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Scalp seborrheic dermatitis
demonstrates a skewing of
Thl activation: a proteomic
study in lesional skin

Ningning Shen, Wei Chen, Lihua Hu, Jia Huang
and Qiang Dong*

Department of Dermatology, Dermatology Hospital of Zhejiang Province, Huzhou, Zhejiang, China

Introduction: Scalp seborrheic dermatitis (SSD) is a common, chronic inflammatory
skin disease. Its pathogenesis and immunological features have been poorly studied.
Objective: To elucidate the molecular profile of adult patients with SSD in
lesional scalps.

Methods: Using punch biopsies, we assessed 92 inflammatory biomarkers in the
lesional scalps of SSD patients (n=16) and demographically matched healthy
controls (HCs; n=12) via Olink high-throughput proteomics.

Results: We identified 16 differentially expressed proteins (DEPs) between lesional
scalps of patients with SSD and those of HCs. SSD lesional scalps demonstrated
significantly greater expressions of proteins related to T-cell/lymphocyte activation,
the cytokine storm signaling pathway and the CGAS-STING signaling pathway.
Ingenuity pathway analysis (IPA) highlighted Thl skewing. These data suggest that
SSD is associated with Thl skewing and the dysregulation of lipid metabolism.
Conclusion: These analyses provide a rationale for novel treatment approaches
for SSD patients, mainly those targeting Thl pathways.

inflammatory, Olink, proteomic, scalp, seborrheic dermatitis

1 Introduction

Seborrheic dermatitis (SD) is a common, chronic, and inflammatory skin disease
characterized by erythematous and scaly plaques. It typically affects skin with abundant
sebaceous glands, such as the scalp (1). The overall prevalence of scalp seborrheic dermatitis
(SSD) is 3.3%. SSD is more likely to affect young and middle-aged individuals and can
negatively influence patient quality of life; it has been demonstrated that there is a higher
impact on QoL in males than in females (2, 3). Although a variety of topical or new oral drugs
are used, treatment may be limited by efficacy and side effects. In addition, SSD is sometimes
difficult to distinguish from scalp psoriasis (SP). These clinical factors suggest that further
exploration of the molecular immunological characteristics of this disease is needed.

The pathogenesis of SSD is not entirely clear. Research has shown that SSD involves
interactions among skin flora, particularly Malassezia spp., skin surface lipids and personal
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susceptibility (3, 4). Studies in human skin/scalp biopsies with limited
assessments of biomarkers have shown abnormal expression of several
innate, T-helper (Th)1, and Th2 molecules, such as tumor necrosis
factor-a (TNF-a), interleukin (IL)-1a/IL-1b, IL-4, IL-10, and IL-12 (5, 6).
Several transcriptional analyses revealed significant upregulation of
expression of IL-23/Th17 and Th22, with some demonstrating Thl
skewing (7), and increased protein expression in the stratum corneum
(e.g., of IL-1RA, S100s, and IL-8) (8). Recently, the new Olink proteomic
platform has been used to investigate the immunological characteristics
of skin diseases. It requires only 10 pg of tissue per sample and can be
easily obtained with a 1 mm trephine with minimal trauma. Current
studies focus mainly on atopic dermatitis (AD) (9-11), alopecia areata
(12), psoriasis and hidradenitis suppurative (HS) (13-15). Most of these
studies use blood samples instead of skin samples. Olink platforms used
in skin biopsies of SSD have been poorly studied.

Therefore, we aimed to characterize SSD proteomics using the
Olink platform in lesional scalps of patients with SSD in
comparison to scalps of HCs. Our data provide a rationale for
novel treatment approaches for SSD patients.

2 Materials and methods
2.1 Patient enrollment

This study was approved by the Institutional Review Board of
the Dermatology Hospital of Zhejiang Province (Approval NO:
Dermatology Hospital of Zhejiang Province-2025 ethical review NO
02K), and written informed consent was obtained. Untreated
patients with SSD who were 18 years of age or older (n=16) and
demographically matched HCs (n=12) were enrolled in the study.
Patients were included if they had not used systemic
immunosuppressants, biological agents or phototherapy within
three months or local therapeutic drugs within one month. We
excluded patients with other inflammatory skin diseases, such as
psoriasis and eczema.

2.2 Skin sample collection

Participants were assessed and sampled at baseline. SSD lesional
punch biopsies (3 mm) were obtained from an active inflammatory
lesion. Skin tissues were placed in 5-mL Eppendorf tubes, frozen in
liquid nitrogen for 5-10 min, and stored at -80°C.

