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SUMMARY
We explore the association of Malassezia and IL-23/IL-17 axis in the skin lesions of patients with
Psoriasis.
From October 2018 to October 2020, 202 psoriasis patients were hospitalized in the dermatology
department of Yantaishan hospital. The patients’ skin lesions were collected, and Malassezia-specific
mRNA in the skin lesions was determined. The patients were subdivided into Malassezia high and
low distribution groups as per the Malassezia-specific mRNA results. Psoriasis Area and Severity
Index (PASI) scores between the two groups were performed. LL-37, IL-23, IL-17A, and tumor necrosis factor α (TNF-α) expression in the skin lesions of the two groups were determined. Malassezia
mRNA and the correlation of LL-37 with inflammatory factors TNF-α, IL-23, and IL-17A were determined. The relevance of inflammatory factors, Malassezia infection, and LL-37 content with PASI
score were studied. The Malassezia high distribution group was treated with ketoconazole, and the
effects of treatment on the PASI score, IL-23, TNF-α, and IL-17A were determined.
The PASI score, neutrophil, eosinophil, and peripheral blood white blood cell counts, and lgG in
the Malassezia high distribution group were significantly higher than in the low distribution group
(P<0.05). IL-23, LL-37, TNF-α, and IL-17A levels in the Malassezia high distribution group were
significantly higher than in the low distribution group (P<0.05). Malassezia and LL-37 levels had a
moderate positive correlation (R=0.5009, P<0.0001). Malassezia and LL-37, IL-17A, TNF-a, and IL23 correlated positively. Malassezia, IL-17A, LL37, TNF-a, and IL-23 correlated positively with the
PASI score of Psoriasis. Ketoconazole therapy inhibited the PASI score, IL-23, TNF-a, and IL-17A
expressions in patients.
Malassezia enhances the progression of Psoriasis through the aberrant activation of the IL-23/IL-17
axis.
Received October 25, 2021

INTRODUCTION
Psoriasis, a chronic inflammatory skin disease, is
characterized by an aberrant proliferation and differentiation of skin stratum corneum cells. The primary
symptoms include red papules or plaques overlaid
with multiple silvery-white scales, and skin lesions
involving blisters and pustules are covered except
for scales, papules, and erythema (Ayala-Fontánez et
al., 2016). In line with its clinical features, Psoriasis
can be classified as pustular, vulgaris, erythroderma,
and arthropathy; clinical classification is primarily
vulgaris (Rendon and Schäkel, 2019). Psoriasis has
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been continuously reported as increasing in China,
and epidemiological results have confirmed that
about 6-7 million patients have Psoriasis (Meng et
al., 2018). Presently, the pathogenesis of Psoriasis remains unknown.
According to previous reports, applying a heat-inactivated Malassezia patch on the skin of 10 non-psoriatic patients stimulated clinical and histological skin
lesions resembling Psoriasis (Lober et al., 1982). Malassezia has also been shown to boost the aberrant
proliferation of keratinocytes by augmenting TGF-β
and HSP70 (Rhimi et al., 2020). Additionally, treatment of psoriasis patients with the oral antifungal
drug ketoconazole has shown significant improvement in clinical symptoms (Saunte et al., 2020c).
Meanwhile, Malassezia colonization accelerates psoriasis progression. Nevertheless, a definitive association of Malassezia colonization with Psoriasis has
not been reported. Whether Malassezia colonization
is correlated to the onset and severity of Psoriasis, or
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is just the result of aberrant variations in the inflammatory microenvironment, is still unknown.
37 amino acid residue (LL-37) is a Cathelicidins-family molecule cleaved by serine proteases of the
kallikrein family (Kulkarni et al., 2021)</style>2021.
LL-37 is a low molecular weight alkaline polypeptide
with a positive charge and amphiphilic structure.
LL-37 is an antimicrobial peptide (AMP) which is
overexpressed in psoriatic skin (Lande et al., 2014).
Multiple studies have clarified that LL-37 can form
a complex with its DNA/RNA in Psoriasis, and LL37-self DNA/RNA complex can ultimately activate
mature dendritic cells and significantly boost the
occurrence and advancement of Psoriasis (Dombrowski and Schauber 2012). Cathelicidin LL-37 is
overexpressed in inflamed skin in Psoriasis, binds to
extracellular self-DNA released from dying cells, and
converts self-DNA into a potent stimulus for plasmacytoid dendritic cells (pDCs) (Reinholz et al., 2012;
Pahar et al., 2020).
The Interleukin (IL)-23/Interleukin (IL)-17 axis has
been reported to play a critical role in the pathological process of Psoriasis. In the immune environment
of Psoriasis, IL-23 secreted via immune-associated
cells facilitates Th17 cells to secrete cytokine IL17.
Cytokine secretion boosts the production of keratinocyte inflammatory factors and aberrant proliferation by activating the NF-κB and JAK/STAT signaling pathways (Sawyer et al., 2019; Kvist-Hansen
et al., 2020). In addition, activating the IL-23/IL-17
axis can facilitate antifungal immunity. For instance,
the clinical application of tumor necrosis factor α
(TNF-α) and IL-17A antibodies frequently leads to
drug-stimulated fungal infections. Therefore, this
work explored the correlation of the content of Malassezia in the skin lesions of patients with Psoriasis
with the IL-23/IL-17 pathway to offer a basis for antifungal treatment of patients with Psoriasis.

