
Page 1/37

The nerve injuries interfere with the development of
psoriasis
Bi Qin 

School of Medicine, University of Electronic Science and Technology of China https://orcid.org/0000-
0002-4772-9611
Chaonan Sun 

University of Electronic Science and Technology of China
Ling Chen 

Department of Dermatology, Daping Hospital, Army Medical University
Siyu Wang 

Sichuan Provincial People's Hospital: Sichuan Academy of Medical Sciences and Sichuan People's
Hospital
Jianing Yang 

Sichuan Provincial People's Hospital: Sichuan Academy of Medical Sciences and Sichuan People's
Hospital
Zhen Xie 

Sichuan Provincial People's Hospital: Sichuan Academy of Medical Sciences and Sichuan People's
Hospital
Zhu Shen  (  zhushencq@hotmail.com )

University of Electronic Science and Technology of China https://orcid.org/0000-0003-2901-4273

Research

Keywords: The nerve, Psoriasis, Denervation, Psoriasiform, Neuroimmune

Posted Date: October 7th, 2020

DOI: https://doi.org/10.21203/rs.3.rs-85335/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-85335/v1
https://orcid.org/0000-0002-4772-9611
mailto:zhushencq@hotmail.com
https://orcid.org/0000-0003-2901-4273
https://doi.org/10.21203/rs.3.rs-85335/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/37

Abstract
Background

The involvement of the nerve in psoriasis development has been suggested by sporadic case or case
serial reports.

Objectives

To provide multiple evidence for the nerve in psoriasis development with a retrospective case review, a
literature review and a mouse-based experimental study.

Methods

Psoriatic patients who had concomitant nerve injuries and such cases from the literatures were reviewed.
And, on wild-type mouse level, unilateral denervation surgery was performed on the dorsal skin before
and after the induction of psoriasiform dermatitis, respectively. Lesion visual scores were calculated, and
lesion biopsies were taken for hematoxylin-eosin (HE) staining, immuno�uorescence analysis, and RNA
sequencing & bioinformatics analysis at the time before denervation surgery and the 2nd, 4th, 6th, 8th day
after the surgery.

Results

All clincal cases (20/20) showed that local lesions under the control of injured nerves relieved
spontaneously or even cleared/spared, and only about 1/3 experienced partial recurrence. Next,
experimental study based on mouse model demonstrated that the unilateral denervation prior to
imiquimod application interfered with the enhancement of in�ammatory reactions (e.g. adaptive immune
response and Th17 cell differentiation pathway) and the induction of ipsilateral psoriasiform dermatitis.
On the other hand, the unilateral denervation after the induction of psoriasiform dermatitis promoted the
regression of in�ammatory reactions (e.g. T cell activation, TNF signaling, and Th17 cell differentiation
pathway) and the recovery of ipsilateral dermatitis.

Conclusion

Our study based on both retrospective clinical case review and wild-type mouse experiments provides
multiple evidence for the involvement of the nerve in psoriasis development. Regulation of immune
events, including TNF signaling and Th17 cell differentiation, may be one of the mechanisms of the nerve
in psoriasis.

Background
Psoriasis is a common chronic in�ammatory skin disease, typically characterized by symmetrically
distributed well-de�ned erythema papules with silvery scales. Its pathological features include excessive
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proliferation of keratinocytes, vasodilation, and in�ammatory in�ltration. Researches in recent decades
demonstrate that immune disorders play an important role in psoriasis development.1 And applications
of biological antibodies against cytokines with abnormal levels have improved conventional therapeutic
effects.2 On the other hand, immune cell activation alone might not account for some of the features in
psoriasis, e.g. symmetric distribution of lesions, increase of cutaneous nerve �bers, and up-regulation of
neuropeptides. More important, clinical phenomena show that some psoriatic patients acquire partial or
complete remission in areas where the nerves injured, which directly suggests the crucial roles of the
nerve involvement in psoriasis development.3

Our study was based on both retrospective clinical case reviews and mouse-based experiments, and
provided multiple evidence for the involvement of the nerve in psoriasis development. Regulation of
immune events (e.g TNF signaling and Th17 cell differentiation) may be one of the mechanisms of the
nerve in psoriasis. We suggest that the nerve may be a promising candidate target for psoriasis
treatment, or a novel supplement to current therapies.

