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Aim of the Study:
The aim of this article was to review the role of inflammatory pathways in the development of
rosacea, focusing on key mechanisms such as immune system dysregulation, neurogenic
inflammation, and microbial influences, as well as potential therapeutic strategies to target
these pathways.
Materials and Methods:
A comprehensive literature review was conducted using the PubMed, Google Scholar, and
Medline databases with keywords including “inflammatory pathways,” “rosacea,” “immune
response,” and “skin inflammation.”
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Results and Conclusions:
The findings highlight the central role of inflammatory pathways in the onset and progression
of rosacea. Key mechanisms identified include the overactivation of innate immune responses,
neuroinflammatory processes, and alterations in the skin microbiome, all contributing to the
chronic inflammation seen in rosacea. These insights underline the potential for targeted
therapies that modulate inflammatory pathways, offering promise for more effective
management of the condition.

Abstract:
Rosacea is a prevalent yet poorly understood chronic inflammatory skin condition,
characterized by symptoms such as flushing, erythema, papules, and telangiectasia. Although
the precise causes of rosacea remain unclear, its pathogenesis involves complex interactions
between genetic, environmental, microbial, and immune factors. Recent studies highlight a
crucial role for both the innate and adaptive immune systems, implicating Toll-like receptors,
neutrophils, macrophages, and cytokines as central to the inflammatory cascade seen in
rosacea. Additionally, the overexpression of molecules like cathelicidin and vascular
endothelial growth factor (VEGF) contributes to the disease's hallmark features, such as
vasodilation and angiogenesis. Trigger factors including UV radiation, dietary components,
and microbial influences further exacerbate inflammation, underscoring the multi-factorial
nature of the condition. Traditional treatment options, like topical metronidazole, azelaic acid,
and oral tetracyclines, have demonstrated efficacy in controlling mild to moderate cases of
rosacea. However, more severe cases remain challenging to treat, prompting exploration into
novel therapies like IL-17 inhibitors, laser therapy, and probiotics. This review investigates
the inflammatory pathways central to rosacea pathogenesis and evaluates emerging
therapeutic approaches aimed at addressing the underlying mechanisms of this condition.
Understanding these pathways may lead to more effective treatment strategies, improving
patient outcomes and quality of life.

Keywords: rosacea, inflammatory pathways, immune response, toll-like receptors (TLRs),
UV radiation

1. Introduction
Rosacea, a chronic inflammatory skin condition, is both common and poorly understood in
terms of its origin. The combination of symptoms, including flushing, chronic inflammation,
fibrosis, and various trigger factors [1].
The development of rosacea is driven by mechanisms such as innate immune responses,
vascular changes, reactive oxygen species, exposure to UV radiation, and microbial activity.
Our present understanding of innate immunity allows us to link these molecular events more
cohesively [2]. The condition is diagnosed through clinical assessment and treatment
primarily emphasizes educating the patient, steering clear of factors that might aggravate
symptoms, maintaining proper skin care and exploring various therapeutic strategies [3].
The aim of this study is to investigate the role of inflammatory processes in the pathogenesis
of rosacea and to identify therapeutic interventions that effectively target these mechanisms.
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By understanding the complex interactions of immune and inflammatory responses involved
in rosacea development, this research seeks to inform the selection of optimized treatment
strategies that reduce symptom severity and improve patient outcomes.

2. Pathogenesis and Clinical Presentation of Rosacea: Genetic, Environmental, and
Microbial Influences
Rosacea frequently appears in middle-aged individuals. Recognizing its subtypes is essential
for properly assessing the patient [4]. This condition has a global prevalence ranging between
1% and 20% [5]. Rosacea is commonly observed in individuals with fair skin, yet it is not
uncommon among people with darker skin tones. In fact, it may be underdiagnosed in these
populations due to challenges in detecting erythema and telangiectasia on darker skin [6].