METHODS
Ethical statement and patient samples
The ethical approval for the study was obtained from
the Ethics Committee of Yantaishan Hospital. Written informed consent was obtained from all participants prior to inclusion in the study. From October 2018 to October 2020, 202 (55 females and 159
males) patients diagnosed with Psoriasis in Yantaishan Hospital were recruited for the study. Exclusion
criteria included patients with a history of chronic
inflammatory diseases involving systemic lupus erythematosus, rheumatoid arthritis, inflammatory
bowel disease, other skin diseases, alcohol consumption, and smoking. Additionally, patients with Psoriasis had not received antifungal treatment, anti-inflammatory drugs, antioxidants, or topical steroid
drugs for at least one month prior to blood collection. The severity of Psoriasis was assessed via the
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Psoriasis Area and Severity Index (PASI) presented at
sampling. Dermatologists blindly assessed the PASI
of patients with Psoriasis to reduce subjectivity. The
PASI scoring method was presented as described in
the literature [8]. The Malassezia sampling method
included the use of a sterile spatula to cut the skin
lesion dandruff of the scalp and torso in patients.

White blood cell count and immunological
index tests

Whole blood samples were collected via venipuncture into tubes containing ethylene diamine
tetraacetic acid-K2. The samples were then centrifuged at 2,000 x g for 10 min to obtain serum. The serum was then transferred into sterile polypropylene
tubes and stored at -20°C for further investigations.
Peripheral leukocyte parameters were analyzed using LH780 automatic hematology analyzer (Xisenmeikang XN2000) within 2 h after blood sample
collection. Immunoglobulin IgG, IgA, and IgM in the
serum of patients was determined via the turbidimetric method. IgG, IgA, and IgM kits were planned (all
Siemens).

Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR)
Total RNA from the dandruff tissues of psoriasis patients was extracted via TRIzol reagent (Invitrogen,
USA). RNA concentration and purity were determined using Nanodrop 2000 (Thermo-fisher scientific). Reverse transcription of total RNA into cDNA
was done using M-MLV reverse transcriptase kit
(Invitrogen, USA) according to the manufacturer’s
instructions. Quantitative PCR was done through
SYBR Green PCR Master Mix (TOYOBO) kit and BioRad CFX-96 (Bio-Rad Laboratories, CA, USA). In the
study, the target gene’s relative content was analyzed
via the 2-ΔΔCt method. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal control. The sequences of the primers used in the study
are presented in Table 1.
Table 1 - Primer sequences.
Name
of primers
IL-17A

Primer sequences (5’-3’)

