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Abstract: Rosacea is a common chronic inflammatory skin disease with a complex etiology and undefined pathogenesis, and there is
still a lack of targeted clinical treatment. Patients with rosacea are at a higher risk of anxiety and depression compared to the healthy
population. Compared to skin conditions such as acne and psoriasis, rosacea has been much less studied in relation to multiple-etiology
psychiatric disorders such as anxiety and depression. In contrast to the mainstream belief that the causal association between rosacea
and psychiatric disorders is that rosacea increases the psychological burden of patients and thus triggers psychiatric disorders simply
by altering their facial appearance, this review outlines the possible common mechanisms between rosacea and anxiety and depression
disorders, starting from the pathophysiological mechanisms of transient receptor potential family cation channels, HPA axis, and Th1/
Th17 cell polarization. It envisages the possibility of the neuroendocrine-immune interplay between rosacea and anxiety and
depression, and new ideas on the complex causal relationship between rosacea and psychiatric disorders, offering more orientations
to open up new therapeutic approaches for rosacea.
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Introduction

Rosacea is a chronic, recurrent inflammatory skin disease that occurs in the middle of the face and mainly involves the
blood vessels, nerves, and sebaceous units of the hair follicles." According to the latest international meta-analysis of
epidemiological data across populations, the average global prevalence rate is 5.46%.> The prevalence of rosacea in
China has reached a maximum of 4.64% in the last decade.> With increased economic income, improved living
conditions, and mental stress, more people are concerned about this type of cosmetic skin disease and are actively
seeking medical care, which is likely the main reason for the significantly increased number of consultations in recent
years. The disease usually occurs in women between the ages of 20 and 50 and is more likely to occur during menopause,
but it can also occur in children and the elderly.* Clinical manifestations typically include paroxysmal flushing of the
facial skin, persistent erythema or papules, pustules, and capillary dilation, with hyperplastic hypertrophy and ocular
changes in some patients. The exact pathogenesis of rosacea is still not fully understood, but the clinical manifestations
can be explained by multiple factors, including genetic susceptibility, impaired epidermal barrier, congenital and acquired
immune system dysregulation, neuroinflammation, and neurovascular regulatory imbalance.® The complex pathophysiol-
ogy suggests that rosacea is not limited to the skin but may also be associated with various systemic diseases such as
gastrointestinal, cardiovascular, psychiatric, and neurological disorders. To date, several epidemiological studies have
also identified a possible link between rosacea and various co-morbidities, such as psychiatric disorders.” In addition,

depression and anxiety disorders are also more prevalent in women, with similar time periods of onset. The prevalence of
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anxiety disorders is highest in the 45-55 age group, whereas the prevalence of depression is generally increasing in
women after perimenopause, in addition to being more prevalent during the reproductive years.g’g

Previous studies have demonstrated that rosacea can increase the risk of depression and anxiety, while psychological
factors such as stress, anxiety, an immature personality with excessive shame and guilt, and social anxiety secondary to
easy blushing can, in turn, exacerbate flushing and participate in a vicious cycle of rosacea progression.'®'! Rosacea
seriously impacts patients’ appearance, normal social interaction, and life, and most patients have recurrent attacks over
several years or decades, or even several times a year, which requires repeated treatment.! However, the complex
etiology of anxiety and depression and the skin as a neuroendocrine-immune trinity organ suggest that the interplay
between rosacea and psychiatric disorders should not be driven solely by cosmetic stress factors.

Compared to studies of acne, psoriasis, eczema, and other disorders associated with anxiety and depression, rosacea
has been relatively little studied in this regard. However, whether it is rosacea or other more extensively studied
dermatological disorders, most of the relevant studies involving psychiatric disorders such as anxiety and depression
have focused on risk factors in terms of morbidity and psychosocial perspectives, and no clear study has ever delved into
the psychiatric co-morbidity of the skin in terms of pathophysiological mechanisms. Dermatologists are not sure who
exactly is the initiating factor between skin disorders and mental disorder disorders, or what the specific mechanisms are
in their mutual advancement. Therefore, this paper uses rosacea as an entry point to outline the possible common
pathogenic pathways between anxiety and depression and rosacea in terms of neurological, endocrine, and immunolo-
gical aspects, and to propose specific possible mechanisms by which they contribute to each other.