2.3 Skin protein extraction and
quantification

2.3.1 Sample lysis and protein extraction
The skin samples were processed by adding an appropriate volume
of complete weak RIPA lysis buffer (containing 50 mmol/L Tris-HCI

Abbreviations: IL, interleukin; HC, healthy control; FCH, fold change; Th, T-
helper; LS, lesional; FXR, farnesoid X receptor; IFNs, interferons; SD,

seborrheic dermatitis.
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(pH 7.4), 150 mmol/L NaCl, 1% NP-40, 0.25% sodium deoxycholate,
sodium orthovanadate, sodium fluoride, EDTA, and leupeptin) to each
sample, after which protease inhibitors were added at a 1:1000 volume
ratio to prevent degradation. One scoop (0.21 g) of stainless-steel beads
was added to each tube, and the tubes were placed in a tissue grinder.
The samples were ground at 2°C, and 60 Hz (10 s per cycle, 10 s
interval, for a total of 60 cycles) until homogenized. The homogenate
was transferred to a noncontact ultrasonic cell disruptor for treatment.
Samples were then put in a centrifuge at 12,000-15,000 x g for 15-20
min at 4°C, after which the supernatant was collected (crude skin
protein extract).

2.3.2 Determination of protein concentration

The BCA method: Standards and working detection solution
were prepared per the instructions of the BCA kit (P0012, Beyotime;
Shanghai, China). Standards and diluted crude extract were added
to a 96-well plate. The samples were incubated at 37°C for 30 min,
after which the absorbance was measured at 562 nm using a
microplate reader. A standard curve was generated from the
standard absorbance, and the sample protein concentration was
calculated by substituting the sample absorbance. These data
supported the use of sample dilution for subsequent experiments
(e.g., Olink detection).

2.3.3 Protein quantification and QC system

The samples were diluted to 1 pg/ul for Olink analysis using the
inflammation panel as previously described (9, 15-17). For detailed
experimental procedures of the Olink experiment and internal
controls of the QC system, please refer to Supplementary Table 1.

2.4 Bioinformatic analysis

Gene Ontology (GO) analysis of the selected differentially
expressed proteins (DEPs) was analyzed in the GO database.
Pathway analysis and interaction analysis were implemented by
IPA (version 24.0.1) with P < 0.05 and a Z score > 0 or < 0 (18, 19).

2.5 Statistical analysis

A Student’s t test was performed for the comparison of a pair of
groups, and a p value < 0.05 was chosen to indicate statistical
significance, according to published studies (20). The selection
criteria for the DEPs for bioinformatic analysis were a P < 0.05
and an FCH >1.2 (13, 20). Statistical analysis was performed using R
software (version 4.0.1).

3 Results

We enrolled 16 adult patients with SSD and 12 HCs. There were
no significant differences in age, sex, sleep duration or sleep quality
between SSD patients and HCs (Table 1). The age distribution of the
patients with SSD is shown in Supplementary Table 2. Among the
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TABLE 1 Demographics of patients with scalp seborrheic dermatitis and
HCs.

Healthy

Characteristics ggﬁgr?aiietit;o(zziié controls vaIlDue
(n=12)

Age (y)
Mean (SD) 45.4(11.6) 40.8(14.4) 037
Range 27-60 24-68

Sex, n (%)
Male 9(56.3) 7(58.3) 1.0
Female 7(43.8) 5(41.7)

Sleep time
Mean (SD) 7.4(1.0) 7.5(0.9) 0.74
Range 6-9 6-9

Sleep Quality
Normal 8(50.0) 9(75.0) 025
Poor 8(50.0) 3(25.0)

Quantitative comparisons were evaluated using Student’s t tests. Analogous comparisons were
assessed with Fisher’s exact tests.

92 markers, 60 markers were detected in the lesional scalps of SSD
patients (Supplementary Table 3). There was no significant
difference between the SSD group and the HC (Supplementary
Figure 1). Principal component analysis demonstrated that lesional
skin of SSD patients clustered separately from that of healthy
controls (Supplementary Figure 2).

3.1 The proteomic profiles of SSD patients
have increased T-cell/lymphocyte
activation

Using the criteria of [FCH|>1.2 and p < 0.05, we identified 16
DEPs in the lesional scalps of SSD patients compared with those of
HCs (Figure 1). The expressions of IL-la and FGF-21 were
downregulated, while the other fourteen proteins were
upregulated. Notably, the expressions of Thl-related markers,
such as IL-18 and IL-18R1, were upregulated. IL-8, also known as
CXCLS8, had greater expression in SSD patients compared with that
in the control group, but the difference was not statistically
significant, although the P value was close to 0.05.