5’ - GTTAGGGTGCTTTAGGTCC - 3’
5’ - TAACAATGAGTTTCTGTACG - 3’
IL-23
5’ - GAGCAGCAACCCTGAGTCCCTA - 3’
5’ - CAAATTTCCCTTCCCATCTAATAA -3
TNF-a
5’ - ACCAGAGCGGCAAGAAGAA CCAT - 3’
5’ - CATCAGACATCGGAGGCAGGAAG - 3’
Malassezia- 5’ - GGATCATTA GTGATTGCCTTTATA - 3’
specific
mRNA
5’ - TCCTCCGCTTATTGATATG - 3’
U6
5’ - CGCTTCGGCAGCACATATACTA - 3’
5’ - CGCTTCACGAATTTGCGTGTCA - 3’
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Western blot
Total protein was extracted from the dandruff tissues
of psoriasis patients using radio-immunoprecipitation assay (RIPA) lysis buffer (50 mM Tris pH 7.4,
150 mM NaCl, 2 mM ethylenediaminetetraacetic
acid, 1% NP-40, 0.1% sodium lauryl sulfate). The
total protein concentration was quantified using the
BCA protein detection method (Pierce, Rockford,
IL, USA). The protein was then separated using 10%
sulfate-polyacrylamide gel electrophoresis. The electro-blot was then transferred onto a Polyvinylidene
fluoride membrane, blocked with 5% skimmed milk,
and incubated with primary antibodies including
p-JAK1 (#3331), JAK1(#3331), JAK2 (#3230), p-JAK2
(#3771) (all at 1:1000, Cell signaling Technology,
Danvers, MA, USA) at 4°C overnight and washed.
The membrane was later incubated with corresponding secondary antibodies (Shanghai Miaotong
Biotechnology Co., Ltd., Xuhui District, Shanghai,
China) for 1 h at room temperature. Band formation
was determined using an ECL chemiluminescence
reagent (Merck Millipore, Darmstadt) and photographed using the LAS-4000 imager (GE Healthcare
Biosciences, Pittsburgh, PA, USA). The protein band
was analyzed with Image-Pro Plus 6.0 software (Media Cybernetics, Silver Spring, Maryland, USA).

Enzyme-linked immunosorbent assay (ELISA)
Blood was also collected from Psoriasis patients,
and IL-17A, TNF-a, and IL-23 in the serum were determined by using enzyme-linked immunosorbent
assay (ELISA) (R&D Systems) as per the manufacturer’s instructions. The serum samples were diluted and the number of required microwell strips was
determined. The microwell strips were washed in a
Wash Buffer. To prepare standard dilution on the microwell plate, 100 µL Assay Buffer (1X) was added
in duplicate to all the standard wells. The prepared
standard (100 µL) was pipetted into the first wells,
and standard dilutions were created by transferring
100 µL from well to well. Later, 100 µL was discarded

from the last wells. Approximately 100 µL of these
standard dilutions were pipetted in the microwell
strips, and 100 µL Assay Buffer (1X) was added in
duplicate to the blank wells. Next, 90 µL Assay Buffer
(1X) was added to sample wells, followed by 10 µL of
pre-diluted sample in duplicate, to designated sample
wells. 50 µL of diluted HRP-conjugate was added to
all wells, and the microwell strips were covered and
incubated for 2 hours at 25°C on a microplate shaker.
The microwell strips were emptied and washed three
times with Wash Buffer. TMB Substrate Solution
(100 µl) was added to all wells, and the microwell
strips were incubated for about 30 minutes at 25°C.
Finally, a Stop Solution (100 µl) was added, and color
intensity was measured at 450 nm.

Statistical analysis
Data analysis was performed with the SPSS 17.0
software package (SPSS Inc., Chicago, IL). The normality of data distribution was assessed via the Kolmogorov-Smirnov test. An unpaired t-test was used
to determine normal distribution, while abnormal
distribution was determined with the Mann-Whitney U test. Correlation analysis was performed with
Spearman correlation analysis. The inflammation
parameters and the influence of Malassezia on Psoriasis were analyzed by using Multivariate Logistic
regression analysis. P<0.05 was considered statistically significant.