TRP in Neurological Factors

Studies have shown that sensory neuron density is significantly increased in rosacea lesions.'* Physical stimuli, such as
temperature changes, and chemical stimuli, such as fragrances, can activate sensory nerves via transient receptor
potential(TRP) family cation channels."* TRP cation channels are activated, and vasoactive neuropeptides such as
substance P(SP), calcitonin gene-related peptide(CGRP), and vasoactive intestinal peptide(VIP) are released, leading
to rosacea neurogenic inflammation.'* SP and CGRP are classical neuropeptides that act directly on vascular endothelial
cells and smooth muscle cells, resulting in vascular effects. SP increases vascular permeability, leading to subsequent
plasma extravasation and edema.'*'> SP release increases intercellular adhesion molecules and vascular cell adhesion
molecules on vascular epithelial cells and induces the release of vascular endothelial growth factor from mast cells,
thereby promoting vascular neovascularization and inflammatory cell infiltration.'®'” CGRP is a powerful microvascular
dilator involved in much of the neurogenic vasodilation with the recruitment of inflammatory cells.'*'® VIP enhances the
presentation of Th17 cell differentiation, thereby shifting Th cells to Th17 responses.'’

Extensive literature has confirmed that TRP channels, especially transient receptor potential ankyrin 1(TRPA1), as
cation channels activated by active compounds, are the gatekeepers of cytokine signals that mediate skin inflammation
and activate sensory nerves.'* TRPA1 can be activated by fragrances such as cinnamaldehyde and mustard oil, as well as
by thermal stimulation. In mouse experiments, topical cinnamaldehyde was found to activate TRPA 1-dependent signal-
ing pathways to induce vasodilation, which may be associated with the flushing phenomenon in rosacea patients.?
TRPA1 also senses oxidants and supports the role of reactive oxygen species (ROS) in the progression of rosacea.?! In rat
neurons, TRPA1 co-localizes with protease-activated receptor 2, which can be activated by proteases, thereby inducing
inflammation in human skin.?* The antagonist or gene deletion of TRPA1 reduces the scratching behavior induced by
intradermal injection of hydrogen peroxide in mice.”® Additionally, blocking TRPA1 or TRPA1 gene deletion was found
to reduce depression and anxiety-like behavior in juvenile mice, and TRPA1 expressed in the central nervous system
(CNS) was found to exert a stress control on the emergence of depression and anxiety-like symptoms in mice.**
Therefore, TRPA1 may participate in the occurrence of anxiety and depression disorder after the activation of predis-
posing factors in rose acne. More studies are needed to confirm the promoting effect and specific mechanism of TRPA1
in anxiety and depression-like behaviors in rose acne.

In addition to TRPA1, transient receptor potential vanilloid (TRPV)1-4 has also been shown to be involved in the
pathogenesis of rosacea. Different subtypes of TRPV have different functions: TRPV1 plays a role in vascular regulation
and nociception and is activated by capsaicin, heat, and inflammation; TRPV2 plays a role in innate immunity,
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nociception, inflammation, vascular regulation, and thermosensitivity; TRPV3 and TRPV4 have a role in thermal

