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I M M U N O L O G Y

Immunopeptidome analysis reveals SERPINB3 as an 
autoantigen driving eczematized psoriasis
Manja Jargosch1,2†, Jomy Kuruvila1†, Emanuele Scala3,4, Johannes Grosch2, Jessica Eigemann1,2,5, 
Sophia Wasserer1,2, Shalva Lekiashvili1, Nico Trautwein6, Daniel Johannes Kowalewski6,  
Alexander Böhner1, Yigit Köseoglu1,2, Christina Hillig7,8, Jenny Thomas1,2,3, Felix Lauffer1,2,5, 
Carsten B. Schmidt-Weber2,9, Michael P. Menden7,10, Juliane S. Walz6,11,12,13,14, Susanne Kaesler1, 
Stefanie Eyerich2, Simon Blank2, Hans-Georg Rammensee6,12,14, Tilo Biedermann1,  
Kilian Eyerich3,4, Zsuzsanna Kurgyis1†, Lena K. Freudenmann6,12,14†, Natalie Garzorz-Stark1,3,4*†

Psoriasis (Pso) is a chronic inflammatory skin disease driven by T helper 17 (TH17) cells, with several clinical sub-
types. While self-reactive immune responses have been observed, the role of autoantigens in Pso remains unclear. 
Using immunopeptidomics, we identified serpin family B member 3 (SERPINB3) and SERPINB4 as candidate auto-
antigens in Pso skin. In a mouse model, the SERPINB3 ortholog Serpinb3b enhanced inflammation, promoted 
tissue-resident memory T cells, and skewed immunity toward a TH2 phenotype. In humans, SERPINB3 reactivity 
was specifically associated with “eczematized psoriasis” (EczPso), a subtype marked by TH2/TH17 immune signa-
tures. SERPINB3 protein was enriched in EczPso lesions and highly secreted by keratinocytes under combined TH2/
TH17 stimulation. Lesional T cells from EczPso—but not from eczema or classical plaque Pso—proliferated in re-
sponse to SERPINB3 and induced EczPso-like features in a skin model. Our findings identify SERPINB3 as an auto-
antigen driving a distinct Pso subtype, supporting more precise diagnosis and therapy.

INTRODUCTION
Psoriasis (Pso) is a common chronic, inflammatory skin disease af-
fecting an estimated 2 to 3% of the world population (1). It is char-
acterized by high genetic and phenotypic heterogeneity including 
classical plaque-type, inverse, eczematized, and pustular variants 
(2–4). Decades of research have helped to identify an exaggerated T 
helper 17 (TH17) immune response as the key driver of Pso respon-
sible also for the histological Pso hallmarks such as a thickened epi-
dermal layer (acanthosis), elongated rete ridges, and infiltration of 
neutrophils (5). The central role of TH17/type 3 cytokines in Pso has 
been proven by the efficacy of modern Pso therapies targeting key 
molecules of the TH17 pathway (6–12). Genetic analyses identified 
HLA-C at the Psoriasis Susceptibility 1 (PSORS1) gene locus exhib-
iting a strong association with the development of Pso (13), and 

several human skin–derived autoantigens that are recognized by 
specific T cells including keratin 17 (KRT17), cathelicidin antimi-
crobial peptide (LL37), ADAMTS-like protein 5 (ADAMTSL5), 
desmoglein 3 (DSG3), phospholipase A2 group IVD (PLA2G4D), 
and the serpin family B member 3 (SERPINB3)/SERPINB4-derived 
peptide Pso p27 have been described and proposed as potential 
drivers of Pso (14–19). However, none of the described antigens 
have been assigned a role for the immune cascade underlying Pso 
development or for shaping a distinct clinical phenotype of Pso.