Materials And Methods

Retrospective clinical cases review
We collected the clinical cases of psoriasis with concomitant nerve injuries who were admitted to
Department of Dermatology, Sichuan Provincial People’s Hospital, or Department of Dermatology, Daping
Hospital of Army Medical University (both up to September 2019). Their diagnoses of psoriasis were
con�rmed by a dermatologist at admission. Their medical records of peripheral or central nerve injuries
and the development of psoriasis were reviewed by three independent dermatologists. In order to balance
the variability of other factors (e.g. medications), psoriasis development on the side of nerve injuries was
compared with that on the normal side.

Literature review

The database of PubMed and Google Scholar were used to retrieve psoriatic cases with nerve injuries
published in literatures up to September 2019. Medical Subject Heading (MeSH) included "psoriasis"
combined with "nerve", "trauma", "stroke", or "poliomyelitis". Only articles published in English were
included.

Mouse experiment design
The experiments were performed under a protocol approved by Medical Ethics Committee in Sichuan
Academy of Medical Sciences & Sichuan Provincial People's Hospital. Forty female 4,5, 7–8 week (18–
22 g) C57/BL6J mice (wild-type) were acclimatized for 2 weeks before the experiment. They were
maintained at room temperature of 22 °C, and with the cycles of 12/12 hours of light and dark.
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Mice were randomized divided into two groups. For Group 1, on the day after the depilation, the right
dorsal nerve was injured by surgery operation, and 5% imiquimod cream (MED-SHINE Pharmaceutical
Co., Ltd, China) was applied to both dorsal sides. For Group 2, after induction of psoriasiform dermatitis
by imiquimod, surgery of right unilateral denervation was performed.

Unilateral denervation surgery operation
The hairs in the dorsal area of all mice were removed (2.5 cm × 2 cm) with electric shaver and depilated
with a depilatory cream (LAVER, Zhengzhou, China). The unilateral denervation surgery operation was
referred to the method described in the literatures.5–7 Brie�y, deplilated mice were anesthetized by
pentobarbital sodium, and their dorsal skin was cut along the back midline, from the bottom of the neck
to the 0.5 cm above the nail (about 2.5 to 3 cm). The bilateral skin and subcutaneous tissue were bluntly
separated, and the dorsal cutaneous nerves with white dendritic branch appearance (T3-12) were
exposed. The nerves on the right side were cut and removed off, with the nerves on the other side as the
sham-operation control (Supplementary material #1 and #2). Surgical tweezers were used to gently pinch
the skin of both sides respectively to ensure the success of unilateral denervation surgery (Supplementary
video). And immuno�uorescence staining of anti-PGP 9.5 (protein gene product 9.5, a panneuronal
marker) was performed to further demonstrate the successful intervention on the nerves.

Induction of psoriasiform dermatitis
Imiquimod-induced dermatitis has been the most widely used animal model of psoriasis since it was �rst
published in 2009.21 Brie�y, imiquimod cream (5%, 6.25 mg) was applied symmetrically and evenly on
the shaved dorsal area of each mouse once a day for continuous 7 days.

Skin lesion score and histopathologic staining
Comparison of the severity of psoriasiform dermatitis of right and left sides on the same mouse can
reduce inter-individual differences. On the day of unilateral denervation and the 2nd, 4th, 6th, 8th day
after the operation, mice were sacri�ced by cervical dislocation. The skin lesions of both sides were
photographed, and visually scored (redness score plus scaling score) by three independent
dermatologists blinded to the side of denervation surgery. Redness score: none, 0; light red, 1; red not
dark, 2; dark red, 3; extremely red, 4. Scaling score: none, 0; thin scales with limited surface area, 1; thicker
(mild) scales with modest surface area, 2; thick scales, rough, with larger surface area, 3; very robust
scales with vast surface area, 4. The tissues on both sides were collected and �xed in formalin solutions.
Routine histopathologic staining of hematoxylin and eosin (HE) was performed according to standard
procedures. The HE images were acquired with DS-U3 imaging system (Nikon, Japan). The epidermal
thickness was measured by CaseViewer software (3DHISTECH, Hungary).

