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Neuroimmune Mediators of Pruritus in Hispanic Scalp Psoriatic Itch
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Scalp psoriatic itch is a common, bothersome, yet un-
derstudied, condition with numerous associated tre-
atment challenges. The aim of this study was to en-
hance our understanding of the pathophysiology of
scalp psoriatic itch. Immunohistochemical analysis of
known neuroimmune mediators of pruritus was con-
ducted using scalp biopsies from 27 Hispanic psoriatic
patients. Patients were categorized into mild/mode-
rate or severe itch groups according to their itch in-
tensity rating of scalp itch. Protease activated receptor
(PAR2), substance P, transient receptor potential (TRP)
V3, TRPMS8 and interleukin-23 expression all correlated
significantly with itch intensity. The pathophysiology
of scalp psoriasis is largely non-histaminergic, medi-
ated by PAR2, interleukin-23, transient receptor po-
tential channels, and substance P.
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ruritus is an often underappreciated and overlooked
symptom of psoriasis. However, increasing evidence
over the past decade has shown that itch is one of the
most prevalent and burdensome symptoms of the disease,
affecting approximately 60-90% of patients with psoria-
sis (1-4). The body region most predominantly impacted
by psoriatic itch is the scalp (5, 6). Treatment of scalp
psoriatic itch is a challenge, not only due to location of le-
sions’ inaccessibility to topical treatments, but also due to
an incomplete understanding of its pathophysiology (7).
It has been hypothesized previously that the hair
follicle plays a central role in psoriatic scalp itch with
frequent communication and connections between
the neuroimmune, neuroendocrine, and vascular sys-
tems (7). We recently studied the itch transcriptome in
plaque-type psoriasis and found several cytokines and
neuropeptides whose transcription was highly correlated
with the severity of psoriatic itch. These neuroimmune
entities included interleukin (IL)-17, IL-23, IL-31, trans-
ient receptor potential (TRP)V1, TRMPS8, TRPV3, and
substance P (SP; 8).
In order to improve management and develop more
targeted treatments for psoriatic scalp itch, greater un-

SIGNIFICANCE

The body region most predominantly impacted by psoriatic
itch is the scalp. This study correlated the presence of neu-
roimmune mediators with severity of itch in patients with
scalp psoriasis. The results show that there may be a larger
neural component to scalp psoriatic itch than previously
thought. Neurotropic agents, rather than anti-histaminer-
gic or cooling agents, may warrant greater consideration
for the management of scalp psoriatic itch.

derstanding of the key mediators of this condition is
required. The aim of the current study was to correlate
the presence of neuroimmune mediators with severity
of itch in patients with scalp psoriasis.

MATERIALS AND METHODS

Patients

As a prospective study, scalp biopsies and clinical data were col-
lected from 27 Caucasian Hispanic patients with psoriasis (51.8%
female; mean + standard deviation [SD] age 40.4+19.3 years) at
Hospital Luis Vernaza in Guayaquil, Ecuador. Of these 27 psoriatic
patients, 44% had scalp only involvement. At the time of scalp
biopsy, none of the patients were treated for their psoriasis or itch,
as a washout period was required to enrol in the study. Two patients
had a 6-week washout of oral corticosteroids or methotrexate,
and 25 patients had a 1-week washout of topical corticosteroids
or antifungal. At the time and location of biopsy, patients were
asked to rate their average itch intensity for the past 24 h on a
0-10 numerical rating scale (NRS). Patients were categorized
into 2 groups based on itch severity: 13 patients were classified
as having mild or moderate itch (NRS 0-6), and 14 as severe
itch (NRS 7-10). The 5-point Investigator’s Global Assessment
(IGA) scale was utilized to evaluate the severity of the overall
scalp psoriasis. Patients categorized as severe itch had a slightly
higher (»p=0.0194) scalp IGA than those with less itch, and itch
intensity rating correlated with scalp IGA (p=0.0009, r=0.6007).
Patient demographics and medications are summarized in Table 1.
Patients’ ages did not significantly differ across the different itch
severities via an unpaired 7-test.

