerves mediate spontaneous behaviors in addi-
tion to inflammation in a murine model of psoriasis. FASEB J. 
2018;33:1578–94.

	107.	 Simpson EL, Bieber T, Guttman-Yassky E, Beck LA, Blauvelt A, 
Cork MJ, et al. Two phase 3 trials of dupilumab versus placebo in 
atopic dermatitis. N Engl J Med. 2016;375(24):2335–48.

	108.	 Blauvelt A, de Bruin-Weller M, Gooderham M, Cather JC, Weisman 
J, Pariser D, et al. Long-term management of moderate-to-severe 
atopic dermatitis with dupilumab and concomitant topical cor-
ticosteroids (LIBERTY AD CHRONOS): a 1-year, randomised, 
double-blinded, placebo-controlled, phase 3 trial. Lancet. 
2017;389(10086):2287–303.

	109.	 Kabashima K, Furue M, Hanifin JM, Pulka G, Wollenberg A, Galus 
R, et al. Nemolizumab in patients with moderate-to-severe atopic 
dermatitis: randomized, phase II, long-term extension study. J 
Allergy Clin Immunol. 2018;142:1121–30.

	110.	 Ruzicka T, Hanifin JM, Furue M, Pulka G, Mlynarczyk I, Wollenberg 
A, et al. Anti-interleukin-31 receptor A antibody for atopic derma-
titis. N Engl J Med. 2017;376(9):826–35.

	111.	 Simpson EL, Flohr C, Eichenfield LF, Bieber T, Sofen H, Taieb A, 
et al. Efficacy and safety of lebrikizumab (an anti-IL-13 monoclo-
nal antibody) in adults with moderate-to-severe atopic dermatitis 
inadequately controlled by topical corticosteroids: a randomized, 
placebo-controlled phase II trial (TREBLE). J Am Acad Dermatol 
2018;78(5):863–71.

	112.	 Wollenberg A, Howell MD, Guttman-Yassky E, Silverberg JI, Kell C, 
Ranade K, et al. Treatment of atopic dermatitis with tralokinumab, 
an anti-IL-13 mAb. J Allergy Clin Immunol. 2018;143:135–41.

	113.	 Guttman-Yassky E, Brunner PM, Neumann AU, Khattri S, Pavel 
AB, Malik K, et  al. Efficacy and safety of fezakinumab (an IL-22 
monoclonal antibody) in adults with moderate-to-severe atopic 
dermatitis inadequately controlled by conventional treatments: 
a randomized, double-blind, phase 2a trial. J Am Acad Dermatol 
2018;78(5):872–81 e6.

	114.	 Brunner PM, Pavel AB, Khattri S, Leonard A, Malik K, Rose S, 
et al. Baseline IL-22 expression in patients with atopic dermatitis 
stratifies tissue responses to fezakinumab. J Allergy Clin Immunol. 
2018;143:142–54.

	115.	 Corren J, Parnes JR, Wang L, Mo M, Roseti SL, Griffiths JM, et al. 
Tezepelumab in adults with uncontrolled asthma. N Engl J Med. 
2017;377(10):936–46.

	116.	 Tidwell WJ, Fowler JF Jr. T-cell inhibitors for atopic dermatitis. J 
Am Acad Dermatol 2018;78(3S1):S67–70.

	117.	 Chen T, Chan S, Lack G, Cro S, Cornelius VR. The role of anti-IgE 
(omalizumab/Xolair) in the management of severe recalcitrant 
paediatric atopic eczema (ADAPT): statistical analysis plan. Trials. 
2017;18(1):231.

	118.	 Sheldon E, Schwickart M, Li J, Kim K, Crouch S, Parveen S, et al. 
Pharmacokinetics, pharmacodynamics, and safety of MEDI4212, 
an Anti-IgE monoclonal antibody, in subjects with atopy: a phase I 
study. Adv Ther. 2016;33(2):225–51.

	119.	 Arm JP, Bottoli I, Skerjanec A, Floch D, Groenewegen A, Maahs S, 
et al. Pharmacokinetics, pharmacodynamics and safety of QGE031 
(ligelizumab), a novel high-affinity anti-IgE antibody, in atopic sub-
jects. Clin Exp Allergy. 2014;44(11):1371–85.

	120.	 Crowley J, Thaci D, Joly P, Peris K, Papp KA, Goncalves J, et al. 
Long-term safety and tolerability of apremilast in patients with 
psoriasis: pooled safety analysis for >/=156 weeks from 2 phase 
3, randomized, controlled trials (ESTEEM 1 and 2). J Am Acad 
Dermatol 2017;77(2):310–7 e1.

	121.	 Yosipovitch G, Gold LF, Lebwohl MG, Silverberg JI, Tallman AM, 
Zane LT. Early relief of pruritus in atopic dermatitis with crisab-
orole ointment, a non-steroidal, phosphodiesterase 4 inhibitor. 
Acta Derm Venereol. 2018;98(5):484–9.

	122.	 Volf EM, Au SC, Dumont N, Scheinman P, Gottlieb AB. A 
phase 2, open-label, investigator-initiated study to evaluate 
the safety and efficacy of apremilast in subjects with recalci-
trant allergic contact or atopic dermatitis. J Drugs Dermatol. 
2012;11(3):341–6.

	123.	 Alves de Medeiros AK, Speeckaert R, Desmet E, Van Gele M, 
De Schepper S, Lambert J. JAK3 as an emerging target for 
topical treatment of inflammatory skin diseases. PLoS ONE 
2016;11(10):e0164080.

	124.	 Fu M, Wang G. Keratin 17 as a therapeutic target for the treatment 
of psoriasis. J Dermatol Sci. 2012;67(3):161–5.