Immuno�uorescence staining
The immuno�uorescence staining was used to assess the nerve content in the skin lesions. Brie�y, 4-µm
sections of formalin-�xed para�n embedded skin tissues were mounted on slides coated with poly-L-
lysine. After routine dewaxing, permeabilization, and blockage, diluted anti-PGP9.5 antibody (Abcam, MA,
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USA) was applied to the sections overnight at 4 °C. After washing, diluted Cy3-conjugated goat anti-
mouse antibody was applied onto the sections for 60 min at room temperature. Nuclei were
counterstained for 5 min with 4′, 6′-diamidino-2-phenylindole (DAPI, Sigma, USA). Images were obtained
on a Nikon ECLIPSE �uorescence microscope with the SPOT Advanced™ software (Diagnostics
Instruments, USA). The relative quanti�cation of the nerves was performed by software of Image-pro plus
6.0 (Media Cybernetics, USA).

RNA sequencing and bioinformatics analysis
Skin tissue samples on both sides of mice in Group1 and Group2 were collected for RNA-sequencing at
6th day after denervation surgery. Bioinformatics analyses were performed, including Gene Ontology (GO)
enrichment analysis of identi�ed the differentially expressed genes, and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analysis (Supplementary material #3).

Statistical analysis
The differences between lesions on the denervation and normal sides were determined with Student t-test
by SPSS Statistics 17.0 (SPSS Inc., USA). P < 0.05 was considered to be of statistical signi�cance.

Results

Clinical Case review
Totally, twenty cases of psoriatic patients concomitantly suffered from nerve injuries were collected and
reviewed. Seven from our clinical practice (Case 1–7, Fig. 1), and thirteen from published literatures (Case
8–20).8–20 All of them are summarized in Table 1. There were four females and sixteen males between
the ages of 29 and 85 (55.5 ± 12.6). Sixteen suffered from peripheral nerve injuries, and four suffered
from central nerve damages. Among the sixteen patients, six experienced nerve �ber injuries due to
surgeries (two at the left knee, two at the right knee, one for mastectomy of the right breast cancer, one for
amputation of the right forearm), �ve from poliomyelitis (two at the right lower limb, two at the left lower
limb, one at the left upper limb), and other �ve suffered from traumas, including one dislocation of the
right shoulder joint and one laceration of the left palm. The left four patients suffered from central
nervous system damages because of cerebrovascular accidents, including stroke and subarachnoid
hemorrhage.
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Table 1
Cases of psoriatic patients concomitantly suffered from the nerve injuries.