Immunohistochemistry and quantification

Biopsy samples were formalin-fixed and paraffin-embedded.
Samples were sectioned on a microtome at 5-pum thickness. Slides
were deparaffinized and incubated in an antigen retrieval solution
(Dako, Glostrop, Denmark) overnight at 60°C, then washed in
phosphate-buffered saline (PBS). Slides were blocked with 5%
normal goat serum and 0.2% Triton X-100 in PBS for 2 h at room
temperature and incubated with primary antibody in blocking solu-
tion overnight at 4°C. Primary antibodies included: mouse anti-
histamine (1: 500, MAB5408, Millipore, Burlington, MA, USA);
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Table I. Patient population summary

Mild/moderate itch Severe itch

(0-6 NRS) (7-10 NRS)

Scalp psoriatic groups n=13 n=14
Age, years, mean+SD 40.62+20.16 40.1+19.2
Sex (M:F), n 6:7 7:7
Psoriasis type (generalized:scalp only), n 5:8 10:4
Types of medications (prior to washout), n

Topical corticosteroids 12 11

Topical antifungal 1 1

Oral corticosteroid 1

Methotrexate 1

Overall scalp IGA, mean + SD 1.76+0.60 2.43£0.76
Itch NRS, mean+SD 4.46+1.76 8.07+1.0

NRS: numerical rating scale; SD: standard deviation; IGA: Investigator’s Global
Assessment.

rabbit anti-NGF (1: 1000, ab6199, Abcam, Cambridge, UK); rabbit
anti-IL31 (1: 200, ab102750, Abcam,); mouse anti-CD68 (1: 150,
ab955, Abcam); rabbit anti-IL17 (1: 100, ab79056, Abcam); mouse
anti-CD3 (1: 20, ab17143, Abcam); rabbit anti-PAR2 (1: 100,
sc-5597, Santa Cruz Biotechnology, Dallas, TX); guinea pig anti-
substance P (SP; 1: 500, ab106291, Abcam); rabbit anti-TRPV1
(1: 100, ab3487, Abcam; mouse anti-B-tubulin (1: 500, catalog #
MO015013, Neuromics, Edina, MN); rabbit anti-TRPMS (1: 250,
ab3243, Abcam); mouse anti-TRPV3 (1: 500, ab85022, Abcam);
rabbit anti-periostin (1: 250, ab14041, Abcam); mouse anti-CGRP
(1: 100, ab81887, Abcam); mouse anti-tumour necrosis factor alpha
(anti-TNFa) (1: 100 ab220210, Abcam); and rabbit anti-IL23 (1:
50, ab45420, Abcam).

For detection, slides were incubated with corresponding Alexa
Fluor 488 & 555 secondary antibodies (1: 300; Molecular Probes,
Eugene, OR, USA) for 1 h at room temperature. All slides were
mounted with Vectashield with DAPI (Vector Laboratories, Bur-
lingame, CA, USA) to visualize the dermal-epidermal junction.
Sections treated without any primary antibodies were used as nega-
tive controls. Specificity of each primary antibody was previously
confirmed by pre-absorption with its respective blocking peptide.

Complete sections were title-scan imaged at 20x objective
magnification using a fluorescence microscope (Leica, Wetzlar,
Germany) and analysed in a blinded manner using ImageJ software
(NIH, Bethesda, MD, USA). A range of 2—4 complete sections

a Scalp Psoriasis with Mild Itch Scalp Psoriasis with Severe Itch

Fig. 1. Representative images and quantification of immunostaining
of protease activated receptor 2 (PAR2) and substance P (SP)+ nerve
fibres in psoriatic scalp. (a) Representative images of PAR2 and SP
immunostaining for mild itch and severe itch scalp psoriasis lesions.
Quantification showed increased epidermal expression of PAR2 (b) and increased
SP +nerve density (c) in psoriatic scalp with severe itch, with both correlating
with itch severity. Statistical significance: *p <0.05; ****p <0.0001. All scale
bars in images are 200 micron.
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from each human subject were analysed. Epidermal nerve fibre
density was measured by dividing the number of B-tubulin+, SP+,
or CGRP+nerves crossing the dermal-epidermal junction by the
length of the epidermis. Fluorescence intensity (in arbitrary units;
AU) was measured in the epidermis excluding stratum corneum
and normalized by area and background fluorescence. Periostin
deposition was measured by dermal fluorescence intensity (AU)
by measuring the dermis below the dermal-epidermal junction
and normalized by area and background fluorescence. Positive
cell counts were quantified in the area surrounding the dermal-
epidermal junction (epidermis, excluding stratum corneum, and
into the papillary dermis) and normalized by area.

