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Abstract: Psoriasis, a common chronic inflammatory skin disease affecting approximately 2—-3% of the global population, frequently
co-occurs with depression. This highly prevalent comorbidity significantly impairs patients’ quality of life. Despite the substantial
physical and mental health burden imposed by psoriatic depression, the underlying pathophysiological mechanisms connecting
psoriasis and depression remain poorly understood. In this review, we explored several pathological processes that may contribute
to psoriasis-associated depression, including immune cells dysregulations, hormones imbalances, hypothalamic-pituitary-adrenal
(HPA) axis dysfunctions, neuropeptides expression abnormalities, and gut dysbiosis. The primary purpose of this review was to
present a comprehensive overview of the pathogenic mechanisms linking psoriasis and depression. These insights may guide trans-
disciplinary interventions aimed at both skin and mood symptoms.
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Introduction

Psoriasis is a chronic inflammatory disease that affects more than 125 million individuals worldwide.'
Red patches with thick, silvery scales and sustained inflammation are the major skin hallmarks of psoriasis.'~
However, psoriasis is not only solely limited to cutaneous manifestations but is also frequently associated with
a broad spectrum of comorbidities,>* including mental disorders (eg depression and anxiety),”® metabolic disturbances
(eg diabetes mellitus and dyslipidemia),”® cardiovascular abnormalities (eg atherosclerosis and hypertension),”'

11,12 13:1% and other systemic complications. These findings

psoriatic arthritis, chronic inflammatory bowel disease (IBD),
underscore the importance of a comprehensive approach to both the dermatological and associated systemic manifesta-
tions of psoriasis.

Depression is one of the most common and serious comorbidities associated with psoriasis. Psoriatic patients, who
experience multiple psychological burden (such as appearance anxiety, burdensome treatment regimens, social barriers,
and economic burden), often suffer from depressive symptoms.'>~!” Furthermore, a significant proportion of individuals
experiencing psoriasis-related depression exhibit suicidal tendencies and engage in self-harming behaviors.'®'? In recent
years, the high psycho-social burdens in psoriatic patients with depression have garnered increasing attention. The theme
of World Psoriasis Day 2022 “United we tackle mental health” highlights the growing recognition of the detrimental
effects of depression in patients with psoriasis. Greater awareness of the harmful effects of depression on psoriasis would
improve patients’ quality of life and optimize their clinical treatment outcomes.

Psoriasis and depression share underlying pathophysiological features, such as inflammatory, neuroendocrine, and
immune dysregulation. Therefore, further studies are warranted to investigate the biological mechanisms by which

psoriasis contributes to the development of depression. Additionally, existing reviews in this field may have
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severe limitation (eg, fragmented understanding of cellular mechanisms, limited therapeutic integration). In this review,
we elucidate the pathogenic mechanisms underlying psoriasis-related depression, encompassing inflammatory dysregula-
tion, hormonal imbalances, neuroendocrine pathways, neuropeptide alterations, and microbiome interactions.
Furthermore, we will explore the future research directions and address the challenges in the search for novel treatment
strategies for both psoriasis and depression.

The Pathogenesis of Psoriasis

The cellular mechanisms that underlie psoriasis are intricate. Numerous cells, including dendritic cells, T cells, kerati-
nocytes, neutrophils, are implicated in the pathogenesis of psoriasis.”’ Once stimulated with psoriasis-specific autoanti-
gens, such as cathelicidin LL37,%" the plasmacytoid dendritic cells (pDCs) activate and release a series of cytokines like
interleukin-23 (IL-23) and tumor necrosis factor-alpha (TNF-a), thereby triggering the helper T (Th) cells differentiation
into pro-inflammatory Th17.%*** Furthermore, y8 T17 cells in the dermis can also be activated by IL-23.2* These
activated Th17 cells and yd T cells subsequently release interleukin-17A (IL-17A), interleukin-17F (IL-17F) and
interleukin-22 (IL-22), ultimately leading to the hyper-proliferation and abnormal differentiation of keratinocytes.”>*
In turn, these dysfunctional keratinocytes can further release LL-37, thereby forming a self-perpetuating inflammatory
loop.?” In addition, activated keratinocytes secrete chemokines that recruit neutrophils and macrophages, which result in
amplifying the inflammatory responses in psoriasis.”*>° Moreover, recent studies demonstrated that mast cells also
participate in the etiology of psoriasis. On one hand, mast cells released tryptase and Cathepsin B to induce itch in
psoriasis.*! On the other hand, inflammatory mediators (such as IL-17A, TNF-0) secreted from mast cells further trigger
DC maturation, T cells clonal expansion and neurons activation, ultimately potentiating the psoriasis-related