Case Age/
Sex

Type/
Psoriatic
History

Site/ Cause of
Denervation

Development of
Lesions

Recurrence Figure 1/
Reference

1 37/
M

PV/ 10-
year

Left knee/ Car
accident

Psoriasis on left
knee and lower
limb cleared

No Figure 1A

2 38/
M

PV/ 3-
year

Left lower limb/
Poliomyelitis

Psoriasis
developed sparing
the left leg

No Figure 1B

3 52/
M

PV/ 3-
year

Right knee/
Trauma

Psoriasis on the
right knee and right
lower limb relieved

Partial Figure 1C

4 56/
M

PV/ 10-
year

Right lower
limb/
Poliomyelitis

Psoriasis
developed on both
legs, with the right
alleviated

No Figure 1D

5 62/
M

PP/ 5-
year

Left little �nger/
Trauma

Psoriasis on the
left little �nger
relieved

Partial Figure 1E

6 55/
M

PV/12-
year

Right forearm/
Amputation

Psoriasis on right
hand relieved

Partial Figure 1F

7 57/
M

PP/ 7-
year

Right hand/
Trauma

Psoriasis on the
right hand relieved

Partial Figure 1G

8 48/
M

PV/ 10-
year

Right knee/
Surgery

Psoriasis on right
knee cleared

Yes Dewing, 1971
8

9 72/
F

PV and
PsA/ 10-
year

Left arm/
Poliomyelitis

PsA developed
only on the right
hand

No Weiner et al.,
1985 9

10 53/
F

PV and
PsA/ 1.5-
year

Right breast/
Mastectomy

Psoriasis on the
right elbow and
palm cleared

Partial Ferber et al.,
1990 10

11 68/
M

PV/ 3-
year

Left knee/
Surgery

Psoriasis on left
leg cleared

No Raychaudhuri
and Afaerber,
1993 11

12 49/
M

PV/
Prolonged

Right shoulder/
Dislocation

Psoriasis on the
right forearm and
hand cleared

Yes Joseph et al.,
2005 12

Abbreviations: F, female; M, male; PV, psoriasis vulgaris; PP, pustule psoriasis; PsA, psoriatic arthritis.
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Case Age/
Sex

Type/
Psoriatic
History

Site/ Cause of
Denervation

Development of
Lesions

Recurrence Figure 1/
Reference

13 60/
F

PV/ 44-
year

PsA/ 15-
year

Left palm/
Laceration

PsA developed in
all �ngers on left
hand except the
lacerated one

Yes Kane et al.,
2005 13

14 29/
M

PV/ 7-
year

Left lower limb/
Poliomyelitis

Psoriasis
developed sparing
the left leg

No Ravikumar
and
Sinhasan,
2014 14

15 67/
M

PV/ 10-
year

Left lower limb/
Poliomyelitis

Psoriasis
developed sparing
the left leg

No Wang and
Tsai, 2014 15

16 51/
M

Nail
psoriasis/
Prolonged

Right upper
arm/ Trauma

Psoriasis on the
right hand cleared
except the �rst
�ngernail

No Kecici et al.,
2017 16

17 59/
F

PV/ 7-
month

Right
hemiplegia/
Subarachnoid
hemorrhage

Psoriasis only
developed on the
right limb

No Veale et al.,
1993 17

18 62/
M

PV/ 6-
month

Left
hemiparesis/
Cerebrovascular
accident

Psoriasis only
developed on the
right extremities

Partial Sowell et al.,
1993 18

19 85
/F

PV/ 40-
year

Confused state/
Cerebrovascular
accident

Psoriasis on most
parts of the body
cleared

Partial Stratigos et
al., 1998 19

20 52/
M

PV/
unknown

Left
hemiparesis/
Stroke

Psoriasis almost
completely cleared

No Lee EB et al.,
2019 20

Abbreviations: F, female; M, male; PV, psoriasis vulgaris; PP, pustule psoriasis; PsA, psoriatic arthritis.

In all cases (20/20), we found that the local lesions under the control of injured nerves spontaneously
relieved or even cleared/spared. In detail, for patients whose nerve injuries occurred after their psoriasis,
the nerve injuries made the local psoriatic lesions spontaneously relieved (5/15) or cleared (10/15). For
patients suffered from early poliomyelitis prior to their psoriasis, poliomyelitis spared their psoriasis on
the affected limb (4/5), or alleviate it (1/5). Only 35% (7/20) patients experienced partial recurrence of
psoriatic lesions, most likely due to regaining of nerve functions.

Skin denervation led to the attenuation of cutaneous
innervation
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Unilateral denervation on mice with the other side as control can avoid the in�uence of individual
differences on experimental results. The successful attenuation of nerve function in the skin following
denervation surgery was con�rmed by pinching the skin lesions with surgical tweezers. For the pinching
on the control side, mice turned their heads or shook when stimulated by pain, while for the side of
unilateral denervation, the response was weakened or absent (Supplementary video). The attenuation of
cutaneous nerve function was further con�rmed by immuno�uorescence staining of PGP 9.5. The
denervation surgery side (Right) showed less PGP9.5 positive nerve �bers than the sham-operation
control side (Left) under the induction of imiquimod at 4th, 6th, and 8th day (P = 0.038, P < 0.01, and P < 
0.01, respectively. Figure 2A and C).