GO enrichment analysis revealed that T-cell/lymphocyte
activation was significantly upregulated in lesional skin (Figure 2).
The involved DEPs were CCL19, CD6, CD244, IL-18, IL-18R1,
CASP-8, TNFSF14, PD-L1, CD5, and CD40 (Supplementary
Table 4). Additionally, the expressions of some molecules (e.g.,
IL-8, IL-12 and TNF), which have been reported to increase in
previous studies of patients with SD, were also upregulated but were
not significantly different from those in HCs. Interestingly, the
expression of IL-1o. was downregulated in SSD patients, which is
inconsistent with the findings of prior research.
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3.2 The protein interaction network
revealed that DEPs were involved mainly in
the pathogen-induced cytokine storm
signaling pathway

To obtain a systematic understanding of the synergetic
networks of DEPs in SSD, we performed network analysis using
IPA (absolute [Z score] >0). The top biological theme in the
network was pathogen induced cytokine storm signaling pathway
(Figure 3A). The network revealed multiple proteins (IFNB1, IFNG,
IL-15, IL-1B, IL-2, IRF1, STAT1, STAT3, and TNF) involved in the
pathogenesis-induced cytokine storm signaling pathway and the
CGAS-STING signaling pathway. Our data indicate the pivotal role
of cytokine signaling in the immune response to pathogen invasion,
leading to a potentially severe inflammatory reaction known as a
cytokine storm. Further upstream regulatory factor analysis
revealed that IL-2 is the central upstream regulator (Figure 3B).

3.3 Pathway analysis highlights Thl
skewing

To examine the functional pathways of SSD proteomics, we
performed a pathway enrichment analysis using IPA (absolute Z
score 20) (Supplementary Figure 3). According to our data, the Thl
pathway was predicted to be activated, and the representative
proteins were CCL19, IL-18 and IL-18R1. We observed that Th2-
related cytokines, including IL-4, IL-5, IL-10, IL-10RA, and IL-13,
were rarely or not detected in SSD patients or HCs because they
were below the LOD (Supplementary Table 5). Notably, one of the
metabolism-related pathways, farnesoid X receptor (FXR)/RXR
activation, was predicted to be inhibited.

4 Discussion

In this Olink high-throughput proteomics study, we depicted
the molecular profiles of SSD patients through a minimally invasive
3 mm trephine. To our knowledge, this is the first study to describe
the immunological characteristics of patients with SSD using Olink
proteomics. We observed an increased T-cell/lymphocyte
activation, CGAS-STING signaling pathway and Pathogen
Induced Cytokine Storm Signaling Pathway activation, and
skewing of Thl activation, which is slightly different from the
etiology of SSD described in the previous research.

SD is related to the interplay between Malassezia dysbiosis and
immune and lipid secretion, but their relationships have not yet
been elucidated (5, 21, 22). Sebocytes play a vital role in the
interplay of skin immunology and microbiology (23), notably
through proinflammatory cytokines (such as IL-1b, IL-8, and
TNF-a) in response to fatty acids and reactive oxygen species
produced by Malassezia spp (23, 24). Consistent with these
studies, our results revealed multiple DEPs involved in the
pathogenesis-induced cytokine storm signaling pathway and the
CGAS-STING signaling pathway, indicating the immune response
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FIGURE 1

Heatmap of 16 differentially expressed proteins (DEPs) in lesional scalps of patients with SSD compared to with those of healthy controls (HCs). Each
column represents an individual patient. Abbreviations: L, lesional scalp; C, healthy controls. The intensity of the colors reflects the degree of change
in expression. The right table provides a list of the biomarkers along with their respective FCH values in SSD patients vs. HCs. *P <.05; **P <.01; ***P

<.001; ****P <0001

to pathogen invasion. Benjamin Ungar et al. (7) carried out a
transcriptomic study and reported increased levels of IL-23/Th17/
Th22-related markers (such as IL-23, IL-17, IL-36, and IL-22) and
Thl-related IL-1b in in individuals with SD. Previous studies have
demonstrated that Malassezia can promote Th17 polarization and
Thl-related cytokine expression (24-26) and that there is an
association between IL-17 and SD (25, 27). In line with the above
research, our proteomics study revealed that the DEGs caused an
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increased T-cell/lymphocyte activation and were enriched mainly in
Th1 pathways; however, our data revealed a lack of Th17-related
markers (IL-17A and IL-17C) in SSD patients. Different results
might be generated by the diverse technical methods, differences
between proteins and their corresponding mRNAs (28), and diverse
sample types or sampling sites.