It presents in four primary forms: (1) erythematotelangiectatic, with constant redness, flushing,
and visible blood vessels; (2) papulopustular, with ongoing redness and occasional bumps; (3)
phymatous, marked by thickened skin and potential nose enlargement; and (4) ocular,
affecting the eyes with dryness, burning, swollen eyelids, and in severe cases vision issues [7].
Rosacea, affecting the central face symmetrically, varies by age and gender: rhinophyma is
most common in men, while younger individuals often show early redness and flushing, and
older adults typically develop telangiectasia [8]. Secondary symptoms of rosacea can
occasionally include sensations like itching, burning, or stinging [9]. Rosacea symptoms can
appear from multiple subtypes simultaneously or as isolated signs that don’t match any
specific category. These symptoms typically fluctuate, with periods of intense flare-ups
followed by remission phases [10].
While the exact cause of rosacea remains uncertain, research highlights multiple pathogenic
pathways involving immune system irregularities, mast cells, and neurovascular issues. Key
aspects include disruptions in skin barrier function and permeability, affecting hydration, pH
balance, microbiome, and molecular structure [11]. The underlying mechanisms of rosacea
result from a complex interaction of genetic, microbial, immune, neurogenic, and barrier
factors, emphasizing its chronic inflammatory character rather than an acute one [12].
Activating an inflammatory cascade, bacterial ligands bind to epidermal receptors, causing
vasodilation and drawing white blood cells to the site. This alteration in the skin’s
environment allows microorganisms such as Demodex folliculorum, Helicobacter pylori to
proliferate, playing a critical role in rosacea’s pathogenesis [13]. One study indicates that the
disease’s development is roughly half influenced by genetic factors and half by environmental
ones [14]. The link between rosacea and certain single nucleotide polymorphisms in major
histocompatibility complex genes suggests a strong genetic susceptibility paired with altered
immune response [15]. Another perspective is the dermal matrix degeneration theory, which
proposes that rosacea symptoms stem from inadequate connective tissue support surrounding
facial blood vessels [16]. Rosacea can be triggered or intensified by several factors, including
exposure to UV rays, high temperatures, consumption of spicy foods or alcohol, emotional
stress, and microbial imbalances on the skin or within the digestive system, like bacterial
overgrowth [17].
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3. Inflammatory Pathways Involved in Rosacea Development
Molecular studies have shown a relationship between the triggers of rosacea and the cellular
response, suggesting that an altered innate immune response is one of the factors contributing
to the development of the disease [18]. The innate immune system includes families of Toll-
like receptors (TLRs), which detect external environmental stimuli such as UV radiation,
microbes, and physical and chemical injuries. The activation of the innate immune system
results in a controlled increase in cytokines and antimicrobial molecules in the skin [19].
Recent studies have shown that the adaptive immune system is also responsible for
inflammatory processes in skin diseases such as acne, psoriasis, and atopic dermatitis. The
cellular infiltrate of the adaptive immune system in rosacea includes T cells and B cells [20].
Among the cells of the innate immune system, effector cells such as neutrophils are
distinguished. The infiltration of a large number of neutrophils in biopsies of patients with
rosacea was the first time a connection between these cells and rosacea was observed [21].
Recent studies demonstrate the significant role of macrophages in the pathophysiology of
rosacea. Macrophages are responsible for the overproduction of proinflammatory cytokines
and angiogenic factors, which contribute to inflammation and the formation of blood vessels
[22]. CD4+ T-cells are observed in large numbers in the skin of patients with rosacea, and an
enhanced response from Th1/Th17 lymphocytes may significantly contribute to the
development of rosacea [23]. The group of antimicrobial molecules whose levels increase
during the activation of the innate immune system includes the cathelicidin peptide. [24]
Cathelicidin can be found in small amounts in the granular and cornified layers of the skin,
but its levels significantly increase in cases of skin damage or infection, which helps protect
the damaged epidermis from infection. Studies on cathelicidin peptides have shown that some
forms exhibit both vasoactive and proinflammatory effects [19].
