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Abstract: Psoriasis is an autoimmune disease that is characterized by discolored, scaled patches of skin. Clinically, it is found that 
psychological factors often induce or aggravate the disease. Current research suggests that the pathogenesis of psoriasis involves the 
nervous and immune systems. This article reviews how neuropeptides secreted by nerve fibers affect dendritic cells in psoriasis. In this 
review, we describe that the neuropeptides calcitonin gene-related peptide, substance P, and vasoactive intestinal peptide can act on 
dendritic cells and participate in the pathogenesis of psoriasis. These neuropeptides can affect the secretion of interleukin (IL)-12 and 
IL-23 by dendritic cells, which stimulate T helper (Th)1, Th17, and Th22 cells to produce immune responses and cause the 
manifestation of psoriasis. The application of neuropeptide inhibitors can improve the skin lesions of psoriasis, which has been 
confirmed in clinical trials. Therefore, neuroimmune response may be a new direction to develop new drug treatments and perspectives 
in the development of psoriasis. 
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Introduction
Psoriasis
Psoriasis is a chronic, systemic immune-mediated disease that cannot be completely cured. The typical skin lesions are 
composed of scaly erythema or plaque. The causes are thought to be multifactorial but are not yet well understood. 
Immunological studies identified the IL-23/Th17 axis plays a key role in psoriasis pathogenesis (Figure 1). Recently, there 
is some evidence that dendritic cells (DCs) play a major role in the development of this disease.1 Many comorbidities are 
associated with psoriasis, such as psoriatic arthritis, metabolic syndrome (MS), cardiac metabolic disease (CVD), Crohn’s 
disease, and uveitis.2 Psychiatric/psychological comorbidities have been increasingly recognized, but pathogenesis remains 
unknown. Clinically, patients with psoriasis often have anxiety, sleep disturbance, depression, and other psychosis,3 and 
bidirectional interactions have been identified between psoriasis and psychiatric disorders.4 Psychosocial stress also plays 
a role in the exacerbation of psoriasis.5 Other clinical correlates include the regression of psoriasis plaque secondary to 
denervated areas after cutaneous dysfunction.6 Neuropeptides regulate various psychological and physiological functions, 
including learning, memory, sleep disorders and pain. Neuropeptides can also act as neurotransmitters, inhibit pain, evoke 
comfort, and modulate immune responses. A high level of Substance P (SP) is also observed in depression, which indicates 
that the pathological mechanism of depression may be related to an SP/neurokinin-1 (NK-1) mediated reaction dysfunction.7 

The calcitonin gene-related peptide (CGRP) and vasoactive intestinal peptide (VIP) levels in the participants in the “high 
stress” group were significantly higher than the levels of participants in the “low stress” group.4 Psychological abnormalities 
can lead to the emergence of psoriasis, in which the pathophysiological mechanism is jointly participated by neuropeptides 
and immune cells. The immune system and nervous system are closely connected, and each play a role in the pathogenesis of 
psoriasis (Table 1).
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The Role of Dendritic Cells in Psoriasis
DCs are a type of immune cell that are created in bone marrow-derived cells. First discovered by Steinman in the spleen of 
a mouse, DCs are star-shaped and named after the Greek word for tree “dendron.” Afterward, DCs were found to stimulate 
T cells and immune response.8 Nowadays, human DCs are divided into various subtypes by gene expression, including 
myeloid/conventional DC1s (cDC1s), myeloid/conventional DC2s (cDC2s), plasmacytoid DCs (pDCs), Langerhans cells 
(LCs), precursor DCs (pre-DCs), monocyte-derived DCs (mo-DCs), and untyped DCs.9 Additionally, DCs constitute an 
important bridge between the activation of innate and adaptive immunity. In innate immunity, they recognize and respond to 
pathogens and danger signal molecules, creating an acute inflammatory response. Meanwhile, their role in acquired 
immunity is to process extracellular and intracellular antigens and activate naive T cells through major histocompatibility 