We identified several important Thl-related proteins (IL-18, IL-
18R1 and IL-10)) that belong to the IL-1 family. IL-18 is a
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GO enrichment analyses were performed for 16 DEPs (FCH> + 1.2, P value<0.05). The dot plot displays the top 20 significantly different GO terms. A

p value <0.05 was used for biological process selection.

proinflammatory cytokine that is involved primarily in epithelial
barrier repair and polarized Thl cell and natural killer (NK) cell
immune responses (29). Upon binding to IL-18R1 and IL-18RAP
(30), it forms a complex, triggering the synthesis of inflammatory
molecules that positively regulates IL-17 production (31) and
activates the NF-kappa-B pathway (32). IL-18 and IL-18R1 were
upregulated, suggesting increased T cell/lymphocyte activation,
especially in the Thl cell immune response. Under oily
conditions, the expression of the IL-18 gene is upregulated in the
response of the skin to Malassezia sympodialis (33). These results
suggested that IL-18 and IL-18R1 may play important roles in the
pathogenesis of SSD. Another IL-1 family member is IL-10., which
binds to its receptor, IL-1R1, to mediate the activation of the NF-
kappa-B, MAPK, and JNK pathways (34, 35). Interestingly, the
downregulation of IL-1o. and the upregulation of IL-18 were
inconsistent with prior research (5-7, 22). As we have
demonstrated in the protein-protein interaction network, these
proteins may be regulated by other molecules or their
negative feedback.

Another important finding in our study is the global absence of
Th2-related cytokines (such as IL-4, IL-4R, IL-5, IL-10, IL-10RA, TSLP
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and IL-13) in both SSD patients and healthy individuals. Apart from
the influence of technical factors (these proteins were below the LOD),
another explanation is that Th2-related cytokines were not dominant
in processes of scalp immunity in either the disease state or the
nondisease state. These results are consistent with those of an
extensive transcriptomic study (16) but inconsistent with those of
other studies indicating that Th2-related cytokines were involved in the
pathogenesis of SD (3, 27). Sparber et al. (25) also reported that Th2
cytokines (IL-5, IL-13, and TSLP) were downregulated in mice with
cutaneous M. patchy dermatitis exposure. On the other hand,
publications have reported a reaction of SD-like rashes after
dupilumab (an IL-4Ra antagonist) treatment (36, 37). Our data
suggest that these findings might be caused by further reductions in
Th2-related cytokines after blocking IL-4 and IL-13 expression. The
expressions of Th2-type cytokines and the role of Th2-type cells in SSD
have rarely been studied, and more rigorous research employing
multiple verification methods is needed.

In clinical practice, many patients with SSD experience poor
sleep. Studies have shown that insufficient sleep can cause more SD
and affect sebum secretion (38). However, our research revealed no
difference in poor sleep between SSD patients and controls,
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Top biological themes in the network (A) and upstream regulator analysis (URA) of 16 DEPs (FC > + 1.2, P value < 0.05) (B) according to Z scores
determined using IPA (P < 0.05, Z score > 0 or < 0). IPA determines likely upstream regulators that are connected to dataset genes through a set of
direct or indirect relationships. The top potential upstream upregulator was IL-2. The green color for protein names indicates downregulation, and
red indicates upregulation. The darker the color is, the more significant the change. The relationships among molecules are represented by lines

(solid lines for direct associations and dotted lines for indirect associations).

although the proportion of people with poor sleep was greater in
SSD patients than in HCs (50% vs. 25%). Notably, the sleep REM
signaling pathway was inhibited. However, the NF-kB pathway was
activated in the SSD group, which is consistent with a previous
study in which the NF-xB pathway was activated after REM sleep
deprivation (39). In in vitro and murine models, Malassezia-derived
sebum metabolites can promote Thl7 polarization and Thl
cytokine expression (24-26).

Furthermore, the dysregulation of lipid metabolism could be
caused by the high lipase and phospholipase activities of Malassezia
(7,40-42). Our data revealed that one metabolism-related pathway,
farnesoid X receptor (FXR)/RXR activation, was suppressed in the
SSD group, indicating lipid regulation dysfunction. Moreover, TSLP
is a cytokine that drives the Th2 immune response, but this
phenomenon was not detected in this study. Its deficiency at
steady state can decrease the production of sebum and
antimicrobial peptides and reduce the ability to regulate
homeostatic sebum production and skin barrier function (23). In
conclusion, the causal relationship between metabolic disorders and
pathogen invasion requires further research.

4.1 Limitations of the study
(1) The sample size was relatively small. (2) Our analysis was

limited to 92 proteins. (3) There was potential for disease
misclassification. (4) This cross-sectional study characterized SSD
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only among adults. (5) GO enrichment analysis was performed for
only 16 DEPs. Hence, the associated pathways might have only a
few leading-edge proteins contributing to the pathway.