25727 and TRPV 1 highly expresses in skin sensory nerves like TRPA 1.>> Whereas TRPV1 is an injurious

sensitivity,
cation channel that responds to high temperatures (>43°C) and acts as a sensor of pain and chemical stimuli, capsaicin is
its natural agonist.”® In endothelial cells and smooth muscle cells, TRPV1-mediated calcium inward flow releases nitric
oxide to induce vasodilation. Animal experiments have also demonstrated that genetic deletion or pharmacological
inhibition of TRPV1 reduces histamine-induced scratching behavior in mice.?>*® In psychiatric disorders, TRPV1 has
been shown to play a role in the regulation of anxiety and depression.?”*° Roet et al*! found that TRPV1 is abundantly
expressed in astrocytes of the human medial frontal and cingulate gyrus and speculated that through these cells,
neuromodulation of mood and other neuropsychiatric disorders may occur. Compared to wild-type mice, TRPVI1-
deficient mice exhibit less anxiety-related behavior, and anxiety relief is also achieved after TRPV1 inhibition in the
medial prefrontal cortex.’® Immobility is an indicator of depressive behavior. Blocking, desensitizing, or inhibiting
TRPV1 reduces immobility in the forced swim test, and enhancing TRPV1 activity promotes immobility. This result may
be due to changes in 5-hydroxytryptamine (5-HT)1A, GABAA, and NMDA receptor expression, which can be prevented
by antidepressant drugs.*® However, the mechanism by which TRPV1 aggregation regulates the whole process remains
unclear, and TRPV1 is associated with other neurotransmitter systems associated with neuropsychiatric disorders,
especially endogenous cannabinoids,®® which makes its neurobiological function more challenging to understand.
Moreover, TRPV4 is likewise abundantly expressed in astrocytes. TRPV4-mediated calcium influx in astrocytes has
been reported to contribute to neuronal activation and enhance concomitant vasodilation.” Dexmedetomidine adminis-
tration ameliorates anxiety-like behavior induced by cerebral hemorrhage in mice, and the mechanism may be related to
attenuated neuronal activation regulated by the conversion of astrocytes from type Al to type A2 through inhibition of
TRPV4 channel opening.*®

The HPA Axis in Endocrine Factors

The hypothalamus-pituitary-adrenal axis(HPA) plays a vital role in the course of rosacea. Traditional activation of the
conventional HPA axis begins with the secretion of corticotrophin-releasing factor (CRF) from the hypothalamus, which
stimulates the paraventricular nucleus (PVN) to produce corticotropin-releasing hormone (CRH). CRH reaches the
pituitary gland and activates type 1 CRH receptors in the anterior pituitary gland, inducing the cleavage of
proopiomelanocortin(POMC)into adrenocorticotropic hormone (ACTH), melanocyte-stimulating hormone (MSH), and
endorphin (END). ACTH stimulates the secretion of glucocorticoids (GCs), mainly cortisol, from the adrenal cortex.’’
GCs, as end products of the HPA axis, are necessary for skin homeostasis and can downregulate inflammation in
response to stressors. Under physiological conditions, GCs levels are regulated by a negative feedback loop in the HPA
axis, but chronic stress alters HPA activity, disrupts the negative feedback loop, and leads to glucocorticoid resistance.®
Numerous studies in recent years have highlighted the importance of skin involvement in corticogenesis, confirming the
presence of the cutaneous HPA axis.** The sebaceous glands are similar to the “brain of the skin”, providing an
equivalent to the conventional HPA axis.*” Phan et al*' demonstrated the importance of the dynamic homeostatic role
of keratinocytes (KCs)derived GCs and the whole skin equivalent of the HPA axis through a mouse model study.

Like many other inflammatory skin diseases, rosacea begins with the perception of external physical, chemical, and
biological stimuli by the skin’s nervous and immune systems, such as ultraviolet radiation, which is the primary initial
stressor triggering the skin’s inflammatory response.'> When UV light irradiates the skin, KCs produce hormone products
similar to those produced during systemic stress events, such as CRH, POMC, END, ACTH, and MSH, promoting
cortisol production and downregulating glucocorticoid receptors, advancing glucocorticoid resistance, especially ACTH
which directly stimulates cortisol production in hair follicles.*> CRH, as a central coordinator of neuroendocrine-immune
responses, in addition to participating in HPA axis activity, also promotes mast cell degranulation and increases vascular
permeability, regulates interleukin (IL)-18 secretion by KCs and IL-6 and IL-8 production by sebaceous cells, and
mediates MAPK and NF-kB pathways, leading to facial erythema and inflammation in rosacea patients.'? In addition,
CRH may synergize with cortisol to increase the expression of Toll-like receptors (TLRs), and activation of TLR2 may
lead to abnormally high levels of expression of antimicrobial peptides, which induce CXCLS8 to promote leukocyte

