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Abstract

Chronic inflammatory cutaneous diseases, such as atopic dermatitis (AD) and
psoriasis, are complex disorders influenced by immune dysregulation, various
genetic factors, and more recently identified alterations within the skin micro-
biome. Among the skin’s commensal organisms, Malassezia species play a sig-
nificant role in modulating both skin inflammation and barrier function. These
fungi are normally harmless; becoming pathogenic under specific immune or
environmental conditions is one of the proposed mechanisms of disease exac-
erbation. Recent advances in treatment, with biologic agents and smaller mol-
ecule therapies, have revolutionized disease management by precisely targeting
certain immune pathways (IL-4, IL-13, IL-17, IL-23, and JAK-STAT cascade)
being the primary focus of these interventions. The subsequent effects that
such targeted therapies have on the skin microbiome itself, Malassezia in-
cluded, are yet to be fully understood. Emerging evidence points towards bio-
logics and/or novel treatments altering the local immune environment and to
some degree skin barrier integrity, which in turn affects microbial composition
and activity. This review details the current knowledge of Malassezia distribu-
tion and behavior in AD and psoriasis patients, their immune interactions, and
potential impact of the novel therapies on malassezia. Personalized, microbi-
ome conscious, therapeutic approaches are the end goal, improving treatment
outcome and long term skin health in patients with chronic inflammatory skin
disease.
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1. Introduction

Inflammatory skin diseases encompass a broad range of skin disorders. Atopic
dermaitis (AD) and psoriasis are considered the two most prevalent chronic cu-
taneous skin conditions [1]. Chronic inflammatory skin diseases are multifacto-
rial disorders influenced by genetic, environmental, and immunological factors.
These diseases impact quality of life and are associated with other comorbidities
including cardiovascular and coronary artery diseases [2]-[7].

There has been an increasing interest in the involvement of the skin microbi-
ome in the development of chronic inflammatory skin diseases over the past few
years. The skin is colonized by a diverse variety of microorganisms that coexist in
close contact with the immune system and the skin barrier. Disturbances in this
balance may lead to inflammation and exacerbation of the disease. Among the
organisms typically found in these conditions, the Malassezia species have been
recognized to play a key role in the pathogenesis [8].

Malassezia represents lipid-dependent yeasts, which are normal inhabitants of
healthy skin, particularly sebaceous gland-rich areas. Though they are part of the
normal flora, in an appropriate setting, they can become opportunistic and con-
tribute to inflammation and exacerbation of skin disease. By producing enzymes
and metabolic products that interact with keratinocytes and immune cells, they
influence skin homeostasis. In AD and psoriasis, Malassezia may induce immune
pathways that lead to pro-inflammatory responses. These are mediated through
pattern recognition receptors on host cells and result in cytokine expression that
leads to chronic inflammation [9].

Recent advances in research have translated into the development of new ther-
apeutic agents that target specific immune pathways involved in AD and psoriasis.
In AD, small molecule inhibitors, including Janus kinase (JAK) inhibitors and
phosphodiesterase-4 (PDE-4) inhibitors, reduce inflammation by inhibiting in-
tracellular signaling pathways that drive cytokine production [10]. Biologic ther-
apies, including dupilumab and tralokinumab, target the interleukin-4 (IL-4) and
IL-13 signaling pathways that mediate T helper 2 (Th2)-driven inflammation and
barrier dysfunction. In psoriasis, biologic agents inhibiting IL-17 or IL-23, includ-
ing secukinumab, ixekizumab, guselkumab, and risankizumab, have shown ex-
traordinary clinical efficacy in controlling disease activity via suppression of the
Th17/IL-23 axis. Oral treatment with small molecules such as tyrosine kinase
(TYK) 2 inhibitors adds to the options in moderate to severe disease [11]. Im-
proved clinical outcomes associated with these targeted therapies provide novel

opportunities to understand the way immune modulation both relieves skin in-

DOI: 10.4236/0alib.1114570

2 Open Access Library Journal


https://doi.org/10.4236/oalib.1114570

E. D. Shumet, Y. Sun

flammation and remodels the surrounding microbial environment.

Gaining insight into how these new treatments interact with Malassezia will
be important to understand their overall impact on the disease. Biologic or small
molecule-driven alterations in immune signaling have the potential to affect the
composition and function of the skin microbiome, including Malassezia spp.
Conversely, persistent colonization by Malassezia spp. could influence the re-
sponse to these therapies. Understanding these relationships will provide further
insight into novel therapeutic approaches targeting both microbial and immune
elements.

This review presents current knowledge on the interaction between Malassezia
and new therapeutic agents in AD and psoriasis. Attention is given to how AMalas-
sezia contributes to disease mechanisms, how new treatments alter its activity, and
what this means in terms of long-term disease management. A better understand-
ing of these interactions may support more comprehensive treatment approaches
that address both immune dysfunction and microbial imbalance in chronic in-

flammatory skin diseases.