Figure 1 Pathogenesis of psoriasis:Under stimulation, keratinocytes release self-nucleotides and form antibacterial peptide LL-37-self-nucleotide complexes. These 
complexes stimulate plasmacytoid dendritic cells (DCs) to produce interferon (IFN)-α and IFN-β or directly stimulate myeloid DCs to mature and activate. Activated 
DCs produce interleukin (IL)-12 and IL-23 and activate and stimulate T helper (Th)1, Th17, and Th22 cells to produce cytokines such as IFN-γ, IL-22, tumor necrosis factor-α 
(TNF-α), and IL-17, causing an inflammatory cascade, leading to skin thickening, erythema, and vasodilation angiogenesis.
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complex (MHC) molecules to initiate the T cell immune process.8 In addition to playing a role in resisting the invasion of 
external microorganisms, DCs play an important role in the development of tumors10 and the generation of immune 
diseases. Furthermore, DCs play a central role in the pathogenesis of psoriasis through the IL-23-mediated T helper (Th) 17 
pathway, which is considered the main activation pathway for this disease.11 Keratinocytes, cells of the epidermis, stimulate 
DCs, and in turn, DCs secrete cytokines to initiate the immune response process of T cells.

Under the combined action of genes, environmental stimuli, and mechanical stimuli, damaged keratinocytes release self- 
nucleotides and form antibacterial peptide LL-37-self-nucleotide complexes. These complexes directly stimulate pDCs to 
produce large amounts of type I interferons or myeloid DCs, leading to the maturation and activation of myeloid DCs. 
Activated DCs can produce interleukin (IL)-12 and IL-23 and activate and stimulate Th1, Th17, and Th22 cells to produce 
cytokines such as interferon-γ (IFN-γ), IL-22, tumor necrosis factor-α (TNF-α), and IL-17.1 In turn, IL-17 can act on 
keratinocytes, leading to disorders of amine metabolism,12 resulting in a loop of inflammation, an inflammatory cytokine 
storm, keratinocyte proliferation, infiltrative erythema, and vascular proliferation and dilation. Additionally, these inflamma
tory factors can act on vascular endothelial cells13 and joint synovial cells,14 causing the comorbidity of psoriasis. LCs switch 
from a pro-inflammatory to an immunomodulant pattern during psoriasis.15,16 LC function deteriorates in patients with 
psoriasis, which may play a decisive role in the pathogenesis of the disease.17 Through single-cell flow cytometry, scientists 
have discovered many new DC subtypes associated with the pathogenesis of psoriasis, such as CD14+ DC3s, which are 
increased in psoriatic lesions and produce IL-1B and IL-23A.18 However, research on DCs in psoriasis is ongoing.

Effect of Neuropeptides on DCs
Calcitonin Gene-Related Peptide
CGRP, a peptide consisting of 37 amino acids, is a neuromodulator that exists in C and Aδ sensory nerve fibers.19,20 CGRP 
belongs to the calcitonin/CGRP family, which also includes calcitonin, adrenomedullin, amylin, and adrenomedullin 2/ 
intermediate protein.21 CGRP exists in two forms in humans: αCGRP and βCGRP. αCGRP is highly expressed in sensory 
neurons and βCGRP is highly expressed in the enteric nervous system.22 Their receptors are composed of one of two G protein 
coupled receptors (GPCRs), calcitonin receptors (CTR) or calcitonin receptor-like receptors (CLR). Further diversity comes 
from the heterodimers of these GPCRs utilizing one of the three receptor activity modifying proteins (RAMPs). This produces 
CGRP receptors (CLR/RAMP1), AM1 and AM2 receptors (CLR/RAMP2 or RAMP3), and AMY1, AMY2 and AMY3 
receptors (CTR/RAMPs1-3 complexes, respectively).21 CGRP was first found to be related to sympathetic regulation and was 
later found to play an important role in vasodilation regulation and neurogenic inflammation.23

The release of CGRP is regulated by cation channels expressed on sensory nerve endings and transient receptor potential 
(TRP) channels, including TRPV1 and TRPA1.24 When the ion channel is activated, the influx of Ca2+ is activated, and the 
neuropeptide CGRP stored in the neuron is released, thereby inducing neurogenic inflammation.25 TRPV1 mainly transmits 
pain and can be activated by high temperatures (> 43°C), low pH (pH ≤ 5.9), and other chemical stimuli. Moreover, 70% of 
CGRP-immunoreactive neurons co-localize with TRPV1 channels.25,26 Additionally, TRPV1 can interact with skin sensory 