inflammation.3? %

The Pathogenic Mechanisms Underlying Psoriasis-Related Depression

Immune Cells and Their Cytokines in Psoriasis and Depression

Given that Th17 cells/yd T cells and IL-17A are the predominant culprits of psoriasis pathogenesis, they may also play
a crucial role in the etiology of psoriasis-associated depression (Figure 1). Previous study suggested that Th17 cells/yd
T cells can transmigrate into the brain through impaired blood-brain barrier (BBB).*> Besides the peripheral-derived y8
T cells, the meningeal-resident yd T cells can also amplify the neuroimmune response and consequently induce
depression-like behaviors through Dectin-1 signaling.*® Furthermore, IL-17A, a key cytokine secreted by Th17 cells/
v T cells, exacerbates neuro-inflammation by directly crossing the damaged BBB. IL-17A contributes to BBB disruption
through multiple pathways. First, it binds to IL-17 receptors on BBB endothelial cells, disrupting tight junctions and
increasing BBB permeability.®” Second, IL-17A recruits neutrophils to the BBB by inducing CXCL1 secretion. These
neutrophils subsequently damage the BBB through gelatinase and proteases release.*® Additionally, IL-17A activates
matrix metalloproteinase-3 (MMP-3), which promotes neutrophil recruitment and further BBB damage.>® Other kerati-
nocyte-derived cytokines, such as IL-1p, IL-6, and TNF-0, can cross the BBB. These cytokines amplify brain inflamma-
tion via soluble IL-6R (SIL-6R), IL-1R and Toll like receptors (TLRs), respectively.**** Aligning with the above
pathological alterations, current research indicates that psoriasis-related psychological stresses (such as appearance
anxiety, self-abasement) exactly promote the onset of depression through Th17 cell-mediated inflammatory responses
and the aforementioned inflammatory factors.>*****

These transmigrated Th17 cells/yd T cells and cytokines (including IL-17A, IL-1p, IL-6, and TNF-0) may contribute
to neuroinflammation through various mechanisms (Figure 1). For instance, Th17 cells can exacerbate depressive
symptoms by targeting brain-resident cells, such as neurons and microglia.*>*® Volker Siffrin et al demonstrated that
Th17 cells induce neuronal damage by directly elevating intracellular calcium concentration in neuron, subsequently
triggering Ca**-mediated neuronal toxicity.*” In addition, Th17 cells-activated microglia secrets indoleamine 2, 3-diox-
ygenase (IDO) and consequently results in the decline of tryptophan by activating the kynurenine pathway.***’
Moreover, the decreased level of tryptophan finally leads to the etiology of depression.’®>' Furthermore, infiltrated
cytokines, including IL-17A, IL-1B, TNF-a and IL-6, also exacerbate the neuroinflammatory processes.ﬂf55 In a study
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Figure | Th17 cells / y3 T cells and cytokines as a bridge among psoriasis and depression. By Figdraw.
Abbreviations: IL-17A, interleukin-17A; CXCL-1, C-X-C motif chemokine ligand |; MMPs, matrix metalloproteinase; IL-17R, interleukin-17 receptor; IL- 10, interleukin-10;
IL-6, interleukin-6; sIL-6R, soluble IL6 receptor; IL-1, interleukin-1f; IL-IR, interleukin-1 receptor; TNF-a, tumor necrosis factor-alpha; TLRs, Toll-like receptors.

involving 232 participants, Hirohito Tsuboi et al reported that the serum levels of IL-17A and TNF-a are significantly
positively correlated with the severity of depressive symptoms.>® Hongyu Wang et al showed the interaction between IL-
17A and Src family kinases, followed by activation of phospholipase Cy (PLCy), causes intracellular Ca*" flux,
ultimately resulting in caspase-12-mediated neuronal apoptosis.’® In another study, Xue-Jing Lv et al unraveled that
IL-17A markedly activates astrocytes in the ventral hippocampus (VHPC) CALl area by increasing intracellular calcium
level. These IL-17A-activated astrocytes release ATP/adenosine, which subsequently contributes to depression
symptoms.”’ Additionally, IL-17A promotes M1 microglial polarization by activating GSK-3B signaling, thereby
intensifying neuroinflammation in the brain.’® Furthermore, TNF-a induces glutamate-mediated excitotoxicity, thereby
promoting neuroinflammatory responses.”>>° In addition, both IL-1p and IL-6 are known to activate the kynurenine
pathway. This activation results in reduced tryptophan production, which ultimately enhances depression-related
symptoms.*%¢!