Statistical analysis

All data are reported as mean +SD. Unpaired 7-test analyses
were used to compare differences between psoriatic itch severity
groups. Linear regressions and Spearman’s correlations were also
performed to correlate itch mediators with itch severity. Statistical
significance was set at p<0.05.

RESULTS
Neuropeptides

Epidermal expression of protease-activated receptor 2
(PAR2) was significantly elevated (»p<0.0001) in patients
with scalp psoriasis with severe itch compared with those
with lower itch intensity. This PAR2 expression also had
a significant correlation with itch severity (»p=0.0001,
r=0.6982; Fig. 1a, b). There was no significant difference
in histamine + cells in psoriatic scalp itch groups, nor did
histamine + cells correlate with itch severity (Fig. 3c¢).
Staining for SP revealed a slightly increased expression
in the nerves of patients with scalp psoriasis with severe
itch compared with mild/moderate itch (»p=0.0152).
SP+nerve staining also significantly correlated with
itch intensity (p=0.007, r=0.5155; Fig. la, c). Calci-
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tonin gene-related peptide (CGRP)+stained nerves did
not reveal any significant difference between groups.
Of note, there was also no significant intraepidermal
nerve fibre density (IENF) difference between psoriatic
scalp itch groups.

Transient receptor potential (TRP) channels

Epidermal expression of TRPV3 was significantly greater
(»<0.0001) in scalp psoriatic patients with severe itch
(Fig. 2a) compared with those with mild/moderate itch.
Itch severity also correlated with epidermal TRPV3
levels (p<0.0001, r=0.7111). TRPMS8 had greater
(»=0.0075) epidermal fluorescence in psoriatic scalp
of severe itch compared with those with less itch, and
this expression correlated with itch intensity (»p=0.0043,
r=0.5324; Fig. 2¢c, d). Epidermal TRPV1 was not dif-
ferent between scalp psoriasis itch severity groups and
did not correlate with itch intensity.

Immune system

IL-23 +cells were increased in severe itch psoriatic scalp
(»=0.0097) compared with less itchy psoriatic scalp,
and IL-23 correlated with itch intensity (p=0.0149,
r=0.481; Fig. 3a). Epidermal TNFa was found to slightly
(»=0.0133) differ in severe itch scalp lesions compared
to mild/moderate itch psoriatic lesions, but there was
only a trend in correlation with itch intensity (»=0.0602,
r=0.3891; Fig. 3b). IL-17 and IL-31 fluorescence was
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not different between itch severity groups and did not
correlate with itch intensity.

A marker for macrophages, CD68, and a T cell marker,
CD3, did not differ between scalp psoriasis itch groups.

Periostin, an extracellular matrix protein, was found
to have elevated dermal deposition in less itchy psoriatic
scalp compared with scalp with severe itch (»p=0.0408;
Fig. 3d). Dermal deposition of periostin had a weak,
but negative, correlation with itch intensity (»p=0.0327,
r=-0.4282; Fig. 3d).

DISCUSSION

These results indicate that the aetiology of itch in scalp
psoriasis involves a complex interplay of neurogenic and
immunogenic inflammation, with the itch being mediated
by a non-histaminergic pathway. These findings are con-
sistent with prior data in many types of chronic itch (8, 9).