In this study, we used an unbiased immunopeptidome-guided 
approach, a method typically used to identify targets for cancer im-
munotherapy (20–23), to identify yet-undescribed autoantigens in 
the skin of the disease spectrum of Pso. Immunopeptidomics allows 
for direct identification of human leukocyte antigen (HLA) class I 
and II ligands present in patient tissue specimens. This study was set 
up to retrieve a broad spectrum of putative autoantigens from well-
defined patients with Pso to be able to also correlate autoantigens, 
e.g., to individual patients with Pso and phenotypes. Using this tech-
nique, we identified HLA-presented peptides derived from the ser-
ine protease inhibitors SERPINB3 and SERPINB4 exclusively 
presented on HLA class I in Pso skin. SERPINB3 and SERPINB4 are 
very closely related homologs (98% nucleotide and 92% amino acid 
sequence identity) (24) that are expressed in thymic Hassall’s cor-
puscles, skin, and airway epithelium, with roles in regulating of E-
cadherin expression and cell migration (25).

In a murine model of Pso-like dermatitis, the cutaneous supple-
mentation of the SERPINB3 murine ortholog Serpinb3b demonstrated 
enhanced inflammation and promoted tissue-resident memory T cells 
(TRMs), contributing to the persistence of inflammation. In addition, 
Serpinb3b shifted the immune response toward a TH2 profile in mu-
rine skin, aligning with our observation that, in humans, SERPINB3 
reactivity was especially found in patients clinically presenting with 
the Pso subtype “eczematized psoriasis” (EczPso) characterized by a 
mixed TH2/type 2 and TH17/type 3 immune signature.
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Thus, we identified putative autoantigens in Pso and assigned a 
role of SERPINB3 to deviating the immune cascade in Pso toward a 
mixed TH2 coexpressing signature characterizing the phenotype of 
the Pso subtype EczPso. We provide evidence that proteins such as 
SERPINB3 actively drive distinct clinical Pso subtypes by shaping 
the immune response toward a subtype characterizing immune sig-
nature also contributing to Pso chronification by tissue-resident T 
cells. Thus, establishing SERPINB3 as an autoantigen with a distinct 
functional role also provides a basis for more stratified diagnostics 
and a subtype-specific treatment in Pso.

RESULTS
Immunopeptidome analysis of the skin unveils SERPINB3 
and SERPINB4 as candidate Pso autoantigens
Using an unbiased approach, immunopeptidome analysis was con-
ducted to identify unreported putative autoantigens in Pso skin. 
HLA ligands were isolated by immunoaffinity purification from 
skin samples of patients with Pso (Pso, n = 17), healthy controls (H, 
n =  10), and healthy autopsy-derived skin (AUT-DN, n =  9) and 
subsequently analyzed by liquid chromatography coupled with tan-
dem mass spectrometry (LC-MS/MS).

Because of the promiscuous peptide binding of HLA class II 
molecules (26–28), we focused on the HLA class I peptidome with a 
well-established binding prediction. Comparative analysis of Pso 
versus healthy and autopsy-derived skin (Fig.  1A) identified 618 
source proteins unique to Pso skin (Fig. 1B), with 613 excluded for 
being detected in fewer than four samples (<18%), reflecting low rele-
vance and confidence. Among the five Pso-exclusive hits—SERPINB3, 
SERPINB4, PITPNA, AHSG, and SERPIND1—that were detected 
in at least 4 of 17 patient samples (Fig. 1C), only SERPINB3- and 
SERPINB4-derived peptides were confidently identified as HLA class I 
binders based on their sequences.