Taken together, these findings may demonstrate that inflammatory dysregulation, particularly Th17 cells/yd T cells
and associated cytokines, may serve as key mediators linking psoriasis and depression.

Female Hormonal Factors in Psoriasis and Depression

Female hormonal factors, such as estrogen, progesterone and prolactin, are critical factors that regulate various
physiological processes. In addition to being essential for female reproductive physiological processes, female hormones
are also known to be important regulatory factors for autoimmune diseases (such as psoriasis) and depression
(Figure 2).%%7¢*
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Figure 2 Hormones imbalance in psoriasis and depression. By Figdraw. The dashed line represents the inability to exert the regulatory effect. The solid line represents the
ability to play a moderating role. The red characters mean an increased expression of specific hormones. Additionally, the blue characters indicate a decreased expression of
specific hormones.

Abbreviations: BDNF, brain derived neurotrophic factor; DCs, dendritic cells; GABA, gamma-aminobutyric acid; VTA, ventral tegmental area.

Estrogen, the principal female sex hormone, plays a vital role in regulating immune responses.®> Estrogen can
suppress the secretion of the pro-inflammatory cytokines (such as TNF-o, IL-6, and IFN-y) via interacting with the
estrogen receptors (ERa and ERP) on dendritic cells, T cells, and macrophages.®>®® Additionally, estrogen enhances IL-
10 (an anti-inflammatory cytokines) releases and therefore mitigates the inflammatory responses in autoimmune
diseases.®” Moreover, estrogen can promote Treg cells differentiation and thereby maintain immune tolerance and
prevent autoimmunity.® Given the above anti-inflammatory properties of estrogen, estrogen exerts an inhibitory effect
on the psoriatic dermatitis. Clinical evidence also confirms that the severity of psoriasis is increased when the serum
estrogen levels are low (eg, during the luteal phase of the menstrual cycle or postmenopause).®” Moreover, clinical data
further show that women experiencing low estrogen during the luteal phase or postmenopause exhibit more negative
mood and reduced hippocampal activation under acute stress and are particularly sensitive to lower cortisol levels during
repeated stress.’” Mechanistically, estrogen eases the depression by suppressing the inflammatory cytokines releases.”’ In
addition, estrogen was further identified as critical for increasing hippocampal dendritic Vglutl-positive presynaptic
clusters.”? Rodent studies further revealed that estrogen alters neuronal excitability in the ventral tegmental area (VTA)
(associated with increased susceptibility) and induces a decrease in the resting membrane potential (RMP) of lateral
habenula (LHb) neurons.”>""*

Progesterone, another key female hormone, also plays an anti-inflammatory role by inhibiting the T cell (particularly
CD4" T cells) proliferation, dampening pro-inflammatory cytokines (TNF-o) releases and inhibiting inflammasome
activation.””””” Progesterone’s immunosuppressive properties likely account for the symptom fluctuations in many
women with psoriasis experience during their menstrual cycle and pregnancy. Rising progesterone levels in the luteal
phase may reduce psoriatic inflammation, improving symptoms for some.”®”® Similarly, the substantial progesterone
increases in the pregnancy fosters an anti-inflammatory state, often leading to significant symptomatic relief.”*"*
Progesterone’s immunosuppressive properties also play a critical role in the alleviating depressive symptoms.
According to the Swiss Perimenopause Study, elevated progesterone levels were associated with increased psychosocial
resilience and reduced depressive symptoms in women.®' In addition, postpartum depression (PPD) is associated with
a decline in progesterone and progesterone-derived neurosteroids after delivery.®? Mechanistically, progesterone and its
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metabolites mitigate the depressive disorder through promotion of gamma-aminobutyric acid (GABA) type A receptor
activity and regulation the brain derived neurotrophic factor (BDNF) in the hippocampus.®***

Prolactin, a female hormone primarily associated with lactation, acts as a double-edged sword in psoriasis and
depression. While it can exacerbate psoriasis symptoms, it helps alleviate depressive symptoms. In psoriasis, elevated
prolactin levels promote the proliferation of keratinocyte and the secretion of IL-17, IL-6 and TNF-o from immune cells,
consequently resulting in aggravating the severity of psoriatic plaques.® In depression, prolactin exerts a suppressive
effect on depression. Studies in ovariectomized female rats revealed that prolactin mitigates chronic stress-induced
passive coping behaviors and elevates VTA dopamine neuron populations, highlighting its contribution to stress
resilience under low-ovarian-hormone conditions.®® Large-scale population cohort studies are still needed to further
clarify the role of prolactin in psoriasis and its associated depression.