	125.	 Bachelez H, van de Kerkhof PC, Strohal R, Kubanov A, Valenzuela 
F, Lee JH, et  al. Tofacitinib versus etanercept or placebo in 
moderate-to-severe chronic plaque psoriasis: a phase 3 ran-
domised non-inferiority trial. Lancet. 2015;386(9993):552–61.

	126.	 Bagherani N, Smoller BR. Efficacy of topical tofacitinib, a Janus ki-
nase inhibitor, in the treatment of plaque psoriasis. Dermatol Ther 
2017;30(3).

	127.	 Punwani N, Scherle P, Flores R, Shi J, Liang J, Yeleswaram S, et al. 
Preliminary clinical activity of a topical JAK1/2 inhibitor in the 
treatment of psoriasis. J Am Acad Dermatol. 2012;67(4):658–64.

	128.	 Punwani N, Burn T, Scherle P, Flores R, Shi J, Collier P, et  al. 
Downmodulation of key inflammatory cell markers with a topical 
Janus kinase 1/2 inhibitor. Br J Dermatol. 2015;173(4):989–97.

	129.	 Majoros A, Platanitis E, Kernbauer-Holzl E, Rosebrock F, Muller 
M, Decker T. Canonical and non-canonical aspects of JAK-STAT 
signaling: lessons from interferons for cytokine responses. Front 
Immunol. 2017;8:29.



14  |     YU et al.

	130.	 Papp K, Gordon K, Thaci D, Morita A, Gooderham M, Foley P, et al. 
Phase 2 Trial of selective tyrosine kinase 2 inhibition in psoriasis. N 
Engl J Med 2018;379(14):1313–21.

	131.	 Tanimoto A, Shinozaki Y, Yamamoto Y, Katsuda Y, Taniai-Riya E, 
Toyoda K, et  al. A novel JAK inhibitor JTE-052 reduces skin in-
flammation and ameliorates chronic dermatitis in rodent models: 
comparison with conventional therapeutic agents. Exp Dermatol. 
2018;27(1):22–9.

	132.	 Nakagawa H, Nemoto O, Igarashi A, Nagata T. Efficacy and safety 
of topical JTE-052, a Janus kinase inhibitor, in Japanese adult 
patients with moderate-to-severe atopic dermatitis: a phase II, 
multicentre, randomized, vehicle-controlled clinical study. Br J 
Dermatol. 2018;178(2):424–32.

	133.	 Bissonnette R, Papp KA, Poulin Y, Gooderham M, Raman M, 
Mallbris L, et al. Topical tofacitinib for atopic dermatitis: a phase 
IIa randomized trial. Br J Dermatol. 2016;175(5):902–11.

	134.	 Levy LL, Urban J, King BA. Treatment of recalcitrant atopic der-
matitis with the oral Janus kinase inhibitor tofacitinib citrate. J Am 
Acad Dermatol. 2015;73(3):395–9.

	135.	 Vu M, Heyes C, Robertson SJ, Varigos GA, Ross G. Oral tofacitinib: 
a promising treatment in atopic dermatitis, alopecia areata and vit-
iligo. Clin Exp Dermatol. 2017;42(8):942–4.

	136.	 Barr TP, Garzia C, Guha S, Fletcher EK, Nguyen N, Wieschhaus AJ, 
et al. PAR2 pepducin-based suppression of inflammation and itch in 
atopic dermatitis models. J Invest Dermatol. 2018;139(2):412–21.

	137.	 Raychaudhuri SK, Raychaudhuri SP. NGF and its receptor system: 
a new dimension in the pathogenesis of psoriasis and psoriatic ar-
thritis. Ann N Y Acad Sci. 2009;1173:470–7.

	138.	 Matsumura S, Terao M, Murota H, Katayama I. Th2 cytokines enhance 
TrkA expression, upregulate proliferation, and downregulate differenti-
ation of keratinocytes. J Dermatol Sci. 2015;78(3):215–23.

	139.	 Yun JW, Seo JA, Jeong YS, Bae IH, Jang WH, Lee J, et al. TRPV1 an-
tagonist can suppress the atopic dermatitis-like symptoms by ac-
celerating skin barrier recovery. J Dermatol Sci. 2011;62(1):8–15.

	140.	 Gibson RA, Robertson J, Mistry H, McCallum S, Fernando D, Wyres 
M, et al. A randomised trial evaluating the effects of the TRPV1 an-
tagonist SB705498 on pruritus induced by histamine, and cowhage 
challenge in healthy volunteers. PLoS ONE. 2014;9(7):e100610.

	141.	 Fukuyama T, Ganchingco JR, Mishra SK, Olivry T, Rzagalinski I, 
Volmer DA, et  al. Janus kinase inhibitors display broad anti-itch 
properties: a possible link through the TRPV1 receptor. J Allergy 
Clin Immunol. 2017;140(1):306–9.

	142.	 Andersen HH, Elberling J, Solvsten H, Yosipovitch G, Arendt-
Nielsen L. Nonhistaminergic and mechanical itch sensitization in 
atopic dermatitis. Pain. 2017;158(9):1780–91.

	143.	 Elmariah SB, Lerner EA. The missing link between itch and inflam-
mation in atopic dermatitis. Cell. 2013;155(2):267–9.

How to cite this article: Yu S, Li Y, Zhou Y, Follansbee T, 
Hwang ST. Immune mediators and therapies for pruritus in 
atopic dermatitis and psoriasis. J Cutan Immunol Allergy. 

2019;2:4–14. https://doi.org/10.1002/cia2.12049

https://doi.org/10.1002/cia2.12049