2. Atopic Dermatitis and Psoriasis

2.1. Atopic Dermatitis

AD is a chronic, relapsing inflammatory skin disorder clinically identified by the
presence of itchy and dry as well as inflamed skin. It has been increasingly ob-
served during the past few decades, especially in developed countries. It poses a
significant global health challenge due to its impact on quality of life and high
healthcare costs. It affects 10% - 30% of children and 2% - 10% of adults [12].

AD pathophysiology involves a dynamic interplay between the dysfunction of
immune system and the structural integrity of the skin barrier. From an immu-
nological viewpoint, AD is typically dominated by an exaggerated Th2-mediated
immune response during the acute phases of the disease, characterized by the
overproduction of cytokines such as IL-4, IL-5, and IL-13, promoting inflamma-
tion, pruritus, and barrier dysfunction. As such, there is a gradual shift towards a
mixed immune profile during chronic phases, with Th1 cytokines, such as inter-
feron-gamma (IFN-y) and tumor necrosis factor-alpha (TNF-a), taking on more
important roles. This shift from Th2 to Thl dominance reflects the changing na-
ture of the inflammatory response in AD and thus contributes to both the acute
eczematous lesions and chronic lichenified plaques seen in long-standing disease
[13].

The relation between immune dysregulation and impairment of the barrier is
mediated through cytokine pathways, especially those induced through IL-4 and
IL-13, signature cytokines of the Th2 response. These cytokines activate intracel-
lular cascades through the interleukin-4 receptor alpha (IL-4Ra) in keratinocytes,
engaging signal transducer and activator of transcription (STAT) 6 and STAT3.
The activation of such transcription factors causes changes in the expression of

genes within the epidermal cells, thereby suppressing the synthesis of FLG, LOR,
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and IVL. This cytokine-induced inhibition disturbs epidermal differentiation and
impairs barrier formation, initiating a vicious circle in which immune activation
perpetuates weakness in the barrier and barrier weakness, in turn, sustains im-

mune activation [14].

2.2. Psoriasis

Psoriasis is a chronic, immune-mediated inflammatory skin disease affecting 2%
of the world’s population and is thus one of the most common dermatological
conditions. It may occur at any age, though research finds two peaks of onset be-
tween 30 and 39 years of age and between 60 and 69 years of age. Prevalence varies
across ethnic populations and geographical areas due to differences in genetic and
environmental influences. Psoriasis remains a chronic and often lifelong condi-
tion that seriously impacts the physical and psychosocial well-being of affected
individuals [15].

Plaque psoriasis is the most common clinical type and makes up 85% - 90% of
all cases of the condition. It is typically presented as raised, well-demarcated, er-
ythematous plaques covered with silvery-white scales which most commonly
appear on extensor surfaces such as the elbows, knees, scalp, and lower back. The
affected skin is often dry, thickened, and prone to cracking or bleeding. Itching,
burning, or pain in the affected areas may be reported by the patient. The disease
exhibits a chronic and relapsing nature, with periods of flare-ups and remission,
reflecting the underpinning complexity of the immune driving mechanisms of its
pathogenesis [16].

Psoriasis basically involves a disturbed interplay between innate and adaptive
immunity. It is well accepted that adaptive immunity, particularly Thl and Th17
subsets, plays a leading role in the pathology, but emerging data indicate that in-
nate immune cells are also pivotal players in the development of plaque formation.
The process begins with the cellular stress or damage of keratinocytes. Thus, the
damaged cells release various antimicrobial peptides (AMPs), including but not
limited to LL-37 (cathelicidin), -defensins, and S100 proteins, which act as early
signs that initiate the activation of immune responses [17].

Of these peptides, LL-37 has a critical role in the pathogenesis of psoriasis. At
first, the generation of AMP can be a common reaction to injury or infection.
However, in psoriasis, LL-37 acquires an abnormal, pathogenic role. It associates
with self-DNA or self-RNA derived from damaged cells to generate LL-37-nucleic
acid complexes, which are aberrantly sensed as foreign by plasmacytoid dendritic
cells (pDCs). This activation depends on the stimulation of Toll-like receptors
(TLRs), particularly TLR9 (that recognises DNA) and TLR7 (that recognises
RNA). Activation of these receptors on pDCs induces the production of type I
interferons (IFNs) (mainly IFN-a), potent cytokines that then activate myeloid
dendritic cells (mDC).