In combination, recognizing these hormonal interconnections is critical for personalized treatment strategies for
women managing both psoriasis and depression in clinical practice.

The Hypothalamic-Pituitary-Adrenal (HPA) Axis in Psoriasis and Depression
The HPA axis represents a complex neuroendocrine communication network involving interactions between the
hypothalamus, pituitary gland, and adrenal glands. This predominant neuroendocrine system responds to diverse physical
and psychological stressors (such as disfigurement, social barriers, and economic burden) by releasing corticotropin-
releasing hormone (CRH), adrenocorticotropic hormone (ACTH), and glucocorticoids (GCs).*” In addition to the HPA
axis in the brain, skin is a newly identified cutaneous HPA axis.*® Accumulating evidence suggests that skin-derived
CRH and ACTH pathways may serve as a critical mechanistic link between the psoriasis and depression (Figure 3).5%%
CRH is a 41 amino acid peptide that is primarily released into the brain. Elevated levels of CRH have been observed
in individuals with depression compared with healthy controls.”’ This peptide exerts its effects through interactions with

corticotropin-releasing hormone receptor (CRHR) subtypes. Cedomir Todorovic et al demonstrated that overactivation of
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Figure 3 The overactive HPA axis is a crucial link bridging psoriasis and depression. By Figdraw.
Abbreviations: UV, ultraviolet; CRH, corticotropin-releasing hormone; CRHRI1, corticotropin releasing hormone receptor |; ACTH, adrenocorticotropic hormone; TLRs, Toll-like
receptors; HMGBI, high-mobility group box-1.
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hippocampal CRHR receptor 1 (CRHR1) by CRH induces depression-like behaviors in mice.”> Subsequent studies by
Sun et al and Liu et al highlighted that intraperitoneal administration of antalarmin, a novel identified CRHR1 antagonist,
ameliorates LPS-induced or post-stroke- mediated depression in vivo.”"** Beyond the central nervous system, several
peripheral cells in the skin, including mast cells, melanocytes, keratinocytes and fibroblasts, also release CRH under
conditions of mental stress or ultraviolet (UV) light exposure.”*® Consistently, Kim et al reported that CRH is increased
in the psoriatic lesions, suggesting its potential role in the pathogenesis of psoriasis and associated depression.’’” Elevated
CRH contributes to the development of psoriasis and psoriasis-associated depression through multiple mechanisms. First,
CRH binds to CRHR1 on keratinocytes and mast cells, inducing the secretion of pro-inflammatory cytokines (IL-22, IL-
6, TNF-o, and IL-1p).”*%° These cytokines in turn amplify cutaneous inflammation by propagating downstream immune
responses. Second, CRH-induced cytokines can cross the blood-brain barrier (BBB) via the activation of endothelial
cells, thereby influencing neuroinflammatory pathways that contribute to psoriasis-related depression. Third, local HPA
axis activation in the skin indirectly potentiates central HPA axis activity, exacerbating depressive behaviors. These
interconnected mechanisms underscore the importance of CRH as a key regulator of psoriasis pathology.

ACTH, a 39-amino acid polypeptide, is synthesized and secreted by the anterior lobe of the pituitary gland. Elevated
ACTH levels have also been observed in patients with depression, as shown in clinical studies. Recent investigations
have demonstrated that high ACTH levels, particularly an elevated ACTH/cortisol ratio, may serve as a predictive
biochemical marker of psoriasis severity and its association with psychopathology.'® These findings suggest that ACTH
may play a central role in linking psoriasis to depression. ACTH has been implicated in the pathogenesis of psychiatric
disorders and psoriasis via its regulatory effects on diverse cytokine levels. For instance, Abhiraj Rajasekharan et al
found that elevated ACTH levels were associated with increased IL-17 production, which ultimately contributes to
psoriasis progression.'®! Additionally, physical exercise has been shown to improve mental health outcomes, as evidence
by reductions in ACTH level and decreased inflammatory cytokines (such as IL-17 and IL-1B).'%% Collectively, these
cytokines (IL-17 and IL-1f) are critical contributors to the pathogenesis of both depression and psoriasis. This provides
a novel perspective on the role of ACTH as a potential mediator of psoriasis and its psychiatric comorbidities.