5 Conclusions

Overall, this study identified the adult SSD proteomic signature
in skin biopsies. Further longitudinal analyses are needed, and
unique profiles in patients with immunodeficiency, contributions
of Malassezia to SSD, and nonlesional scalps should be examined.
Our data suggested that SSD is characterized by increased T-cell/
lymphocyte activation, and the skewing of Thl activation. Our
research provides new ideas for clinical treatment. The proteomic
scalp profile can be valuable for future studies requiring biomarker
monitoring and has application prospects in dermatological
diseases (for example, the differential diagnosis between
seborrheic dermatitis and scalp psoriasis) because the Olink
platform requires as little as 10 pg of tissue, which can be easily
acquired through as little as a 1 mm punch biopsy.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1638710
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Shen et al.

Ethics statement

The studies involving humans were approved by Institutional
Review Board of Dermatology Hospital of Zhejiang Province. The
studies were conducted in accordance with the local legislation and
institutional requirements. The participants provided their written
informed consent to participate in this study.

Author contributions

NS: Data curation, Investigation, Writing - original draft. WC:
Data curation, Investigation, Writing - original draft. LH:
Resources, Writing — review & editing. JH: Resources, Writing —
review & editing. QD: Funding acquisition, Investigation, Project
administration, Supervision, Writing - original draft, Writing -
review & editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Acknowledgments

The authors thank Applied Protein Technology Co., Ltd.
(Shanghai, China) for the Olink proteomic analysis and Dr. Xue
for the IPA analysis.

References

1. Clark GW, Pope SM, Jaboori KA. Diagnosis and treatment of seborrheic
dermatitis. Am Fam Phys. (2015) 91:185-90. doi: 10.1201/b14444-19

2. Grimalt R, Skayem C, Mengeaud V, Perez-Cullel N, Baissac C, Ben Hayoun Y,
et al. Large-scale international study on scalp seborrheic dermatitis: prevalence,
demographics, healthcare trends and quality of life. ] Eur Acad Dermatol Venereol.
(2025) 39:228-31. doi: 10.1111/jdv.20194

3. Jackson JM, Alexis A, Zirwas M, Taylor S. Unmet needs for patients with
seborrheic dermatitis. ] Am Acad Dermatol. (2024) 90:597-604. doi: 10.1016/
jjaad.2022.12.017

4. Tucker D, Masood S. Seborrheic dermatitis (2020). Available online at: https://
www.ncbi.nlm.nih.gov/books/NBK551707 (Accessed March 1, 2024).

5. Faergemann J, Bergbrant IM, Dohsé M, Scott A, Westgate G. Seborrhoeic
dermatitis and Pityrosporum (Malassezia) folliculitis: characterization of
inflammatory cells and mediators in the skin by immunohistochemistry. Br |
Dermatol. (2001) 144:549-56. doi: 10.1046/j.1365-2133.2001.04082.x

6. Molinero LL, Gruber M, Leoni J, Woscoff A, Zwirner NW. Up-regulated expression of
MICA and proinflammatory cytokines in skin biopsies from patients with seborrhoeic
dermatitis. Clin Immunol. (2003) 106:50-4. doi: 10.1016/s1521-6616(03)00003-2

7. Ungar B, Manson M, Kim M, Gour D, Temboonnark P, Metukuru R, et al. Tape-
strip profiling identifies unique immune and lipid dysregulation in patients with
seborrheic dermatitis. | Am Acad Dermatol. (2025) 92:1277-87. doi: 10.1016/
jjaad 2025.01.082

8. Mills KJ, Hu P, Henry J, Tamura M, Tiesman JP, Xu J. Dandruff/seborrhoeic
dermatitis is characterized by an inflammatory genomic signature and possible
immune dysfunction: transcriptional analysis of the condition and treatment effects

Frontiers in Immunology

10.3389/fimmu.2025.1638710

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.
1638710/full#supplementary-material

of zinc pyrithione. Br J Dermatol. (2012) 166:33-40. doi: 10.1111/j.1365-
2133.2012.10863.x

9. Pavel AB, Zhou L, Diaz A, Ungar B, Dan ], He H, et al. The proteomic skin profile
of moderate-to-severe atopic dermatitis patients shows an inflammatory signature. J
Am Acad Dermatol. (2020) 82:690-9. doi: 10.1016/j.jaad.2019.10.039