Activated mDCs subsequently produce important pro-inflammatory cytokines,
such as TNF-q, IL-12 and IL-23. These cytokines are an essential factor in T-
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helper cell differentiation and activation, especially Th1l and Th17 cells. Th1 cells
generate IFN- yand TNF-q, whereas Th17 cells release IL-17 and IL-22, which act
directly on keratinocytes to drive their excessive proliferation while impeding the
epidermis’ normal differentiation. This is what causes the thickened plaques of
scaly skin in psoriasis. In addition, when keratinocytes become activated, they
generate other cytokines and chemokines, keeping the inflammation cycle going
by recruiting further immune cells to the skin [18].

This inflammatory loop is the reason why psoriasis continues to plague even
without an outside cause. The interaction of genetic predisposition and environ-
mental factors like infectious agents, stress, trauma, and drugs also modulates the
expression of disease. Moreover, the systemic nature of inflammation can place
patients at increased risk for psoriatic arthritis, cardiovascular disease, and meta-
bolic disorders.

Great advances in therapy have resulted from our understanding of the molec-
ular and immunological basis of psoriasis. Topical corticosteroids, vitamin D an-
alogs, and phototherapy remain useful for treating mild-to-moderate disease. But
recently, treatments that block specific parts of the immune response, such as
TNE-a inhibitors, IL-17 inhibitors, and IL-23 inhibitors, have transformed care
for patients with moderate to severe psoriasis. These drugs disrupt the inflamma-
tory response, resulting in successful long-term disease control and improved
quality of life [19] [20].

3. Pathophysiology of Malassezia

Malassezia is a genus of fungi consisting of 18 known species that inhabit the skin
of various warm-blooded animals, including humans, and deep-sea sponges.
Among these, ten species such as, M. restricta, M. globosa, M. sympodialis, M.
furfur, M. dermatis, M. slooffiae, M. obtusa, M. arunalokei, M. japonica, and M.
yamatoensis are commonly found on human skin [21].

Recognition of Malassezia by the immune system is done through pattern recog-
nition receptors (PRRs) on immune cells like dendritic cells and macrophages.
These receptors identify molecular components of fungal cell walls, including
pathogen-associated molecular patterns (PAMP) and damage-associated molecu-
lar patterns (DAMP). One important immune complex in such recognition is the
inflammasome, which consists of Nod-like receptors, adaptor proteins ASC, and
the effector protease caspase-1. Activation of the inflammasome by Malassezia
triggers the release of pro-inflammatory cytokines such as IL-15 and IL-18, initi-
ating an inflammatory response that helps clear the infection but can also cause
inflammatory cell death (pyroptosis) [22].

In addition to immune activation, Malassezia produces proteases, toxic metab-
olites, and reactive oxygen species (ROS), which contribute to skin barrier damage
and intensify inflammation. ROS are involved in a multifaceted manner in the
interaction between Malassezia and the host. Both the fungus and host immune

cells produce ROS within the frame of their metabolic activity and defense mech-
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anisms. At high concentrations, however, ROS accumulation causes oxidative
stress, resulting in cellular damage, impairment of the barrier function, and inten-
sification of inflammatory signaling. This oxidative imbalance and subsequent in-
flammatory cascade constitute a critical point in the pathogenesis of Malassezia-
associated skin diseases [23].

In the context of inflammatory skin diseases, these mechanisms manifest dif-
ferently in atopic dermatitis and psoriasis. Atopic dermatitis is characterized by
enhanced Malassezia-driven inflammasome activation and ROS production be-
cause of the already compromised skin barrier and Th2-skewed immunity,
thereby amplifying IL-1p release, inducing pruritus, and disrupting the barrier.
Conversely, in psoriasis, the response is dominated by a Th17/IL-23 axis, with
Malassezia-induced inflammasome signaling contributing more to sustained
keratinocyte activation, rather than barrier fragility, promoting plaque formation.
Including these differences will help illustrate how Malassezia’s pathogenic mech-

anisms interact uniquely with the immunologic environment of each disease [23].

4. Malassezia in Chronic Inflammatory Cutaneous Diseases

Malassezia is a commensal yeast that plays a versatile role in the pathogenesis of
chronic inflammatory skin diseases, especially AD and psoriasis. Under certain
conditions of immune dysregulation and barrier disruption, Malassezia becomes
pathogenic. The interaction of this fungus with the host immune system promotes
prolonged inflammation, exacerbation of lesions, and enhancement of disease
chronicity. The ability of Malassezia species to change from a harmless commen-
sal into an inflammatory trigger is highly relevant for their involvement in these
complex dermatoses [8].