Previous studies have reported that approximately 35-65% of depressive patients exhibit glucocorticoid
hypersecretion.'®"'* A growing body of evidence has demonstrated elevated serum glucocorticoid levels in depressed
individuals compared to controls.'®> Of notable interest, these individuals also show concurrent increase in glucocorti-
coids and severe neuroinflammation. Excess glucocorticoid release amplifies the neuroinflammatory responses through
multiple cellular pathways. Mechanistically, a high concentration of glucocorticoids provokes the secretion of high-
mobility group box-1 (HMGB1) by activated microglia and cortical astrocytes, thereby triggering
neuroinflammation.'®®!'%” Furthermore, glucocorticoid-induced upregulation of Toll-like receptors (TLRs) expression
contributes to neurological pathology in depression.'® Glucocorticoids promote harmful effects by inducing NLRP1 and
NLRP3 inflammasome activation. A deficiency in glucocorticoid-mediated negative feedback is another hallmark feature
of depression syndrome.'®''* Previous investigations have revealed that glucocorticoid receptor (GR) function is
impaired in depressed individuals, leading to defective GR-mediated negative feedback inhibition of the HPA
axis.'""""? This results in continuous HPA axis activation, which might exacerbate neuroinflammatory pathology and
sustain depressive symptoms.

In summary, these researches may indicate that overactivation of HPA axis is highly associated with the etiology of
psoriasis-related depression. Thus, targeting HPA axis might be a promising therapeutic strategy for psoriasis-associated
depression.

Neuropeptides and Neurotransmitters in Psoriasis and Depression

The skin, as the largest sensory organ of the body, is densely innervated by peripheral nerves.''> Functionally, these
peripheral nerves can release numerous neuropeptides and neurotransmitters [eg brain derived neurotrophic factor
(BDNF), Neuropeptide Y (NPY), and Substance P (SP)] to facilitate communication with the cutaneous resident non-
neuronal cells, including keratinocytes, DC cell, mast cell, fibroblast, and others.!'* Recent studies highlight the potential
contributory role of these neuropeptides and neurotransmitters in the pathogenesis of psoriasis and its complication, such
as depression (Figure 4).%
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Figure 4 Neuropeptides and neurotransmitters play a vital role in the etiology of psoriasis and depression. By Figdraw. The red characters mean an increased expression of
specific neuropeptides and neurotransmitters. Additionally, the blue characters indicate a decreased expression of specific neuropeptides and neurotransmitters.
Abbreviations: DCs, dendritic cells; NPY, Neuropeptide Y; BDNF, brain derived neurotrophic factor; SP, Substance P; Y2R, Y2 receptor; IDO, indoleamine 2, 3-dioxygenase.

BDNF, a member of the nerve growth factor family of trophic factors, plays a pivotal role in supporting neuron
survivals and maintaining neural plasticity.''> Pathologically, a reduction in BDNF levels in the brain has been identified
as one of the major mechanisms underlying depression.''®!''” Previous study by Brunoni et al demonstrated reduced
plasma BDNF level in psoriatic patients,''® while Sjahrir et al reported a strong negative correlation serum BDNF levels
and the severity of depressive symptoms in psoriasis.''’ Furthermore, W. JiaWen elucidated that downregulation of
BDNF/TrKB signaling pathway is implicated in the pathogenesis of depression-like behavior in the K5.Stat3C psoriatic
mouse model."*® Collectively, these results suggest that the BDNF level may function as a promising biomarker for
predicting the severity of depression in psoriasis.

NPY, a 36-amino acid peptide, is widely expressed in mammalian peripheral and central nervous systems.
Physiologically, it exerts antidepressant effects by binding to its Y2 receptor and suppressing NLRP3 inflammasome
activity.'>! Pathologically, reduced plasma and medial prefrontal cortex levels of NPY diminish its antidepressant
influence, ultimately contributing to the development of depression.'?*'** Emerging evidence suggests a potential role
for NPY in psoriasis pathogenesis. Reich et al reported significantly lower plasma NPY level in pruritic compared with
non-pruritic psoriatic patients.'?* Notably, activation of NPY and its Y1 receptor alleviates von Frey filament-induced
mechanical itch and 48/80-triggered histaminergic itch.'*> Future investigation is needed to elucidate the pathogenic role
of NPY in local psoriasis pathology, particularly in individuals with psoriasis-related depression.