RESULTS
In the study, the content of Malassezia in the skin lesions of 202 patients with Psoriasis was examined via
a pair of genus-specific quantitative primers. The 202
patients were categorized into Malassezia high and
low distribution groups in line with the experimental results. The general patient data are summarized
and presented in Table 2.
As presented in Table 2, no distinct differences in age
and gender distribution were reported between the

Table 2 - Comparison of general data of patients.
Characteristic
Age
Gender
PASI
WBC
Neutrophil granulocyte
Lymphocyte
Mononuclear leukocyte
Eosinophilic granulocyte
Immunoglobulin G
Immunoglobulin A
Immunoglobulin M

year
Male /Female
–
(×109/L)
(%)
(%)
(%)
(%)
g/L
g/L
g/L

High level patients
Mean (SD)
39.87 (10.31)
59/42
16.88 (6.21)
6.97 (1.45)
59.21 (5.32)
27.31 (5.64)
5.63 (1.71)
4.32 (3.82)
13.48 (3.37)
2.37 (0.41)
1.13 (0.47)

Low level patients
Mean (SD)
39.73 (10.20)
48/53
11.32 (4.35)
6.12 (1.23)
50.15 (4.87)
27.51 (4.65)
6.87 (2.12)
2.45 (1.23)
11.21 (2.31)
2.35 (0.48)
1.21 (0.45)

P
0.214
0.02
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
0.358
<0.001
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two groups. The PASI score of patients in the high
distribution group was significantly elevated compared to the low distribution group (P<0.05). Additionally, routine blood analysis clarified that the peripheral blood white blood cell (WBC) count in the
high distribution group was significantly increased
compared to the low distribution group (P<0.05),
and the number of neutrophils and eosinophils in
the high distribution group was higher than in the
low distribution group (P<0.05). In addition, the serum lgG of patients in the high distribution group
was remarkably higher than in the low distribution
group (P<0.05). In general, psoriasis patients who
had a high distribution of Malassezia demonstrated
an increased state of inflammation.

low Malassezia distribution groups by using RT-qPCR. According to the results, IL-17A, IL-23, and
TNF-a mRNA expressions were significantly higher
in the high distribution than in the low distribution
group, as shown in Figure 2 (P<0.05). In addition,
PASI score analysis assessment through multivariate
logistics analysis confirmed that Malassezia expression in psoriasis patients is positively correlated with
TNF-a, IL-23, and IL-17A, as shown in Table 3. These
observations confirmed that the IL-23/IL-17 axis is
aberrantly activated in the skin lesions of patients in
the high distribution compared to the low distribution group.

Malassezia increases LL-37 expression
in Psoriasis

RT-qPCR was used to determine the expressions of
these inflammatory factors in LL-37-induced psoriasis patients, in order to understand the effects
of LL37 and Malassezia in the inflammatory factors IL-17A, TNF-a, and IL-23. We observed that
the increase in LL-37 mRNA expressions led to a
significantly increased IL-17A (R=0.4325), TNF-a
(R=0.6502) and IL-23(R=0.6811) mRNA expressions,
as shown in Figure 3A (P<0.0001). Further, increased
Malassezia mRNA expression led to a significantly
elevated IL-17A(R=0.4201), TNF-a (R=0.4470) and
IL-23 (R=0.3694) mRNA expressions, as shown in
Figure 4B (P<0.0001). These results confirmed positive correlations between LL-37 and Malassezia and
the inflammation factors IL-17A, TNF-a, and IL-23.

The relationship between LL37 expression and Malassezia was investigated by using RT-qPCR to analyze LL37 mRNA expression in the high and low Malassezia distribution groups. According to the results,
LL37 mRNA expression was significantly increased
in the high distribution compared to the low distribution group (P<0.05), as shown in Figure 1A.
The association of Malassezia with LL-37 in skin lesions was analyzed using the Spearman correlation
coefficient, as presented in Figure 1B. The results
showed a positive correlation between Malassezia in
skin lesions and LL37 (R=0.5009, P<0.0001). These
findings confirmed that increased Malassezia in skin
lesions of psoriasis patients elevates LL-37 expression.