Clinical, Cosmetic and Investigational Dermatology 2023:16 https: 1365
Dove:


https://www.dovepress.com
https://www.dovepress.com

Yang and Cai Dove

migration and angiogenesis. CXCL8 expression in KCs is thought to be a key event in neutrophil recruitment for pustule
formation; CRH activates the cannabinoid and vanilloid pathways, advancing the disease progression of rosacea.****
A large body of previous evidence suggests that dysfunction of the HPA axis is closely associated with the
development of anxiety and depression disorders. Both anxiety disorders and depressive disorders are associated with
abnormalities in the stress response system, where inhibition of the subgenual prefrontal cortex and activation of the
amygdala stimulates the autonomic sympathetic axis and the HPA axis when the organism is exposed to a physical or
psychological stressor.*> Both anxiety disorders and depressive disorders are associated with abnormalities in the stress
response system, where inhibition of the subgenual prefrontal cortex and activation of the amygdala stimulates the
autonomic sympathetic axis and the HPA axis when the organism is exposed to a physical or psychological stressor.*®
Under repeated uncontrollable stress, the HPA axis negative feedback mechanism is abolished, leading to increased
cortisol, increased amygdala reactivity, and reduced hippocampus activity.*” While structural-functional changes in the
hippocampus play a crucial role in the pathogenesis of anxiety and depression, and reduced functional connectivity of
bidirectional connections between the subgenual prefrontal cortex and hypothalamus of the brain is observed in patients
with depressive disorders. This cortex is responsive to cortisol, with significantly higher cortisol levels in patients than in
healthy controls, suggesting that these changes in structural-functional connectivity may be related to dysregulation of
the HPA axis.***° Meanwhile, high glucocorticoid levels may induce neurotoxicity and subsequent atrophy of the
hippocampus.*® Results of previous studies also indicate that glucocorticoid resistance is closely related to the severity of
anxiety-depressive symptoms.” In addition, GCs upregulate CRH in the amygdala, frontal cortex, and bed nucleus of the
stria terminalis, while downregulating CRH in the hypothalamus, leading to differential expression of cortisol and CRH
and consequently to different anxiety symptoms.>’ CRH has been shown to be associated with the encoding of anxiety

and emotional memory,**>*

emphasizing the critical role of CRH in the stress response, while neuronal circuits of CRH
in the central amygdala can interact with the 5-HT and noradrenergic systems, both of which are closely associated with

anxiety and depression disorders.>?

Th1/Thl7 Cell Polarization in Immune Factors

Systemic immune cells act on the skin through chemotaxis and homing, and in a stable dynamic equilibrium, T cells
patrol surrounding tissues, such as the skin, to promote rapid immune response to pathogens. Once homeostasis is
imbalanced in the body, chemokines are expressed in the immune response and bind to chemokine receptors on T cells,
resulting in chemotaxis and homing.'* Chen et al** found significant Th1/Th17 pathway activation in an LL-37-induced

inflammatory model of rosacea in mice. Buhl et al’’