SP, a widely expressed neurotransmitter composed of 11-amino acid, is released upon stress. Recent evidence has
shown increased levels of SP in psoriatic skin compared with normal skin.'*® This peptite plays a significant role in the
pathological progression of psoriasis. Specifically, SP induces the maturation of CD11c¢" dendritic cells (DCs) by binding
to its receptor, neurokinin-1 (NK-1), ultimately leading to IL-23 release from mature DCs and exacerbation of psoriasis
severity.'?” Additionally, SP triggers mast cell activation by binding to NK-1 receptors, resulting in the secretion of
histamine and cytokines (such as IFN-y and TNF-o), which leads to pruritus and neurogenic inflammation in
psoriasis.'**!'?® Furthermore, SP is involved in the recruitment of CD4"/CD8" T cell infiltration and promotes keratino-
cyte and fibroblast proliferation, thereby contributing to disease progression.'**'** Interestingly, beyond its role in

psoriasis, SP also plays a role in the etiology of depression. Elevated levels of SP level have been observed in the serum
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and cerebrospinal fluid of patients with major depressive disorder.'*! Several substance P antagonists, such as MK869
and NKP608, have been demonstrated promising therapeutic effects on depression syndrome.'*?
Collectively, these findings suggest that neuropeptides disturbances may serve as a connecting link between psoriasis

and depression. Exogenous administration of BDNF or NYP might be an effective way to treat psoriasis and depression.

Gut Microbiota and Its Metabolites in Psoriasis and Depression

Gut microbiota refers to microorganisms that inhabits the gastrointestinal environment of humans and other animals,
including bacteria, fungi, phages, and eukaryotic viruses.'*> Multiple researches have demonstrated that gut microbiota
plays a critical role in maintaining host immune homeostasis.'**'*> Disturbances in the homeostasis of gut microbiota,
also known as gut dysbiosis, have been demonstrated to be involved in a wide range of diseases, including autoimmune

138139 and neurological conditions.'*'*! In addition to the microbiota itself,

disorders,'**'?7 digestive system cancer,
shifts in the microbial metabolites small molecules directly produced by bacteria or derived from host molecules
modified by bacterial activity are increasingly recognized as contributing factors in the development of various
diseases.'>®14%1%3 Recent studies may indicate that gut dysbiosis and its associated changes in the microbial metabolome
precede the onset of psoriasis and depression (Figure 5). '4%!4

A growing body of research indicates that the composition of specific bacterial taxa is quite distinct between healthy
controls and psoriatic patients.'*® C. Hidalgo-Cantabrana et al demonstrated that the a-diversity of gut microbiota was
reduced in psoriatic patients compared to healthy controls.'*” Furthermore, Jonathan Shapiro et al revealed that the p-
diversity of gut microbiota also exhibited a distinct pattern in individuals with psoriasis.'"*® Through the use of
metagenomics sequencing, Shiju Xiao et al identified that the abundance of phyla Firmicutes, Verrucomicrobia and
Actinobacteria as well as genera such as Megamonas, Roseburia, Bifidobacterium, Faecalibacterium, and Bacteroides,
increased in psoriatic patients, while the abundance of Euryarchaeota, Proteobacteria and phyla Bacteroidetes, and
genera like Eubacterium, Alistipes, and Prevotellaand, were decreased.'*® In addition to microbial composition, gut
microbiota-derived metabolic products or endotoxins play a pivotal role in the pathogenesis of psoriasis. Long-chain fatty
acids (particularly stearic acid and oleic acid) are elevated due to increased Prevotella and reduced Parabacteroides
distasonis, exacerbating psoriatic dermatitis by enhancing the infiltration and cytokine secretion of DCs and Th17 in the
lesional skin.'*> Moreover, short-chain fatty acids (SCFAs), which are deficient because of decreased Faecalibacterium
prausnitzii abundance, impair regulatory T cell (Treg) activation, thereby amplifying psoriatic inflammatory responses.'>°
Previous studies have demonstrated that gut dysbiosis, characterized by reduced richness and diversity of the gut

microbiota, plays a significant role in the development of depression. Using 16S ribosomal RNA gene sequencing, Zheng
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et al reported decreased relative abundances of Bacteroidetes and increased relative abundances of Actinobacteria in
patients with depression compared to healthy controls.'** Futhermore, Jiang et al found that bacterial a-diversity in stool
samples was elevated among individuals with depression. Notably, the levels of Actinobacteria, Proteobacteria, and
Bacteroidetes were significantly upregulated, while the level of Firmicutes was notably decreased in patients with
depression.'>! Emerging evidence also highlights the strong involvement of microbially derived molecules, such as short-
chain fatty acids (SCFAs), neurotransmitters, trimethylamine-N-oxide (TMAO), and folic acid, in the etiology of
depression.'>* Specifically, a reduction in propionate and acetate, both SCFAs, was observed by Skonieczna-Zydecka
et al in women with depression.'>* Interestingly, the administration of propionate and acetate has been shown to alleviate
depressive symptoms in mice,'>* underscoring their potential therapeutic role in depression. Gut microbiota-produced
neurotransmitters, such as serotonin (5-HT) and gamma amino butyric acid (GABA)], which are significantly decreased
in germ-free mice, are crucial for promoting the pathological processes of depression.'>* TMAO, an oxidation product of
trimethylamine (TMA) produced by the gut microbiota during choline metabolism, can exacerbate depression-associated
pathological changes by directly crossing the BBB.'**!°° Moreover, disruption of vitamins metabolism, particularly folic
acid deficiency caused by gut dysbiosis, is also implicated in the pathogenesis of depression.'>’