In AD, Malassezia species, most notably M. sympodialis and M. globosa, are
implicated in worsening inflammation, particularly in head and neck variants of
the disease. The compromised epidermal barrier in AD provides a favorable envi-
ronment for Malassezia colonization [24]. Once present, the yeast releases aller-
gens, cell wall components, and metabolites that penetrate the disrupted barrier
and activate cutaneous immune cells. Sensitization to antigens of Malassezia may
lead to specific IgE responses, promoting a type I hypersensitivity reaction char-
acterized by accentuated pruritus and inflammation. Further, this IgE-mediated
immune activation, along with Th2-dominant cytokine signals-which involve in-
creased expression of IL-4, IL-5, and IL-13-promotes the development of epider-
mal barrier dysfunction. Furthermore, Malassezia components may stimulate
PRRs, including TLR2 and Dectin-2, expressed on keratinocytes and dendritic
cells. The stimulation of these PRRs initiates NF-«B and mitogen-activated pro-
tein kinase (MAPK) signaling pathways, leading to the production and release of
pro-inflammatory cytokines and antimicrobial peptides. These molecular interac-
tions highlight the dual impact of Malassezia in AD: direct inflammation via in-
nate immune activation and indirect exacerbation through allergic sensitization
[25] [26].
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The relationship between Malassezia and psoriasis is complex but increasingly
thought of as clinically relevant. Malassezia species, especially M. restrictaand M.
globosa, can act as environmental triggers that exacerbate psoriatic inflammation
in genetically susceptible individuals. The yeast produces lipases and phospho-
lipases that degrade sebum and cell membrane lipids, producing free fatty acids
and bioactive metabolites that are capable of disrupting the homeostasis of keratino-
cytes. These metabolic products stimulate dendritic cells and keratinocytes through
TLR2 and Dectin-2, with subsequent activation of the IL-23/Th17 axis, a key im-
munologic pathway driving psoriatic inflammation. Downstream effects involve
increased production of IL-17, IL-22, and TNF-q, leading to keratinocyte hy-
perproliferation, scaling, and erythema. New studies also have shown that Malas-
sezia biofilms enhance its persistence and resistance to treatment, thus allowing
low-grade chronic inflammation to persist even during clinical remission. The
chronic microbial-immune interaction might thus explain flare-ups occurring
notwithstanding systemic immunosuppressive therapy [27].

Malassezia have been implicated in exacerbating skin barrier impairment, par-
ticularly in inflammatory skin diseases. This happens through downregulation of
the molecules related to the barrier (ceramides), increased inflammation, and se-
cretion of enzymes (lipases, proteases) that break down skin components resulting
in an impaired integrity of the barrier with worsening of disease severity.

Its lipid-dependent metabolism also shown to modify the skin lipid profile im-
portant for barrier function. Therefore, Malassezia overactivity has been shown to
disrupt lipid homeostasis leading to barrier disruption [28]. Malassezia drives Th2
and Th17 immune responses leading to inflammation and addition barrier im-
pairment in an already compromised epidermis, especially seen in individuals

with pre-existing barrier defects [29].

5. Novel Therapies for Atopic Dermatitis and Psoriasis

Over the past decade, the therapeutic landscape for chronic inflammatory skin
diseases, most prominently AD and psoriasis, has dramatically changed. Conven-
tional treatments have traditionally included topical corticosteroids, photother-
apy, and conventional systemic immunosuppressants such as methotrexate or cy-
closporine. Such therapies may temporarily improve symptoms but often with
significant adverse effects and generally only limited long-term efficacy [30].
Recent advances in targeted immunotherapy have transformed the manage-
ment away from broad immune suppression toward precise modulation of par-
ticular inflammatory pathways. Newly developed biologics and small-molecule
inhibitors provide treatment that is safer, more efficient, and longer-lasting. In
addition to the overall quality of life improvement, these novel therapies offer

symptom and improved skin integrity.

5.1. Biological Agents

Biotherapeutic agents are produced from living cells via recombinant DNA tech-
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niques or hybridoma production techniques and are usually composed of intri-
cately designed protein molecules. The major biologics used for the treatment of
various dermatoses are monoclonal antibodies, fusion proteins, and receptors de-
signed to block specific proteins engaged in the immune process. Unlike other
conventional therapies such as methotrexate and cyclosporine, biologics are de-
signed to specifically interrupt the action of certain cytokines and immune cells
engaged in the chronic inflammatory processes [31].

Biologic therapies selectively modulate the immune response pathway for the
development of the inflammatory response in the skin. In chronic inflammatory
conditions such as AD and psoriasis, the immune response pathway in the body
gets dysregulated, resulting in the overactivation of certain subsets of T-cytokines,
such as helper T-cytokines, such as Thl, Th2, Th17, and Th22 variants. These
variants produce certain inflammatory cytokines such as TNF-q, IL-4, IL-13, IL-
17, and IL-23, which are major participants in the development of inflammatory
responses within the body [32].