Increase in LL-37 and Malassezia expression
upregulates IL-23, TNF-a, and IL-17A

Malassezia induces inflammatory factors
in psoriasis patients

Increased Malassezia expression downregulates phospho-Janus kinase 1(p-JAK1)
and phosphorylated Janus kinase 2(p-JAK2)
protein in Psoriasis

To investigate the effects of Malassezia in inflammation, the expression of inflammatory factors of IL-23,
TNF-a, and IL-17A were determined in the high and

Western blot assay was also used to determine the
effect of Malassezia on the JAK signaling pathway
in Psoriasis. Phosphor-JAK1 kinase was significantly
Figure 1 - Comparison of
LL37 expression in skin lesions of patients with high and
low distribution of Malassezia
and correlation analysis with
PASI score.
The difference in LL-37 expression in the skin lesions of
patients with high distribution (15.72±9.37, n=101) and
low distribution (8.67±5.31,
n=101) was examined by using ELISA; result shown in
Figure 1A. The correlation of
Malassezia and LL-37 was determined; result shown in Figure 1B (R=0.5009, P<0.0001).
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Figure 2 - Assessment of IL-23, TNF-a and IL-17A expression in skin lesions of high and low Malassezia expression patients.
The transcription of IL-23, TNF-a and IL-17A in the skin lesions of patients in high distribution and low distribution groups was detected through RT-qPCR.
Table 3 - Results of multivariate logistic regression analysis.
Variables
Malassezia
L-37 content
IL-17A
IL-23
TNF-a

Odds Ratio (95% CI)
1.182-1.804
1.217-3.587
1.117-2.237
0.923-2.037
0.971-1.611

P-value
0.001
0.0023
0.0015
0.0013
0.015

Figure 3 - Correlation analysis of Malassezia and LL-37 content with IL-23, TNF-a, and IL-17A.
A; Correlation analysis of LL-37 expression with TNF-a (R=0.6502, P<0.0001), IL-17A (R=0.4325, P<0.0001), and
IL-23 (R=0.6811, P<0.0001) (N=202). B; Analysis of Malassezia association with TNF-a (R=0.4470, P<0.0001),
IL-17A (R=0.4201, P<0.0001), and IL-23 (R=0.3694, P<0.0001) (N=202).
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Figure 4 - Increased Malassezia expression down-regulates phospho-Janus kinase
1(p-JAK1) and phosphorylated
Janus kinase 2(p-JAK2) protein in Psoriasis.
Western blot assessment of
p-JAK1 and p-JAK2 expressions in skin lesions of high
and low Malassezia distribution patients. **P<0.05 versus
the patients in declined distribution.

reduced in the low distribution group compared to
the high distribution group. However, both groups
showed no change in total JAK1 kinase. Moreover,
phosphor JAK2 kinase was also significantly reduced
in the low distribution group compared to the high
distribution group. Similarly, both groups showed
no significant change in total JAK2 expression. Figure 4 (p<0.05). These observations confirmed that
increased Malassezia expression inhibits phosphor-JAK1 and p-JAK2 expression.

ly reduced in the post-treatment group (107.32) compared to the pre-treatment group (127.45), P<0.01.
Table 4. However, there was no significant difference
in PASI, IL-17A, IL-23, and TNF-a expression in the
control group. These observations confirmed that
Ketoconazole treatment inhibits elevated Malassezia
expression by reducing IL-17A, IL-23, and TNF-a expression in psoriasis patients.