Toll-like receptors (TLRs) recognize specific microbial components or products of host tissue
damage, thereby initiating inflammatory and immune responses [25]. Activation of TLR2
leads to increased levels of rosacea-associated kallikrein 5, which then results in the
production of pro-inflammatory forms of the antimicrobial peptide LL37. LL37 interacts with
TLR2, activating the mTOR signaling pathway, which consequently contributes to the
development of rosacea [26]. Recent studies have shown that TLR7 is overexpressed in
patients with rosacea. Overactivation of TLR7 in keratinocytes activates the NFκB signaling
pathway, which in turn activates the mTORC1 pathway. As a result, the
TLR7/NFκB/mTORC1 axis promotes the production of cytokines and chemokines associated
with rosacea, leading to the migration of CD4+ T cells involved in the development of the
disease [27].
Many mediators, such as nitric oxide, cathelicidins and vascular endothelial growth factor
(VEGF), are involved in vasodilation and angiogenesis [28].VEGF has a key function as a
master regulator of pathological angiogenesis and increased vascular permeability in patients
with inflammatory and malignant diseases [28]. Skin biopsies from patients with rosacea
show increased VEGF expression in both epidermal and infiltrating cells [29].
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4. Triggers of Inflammatory Responses in Rosacea
The causes of rosacea are still unclear however, it is known that the development of rosacea
consists of the interaction of many predisposing factors [30]. Genetics, microorganisms, the
immune system, reactive oxygen species, an impaired skin barrier and neuronal and vascular
dysfunction, among others, play an important role in its formation [31]. In the process of its
formation, a key role is played by environmental factors such as air pollution, sun exposure,
nutrition, alcohol, tobacco, and mental stress [32].
The Morgado-Carrasco team pays particular attention to the role of UV radiation in the
pathogenesis of rosacea [31]. Long-term exposure to UV radiation has been proven to be a
major environmental factor in its development [31]. UVB radiation stimulates the formation
of new blood vessels and telangiectasia, including through the expression of vascular
endothelial growth factor [30]. On the other hand UVA radiation can lead to collagen
degeneration and skin damage by inducing overexpression of metalloproteinases [33]. UV
disrupts the oxidative balance, raising levels of reactive oxygen species (ROS), which cause
inflammation. In addition, UV radiation activates TLR2 mechanisms, which can initiate
innate immune system responses in rosacea [33]. Increased activation of TLR2 receptors
induces the release of cathelicidins and kallikrein 5 (KLK5) [34]. Cathelicidins are
transformed into LL-37 [34]. The cathelicidin LL-37 enhances light sensitivity, increasing
the inflammatory and angiogenic effects of UV radiation, which can exacerbate rosacea
symptoms [35].
It is suspected that microorganisms such as Demodex folliculorum, Bacillus oleronius,
Cutibacteium acnes and Staphylococcus epidermidis may be involved in the development of
the disease [34]. According to the study, the population of Demodex folliculorum in a group
of people with rosacea was 5.7% higher than in a group of healthy people [36]. Demodex
participates in the development of rosacea through multiple mechanisms. By proliferating in
the sebaceous glands, it causes their mechanical blockage and inflammation, leading to the
formation of papules and pustules, as the glands' mouths become obstructed. Such lesions are
characteristic of the papulopustular and popular forms of rosacea [37]. These parasites
activate TLR-2 receptors, resulting in the secretion of LL-37, an inflammatory factor that
stimulates angiogenesis and the formation of new blood vessels [34]. Moreover, an
association between D. folliculorum and markers of inflammation has been found, suggesting
adverse activation of the innate immune system. Cytokines such as interleukin-8 (IL-8) and
tumor necrosis factor alpha (TNF-α) have been observed to promote angiogenesis, resulting in
erythema [38].