proposed that T cells are actively involved in the development of
different symptoms of rosacea and confirmed that the T cell response is dominated by an immune response of Th1/Th17
cell polarization by transcriptome analysis and staining for signature cytokines, including interferon (IFN)-y and IL-17.
Gene expression profiles of skin subtypes showed a general elevation of the associated genes in Thl and Thl7 cells.
Extrinsic and internal triggers induce primary proinflammatory cytokines, such as tumor necrosis factor (TNF)-a and IL-
1 family members, through TLR 2 signaling or other mechanisms. The first wave of chemokines is subsequently
produced, resulting in concentrated aggregation of T cells into the surrounding hair follicle space.** Conversely, T cell-
derived cytokines, such as IL-17 or IL-22, may, together with UV radiation, activate KCs to produce CCL20, CXCL1,
and CXCLS8. CCL20 attracts additional Th17, while CXCL1 and CXCLS8 absorb large numbers of neutrophils, leading to
the formation of pustules. Although Th17 cells preferentially express the chemokine receptor CCR6, their specific ligand,
CCL20, upregulates in keratinocytes stimulated by UVB radiation or TNF-a/IL-1.** IL-17 not only directly promotes
angiogenesis and expansion but also stimulates the production of TNF-a, IL-1p, and IL-6, and coordinates with IL-18
and TNF-a to upregulate other angiogenic factors, such as vascular endothelial growth factor and IL-8.°*°7 Previous
studies have suggested that inflammation and angiogenesis may be mutually regulated through a positive feedback loop.
There is evidence that activated T cells that produce vascular endothelial growth factor increase angiogenesis at sites of
inflammation, while vascular endothelial growth factor promotes Thl cell differentiation through a positive feedback
loop.’® IL-8-mediated neutrophil chemotaxis and TNF-mediated amplification of inflammation are present in pustule
formation, papule formation, and downstream vascular effects, respectively; other TNF-mediated effects include heat
generation, activation of excess NF-kB-responsive genes in the IL-1f activation pathway, angiogenesis, and chemokines
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required to upregulate local adhesion molecules and for additional immune cell migration and activation, further
prolonging the inflammatory process.”® Whereas the induction of the epidermal antimicrobial peptide LL-37 by IL-17a
and IL-22 has been demonstrated, LL-37 can, in turn, induce the production of Th1/Th17 polarization-related genes and
enhance the induction of IL-8 by Thl and Th17 cytokines.®® Furthermore, IFN-y is a potent activator of macrophages,
suggesting the possibility of an interconnection between the CD4+T cell population and the natural immune network in
rosacea.”’

A growing number of studies have demonstrated that Th1/Th17 cells play a key role in the pathogenesis of anxiety
and depression disorders.®’ Increased differentiation of Thl and Th17 cells may lead to the recruitment of other immune
cells and hyperactivation of microglia, promote the secretion of IFN-y and IL-17a, and enhance activation of medial
prefrontal cortical neurons, leading to the onset of anxiety and depression.®” Meanwhile, Thl and Th17 cells were found
to promote anxious and depressive behavior in mice in animal models and were significantly increased in the blood of
depressed patients with concomitant activation of mononuclear macrophages or lymphocytes.”> In the current study,
increased production of IFN-y was identified as a feature of major depressive disorder, highlighting the critical
involvement of the Th1 phenotype and cellular immunity in the disorder.** TNF-a produced by Thl cells activates the
HPA axis and indoleamine 2,3-dioxygenase, leading to tryptophan depletion, which triggers anxiety and depression; IL-
17A, IFN-y, IL-1, IL-6, and IL-8 activate the kynurenine pathway and decrease 5-HT levels, leading to anxiety and
depressive symptoms.®’