Overall, the evidence suggests that alterations in the gut microbiota may be critically involved in the pathogenesis of
psoriasis-related depression. Therefore, microbiota-targeted interventions might represent a promising innovative adjunc-
tive therapy for both psoriasis and depression.

Future Perspectives

The brain was traditionally recognized as an “immune privileged” organ during the early 19th century. However,
advancements in neuroimmunology research over the past few decades have challenged this traditional view, revealing
a complex interplay between the immune system and brain. Giulia Castellani et al highlighted that immune niches in the
brain, such as the choroid plexus, lymphatic drainage, meninges and skull bone marrow, are essential for brain
immunity.'>® This research suggests that Th17 cells might also be recruited through these immune niches, potentially
contributing to depressive symptoms. Using 1.9-nanometer gold nanoparticles to trace their distribution, Scott et al
demonstrated that cerebrospinal fluid (CSF) can directly flow through the peripheral nervous system (PNS)."*® This
finding indicates the possibility that pathogenic factors originating from the skin or PNS may influence brain function via
the CSF, providing new insights into the mechanisms underlying psoriasis-related depression.

Previously, Guo et al identified that IMQ-stimulated mice exhibited significant psoriasis-like skin lesions and
depressive behaviors. Of interest, noradrenaline (NE), which is released from the sympathetic nerves of the autonomic
nervous system, is notably reduced in the prefrontal cortex.'® This finding suggests a potential role for sympathetic
nerve activity in the pathogenesis of psoriasis-associated depression. Further investigation is required to elucidate the
underlying mechanisms. Additionally, the possible involvement of the parasympathetic nervous system, particularly the
vagus nerve, remains unexplored in psoriasis-related depression. Further studies investigating the regulatory role of
parasympathetic pathways in psoriasis and its associated neuropsychiatric disorders could offer valuable insights into
novel therapeutic approaches.

Patients with psoriasis often suffer from poor sleep quality.'®’ Smith et al analyzed data from the National Health and
Nutrition Examination Survey (NHANES) involving 12,625 participants and confirmed a significant correlation between
psoriasis and sleep disturbances (adjusted odds ratio [aOR] 1.88; 95% confidence interval [CI] 1.44-2.45).'¢?
Furthermore, recent cross-sectional studies have shown that sleep disturbances, which can disrupt circadian rhythms,
play a crucial role in the development of depression syndrome.163 164 Therefore, further research should be conducted to
investigate the potential pathogenic effects and underlying regulatory mechanisms of poor sleep quality in psoriasis-
associated depression, particularly focusing on circadian rhythm disruptions.

Besides topical treatments (such as topical corticosteroids, vitamin D3 analogues, and targeted phototherapy), oral
systemic treatments (including methotrexate, ciclosporin, and acitretin) and biologics (such as Secukinumab, and
Guselkumab), diet therapy has demonstrated therapeutic benefits for psoriasis. For instance, psoriatic patients adhering
to the Mediterranean diet, which is comprised of nutrient-rich and antioxidant-packed foods (eg vegetables, legumes, and
olive oil), often exhibit lower disease severity than those following a high-fat and high-sugar diet.'®>'°® In analyzing data
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from the UK Biobank comprising 180,446 participants, Ke et al found that higher adherence to the EAT-Lancet diet,
which emphasizes fruits, vegetables, healthy fats, whole grains, and limits red meat, saturated fats, and added sugars,167
was associated with a reduced incidence of depression.'®® These findings suggest that adopting healthier dietary patterns
may confer significant benefits for psoriatic patients. Furthermore, these diets likely have a positive impact on mitigating
the risk of psoriasis-related depression. However, future studies are required to elucidate the underlying regulatory
mechanisms.