Biological therapies directly affect the biology of certain proteins such as TNF-
a, interleukins, and other cytokines perpetuating the inflammatory process (Table
1). Biologics focusing on the IL-17 and IL-23 pathway offer great results in the
treatment of psoriasis, whereas biologics focusing on the pathway of both IL-4 and
IL-13 are useful in the management of AD. In fact, biologics can inhibit the im-
mune cell migration by inhibiting the resultant pathway in the skin, thus signifi-
cantly reducing the inflammatory process and symptoms such as erythema, scal-

ing, and pruritus [33]-[35].

Table 1. Novel therapies for AD and psoriasis.

Category Type/Target Pathway Mechanism of Action Key Drugs/Examples Main Clinical Effects
Broad T t
Traditional | roa . Suppress global immune  Corticosteroids, Phototherapy, emp (')rary Symptom
. immunosuppressive & o . . . relief, reduced
Therapies .. activity and inflammation Methotrexate, Cyclosporine . .
anti-inflammatory inflammation
Block TNF- d
¢ Kerati @ reduce Infliximab, Adalimumab, | Inflammation,
eratinocyte
TNEF-a Inhibitors ] Yt Etanercept, Certolizumab, reduced erythema,
hyperproliferation and . . .
L Golimumab scaling, pruritus
IL-23/IL-17 activation
Bind IL-12/1L.-23 Ustekinumab (IL-12/23), Effective i L
ind IL- -23, suppress ective in psoriasis,
IL-12/IL-23 inhibitors "7 llii 1, Guselkumab, Risankizumab, |~ """ PO
. . activation - ong-term remission
Biologic Tildrakizumab (IL-23 selective) &
Therapies

IL-17 pathway
inhibitors

IL-4/1L-13 inhibitors
(AD-specific)

Block IL-17A or IL-17
receptor > inhibit
keratinocyte activation

Rapid i ti
Secukinumab, Ixekizumab, apt 1.rnfr0\;emen n
soriatic plaques,
Brodalumab P p q
scaling

Suppress Th2-driven Improved barrier
function, | itching &

inflammation

Dupilumab (IL-4Ra),

infl tion via IL-4Ra
niammation via or Tralokinumab (IL-13 selective)

IL-13 blockade
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Continued

Small-Molecule
Therapies

JAK/STAT pathway

inhibitors

NF-«B pathway
inhibitors

Phosphodiesterase-4

(PDE4) inhibitors

Retinoids (nuclear

receptor modulators)

Aryl Hydrocarbon
Receptor (AhR)
modulators

Tyrosine kinase
inhibitors

Oral/topical forms; |
cytokine-mediated
inflammation

Inhibit intracellular Janus
kinases > block cytokine
signaling (IL-6, IFN-y, etc.)

Tofacitinib, Baricitinib,
Upadacitinib, Abrocitinib
Suppress transcription of | Keratinocyte
inflammatory cytokine genes proliferation &

(e.g. TNF-a, IL-1P)

Experimental agents
inflammation

. Anti-inflammatory,
1 cAMP > | cytokine

production (IL-17, TNF-a)

Apremilast (oral), Crisaborole .
. enhances barrier
(topical) .

repair

Regulate keratinocyte L L . .
Acitretin, Alitretinoin, Normalizes scaling,

differentiation & epidermal

Tazarotene restores barrier
renewal

Modulate immune-epidermal Restores skin
crosstalk, reduce oxidative Tapinarof (topical) homeostasis; |
stress inflammation

Highly specific

Inhibit intracellular kinases . g. VP
Experimental targeting; reduced

involved in cytokine signaling temic toxicit
systemic toxicity

Besides diminishing visible symptoms of inflammation, biologics are able to
restore the integrity of the skin’s surface layer. Improved skin hydration and in-
creased resistance to secondary infections are consequences of the skin surface
layer restoration. Consistent, visible recuperation of the skin is often followed by
significant improvement in the overall quality of life. Nevertheless, given their
great efficiency, biologics require careful monitoring throughout the treatment,
since they may increase the risk of the patient developing an infection [36] [37].

TNEF-ainhibitors infliximab, adalimumab, etanercept, certolizumab pegol, and
golimumab block TNF-gq, a cytokine responsible for promoting various forms of
inflammation and subsequent immune cell recruitment. Within psoriasis the IL-
23/Th17 axis plays a major role; several biologics have been created to at least
partially target this pathway [38]. Ustekinumab inhibits both IL-12 and IL-23
through binding to their common p40 subunit, more recent agents go further and
selectively block the p19 subunit of IL-23, preventing all downstream activation
of these Th17 cells, reducing overall IL-17 production [39]. Direct targeting of the
IL-17 pathway is achieved by biologics such as secukinumab, ixekizumab and
brodalumab. Inhibition can be of IL-17A or the receptor itself, keratinocyte acti-
vation and the associated lesions are subsequently lessened [40].