Previous literature suggests that Th17 cells are recruited into the CNS beginning in the initial stages of chronic stress,
propagating from the peripheral immune response to the CNS and progressively exacerbating depression-like
symptoms.®® Stress first causes the release of pro-inflammatory cytokines such as IL-1B, IL-6, and TNF-a into the
circulation, which then accumulate in the brain with chemokines and attack the blood-brain barrier (BBB). Once the BBB
function is impaired, pro-inflammatory factors penetrate the brain and activate the natural immune system of the CNS.
The dorsal striatum showed the most significant BBB disruption in the brain regions tested, and its abnormal activity was
associated with core symptoms of depression, such as lack of excitatory pleasure and delayed psychomotor development.
Highly inflammatory Th17 cells in the CNS can convert their surface features from CCR6 to CCR2.°” CCR2/CCL2
drives the infiltration of peripherally activated Th17 cells into the brain, and Th17-produced IL-17 is considered a key
cytokine in the pathophysiology of neurological and psychiatric disorders that can further compromise the integrity of the
blood-brain barrier, allowing more immune cells and cytokines to enter the CNS more easily. Astrocytes, in turn, can
respond to IL-17 by releasing mediators that promote tissue damage.®® In addition, Th17 cells can also induce anxiety
and depressive symptoms by promoting stress responses through the gut-brain axis.®?

Conclusion

Although rosacea can be treated with good results with topical medications and laser therapy, it mostly does not
guarantee control the recurrence of the disease. For patients with more severe symptoms, the clinical efficacy of topical
treatment alone is often poor, so more research is needed to treat the categories and symptoms of rosacea systematically.
The complex pathophysiology of rosacea, anxiety disorder, and depression disorder suggests that these three are
multisystem involvement diseases, and there overlap between sex, age, and pathogenic and progression mechanisms in
nerve-endocrine-immune aspects (Figure 1).

This demonstrates that neuropsychiatric disorders and skin disorders are not simply cosmetic stressors as understood
by the general public and that there can be a connection in treatment. For example, the clinically potent and highly
selective 5-HT reuptake inhibitor anxiolytic-depressant paroxetine may treat hot flashes by modulating vascular function
and may be anti-inflammatory through various mechanisms.®® These same TRP cation channels targets between anxiety,
depression and rosacea suggest that the cutaneous nervous system is closely linked to the CNS. Further investigation of
target mechanisms of action could lead to the targeted use of selective antagonists or corresponding knockout treatments
to alleviate recurrent rosacea and reduce the risk of psychiatric disorders. The HPA axis has an important influence on the
pathogenesis and progression of all three, and anxiety, depression symptoms can, in turn, increase the stress load. The
hormonal products produced by KCs further disrupt normal HPA axis function and co-promote glucocorticoid resistance.
Therefore, the HPA axis, including the cutaneous HPA axis, deserves more research to clarify the specific mechanisms of
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Figure | Schematic diagram of possible overlap mechanisms between rosacea and anxiety and depression.

its co-occurring action in rosacea and psychiatric disorders in order to alleviate organismal stress and morbidity. In
addition, abnormally active immune inflammatory response systems are present in rosacea, anxiety, and depression
disorders. Th1/Th17 cell polarization responses play an essential role in all three disorders, suggesting that suppression of
T cell differentiation and function may have some potential in alleviating the symptoms of rosacea, anxiety, and
depression. The overlap of inflammatory immune disorders in psychiatric disorders and rosacea also suggests
a complex of co-morbidities and homeostatic imbalance in the organism. Thus early selective blockade of TRP cation
channels, reduction of glucocorticoid resistance, and targeting of Th1/Th17-specific cytokines such as IL-1p and IL-17
target therapy may be some effective treatments for rosacea and remission of anxiety and depressive symptoms to
prevent relapse.

It is necessary for the research team to study the common pathways between rosacea and anxiety and depression
disorders at a deeper level, explore co-morbid risk factors, clarify the pathogenesis of rosacea from multiple perspectives,
and provide a theoretical basis for the development of targeted treatments for rosacea as soon as possible.

In addition, dermatologists can collaborate with physicians in other departments to study whether the overlapping
mechanisms of anxiety, depression, and rosacea in terms of neuroendocrine immunity are equally applicable to the rest of
the dermatological disorders, and deepen local and systematic understanding of skin organs. This will not only provide
new ideas and a basis for the standardized treatment and control of the recurrence of rosacea but also seek more profound
research on other skin diseases with complex etiologies and diverse manifestations.
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