Table 1 Effect of Neuropeptides on Dendritic Cell

Neuropeptides Receptors Expressions Effects on Dendritic Cells References

CGRP CGRPR1, 2 C and Aδ sensory nerve fibers Induce dendritic cells to secrete IL-23 [23,38,57]

SP NK-1 C and Aδ sensory nerve fibers; neurons, 

microglia, astrocytes, endothelial cells, 
epithelial cells, immune cells

Induce in vitro maturation and activation of DCs, 

and release of IL-12 and IL-23

[29,45,48,49]

VIP VIP1, 2R Widely distributed in the central and 
peripheral nerves; mainly in cholinergic 

neurons; immune cells can also be 
produced

Induce immature DC maturation; T lymphocytes 
are stimulated to differentiate into Th2 type by 

DC cells; stimulate DC to produce IL-12

[57,58,60]

Abbreviations: CGRP, calcitonin gene-related peptide; SP, substance P; IL, interleukin; VIP, vasoactive intestinal peptide; DCs, dendritic cells; NK, neurokinin.
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nerve fibers, mast cells, epidermal cells, dermal blood vessels, hair follicles, sebocytes, and sweat gland cells27 to mediate 
immune inflammatory responses. In contrast, TRPA1 was first identified as a non-selective cation channel responsive to cold 
sensation (< 15°C) and exogenous stimulatory compounds and endogenous compounds produced during tissue injury or 
neurogenic inflammation.28,29 Many TRPA1-positive neurons co-express TRPV1 channels and can be sensitized or activated 
by an increase in intracellular calcium. Some experimental evidence suggests that TRPV1 and TRPA1 receptor channels 
exhibit a synergistic effect.24 Furthermore, TRPA1 communicates with endothelial cells, keratinocytes, LCs, and fibroblasts. 
By releasing CGRP, neurons activate skin cells, which in turn release histamine or pro-inflammatory cytokines to activate 
sensory nerve endings, creating a bidirectional positive feedback loop that leads to increased inflammation.25

Many studies have observed a close relationship between CGRP and the pathogenesis of psoriasis.30–41 The number of nerve 
fibers secreting CGRP in the skin lesions of patients with psoriasis was significantly higher than in those of patients without 
psoriasis.30 Additionally, the content of CGRP in the plasma of patients with psoriasis was higher than that of those without the 
disease.31 When TRPV1 and TRPA1 ion channels are activated with external pressure, a large amount of CGRP is synthesized in 
the neuronal soma and released along the axon. CGRP activates CGRP receptors in DCs, causing DCs to secrete IL-23, which 
may lead to immune disorders.32 As early as 1993, scientists found that CGRP expresses in epidermal LCs and inhibits LC 
antigen presentation.33 In addition, several studies have found that CGRP can act on keratinocytes, phagocytes, T cells, mast 
cells, fibroblasts, and vascular endothelial cells.34–37 Moreover, the compound resolvin D3 inhibits capsaicin-induced TRPV1 
currents in dorsal root ganglion (DRG) neurons through N-formyl peptide receptor 2 to reverse pruritus after imiquimod (IMQ) 
administration, and repeated administration largely prevents the development of psoriatic pruritus and skin inflammation while 
reducing the expression of CGRP in DRG neurons.38 Additionally, epidural injection of lidocaine to block CGRP release in 
patients with psoriasis can alleviate skin lesions. Lidocaine significantly reduces IL-23 production by DCs co-cultured in vitro 
with DRG neurons.39 The expression of the CGRP receptor genes RAMP1 and CALCRL was significantly increased in DCs 
(especially cDC1 and cDC2) in the skin of patients with psoriasis. Therefore, the CGRP receptor-dominant dermal DC may be 
a downstream response of CGRP neurogenic regulation. Botulinum toxin is a commonly used nerve blocker in dermatology. It 
can not only paralyze muscles, but also change the level of nerve factors secreted in the nervous system.40 A study has shown that 
the injection of botulinum toxin B (BTX-B) can improve psoriasis-like skin lesions in IMQ-treated mice. In their experiment, the 
researchers found that in mice injected with BTX-B, neuron release of CGRP decreased, and the amount of CD11c+ DCs 
entering the skin and that of secreted IL-23 was significantly reduced.41 Furthermore, pre-clinical studies have shown that 
sensory denervation induced by TRPV1 agonist (resiniferatoxin) treatment can lead to a significant decrease in IL-23 expression, 
while IMQ induces a transient increase in CGRP expression in the DRG.36 CGRP upregulated the expression of IL-17A and IL- 
22 in a LC/γδ -T cell co-culture model through the paracrine effect of LCs.42 CGRP has also been found to stimulate CD301b+ 
dermal DCs to produce IL-23 and stimulate γδ-T cells to produce immune responses.43 Mature and immature DCs have also been 
reported to express type 1 CGRP receptors, and the signals of these receptors may inhibit T cell proliferation driven by mature 
DCs by downregulating CD86 and HLA-DR.44 Nevertheless, the precise action mechanism of CGRP on DCs in psoriasis has not 
been elucidated, and it requires further research.