The IL-4/IL-13 pathway is the key driver of AD. Current first-line biologic
treatments targeting this pathway include dupilumab and tralokinumab. Among
these, tralokinumab acts more selectively by inhibiting IL-13, while dupilumab
blocks the shared IL-4Ra receptor, thereby disrupting signaling from both IL-4
and IL-13, leading to broader suppression of the inflammatory response. Selective

interruption of these cytokine pathways leads to all round reduced inflammation,
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partial or complete restoration of the skin barrier, and in many patients long term

control of the disease [41].

5.2. Small Molecules

Small molecules are low in molecular weight drugs that can penetrate cells easily,
which will allow them to target intracellular signal pathways which makes them
very effective for modulating inflammation at its source. These drugs are designed
to modulate key molecular processes that contributes to disease progression
whether the drugs are administered orally or topically. Because of their cell-per-
meable nature, they act precisely within immune or skin cells, hence offering more
adaptable and targeted therapeutic approach than the traditional systemic immu-
nosuppressants. In addition, ongoing research continues to identify new mole-
cules with improved efficacy, enhanced specificity, and fewer side effect which
offers renewed hope for people affected by chronic skin inflammation [42].

One of the most widely acknowledged small molecule therapies identified re-
lates to the JAK inhibitors. These drugs, including tofacitinib, baricitinib, and
upadacitinib, directly interfere with the JAK/STAT pathway, an essential pathway
of cytokine signaling essential for the activation of the immune cell and the in-
flammatory response. Cytokines, such as IL-6, and interferon-gamma (IFN-y),
among others, are able to utilize the activity of the Janus kinase enzymes for the
inception of the inflammatory response through their specific signaling pathways
to facilitate their effects. By inhibiting the activity of these enzymes, the JAK in-
hibitors effectively inhibit the production of a variety of inflammatory cytokines,
therefore having a marked anti-inflammatory response that has proved to be suc-
cessful in the treatment of AD, psoriasis, and other immune-related dermatitis
conditions [43].

Another pathway targeted by small molecule drugs are the pathway involving
the nuclear factor kappa B (NF-«B). NF-B is a transcription factor, which regu-
lates the gene responsible for the immune response and the production of cyto-
kines. In conditions such as psoriasis, the overexpression of NF-«B leads to the
production of excess levels of keratinocytes and an inflammatory response in the
lesions. Small molecule drugs for the prevention of the overproduction of cyto-
kines such as TNF-q, IL-14, among others, are used [44].

Besides regulating the inflammatory response, small molecules are also useful
for the restoration and repair of the skin barrier. Some of these compounds regu-
late lipid biology, keratinocyte differentiation, and the process of renewal of the
epidermis. For example, retinoids act via the retinoic receptors found in the nu-
cleus and regulate the turnover of keratinocytes, scaling, and the quality of the
skin. Other small molecules are the PDE-4 inhibitors, including apremilast and
crisaborole, which result in the elevated levels of cyclic adenosine monophosphate
(cAMP) in immune cells leading to reduced production of inflammatory cyto-
kines and result in an enhanced barrier function [45] [46].

The specificity of small molecules also makes it possible to inhibit intracellular
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enzymes/kinases involved in inflammatory pathways. Tyrosine kinase inhibitors,
for example, are presently under investigation for their capability to inhibit major
kinases mediating the activation of the immune response and the production of
cytokines. Highly specific kinase inhibitors are proposed to be useful for their ca-
pability to reduce systemic side effects without impairing the therapeutic perfor-
mance of the drugs. Precision medicine makes it possible to administer treatment
based on the characteristics of the disease [47].

In spite of their numerous benefits, challenges still lie ahead in their admin-
istration in the clinical setting. The problem of resistance, off-target effects, and
lack of long-term data on their cytotoxic effects are still under research for small
molecule drugs. Moreover, the fact that small molecules are quickly metabolized
by the liver makes their administration rather intricate for optimal effects. Despite
this, enhanced technologies in the development of drugs, their delivery, and tar-
gets are continually optimizing the safety and efficacy of small molecule drugs.

Tapinarof, a new, first-in-class, small-molecule topical therapeutic aryl hydro-
carbon receptor (AhR) modulator, has presented an encouraging response for the

treatment of psoriasis and is under investigation for the treatment of AD [48].

6. Interaction between Malassezia and Novel Therapies

Recent evidence has underlined that the relationship between Malassezia species
and new biologic targeting therapies is one of the most important factors able to
influence the composition of skin microbiota in the context of chronic inflamma-
tory dermatosis, including psoriasis and AD. Skin microbiota analyses in relation
to modifications in treatment involving biologics have revealed differences in lev-
els of both bacterial and fungal microorganisms, in which Malassezia is often in-
volved [23].