The unilateral denervation prior to the application of imiquimod interfered with the induction of ipsilateral
psoriasiform dermatitis

In Group1, we found that daily application of imiquimod could remarkably increase cutaneous nerves on
the normal side (Left, 2nd day, P = 0.057; 6th day, P < 0.001, compared with day 0), while failed on the
denervation side (Right, Fig. 2A and C). It was shown that the erythema and scale on the dorsal skin
began to appear on the second day of imiquimod application. They became more obvious with daily
application of imiquimod, and declined from the 8th day for both sides (Fig. 3A). However, the scores of
lesions on the denervation side (Right) were signi�cantly lower than those on the normal side of left (6th
day, P < 0.001; 8th day, P = 0.044, Fig. 3C). These demonstrated that the denervation interfered with the
induction of psoriasiform dermatitis, which was further supported by HE stainings of the lesions
(Fig. 3B). The epidermis thicknesses of imiquimod-induced lesions on the denervation side (Right) were
thinner than those on the normal side of left (2nd day, P = 0.006; 4th day, P = 0.003; 6th day, P < 0.001,
Fig. 3D).

The unilateral denervation after the induction of psoriasiform dermatitis could promote the recovery of
ipsilateral lesions

In Group2, after the termination of imiquimod on psoriasiform dermatitis, the increased nerves gradually
returned to normal level, with strikingly less nerves on the denervation side (Right) than those on the
normal side of left (2nd day, P < 0.001; 4th day, P = 0.017. Figure 2B and D). We demonstrated the
erythema and scale of psoriasiform lesions gradually decreased for both sides with the progress of time
after imiquimod termination (Fig. 4A). However, the denervation side (Right) relieved faster than the
normal side (Left), supported by its signi�cantly lower scores (2nd day, P < 0.001; 6th day, P < 0.001; 8th
day, P = 0.017, Fig. 4C). Similarly, histopathological results showed that the lesion epidermis thickness
was markedly thinner on the denervation side (Right) than the normal side of left (2nd day, P = 0.001; 4th,
6th and 8th day, P < 0.001, respectively. Figure 4B and D).

The unilateral denervation prior to the application of imiquimod interfered with the enhancement of
in�ammatory reactions
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In Group1, imiquimod application could increase in�ammatory reactions on both sides. However, it
showed that the denervation (Right) interfered with induced in�ammatory reactions analyzed by
bioinformatics analysis of GO and KEGG. As illustrated in Fig. 5, the enhancement of in�ammatory
reactions on the denervation side (Right) was signi�cantly weaker than that on the normal side (Left),
including acute in�ammatory response and cellular response to IL-1 (P < 0.01, P = 0.01, respectively,
Fig. 5A), and antigen processing and presentation, Th17 cell differentiation pathway (both P = 0.04,
Fig. 5B).

The unilateral denervation after the induction of
psoriasiform dermatitis promoted the regression of
in�ammatory reactions
In Group2, in�ammatory reactions gradually subsided after termination of imiquimod on both sides.
However, denervation surgery on the right side could remarkably promote the regression of in�ammatory
reactions. GO and KEGG analyses showed that the responses of T cell activation (P = 0.05), antigen
processing/presentation (P = 0.02), and response to IL-1 (P = 0.01) in Fig. 5C, and also pathways of TNF
signaling (P < 0.01), Toll-like receptor signaling (P < 0.01), Natural killer cell mediated cytotoxicity (P < 
0.01), Th17 cell differentiation (P = 0.02), Th1 and Th2 cell differentiation (P = 0.01), and neurotrophin
signaling (P = 0.04) in Fig. 5D on the denervation side were signi�cantly decreased, compared with the
normal side.