Ketoconazole suppresses IL-23, PASI, TNF-a,
and IL-17A in patients with elevated distribution
of Malassezia

This study explored the correlation of Malassezia
level with PASI score, inflammation, and IL-23/IL-17
axis activation. The results confirmed that Malassezia expression level is positively correlated with PASI
score, and increased Malassezia significantly accelerates the progression of Psoriasis. In addition, there
is a positive association of Malassezia levels with LL37, IL-17A, TNF-a, and IL-23. Moreover, increased
Malassezia expression in Psoriasis upregulated LL37 expression, thus facilitating the activation of the
IL-23/IL-17 pathway and accelerating psoriasis progression.
Microorganisms on the skin surface form complex
ecosystems with mammals. The sustained exposure
of the skin to microorganisms directly influences the
immune response of the body (Hurabielle et al., 2020;
Furue and Furue 2021). Furthermore, fungi have a
vital role in host physiology and immunity. Malasse-

To determine the effect of Ketoconazole on Malassezia, the patient samples were randomly divided
into the ketoconazole and the treatment group. The
psoriasis area severity index (PASI), IL-17A, IL-23,
and TNF-a expression was then analyzed in each
group before and after treatment. According to the
ketoconazole treatment group results, the PASI index was significantly reduced in the post-treatment
group compared to the pre-treatment group P<0.01.
IL-17A expression was significantly reduced in the
post-treatment group (121.72±11.21) compared to
the pre-treatment group (205.43±19.83) (P<0.01).
IL-23 was significantly reduced in the post-treatment
group (197.23) compared to the pre-treatment group
(297.31), P<0.01). TNF-a expression was significant-

DISCUSSION

Table 4 - Effects of ketoconazole on PASI, IL-17A, TNF-a and IL-23 in patients with high distribution of Malassezia.
Group
Ketoconazole
Control

PASI
Pre-T
Post-T
t
p
Pre-T
50 16.58±5.58 8.54±2.17 19.213 <0.01 205.43
±19.83
51
16.12± 15.98±4.57 0.313 0.574 203.47
6.71
±21.37
t
0.217
18.547
0.496
p
0.745
<0.01
0.413

Pre-T; Pre-treatment, Post-T; Post-treatment, t; t-value, p; p-value.

IL-17A (μg/L)
IL-23 (μg/L)
TNF-a (μg/L)
Post-T
t
p
Pre-T Post-T
t
p
Pre-T Post-T
t
p
121.72 22.321 <0.01 297.31 197.23 23.416 <0.01 127.45 107.32 26.312 <0.01
±11.21
197.56 0.442
294.23 278.46 0.369
126.54 123.14 0.657 0.247
±19.24
23.143
0.698 19.234
0.497 17.457
<0.01
0.358 <0.01
0.875 <0.01
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zia is the most abundant fungus on mammalian skin,
with more than 90% of skin symbiotic fungi belonging to this genus (Sparber et al., 2020a). Malassezia
lacks fatty acid synthase and thus relies on exogenous fatty acids to its meet nutritional requirements.
Fungi colonize oily skin areas on the scalp and trunk.
According to previous studies, Malassezia correlates
positively to seborrheic dermatitis, tinea versicolor,
allergic dermatitis, and inflammatory skin diseases
(Saunte et al., 2020b).
This study investigated the role of Malassezia in the
pathogenesis of Psoriasis. The results confirmed that
an increase in Malassezia expression level leads to
upregulation of the PASI score in psoriasis patients.
Furthermore, Malassezia infection aggravates Psoriasis. This study’s findings agree with previous findings: for example, a previous report indicated that
Malassezia leads to elevation of the antimicrobial
peptide hydroxybutyrate dehydrogenase in keratinocytes and stimulates immune dysfunctions, thus exacerbating psoriasis progression (Teng et al., 2021).
In addition, a previous study clarified that the Malassezia antigen stimulates elevation of TGF-a1, integrin, and HSP70, boosting proliferation of aberrant
keratinocytes and aggravating Psoriasis (Nasiri et al.,
2020). Moreover, a report demonstrated that Malassezia invades the skin and indirectly exacerbates
Psoriasis by activating T Cell immune mechanisms
(Romani et al., 2008). Generally, the present work
reports that Malassezia induces Psoriasis, underlining the critical role of antifungal therapy in psoriasis
treatment (Saunte et al., 2020a).
The mechanism by which Malassezia exacerbates
psoriasis has yet to be determined. This research
clarified that increased Malassezia expression upregulated LL-37 and vital IL-23/IL-17 pathway molecules, including IL-17A, TNF-a, and IL-23. Aberrant
elevation of LL-37, an antibacterial peptide secreted
by keratinocytes, directly links Malassezia infection
with IL-23/IL-17 pathway activation, thus inducing
Psoriasis. Multiple evidence clarifies that LL-37 stimulates inflammation to exacerbate Psoriasis (Alecu et
al., 2020). LL-37 often increases under conditions
of infection, injury, or other stress (Takahashi and
Yamasaki 2020). Furthermore, LL-37 is elevated in
the skin lesions of Psoriasis. According to previous
clinical studies, etanercept cyclosporine A inhibits
Psoriasis by down-regulating LL-37 in skin lesions.
LL-37 elevates Psoriasis by activating plasmacytoid
dendritic cells, thus stimulating plasmacytoid dendritic cells to release IFN-γ, subsequently inducing
Th1 and Th17 maturation cells. In addition, LL-37
has been described as an essential auto-antigen in
IL-17A production and as inducing psoriasis pathogenesis (Liu et al., 2020; Pahar et al., 2020). The consequence is the activation of inflammation (Lande et
al., 2015). LL-37 also accelerates the proliferation of
keratinocytes and aberrant formation of blood ves-