In psoriasis, several investigations have focused on the mycobiome and micro-
biome dynamics under biologic therapy. Treatment with ustekinumab, an anti-
IL-12/23 monoclonal antibody, led to notable shifts in the skin microbiota, with
microbial communities diverging between lesional and nonlesional sites as treat-
ment progressed. This differential body site effect emerged more overtly with
greater microbial diversity, indicating that new lesions differed in recolonization
ability. Though alterations in bacterial diversity increased, no treatment effects
occurred in the psoriasis-associated mycobiome, consisting of primarily Malas-
sezia species, in either anti-TNFa- or anti-IL-17 biotherapy. A similar article con-
ducted a TNF-aand IL-17 inhibitor treatment in one group of patients, conclud-
ing that M. restricta and M. globosa remained dominant in the fungal flora of
post-auricular skin in treated individuals, as stated in one article, asserting that
biologics reduce but do not abolish the native fungal flora of sebum-producing
skin sites [49].

Nevertheless, biologic therapies against IL-23 seem to have a different effect on
fungal populations. Treatment with anti-IL-23 significantly reduced the alpha di-

versity of the mycobiome in the antecubital region; a marked decrease in Malas-
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sezia was observed, from approximately 29% down to 8% after 16 weeks of treat-
ment. Similar observations were made with ustekinumab, with decrease in several
forms of fungal diversity, particularly in skin fold areas. Malassezia levels were
specifically reduced, while there were additional bacterial changes involving Pseu-
domonas and Agrobacterium. These findings suggest that inhibition of the IL-23
signaling pathway may cause a localized mycobiome imbalance, with antimicro-
bial effects or certain immune-mediated signals being the most likely mechanisms
of change. One proposed explanation is that IL-23 blockade suppresses Th17-
driven antifungal pathways, altering cytokines such as IL-17 that normally sup-
port epithelial defense against fungi. This reduction in Th17 activity may shift the
skin environment in a way that discourages Malassezia survival while promoting
broader microbial restructuring [50].

In contrast, the relationship between AMalassezia and IL-4Ra blockade with
dupilumab in AD has been more complex. Several clinical reports describe the
emergence of dupilumab-associated head and neck dermatitis (DAHND); ery-
thematous, poorly scaling lesions specifically affecting sebaceous regions being the
primary characteristic. Multiple case series detail new or worsening head and neck
dermatitis during dupilumab therapy; topical corticosteroids often failing to im-
prove these conditions, while some form of antifungal intervention leads to at least
partial resolution. A direct link to Malassezia proliferation or sensitization is
strongly implied by these observations [51] [52]. A large-scale cohort analysis il-
lustrated that high pre-existing IgE antibody levels to Malassezia is a powerful
positive predictor of DAHND, suggesting that individuals with this condition
faced a risk of increased values of up to 26 times in developing the condition over
those not having any prior exposure to this antigen. It has been proposed that IL-
4Rablockade may shift the local immune balance from a suppressed Th2 response
toward an unopposed Th1/Th17-dominant state. This shift could impair normal
control of Malassezia colonization, allowing increased microbial proliferation in
sebaceous areas. Such altered immune dynamics may therefore contribute to the
development or worsening of head and neck dermatitis in susceptible individuals
[53].

More recent mechanistic findings also underpin the pathogenic role of Malas-
sezia in conjunction with biologic treatment in AD. In 2024 invitro model of hu-
man epidermis, M. restricta altered the barrier in a way that increased Th2 and
Th17 inflammation via JAK/STAT pathways. However, the presence of dupi-
lumab or ruxolitinib only partly inhibited this process, suggesting that overgrowth
of M. restricta could decrease treatment response of targeted biologics to these
pathways of inflammation [23]. Conversely, dupilumab treatment in AD has been
found to alter bacterial as well as fungal microbiotas, where M. restricta and M.
globosa remained dominant, however reduced in number, with new strains of
non-Malassezia yeasts overgrowing, thereby increasing diversity. This decrease in
fungal components in turn correlated with a reduction in S. aureus colonization,
suggesting that dupilumab treatment could alter bacterial as well as fungal balance

according to prior fungal colonization [54].
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Finally, findings from studies of antifungal susceptibility support the patho-
physiological importance of Malassezia persistence during conditions of chronic
inflammation and immunomodulation. Isolates obtained from patients having
psoriasis had higher minimum inhibitory concentrations (MIC) values of popular
antifungals such as ketoconazole and terbinafine than those obtained from normal
individuals, indicating that resistant forms of Malassezia can develop in a condi-
tion of long-term inflammation [55].

Taken together, these results emphasize that not only do new treatments tar-
geting cytokine pathways like IL-23, IL-12/23, and IL-4Ra suppress inflammation,
but they also alter the skin microbiota in a way that is primarily moderated by the
genus Malassezia. As important agents of both treatment response and toxicity,
the balance between host immunity, Malassezia colonization, and biologic therapy
suggests a need for a holistic approach in treating various inflammatory condi-

tions that target both the host immunity as well as the microbiota.