In recent years, the Helicobacter Pylori bacterium has been suspected of involvement in the
development of rosacea. The bacterium contributes to chronic gastritis, peptic ulcers, MALT
lymphoma and gastric cancer [34]. The role of the bacteria in the development of the disease
is not fully known . Carrying H. pylori is more common in rosacea patients than in healthy
individuals [38]. Some studies indicate that eradication of this bacterium leads to relief of
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rosacea symptoms, suggesting that H. pylori may have a role in the development of the
disease [39]. H. pylori infection is thought to lead to facial erythema through the release of
vasodilators such as histamine, gastrin, nitric oxide, cytokines and leukotrienes, as well as
increased mucosal permeability, an autoimmune response or disruption of vascular integrity
[38].
Many studies have linked disruption of the gut microbiome to inflammatory skin diseases
such as rosacea [38].
People with rosacea have been found to have an altered microbiome composition,
characterized by a lower presence of Peptococcaceae and Methanobrevibacter, and a higher
abundance of Acidaminococcus and Megasphaera [36]. A study was conducted in which it
was proven that patients with rosacea were 13 times more likely to suffer from small intestinal
bacterial overgrowth (SIBO) compared to the control group [30]. Those with the
papulopustular form were 12 times more likely to experience SIBO [30]. A diagnosis of SIBO
may contribute to the development of rosacea, possibly through increased production of pro-
inflammatory cytokines [30].
Another of the factors influencing the pathogenesis of rosacea is diet [40]. Among the foods
that cause the disease, are products high in cinnamaldehyde and histamine [40]. In a National
Rosacea Society (NRS) survey of 1,066 rosacea sufferers, participants reported alcohol (52%),
spicy foods (45%), certain fruits (13%), pickled meats (10%) and some vegetables (9%) as
triggers [41]. Participants also reported that changing their diet resulted in an improvement in
rosacea symptoms [40]. Histamine, formed by the metabolism of acetaldehyde and acetone,
can affect the dilation of skin capillaries, which manifests as erythema. In addition,
cinnamaldehyde, histamine, alcohol and capsaicin (present in spicy foods) are believed to
activate TRPV1 (vanilloid potential receptor type 1) receptors, which are responsible for
flushing, burning and increased skin sensitivity leading to the initiation or exacerbation of
rosacea [40,42].Hot drinks and foods can often act as triggers for symptoms in patients with
rosacea [42]. Heat leads to vasodilation of blood vessels and activates TRPV1 channels [42].
In a study by Tilwani and colleagues, it was proven that exposure to air pollution can cause
the development and exacerbation of rosacea [43].

5. Novel Anti-inflammatory Therapies
Standard treatment for rosacea usually allows for effective control of symptoms in mild and
moderate forms of the disease, but in cases of severe and treatment-resistant rosacea, the
effectiveness of therapy is limited [44]. The facial skin of people suffering from rosacea
exhibits significantly higher levels of cathelicidin compared to the skin of healthy individuals
[45]. Azelaic acid belongs to a group of naturally occurring saturated dicarboxylic acids that
exhibit anti-inflammatory, antioxidant, and antibacterial properties. Preparations containing
15% azelaic acid are recommended by the AARS (American Academy of Dermatology) for
topical treatment of inflammatory papules and pustules in rosacea. The mechanism of action
of azelaic acid involves lowering cathelicidin levels by inhibiting the activity of serine
protease KLK5 [46]. Metronidazole, used in the form of a gel or ointment, has a comparable
effectiveness to azelaic acid gel. It acts as an oxygen scavenger, reducing the amount of
reactive oxygen species (ROS) and inhibiting neutrophil activity [47]. Studies have shown
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elevated levels of IL-17 in the serum of patients with rosacea [48]. It is hypothesized that IL-
17 inhibitors, used in the treatment of psoriasis and psoriatic arthritis, could potentially be
used in the future for treating severe and treatment-resistant papulopustular rosacea [44].
Oral medications, including tetracyclines, are also used in the treatment of rosacea, primarily
for their anti-inflammatory properties, as well as for inhibiting angiogenesis, leukocyte
chemotaxis, and inflammatory cytokines.