Discussion
Psoriasis is a chronic skin in�ammation. Immunological mechanisms play a pivotal role in its
pathogenesis, and recent clinical practices have demonstrated the effectiveness of biological antibodies
targeting dysregulated cytokines in psoriasis, especially interleukin-17A.22 On the other hand, as the
largest organ of our body, the skin contains abundant nerve �bers, which are densely distributed in
various layers of the skin. They communicate with various skin cell groups by releasing neuropeptides,
and almost all of the skin cells express receptors for neuropeptides. Meanwhile, the stimulated skin cells
also can produce neuropeptides, which in turn act on the nerves. It is such bidirectional communication
creates feedback loops in chronic in�ammatory skin diseases.23

There are increasing observations supporting the direct or indirect participation of the nerve in psoriasis
development. (1) The stimulation of the nerves (e.g. herpes zoster) can induce or aggravate psoriasis,
most likely through Koebner phenomenon.24 We add here a representative case of thigh psoriasis
aggravated by herpes zoster at the same site (more details in supplementary material #4). (2) A series of
early histological studies indicated that the nerve �bers, Schwann cells and other nerve supporting cells in
psoriatic lesions were remarkably elevated than the normal skin.25 Moreover, results have con�rmed the
signi�cant increase of nerve �bers in both imiquimod-induced psoriasiform dermatitis (Fig. 2A and C)
and the severe combined immunode�cient mouse-human skin model.26 (3) Reduced large �ber
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functioning and altered small �ber functioning in psoriasis have been demonstrated, and there is up-
regulation of neuropeptides released by sensory nerve cells that innervate psoriatic lesions.23,27,28 (4)
Trigger factors of psoriasis can upregulate and activate some receptors and ion channels on sensory
nerves, leading to neurogenic in�ammation and pruritus in psoriasis.23,29 (5) Several tentative therapies,
including dermatiome-shaving, capsaicin cream, resiniferatoxin, onabotulinumtoxinA, and K252a (a high-
a�nity nerve growth factor receptor blocker), can improve psoriasis or psoriasiform dermatitis, through
reducing lesional nerve �bers or sensory denervation.30–36 And nerve blockade based on locoregional
anaesthesia has been proposed in psoriasis treatment.37,38 (6) Sporadic case reports of psoriasis spared
or alleviated in the site of nerve injured (e.g. poliomyelitis, trauma) provide direct evidences for the roles
of the nerve in psoriasis development.12,14,15

In this study, we further analyzed case collections of psoriatic patients who complicated with nerve injury
in two hospitals and such cases from published literatures. We found that 100% local lesions under the
control of the injured nerves spontaneously relieved or even cleared/spared. For patients whose nerve
injuries happened after their psoriasis, the nerve injuries relieved (33%) or cleared (67%) their local
psoriatic lesions. And for psoriatic patients with early poliomyelitis, poliomyelitis spared their psoriasis on
the affected limb (80%), or alleviate it (20%). Only about one third patients experienced partial recurrence
of psoriatic lesions, probably with the regaining of their nerve functions. This analysis further support the
involvement of the nerve in psoriasis.

With these clinical cases alone, the conclusion that the nerve is involved in psoriasis cannot be fully
drawn. Therefore, on the basis of these clinical observations, we further solidi�ed the conclusion with
mouse psoriasiform models. Based on the levels of lesion scores and histopathological changes, we
demonstrated that the unilateral denervation surgery prior to the application of imiquimod interfered the
enhancement of in�ammatory reactions (e.g. adaptive immune response and Th17 cell differentiation
pathway) and the induction of ipsilateral psoriasiform dermatitis. Moreover, the unilateral denervation
after the induction of psoriasiform dermatitis could promote the regression of in�ammatory reactions
(e.g. T cell activation, TNF signaling, and Th17 cell differentiation pathway) and the recovery of ipsilateral
dermatitis. Thus we solid the contribution of the nerve in the development of psoriasiform dermatitis
from two aspects, unilateral denervation before and after the induced dermatitis respectively. This
research design is based on clinical observations (e.g. peripheral nerve trauma, poliomyelitis), and there
are no such studies based on both two aspects in previous literatures. Moreover, our results from wild-
type mice, not transgenic mice, can better imitate clinical practice. We also performed the above
experiments on wild-type BABL/C mice in order to avoid the possible in�uence of strain differences, and
we obtained consistent results (data not shown).