7. Clinical Implications and Therapeutic Considerations

The understanding of the complex relationship between Malassezia species and
chronic inflammatory skin diseases has profound clinical implications in both di-
agnosis and treatment. These skin commensal yeasts, particularly M. globosa, M.
restricta, and M. furfur, have been found to be important in the etiopathogenesis
of seborrheic dermatitis, psoriasis, and AD [56].

Small molecule drugs and biologics exhibit improvements in the specificities of
treatment targets. Small molecule drugs, such as oxymatrine (OMT), PDE-4 in-
hibitors, and JAK inhibitors, have been found to exhibit dual antifungal and anti-
inflammatory activities in the inhibition of Malassezia-induced cytokine produc-
tion, besides inhibiting fungal replication, in addition to biofilm formation [57].
On the other hand, biologics have been found to target major immune mecha-
nisms, namely the interleukin (IL-17), IL-23, and IL-4/IL-13 axes specifically, in
an approach to specifically reduce the overall levels of inflammation generated by
the immune response induced by Malassezia. Considering both, the treatment ap-
proach becomes more synergistic, such that antifungal drugs specifically target
microbial replication, whereas biologics and small molecule drugs, specifically
modulate the aberrant immune response contributing to the overall level of in-
flammation [40].

However, some therapeutic factors must be considered during the application
of such targeted drugs. Antifungal resistance is becoming an important emerging
threat, especially in chronic or subtherapeutic antifungal agent treatment, such as
azoles and topical antifungal agents. Repeated application of such drugs might
cause mutations in the Malassezia genome, ultimately leading to reduced suscep-
tibility [58] [59]. Moreover, systemic biologics and targeted antifungal small mol-
ecules, although highly potent, might pose certain threats to the immune homeo-
stasis and, consequently, the skin microbiome. This, in turn, might ultimately

cause the overgrowth of pathogenic fungi. Thus, antifungal small molecules tar-
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geting innovative mechanisms such as nitrogen metabolism and cell membrane
formation might serve as promising approaches in Malassezia-mediated cutane-
ous disorders [60].

Safety and tolerability are critical considerations in selecting any form of ther-
apy; chronic conditions, in particular, require prolonged management. Biologics
are generally well tolerated, though their systemic immunosuppressive effects in-
crease susceptibility to various infections. Small molecules present several ad-
vantages, oral or topical administration being prime examples, along with a near
rapid onset of action. But hepatotoxicity, numerous drug-drug interactions, and
to a certain extent off target effects are all significant risks [61].

Looking forward, the integration of precision medicine into the management
of Malassezia-related skin diseases holds substantial promise. Advances in meta-
genomic sequencing, immune profiling, and various forms of bioinformatics are
enabling a more detailed understanding of the host-microbe-drug interface. Per-
sonalized treatment strategies can be supported by this type of knowledge; tailor-
ing therapy to a patient’s specific microbiome composition, immune signature,
and to some extent genetic predisposition, is the end goal of such an approach. In
future clinical practice, this may include routine microbiome profiling to predict
which patients will respond best to antifungal agents, biologics, or small-molecule
therapies, allowing clinicians to select the most effective treatment before symp-

toms worsen.

8. Conclusion

The interaction between Malassezia and novel therapies in the context of chronic
inflammatory skin diseases, such as atopic dermatitis and psoriasis, is very im-
portant in regard to improved long-term management of the disease. While
Malassezia species represent a part of the healthy skin microbiome, under condi-
tions of altered immunity they can assume the role of opportunistic pathogens
that promote inflammation, barrier dysfunction, and exacerbations. With the in-
troduction of targeted therapies, including biologics and small-molecule drugs,
many of these diseases have undergone a paradigm shift in treatment strategies by
selectively targeting key immune pathways in disease pathogenesis such as IL-4,
IL-13, IL-17, IL-23, and JAK-STAT signaling. Besides direct mechanisms of ac-
tion, new treatments may influence skin microbiota balance indirectly. In partic-
ular, these treatments alter the cutaneous environment by modulating immune
responses and diminishing skin inflammation and could thus impact Malassezia
colonization, virulence, and diversity. Several studies have demonstrated that bi-
ologics may restore a healthier microbiome composition, while other reports sug-
gest possible changes in microbial composition, which may influence treatment
response or risk of relapse. Further studies of the interaction between Malassezia
and these novel therapies are needed to understand their combined effect on skin
immunity and microbial ecology. Such knowledge could inform integrated thera-

peutic approaches targeting not only inflammation but also microbial balance for
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more sustainable control of chronic inflammatory skin diseases. Future research

may also explore the development of combination therapies that simultaneously

modulate immune pathways and address microbial dysbiosis to achieve more du-

rable and comprehensive disease control.
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