10. Rojahn TB, Vorstandlechner V, Krausgruber T, Bauer WM, Alkon N, Bangert C,
et al. Single-cell transcriptomics combined with interstitial fluid proteomics defines cell
type-specific immune regulation in atopic dermatitis. J Allergy Clin Immunol. (2020)
146:1056-69. doi: 10.1016/j.jaci.2020.03.041

11. Del Duca E, Renert-Yuval Y, Pavel AB, Mikhaylov D, Wu J, Lefferdink R, et al.
Proteomic characterization of atopic dermatitis blood from infancy to adulthood. J Am
Acad Dermatol. (2023) 88:1083-93. doi: 10.1016/j.jaad.2022.12.050

12. Glickman JW, Dubin C, Renert-Yuval Y, Dahabreh D, Kimmel GW, Auyeung K,
et al. Cross-sectional study of blood biomarkers of patients with moderate to severe
alopecia areata reveals systemic immune and cardiovascular biomarker dysregulation. ]
Am Acad Dermatol. (2021) 84:370-80. doi: 10.1016/j.jaad.2020.04.138

13. Navrazhina K, Renert-Yuval Y, Frew JW, Grand D, Gonzalez ], Williams SC,
et al. Large-scale serum analysis identifies unique systemic biomarkers in psoriasis and
hidradenitis suppurativa*. Br ] Dermatol. (2022) 186:684-93. doi: 10.1111/bjd.20642

14. Navrazhina K, Frew JW, Grand D, Williams SC, Hur H, Gonzalez J, et al.
Interleukin-17RA blockade by brodalumab decreases inflammatory pathways in
hidradenitis suppurativa skin and serum. Br J Dermatol. (2022) 187:223-33.
doi: 10.1111/bjd.21060

15. Navrazhina K, Garcet S, Frew JW, Zheng X, Coats I, Guttman-Yassky E, et al.
The inflammatory proteome of hidradenitis suppurativa skin is more expansive than

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1638710/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1638710/full#supplementary-material
https://doi.org/10.1201/b14444-19
https://doi.org/10.1111/jdv.20194
https://doi.org/10.1016/j.jaad.2022.12.017
https://doi.org/10.1016/j.jaad.2022.12.017
https://www.ncbi.nlm.nih.gov/books/NBK551707
https://www.ncbi.nlm.nih.gov/books/NBK551707
https://doi.org/10.1046/j.1365-2133.2001.04082.x
https://doi.org/10.1016/s1521-6616(03)00003-2
https://doi.org/10.1016/j.jaad.2025.01.082
https://doi.org/10.1016/j.jaad.2025.01.082
https://doi.org/10.1111/j.1365-2133.2012.10863.x
https://doi.org/10.1111/j.1365-2133.2012.10863.x
https://doi.org/10.1016/j.jaad.2019.10.039
https://doi.org/10.1016/j.jaci.2020.03.041
https://doi.org/10.1016/j.jaad.2022.12.050
https://doi.org/10.1016/j.jaad.2020.04.138
https://doi.org/10.1111/bjd.20642
https://doi.org/10.1111/bjd.21060
https://doi.org/10.3389/fimmu.2025.1638710
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Shen et al.

that of psoriasis vulgaris. ] Am Acad Dermatol. (2022) 86:322-30. doi: 10.1016/
j.jaad.2021.07.035

16. He H, Olesen CM, Pavel AB, Clausen M-L, Wu J, Estrada Y, et al. Tape-strip
proteomic profiling of atopic dermatitis on dupilumab identifies minimally invasive
biomarkers. Front Immunol. (2020) 11:1768. doi: 10.3389/fimmu.2020.01768

17. Visvanathan S, Baum P, Vinisko R, Schmid R, Flack M, Lalovic B, et al. Psoriatic
skin molecular and histopathologic profiles after treatment with risankizumab versus
ustekinumab. ] Allergy Clin Immunol. (2019) 143:2158-69. doi: 10.1016/
jjaci.2018.11.042

18. Krémer A, Green J, Pollard JJr., Tugendreich S. Causal analysis approaches in
Ingenuity Pathway Analysis. Bioinformatics. (2014) 30:523-30. doi: 10.1093/
bioinformatics/btt703

19. Wu L, Cen C, Xie B, Hu L, Huang J, Shen N, et al. Cross-sectional study of
proteomic differences between moderate and severe psoriasis. Sci Rep. (2025) 15:3387.
doi: 10.1038/541598-025-87252-9

20. Dong Q, Li D, Xie BB, Hu LH, Huang J, Jia XX, et al. IL-17A and TNF-o
inhibitors induce multiple molecular changes in psoriasis. Front Immunol. (2022)
13:1015182. doi: 10.3389/fimmu.2022.1015182