Tetracycline, doxycycline, and minocycline are commonly used. It has been proven that the
simultaneous use of oral doxycycline with 15% azelaic acid gel or 1% metronidazole is a
well-tolerated treatment method for papulopustular rosacea [49]. Among macrolide antibiotics,
second-generation macrolides such as clarithromycin and azithromycin are preferred. They
have faster action and better tolerance concerning gastrointestinal side effects compared to
oral tetracyclines, metronidazole, and ketoconazole [50].
An updated systematic review of rosacea treatment methods recommends the use of laser
therapy and intense pulsed light (IPL) therapy for treating erythema and, particularly,
telangiectasia, although the evidence for the effectiveness of these methods is of low to
moderate certainty [51]. A retrospective study conducted by Zhang and colleagues, involving
807 patients, demonstrated that various sequential light/laser devices can be safely used in the
treatment of nasal rosacea [52]. A study involving 68 patients showed the effectiveness of
sequential use of Nd 532/1064 nm laser and IPL in treating facial telangiectasia and erythema
[53]. Another study compared the effects of sequential application of IPL and Nd laser on one
side of the face with a regimen where IPL was used separately, followed by the Nd laser three
days later. The results showed that simultaneous sequential use of both methods yields better
outcomes than separate treatments [54].
The skin and gut microbiota may become an interesting therapeutic target for rosacea
treatment due to their probable influence on the development of the disease. However, the
effectiveness of probiotics for rosacea has not been confirmed by a sufficient number of
clinical studies [55].
Manzhalii and colleagues conducted a randomized clinical trial involving 57 patients with
erythema and papulopustular lesions, 36% of whom had papulopustular rosacea. The patients
were divided into two groups, with the first group receiving topical therapy that included
tetracyclines, corticosteroids, and retinoids. The second group was treated according to the
same regimen with the addition of the oral probiotic Escherichia Coli Nissle 1918. After a
month of treatment, 32% of patients in the probiotic group were cured, and 57% showed
significant improvement, compared to 17% and 39% of patients in the control group [56].
Further research on rosacea therapy is essential, particularly in exploring new treatment
methods and understanding the role of skin and gut microbiota in disease development. The
development of targeted therapies, such as IL-17 inhibitors, and studies on the use of
probiotics may contribute to creating more effective and personalized treatment options in the
future. As knowledge of rosacea pathophysiology deepens, innovative therapeutic approaches
may be developed, improving the quality of life for patients with severe forms of the disease.

6. Conclusions
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Rosacea is a complex, chronic inflammatory disorder involving multiple genetic, immune,
microbial, and environmental factors. The disease's pathogenesis highlights significant
interactions among these factors, leading to characteristic features such as erythema,
telangiectasia, and inflammation. The role of innate immunity, particularly through Toll-like
receptor activation, and the involvement of antimicrobial peptides like cathelicidin, emphasize
the importance of inflammatory pathways in disease development. Moreover, UV exposure,
microbial imbalances, and dietary triggers further contribute to exacerbating rosacea
symptoms.
While traditional treatments, such as topical azelaic acid, metronidazole, and oral
tetracyclines, have proven effective in many patients, severe cases of rosacea often resist these
approaches. The need for more effective treatments has driven research into novel therapies
targeting underlying inflammatory mechanisms. Promising options include IL-17 inhibitors,
which may help address the inflammatory responses in rosacea, as well as light-based
therapies that target erythema and vascular changes. The potential benefits of probiotics also
open new possibilities for modulating gut-skin interactions in rosacea patients.
Future research should focus on further clarifying the immune pathways involved in rosacea
and evaluating the long-term effectiveness of emerging treatments. By gaining a deeper
understanding of the disease’s inflammatory and immune-driven mechanisms, it may be
possible to develop targeted therapies that provide improved outcomes, especially for those
with severe or refractory rosacea. Enhanced patient education on trigger management and
lifestyle adjustments also remains a critical component in optimizing care for rosacea
sufferers.
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