Exercise-based therapies have emerged as effective anti-inflammatory interventions for psoriasis management.
Studies by Young et al and Rosety et al demonstrated that regular exercise provides significant health benefits for
psoriatic patients, including reductions in fatigue, musculoskeletal pain, and disease activity.'® Furthermore, exercise not
only promotes skin clearance but also enhances psychosocial functioning.'”® However, the underlying mechanisms by
which exercise improves psychological health remain to be fully understood. In a recent study, Zhang et al revealed that
physical exercise effectively alleviates anxiety-like behaviors through enhanced synaptic structures, mediated by
increased circulating lactate and its subsequent upregulation of synaptosome-associated protein 91 (SNAP91)
lactylation.'”" Such findings imply that future research could explore whether exercise exerts its beneficial effects on
psoriasis-related depression through metabolism-associated epigenetic regulatory mechanisms.

A recent randomized, single-dose, double-blind, placebo-controlled clinical trial demonstrated that infliximab,
a potent TNF-o antagonist widely used in the treatment of psoriasis, effectively alleviated motivational deficits in
patients with major depression (MD) compared to the placebo group.'’* These findings align with previous evidence
suggesting that cytokines, particularly TNF-o, profoundly influence the pathogenesis of major depression. Furthermore,
the findings substantiate the critical role of cytokine-mediated pathways in psoriasis-depression comorbidity, paving the
way for potential clinical applications of other biological agents (such as IL-17A antagonists) for the treatment of major
depression in the future.

For postmenopausal women with psoriasis and depression, hormone replacement therapy (HRT) might provide mild
symptomatic relief due to estrogen’s anti-inflammatory properties. However, significant risks, including breast cancer and
cardiovascular disease, are associated with HRT, and its effectiveness against psoriasis varies. A comprehensive assess-
ment of individual risks versus benefits is crucial prior to initiation.

By analysis of a large cohort of 1,105,964 individuals, a recent study by Tyra Lagerberg et al showed that oral
glucocorticoid therapy is linked to significantly increased risks of severe psychiatric sequelae, encompassing both the
initiation and recurrence of common psychiatric disorders.'”® Since potent topical corticosteroids (like clobetasol) may
exert systemic effects, psoriatic patients receiving this therapy require additional monitoring for psychiatric adverse
effects.

Serotonin is vital for both skin homeostasis and antidepressant activity; however, the efficacy of serotonin reuptake
inhibitors (SSRIs) as a treatment for psoriasis is controversial. One study indicated that Paroxetin, a classical anti-
depressant of SSRIs, eased the severity of psoriasis and depression syndrome in a case study by which two females
suffering from major depression and psoriasis.'’* However, other study showed that Paroxetin exacerbated and spread
the psoriasis.'”> Moreover, several studies demonstrated that psoriatic patients who had been taking fluoxetine (another
SSRIs antidepressant) for a long period of time developed psoriasis.'’® Large-scale longitudinal cohort studies are needed
to distinguish between psoriasis patients who improved on SSRIs and those whose condition recurred or worsened.

Although existing studies suggest that gut microbiota dysbiosis contributes to psoriasis-associated depression, large-
scale longitudinal cohort studies and intervention trials targeting the gut microbiome remain scarce. In addition, many
researches on depression in psoriasis (including gut dysbiosis, immune cell transmigration or the cutaneous HPA axis)
rely on animal models; however, species differences may limit the translatability of findings to human pathogenesis.
Large-scale human cohort studies remain urgently needed to validate the pathogenic mechanisms underlying depression
in psoriasis. Furthermore, additional investigations employing multi-omics approaches are warranted to examine this

comorbidity through integrated genomic, metabolomic, and gut microbial perspectives.

Psoriasis: Targets and Therapy 2025:15 https: 421



Tang et al

Conclusion

Due to the high comorbidity rate and severe psycho-social burdens of depression in psoriatic patients, elucidating the
intrinsic pathophysiological mechanisms by which psoriasis contributes to depression is critically important. Immune
dysregulation, particularly hyperactivated Th17 cell- and yd T cell-mediated inflammatory responses, has been estab-
lished as a key pathogenic link connecting psoriasis and depression. Additionally, hormonal imbalances, particularly
dysregulation of female sex hormones during reproductive transitions (menstrual cycles, pregnancy, postpartum, and
menopause), contribute to the etiology of psoriasis-related depression. Moreover, neuroendocrine dysregulation (HPA-
axis dysfunction) and neuropeptidergic disturbances (particularly reduced BDNF/NPY and elevated SP levels) constitute
critical pathophysiological mechanisms linking psoriasis to depression. Recent advances in understanding the role of gut
microbiota and their metabolites in psoriasis and depression pathogenesis have established novel therapeutic targets for
precision interventions. Future research should prioritize a deeper exploration of these mechanisms, while investigating
innovative therapeutic approaches for both psoriasis and depression symptom.
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