Substance P
SP is an undecanone widely distributed in afferent sensory fibers, belonging to the tachykinin family, along with 
neurokinin A and neurokinin B. SP transmits pain and an itching sensation from the periphery to the central nervous 
system.45,46 SP is expressed by a variety of cells including neurons, astrocytes, microglia, epithelial cells, and endothelial 
cells. Additionally, immune cells, such as T cells, macrophages, dendritic cells, or eosinophils secrete SP.47 SP is similar 
to CGRP in the nervous system and can be released from C and Aδ sensory nerve fibers.29 SP is also an important 
mediator of inflammation in various tissues, including the skin, and nociceptive stimuli-induced hyperalgesia results in 
the release of SP. In 1989, fibers expressing SP were found to be more abundant in the skin lesions of patients with 
psoriasis than in the skin of those without psoriasis. These fibers were mainly distributed in the papillary dermis and 
rarely in the epidermis.48 Later, it was found that SP could act on NK-1 receptors located on mast cells, causing the 
degranulation of mast cells to release histamine,49 which results in itching. Further, SP can directly act on blood vessels, 
causing cutaneous vasodilation. Further studies found that NK-1 receptors also exist on human CD11c+ and mouse 
CD11c+/CD11c+ CD11b+ DCs.50 In patients with psoriasis, SP can induce the in vitro maturation and activation of 
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CD11c+ DCs, as well as the release of IL-12p70 and IL-23,51 which are involved in the pathological progression of the 
disease; meanwhile NK-1 receptor antagonists can eliminate this effect.52 In addition, SP-treated DCs efficiently enter 
lymph nodes and induce inflammatory DCs to produce IL-12, thereby promoting type 1 polarized immunity, and may be 
involved in the incidence of psoriasis.53 Specifically, SP promotes the transcriptional activator of DC inflammatory 
cytokines by inducing the rapid enhanced activation of NF-κB54 (Figure 2).

Vasoactive Intestinal Peptide
VIP is a hormone peptide consisting of 28 amino acids. It was discovered because of its strong vasodilator activity and 
was isolated from intestinal extracts, causing it to originally be considered as a gastrointestinal hormone. Later 
discovered in the brain and other neural tissues, VIP is now considered to be a neuropeptide, widely distributed in the 
central and peripheral nervous systems, with a wide range of biological effects, acting as a neurotransmitter or 
neuromodulator.55,56 VIP typically signals through the adenylate cyclase pathway and mediates neurogenic inflammation, 
keratinocyte proliferation and formation, and vascular growth.57 The VIP has receptors on keratinocytes, mast cells, and 
DCs.25,58 In the local skin anatomy, nerves that secrete VIP were also found to be highly connected with highly 
connected with the autonomic nerve fibers and the fibers at the junction of the dermis and epidermis.6