21. Adalsteinsson JA, Kaushik S, Muzumdar S, Guttman-Yassky E, Ungar J. An
update on the microbiology, immunology and genetics of seborrheic dermatitis. Exp
Dermatol. (2020) 29:481-9. doi: 10.1111/exd.14091

22. Leroy AK, de Almeida RFC, Obadia DL, Frattini S, Melo DF. Scalp seborrheic
dermatitis: what we know so far. Skin Appendage Disord. (2023) 9:160-4. doi: 10.1159/
000529854

23. Zouboulis CC, Coenye T, He L, Kabashima K, Kobayashi T, Niemann C, et al.
Sebaceous immunobiology - skin homeostasis, pathophysiology, coordination of innate
immunity and inflammatory response and disease associations. Front Immunol. (2022)
13:1029818. doi: 10.3389/fimmu.2022.1029818

24. Mattii M, Lovaszi M, Garzorz N, Atenhan A, Quaranta M, Lauffer F, et al.
Sebocytes contribute to skin inflammation by promoting the differentiation of T helper
17 cells. Br ] Dermatol. (2018) 178:722-30. doi: 10.1111/bjd.15879

25. Sparber F, De Gregorio C, Steckholzer S, Ferreira FM, Dolowschiak T, Ruchti F,
et al. The skin commensal yeast malassezia triggers a type 17 response that coordinates
anti-fungal immunity and exacerbates skin inflammation. Cell Host Microbe. (2019)
25:389-403.e6. doi: 10.1016/j.chom.2019.02.002

26. Ruchti F, Tuor M, Mathew L, McCarthy NE, LeibundGut-Landmann S. y3 T cells
respond directly and selectively to the skin commensal yeast Malassezia for IL-17-dependent
fungal control. PloS Pathog. (2024) 20:¢1011668. doi: 10.1371/journal.ppat.1011668

27. Trznadel-Grodzka E, Blaszkowski M, Rotsztejn H. Investigations of seborrheic
dermatitis. Part I. The role of selected cytokines in the pathogenesis of seborrheic
dermatitis. Postepy Hig Med Dosw. (2012) 66:843-7. doi: 10.5604/17322693.1019642

28. Swindell WR, Remmer HA, Sarkar MK, Xing X, Barnes DH, Wolterink L, et al.
Proteogenomic analysis of psoriasis reveals discordant and concordant changes in

Frontiers in Immunology

08

10.3389/fimmu.2025.1638710

mRNA and protein abundance. Genome Med. (2015) 7:86. doi: 10.1186/s13073-015-
0208-5

29. Tominaga K, Yoshimoto T, Torigoe K, Kurimoto M, Matsui K, Hada T, et al. IL-
12 synergizes with IL-18 or IL-1f for IFN-y production from human T cells. Int
Immunol. (2000) 12:151-60. doi: 10.1093/intimm/12.2.151

30. ShiX, Sun Q, HouY, Zeng H, Cao Y, Dong M, et al. Recognition and maturation
of IL-18 by caspase-4 noncanonical inflammasome. Nature. (2023) 624:442-50.
doi: 10.1038/s41586-023-06742-w

31. Hoeve MA, Savage NDL, de Boer T, Langenberg DML, de Waal Malefyt R,
Ottenhoff THM, et al. Divergent effects of IL-12 and IL-23 on the production of IL-17
by human T cells. Eur ] Immunol. (2006) 36:661-70. doi: 10.1002/¢ji.200535239

32. Tsutsumi N, Kimura T, Arita K, Ariyoshi M, Ohnishi H, Yamamoto T, et al. The
structural basis for receptor recognition of human interleukin-18. Nat Commun. (2014)
5:5340. doi: 10.1038/ncomms6340

33. Corzo-Leon DE, MacCallum DM, Munro CA. Host responses in an ex vivo
human skin model challenged with malassezia sympodialis. Front Cell Infect Microbiol.
(2021) 10:561382. doi: 10.3389/fcimb.2020.561382

34. Fenini G, Contassot E, French LE. Potential of IL-1, IL-18 and inflammasome
inhibition for the treatment of inflammatory skin diseases. Front Pharmacol. (2017)
8:278. doi: 10.3389/fphar.2017.00278

35. Wu T, Han C, Shelhamer JH. Involvement of p38 and p42/44 MAP kinases and
protein kinase C in the interferon-y and interleukin-1o-induced phosphorylation of
85-kDa cytosolic phospholipase A2 in primary human bronchial epithelial cells.
Cytokine. (2004) 25:11-20. doi: 10.1016/j.cyt0.2003.08.013