The involvement of the nerve in psoriasis development have long been explored. Firstly, the upregulated
neuropeptides released by sensory nerve in psoriatic lesions, such as substance P (SP), calcitonin gene
related protein (CGRP), nerve growth factor (NGF), vasoactive intestinal peptide (VIP), can interact with
various types of skin cells, including keratinocytes, endothelial cells, and mast cells.39 For example, SP,
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NGF and VIP can induce the degranulation of mast cells, and promote keratinocyte and endothelial cell
hyperproliferation;40–42 CGRP cooperates with SP to induce the vasodilation and various pruritus/pain
states.43 More importantly, the use of neuropeptide receptor antagonist improved the psoriasiform
dermatitis in the transgenic KC-Tie2 mouse model, and SP and CGRP receptor agonist administration into
denervated mouse skin resumed keratinocyte hyperproliferation in a neuropeptide speci�c manner.6

Secondly, the dynamic neuronal-immune system cross-talk has been implicated in various chronic
in�ammations.44,45 Upon infections and chronic in�ammations, the nerve can control immune molecular
cascades from dendritic cells, T cells, mast cells or keratinocytes, leading to activation of innate and
adaptive immune system. On the other hand, immune chemokines and cytokines (e.g. Th2 type IL-4, IL-5,
and IL-13) can trigger the activation of sensory �bers to coordinate host-protective behavioral
responses.23,29,44 It has been demonstrated that, based on transgenic KC-Tie2 mouse model of
psoriasiform dermatitis, nervous interventions of surgical denervation, neuropeptide blocker, and
botulinum neurotoxin A injection can signi�cantly decrease IL-23, CD4 + T cells, especially CD11 + 
dendritic cells, along with the improvement of psoriatic acanthosis.6,46 With wild-type mice, here we
demonstrated here that unilateral denervation surgery remarkably decreased Th17 cell differentiation,
TNF signaling, Toll-like receptor signaling, Th1 and Th2 cell differentiation, and JAK-STAT signaling
pathways on ipsilateral side. Together, relationship between the nervous and immune systems in
psoriasis have been recognized, however the precise underlying mechanisms are just starting to be
elucidated.

It is noteworthy that psoriasiform lesions on the denervated side of mouse were not extremely relieved as
expected. Similar phenomena also can be observed in clinical cases in Fig. 1C and 1D. Moreover, very few
mice in this study were found to delay the recovery of psoriasiform dermatitis by denervation surgery
(Supplementary material #5). These observations suggest that the nerve may not work alone in psoriasis
development. Alternatively there may be dysregulated compensatory repair mechanisms of the nerves
(e.g. over-repair), or repair divergence of different types of nerves (sensory, autonomic and motor) that
may play distinct functions in the balance of skin neuroimmune47,48. These observations suggest the
complexity of neuroimmune regulation in psoriasis.

Limitations of this study are (1) The collateral reinnervation of the nerves in the dorsal skin of mice limits
the longer-period investigation; (2) Hair re-growth (approximately 10th day after the depilation) on the
back also limits longer-period observation; (3) Imiquimod-induced dermatitis has been the most widely
used animal model of psoriasis, however it is different in terms of psoriatic pathogenesis to some extent.

Conclusion
In summary, our study based on both retrospective clinical case review and mouse-based experiments
provide multiple evidence for the involvement of the nerve in psoriasis development. Regulation of
immune events (e.g TNF signaling and Th17 cell differentiation pathway) may be one of the mechanisms
of the nerve in psoriasis. Recent research has demonstrated low-intensity electroacupuncture stimulation
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of the nerve can repress endotoxin-induced systemic in�ammation in mice.49 Thus the nerve being a
novel promising therapeutic target may be a bene�cial supplement to current treatment strategies in
psoriasis, which needs further investigations, especially the type of the nerves intervened and safe
methods of intervention.
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Cases of psoriatic patients in our clinical practice concomitantly suffered from the nerve injuries. A: Left
knee injured by a car accident; B: Left lower limb suffered from poliomyelitis; C: Right knee injured by a
trauma; D: Right lower limb suffered from poliomyelitis; E: Left little �nger injured by a trauma; F: Right
forearm suffered from an amputation; G: Right hand injured by a trauma. More details in Table 1.