Activation of PAR2, a G-protein coupled receptor lo-
cated on sensory nerve endings, epidermal keratinocytes,
and at the level of the inner root sheath (IRS) in scalp hair
follicle (HF), has been implicated in non-histaminergic
itch. When activated, it stimulates the release of SP
from nerve fibres and acts synergistically with TRPV1
and TRPV3 channels found at the level of the outer root
sheath (ORS) to amplify the itch sensation (10). In the
current study, the epidermal expression of PAR2 was
significantly increased in scalp psoriasis with severe
itch. Interestingly, our previous RNA sequencing study
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Fig. 2. Representative images and quantification of immunostaining of transient receptor potential (TRP) V3 and TRPMS8 in psoriatic scalp.
Representative images of TRPV3 (a) and TRPM8 (c) immunostaining for mild itch and severe itch scalp psoriasis lesions. Quantification showed increased
epidermal expression of TRPV3 (b) and TRPM8 (d) in psoriatic scalp with severe itch, with both correlating with itch severity. Statistical significance:

*%p < 0.01, ****p < 0.0001.
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current study demonstrated that TRPV3
and TRPMS& channels had increased
expression in severe itch of scalp psoria-
tic lesions, which is congruent with our
earlier sequencing study, which found
significantly increased expression of
TRPV3 and TRPM8 mRNA in non-scalp
psoriatic lesions (8). TRPV1, which
has been shown to be involved in acute
itch, did not show correlation with pso-
riatic scalp itch severity (19). Clinically,
studies have shown topical capsaicin,
which desensitizes TRPV1 channels and

Psoriasis Psoriasis

Fig. 3. Quantification of immunostaining of immune mediators in psoriatic scalp.
Immunofluorescent quantification of interleukin (IL)-23+cells (a) and epidermal tumour
necrosis factor (TNF)a (b) showed increased expression in psoriatic scalp with severe itch,
with only interleukin (IL)-23 expression correlating with itch severity. While Histamine + cells
(c) did not show a difference between psoriatic scalp itch groups. Dermal deposition of
periostin (d) was significantly increased in scalp psoriasis with mild/moderate itch and had
a negative correlation with itch. Statistical significance: *p<0.05, **p<0.01, ***p<0.001,

****p <0.0001.

did not show PAR2 mRNA expression to be elevated in
itchy psoriasis lesions, although that study did not exa-
mine scalp lesions (8). This difference in findings may
suggest that there are transcriptomic profile differences
between scalp psoriasis itch and itch in other body areas.
Further exploration of these differences may provide
better understanding of psoriatic scalp itch.

Increased SP+nerve staining in psoriatic lesions not
located on the scalp were previously reported to correlate
significantly with itch severity (11, 12). The current study
confirms these finding in scalp psoriatic lesions, and
further confirms that IENF density in psoriasis, including

Acta Derm Venereol 2023

depletes SP from sensory neurones, as
an effective topical agent for psoriatic
itch; however, neither study examined
this antipruritic effect in scalp psoriasis
(20, 21). On the other hand, the current
study may suggest that menthol, a com-
monly used over-the-counter antipruritic
cooling agent, which activates both
TRPV3 and TRPMS channels, may
exacerbate scalp psoriatic itch and should not be recom-
mended for scalp psoriasis (22, 23).

The current results demonstrate that only the 1L-23
and TNFa cytokines were increased in severely itchy
psoriatic scalp lesions. These results differ somewhat
from previous studies, which showed an increased
gene expression of IL-17 and IL-31 in itchy psoriatic
skin (8, 24, 25). The lack of any significant increase in
CD68 ", amarker for macrophages and other monocytes,
and CD3", a T cell marker, indicates that the increase in
these cytokines is probably due to CD4" T helper cells,
consistent with previous literature (7).
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Periostin, an extracellular protein highly associated
with type 2 inflammation and an emerging “player” in
itch sensation, was only found to be increased in no, mild,
or moderate itch psoriatic scalp with a weak negative cor-
relation to itch. This finding is consistent with previous
data that states that psoriasis and psoriatic itch is due
more to a type 1 and IL-17-driven immune response (7).

Extrapolation of the conclusions of the current study
is restricted by the limited patient population and the
examination of protein expression exclusively through
immunofluorescent analysis. The patient population
also had limited number of non-itchy and mildly itchy
psoriatic patients, which could better differentiate medi-
ators of psoriatic pathology from itch-specific pathology.

In conclusion, the current study provides some novel
insights into the mechanism of psoriatic scalp itch, which
are unique and partially differ from that of other body
sites. These results may help indicate new therapeutic
targets, such as TRPV3 or SP antagonists, while avoiding
classical antipruritics, such as antihistamines and cooling
agents that are ineffective for psoriatic itch.
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