36. Waldman RA, DeWane ME, Sloan B, Grant-Kels JM. Characterizing dupilumab
facial redness: a multi-institution retrospective medical record review. ] Am Acad
Dermatol. (2020) 82:230-2. doi: 10.1016/j.jaad.2019.06.026

37. Al-Janabi A, Marsland AM. Seborrhoeic dermatitis and sebopsoriasis developing
in patients on dupilumab: two case reports. Clin Case Rep. (2020) 8:1458-60.
doi: 10.1002/ccr3.2871

38. Lu F, Suggs A, Ezaldein HH, Ya J, Fu P, Jamora J, et al. The effect of shift work
and poor sleep on self-reported skin conditions: a survey of call center agents in the
Philippines. Clocks Sleep. (2019) 1:273-9. doi: 10.3390/clockssleep1020023

39. LiuB, LiF, Xu 'Y, Wu Q, ShiJ. Gastrodin improves cognitive dysfunction in REM
sleep-deprived rats by regulating TLR4/NF-xB and Wnt/fB-catenin signaling pathways.
Brain Sci. (2023) 13:179. doi: 10.3390/brainscil3020179

40. Hort W, Mayser P. Malassezia virulence determinants. Curr Opin Infect Dis.
(2011) 24:100-5. doi: 10.1097/qc0.0b013e328342f787

41. Juntachai W, Oura T, Murayama SY, Kajiwara S. The lipolytic enzymes activities
of Malassezia species. Med Mycol. (2009) 47:477-84. doi: 10.1080/13693780802314825

42. Chua W, Marsh CO, Poh SE, Koh WLC, Lee MLY, Koh LF, et al. A Malassezia
pseudoprotease dominates the secreted hydrolase landscape and is a potential allergen
on skin. Biochimie. (2024) 216:181-93. doi: 10.1016/j.biochi.2023.09.023

frontiersin.org


https://doi.org/10.1016/j.jaad.2021.07.035
https://doi.org/10.1016/j.jaad.2021.07.035
https://doi.org/10.3389/fimmu.2020.01768
https://doi.org/10.1016/j.jaci.2018.11.042
https://doi.org/10.1016/j.jaci.2018.11.042
https://doi.org/10.1093/bioinformatics/btt703
https://doi.org/10.1093/bioinformatics/btt703
https://doi.org/10.1038/s41598-025-87252-9
https://doi.org/10.3389/fimmu.2022.1015182
https://doi.org/10.1111/exd.14091
https://doi.org/10.1159/000529854
https://doi.org/10.1159/000529854
https://doi.org/10.3389/fimmu.2022.1029818
https://doi.org/10.1111/bjd.15879
https://doi.org/10.1016/j.chom.2019.02.002
https://doi.org/10.1371/journal.ppat.1011668
https://doi.org/10.5604/17322693.1019642
https://doi.org/10.1186/s13073-015-0208-5
https://doi.org/10.1186/s13073-015-0208-5
https://doi.org/10.1093/intimm/12.2.151
https://doi.org/10.1038/s41586-023-06742-w
https://doi.org/10.1002/eji.200535239
https://doi.org/10.1038/ncomms6340
https://doi.org/10.3389/fcimb.2020.561382
https://doi.org/10.3389/fphar.2017.00278
https://doi.org/10.1016/j.cyto.2003.08.013
https://doi.org/10.1016/j.jaad.2019.06.026
https://doi.org/10.1002/ccr3.2871
https://doi.org/10.3390/clockssleep1020023
https://doi.org/10.3390/brainsci13020179
https://doi.org/10.1097/qco.0b013e328342f787
https://doi.org/10.1080/13693780802314825
https://doi.org/10.1016/j.biochi.2023.09.023
https://doi.org/10.3389/fimmu.2025.1638710
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Scalp seborrheic dermatitis demonstrates a skewing of Th1 activation: a proteomic study in lesional skin
	1 Introduction
	2 Materials and methods
	2.1 Patient enrollment
	2.2 Skin sample collection
	2.3 Skin protein extraction and quantification
	2.3.1 Sample lysis and protein extraction
	2.3.2 Determination of protein concentration
	2.3.3 Protein quantification and QC system

	2.4 Bioinformatic analysis
	2.5 Statistical analysis

	3 Results
	3.1 The proteomic profiles of SSD patients have increased T-cell/lymphocyte activation
	3.2 The protein interaction network revealed that DEPs were involved mainly in the pathogen-induced cytokine storm signaling pathway
	3.3 Pathway analysis highlights Th1 skewing

	4 Discussion
	4.1 Limitations of the study

	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