Figure 1

Cases of psoriatic patients in our clinical practice concomitantly suffered from the nerve injuries. A: Left
knee injured by a car accident; B: Left lower limb suffered from poliomyelitis; C: Right knee injured by a
trauma; D: Right lower limb suffered from poliomyelitis; E: Left little �nger injured by a trauma; F: Right
forearm suffered from an amputation; G: Right hand injured by a trauma. More details in Table 1.



Page 18/37

Figure 1

Cases of psoriatic patients in our clinical practice concomitantly suffered from the nerve injuries. A: Left
knee injured by a car accident; B: Left lower limb suffered from poliomyelitis; C: Right knee injured by a
trauma; D: Right lower limb suffered from poliomyelitis; E: Left little �nger injured by a trauma; F: Right
forearm suffered from an amputation; G: Right hand injured by a trauma. More details in Table 1.



Page 19/37

Figure 1

Cases of psoriatic patients in our clinical practice concomitantly suffered from the nerve injuries. A: Left
knee injured by a car accident; B: Left lower limb suffered from poliomyelitis; C: Right knee injured by a
trauma; D: Right lower limb suffered from poliomyelitis; E: Left little �nger injured by a trauma; F: Right
forearm suffered from an amputation; G: Right hand injured by a trauma. More details in Table 1.



Page 20/37

Figure 2

The consequence of unilateral denervation surgery shown by the immuno�uorescence staining of PGP
9.5. A and C: The unilateral denervation was performed prior to the application of imiquimod. There are
signi�cantly increased nerves along with the induction of imiquimod on the normal side (Left) as
compared with the denervation side (Right), *4th day, t = 2.482, P = 0.038; **6th day, t = 8.457, P <
0.001;*** 8th day, t = 6.07, P < 0.001). B and D: The unilateral denervation was performed after the
induction of psoriasiform dermatitis. The termination of imiquimod led the nerve gradually return to
normal level, with strikingly less nerves on the denervation side (Right) than those on the normal side
(Left), *2nd day, t = 6.797, P < 0.001; **4th day, t = 3.007, P = 0.017). In panel A and B, Blue: DAPI staining
for cell nuclei; Red: PGP 9.5 staining for the nerves.
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Figure 3

The unilateral denervation alleviated the severity of ipsilateral psoriasiform dermatitis induced by
imiquimod. A: Changes of skin lesions on the normal side (Left) and the denervation side (Right) during
the induction of imiquimod. B: Representative HE staining of imiquimod-induced psoriasiform dermatitis
(200 x). C: The analysis of the severity score of imiquimod-induced lesions (n = 20). Data were from
panel A. *6th day, t = 5.181, P < 0.001; **8th day, t = 2.072, P = 0.044. D: The analysis of the epidermis
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thickness of imiquimod-induced lesions (n = 20). Data were from panel B. *2nd day, t = 3.656, P = 0.006;
**4th day, t = 4.234, P = 0.003; ***6th day, t = 7.935, P < 0.001.
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Figure 4

The unilateral denervation promoted the recovery of ipsilateral psoriasiform dermatitis. A: Changes of
skin lesions on the normal side (Left) and the denervation side (Right) after the termination of imiquimod.
B: Representative HE staining of the recovery of psoriasiform dermatitis (200 x). C: The analysis of the
recovery of imiquimod-induced lesions by scores (n = 20). Data were from panel A. *2nd day, t = 10.35, P
< 0.001; **6th day, t = 7.75, P < 0.001; ***8th day, t = 2.563, P = 0.017. D: The analysis of the epidermis
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thickness of imiquimod-induced lesions (n = 20). Data were from panel B. *2nd day, t = 5.529, P = 0.001;
**4th day, t = 7.807, P < 0.001; ***6th day, t = 7.086, P < 0.001; ****8th day, t = 9.205, P < 0.001.
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Figure 5

Bioinformatics analysis of GO and KEGG pathway. A and B: Prominently decreased GO responses (A) and
KEGG pathways (B) on the sides of denervation (Right), compared with the normal side (Left) in Group 1.
C and D: Prominently decreased responses (C) and pathways (D) after denervation surgery in Group 2,
respectively.
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