sels, as well as the recruitment of inflammatory cells
(Ten Bergen et al., 2020). In addition, Malassezia
level is correlates positively with LL-37 in Psoriasis
skin lesions. Agerberth et al. (2006) stated that Malassezia stimulates mononuclear Dendritic Cells (DC)
to generate LL-37 in patients with allergic dermatitis
(Agerberth et al., 2006). A previous report also clarified that skin tissues infected with Malassezia furfur
have significantly increased LL-37 expression compared to healthy skin (López-García et al., 2006).
The current study reports a positive correlation of
Malassezia infection with IL-23/IL-17 axis vital molecules, such as IL-17A, TNF-a, and IL-23. This phenomenon demonstrates that Malassezia infection
activates IL-17A, TNF-a, and IL-23. Furthermore,
the IL-23/IL-17 immune axis has a role in the pathogenesis of Psoriasis (FURUE et al., 2019), and psoriasis treatment drugs have been developed based
on the IL-23/IL-17 immune axis (Alunno et al., 2015;
Schön and Erpenbeck 2018). The biological functions of IL-23 primarily boosted the differentiation
and proliferation of Th17 cells and stimulated the
secretion of IL-17A via Th17 cells and TNF-a and
other inflammatory factors. IL-17A enhances various
pro-inflammatory factors and chemokines via keratinocytes to induce Psoriasis (Armstrong et al., 2019).
In addition, IL-17A and TNF-a directly stimulate the
hyperproliferation of keratinocytes and repress their
differentiation. Sparber et al. clarified that epidermal
infection of Malassezia in mice in vivo boosts IL-23/
IL-17 immune axis activation and correlates with
inflammatory factors (Sparber et al., 2020b). Moreover, Malassezia-induced IL-23/IL-17 immune axis
activates skin inflammation. Accordingly, IL-17A and
TNF antibodies for psoriasis treatment stimulate secondary fungal infections in patients (Lopez-Ferrer et
al., 2015), clarifying that aberrant activation of the
IL-23/IL-17 immune axis impairs fungal immunity.
In conclusion, the occurrence of Malassezia activates
the IL-23/IL-17 immune axis, which then provokes
a response to the fungal infection in Psoriasis. Consequently, biotherapy that targets the IL-23/IL-17
immune axis in elevated Malassezia infection could
lead to secondary protection against fungal infections. Assessment of Malassezia infection and conjugating antifungal therapy could be effective for the
diagnosis and treatment of Psoriasis, respectively.
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