Figure 2 Molecular pathways of calcitonin gene-related peptide (CGRP) and substance P (SP): Under the stimulation of external pressure, transient receptor potential 
(TRP) ion channels TRPV1 and TRPA1 are activated, the influx of Ca2+ is activated, and the neuropeptide calcitonin gene-related peptide (CGRP) and substance P (SP) 
stored in the neuron is released. CGRP and SP acts on dendritic cells containing CGRP receptor and NK-1 receptor, causing the dendritic cells to secrete interleukin (IL)-23 
and IL-12, which leads to immune disorders.
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A clinical experimental study observed that the plasma VIP level of the psoriasis group was significantly higher than 
that of the control group.59 Immunohistochemical analysis showed that the number of VIP positive nerve fibers was 
significantly higher than that of psoriasis non lesional skin and healthy control skin.4 VIP has different effects on DCs in 
various differentiation and stimulation states. For example, immature DCs treated with VIP exhibit increased CD86 
expression and induced CD4+ T cell proliferation. Moreover, VIP-treated immature DC activated CD4+ T cells in vitro 
and in vivo exhibit a Th2 phenotype. However, the addition of VIP in the early stages of DC differentiation leads to the 
failure of DCs to mature after inflammatory stimulation.60 In vitro cell experiments showed that VIP treatment 
significantly enhanced the ability of granulocyte-macrophage colony-stimulating factor and IL-14-induced DCs to 
stimulate alloreactive T cells and produce IL-12p70. IL-12 can promote the differentiation of T cells into the Th1 
subtype, which is related to the occurrence of psoriasis.10,61 Moreover, for activated DCs, VIP can inhibit the expression 
of B7.1/B7.2, thus inhibiting its stimulatory activity against antigen-specific T cells.62 We speculate that the dysregulation 
of VIP expression may affect the development of psoriasis through this pathway.

Discussion
In summary, the nervous system is involved in the pathogenesis of psoriasis, not only through the psychological factors63 but 
also by participating in the production of psoriatic skin lesions and comorbidities. Moreover, neuropeptides affect the main 
immune response process involving DCs and T lymphocytes. For example, CGRP and SP directly stimulate DCs to secrete 
IL-23 to initiate the immune process of psoriasis.57 Thus, neuropeptides and immune cells exhibit a close relationship. The 
content involved in this review is only a part of neuroimmunity. In addition to the neuropeptides mentioned in the article, 
hypothalamus-pituitary-adrenal axis, neurotrophic factors and so on also play a role in the psoriasis pathogenesis. The 
nervous system role in the disease needs to be further investigated. Since our ultimate goal is to treat diseases.

The effect of standard treatment on the levels of neuropeptides in patients with psoriasis is imperfect and needs to be 
explored. One study examined the change of serum VIP level after treatment for immune mediated inflammatory diseases 
(including psoriasis and psoriatic arthritis) by biological agents and showed that TNF-α treatment can increase the level 
of serum VIP, while anti IL-12/23 treatment can reduce circulating VIP.59 Another study found that narrowband 
ultraviolet B (NB-UVB) treatment had no significant effect on serum neuropeptide including SP, CGRP, brain-derived 
neurotrophic factor (BDNF), or corticotropin-releasing factor (CRF) levels.64

As mentioned earlier, psoriasis symptoms can reappear. Therefore, researchers have developed many new drugs, such as 
biological agents or small-molecule targeted drugs, to treat refractory psoriasis.65 However, with the long-term use of such 
biological agents, some people will gradually develop resistance to these drugs, requiring the discovery of new therapeutic 
targets. As a result, neuropeptide therapies have been applied to some patients. For example, blocking the release of CGRP 
with CGRP antibody or other drugs has been shown to improve the symptoms of patients with psoriasis.36 Local application 
of capsaicin, a SP depleting agent, can effectively treat pruritic psoriasis.66 Patients with plaque psoriasis also experienced 
relief after receiving a botulinum toxin A injection through a single target plaque. After 10 weeks, the skin lesions were 
obviously improved. The level of SP and CGRP was decreased by fluorescence labeling in local lesions.67 These results 
provide a promising avenue for the treatment of psoriasis in the future. Moreover, subcutaneous injection of SP in mice 
reduced cytokines secreted by DCs, and improved skin lesions through the antagonist and inhibitor terrestrosin D. In 
addition, VIP, nerve growth factor, and pituitary adenylate cyclase activating polypeptide also play an important role in the 
pathogenesis of psoriasis and may become a new direction of drug research and development.
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