In 7 of 17 patients with Pso (41%), SERPINB3 and SERPINB4 
were the most enriched HLA class I–presented antigens (Fig. 1C), 
with two patients also showing HLA class II–derived peptides for 
SERPINB3 and SERPINB4. A total of 19 different HLA class I– and 
HLA class II–presented peptides for SERPINB3 (Fig. 1D and table S1) 
and SERPINB4 (Fig. 1E and table S1) were identified in Pso skin. 
Neither healthy skin nor autopsy-derived skin showed SERPINB3- 
or SERPINB4-derived HLA peptides, with the exception of sample 
AUT-DN04, in which two HLA class II peptides were detected 
(Fig. 1, D and E). The sequences of 16 identified SERPINB3 and 
SERPINB4 peptides were validated by comparing fragment spec-
tra of experimental and synthetic heavy isotope–labeled peptides 
(fig.  S1). Previously reported Pso antigens were not detected 
(ADAMTSL5/Q6ZMM2), failed quality control (e.g., nonproteo-
typic, atypical length, or inconsistent sequences; KRT17-Q04695 and 
LL37-P49913), and/or were common in healthy skin (DSG3-P32926, 
KRT17-Q04695, and LL37-P49913). File S1 lists HLA class I and 
II peptides, with total peptide counts per samples shown in fig. S2. 
Incidentally, HLA typing of patient peripheral blood mononuclear 
cells (PBMCs; Histogenetics LLC, Ossining, USA) revealed no 
specific allotype including the Pso-associated HLA-Cw6 variant 
(file S2). Skin immunopeptidome analysis identified SERPINB3 
and SERPINB4 as the most abundant autoantigens in Pso pre-
sented on both HLA class I and II molecules, independent of a spe-
cific HLA allotype.

Serpinb3b augments skin inflammation and induces an 
immune deviation toward a mixed TH1/TH2 profile in vivo
We next sought to explore a role of SERPINB3 for Pso development 
in vivo. Wild-type mice (n = 5 per group) were injected intrader-
mally with 25 μg of native Serpinb3b (S), the murine homolog of 
SERPINB3, into one ear on days 0 and 3. As controls, we included 
nonfunctional heat-inactivated Serpinb3b (H) and mouse serum 
albumin (MSA, M). Our screening for immune consequences of cu-
taneous exposure to Serpinb3b included both a group of otherwise 
untreated mice with healthy skin and a group of mice treated with 
imiquimod (IMQ) for 6 days (days 0 to 5) to induce a well-
established Pso-like dermatitis (29–31). Ear thickness was measured 
daily, and samples for histology, T cell infiltration, and cytokine 
analyses were harvested on day 6 (Fig. 2A).

Injection of native or heat-inactivated Serpinb3b alone already in-
duced skin inflammation over time compared to the MSA control, as 
shown by ear swelling (Fig. 2, B and C). On day 6, ear thickness was 
significantly higher in the native (356 ± 6.2 μm, P < 0.0001) and heat-
inactivated (278.0 ± 4.9 μm, P = 0.0023) Serpinb3b groups compared 
to MSA (238 ± 1.2 μm). IMQ application further increased ear swelling 
in all groups (P < 0.0001). Notably, native Serpinb3b injection into skin 
additionally exposed to IMQ caused the largest increase of ear thick-
ness (466 ± 9.9 μm), significantly higher than MSA (302 ± 8.0 μm, 
P < 0.0001) and heat-inactivated Serpinb3b (327 ± 4.6 μm, P < 0.0001) 
under IMQ (Fig.  2C), which was confirmed by histology (Fig.  2D). 
Both native and heat-inactivated Serpinb3b groups already showed im-
mune cell infiltration, which was strongly enhanced by IMQ. Serpinb3b 
injection primarily caused immune cell infiltration, while IMQ also 
increased epidermal thickness (Fig. 2D). Flow cytometry analysis of 
ear-infiltrating immune cells confirmed significant T cell infiltration in 
both native Serpinb3b (28,668 ± 3764 cells, P = 0.0055) and heat-
inactivated (26,570 ± 5679 cells, P = 0.0037) Serpinb3b groups com-
pared to MSA (12,008  ±  1787 cells) with IMQ further increasing 
infiltration (Fig. 2E).

Further characterization of cutaneous T cell infiltrates revealed 
that Serpinb3b injection increased the number of interleukin-17A 
(IL-17A)–producing (S: P = 0.0219; H: P = 0.0080), IL-4–producing 
(S: P = 0.0682; H: P = 0.0252), and IL-13–producing (S: P = 0.0110; 
H: P = 0.0009) CD3+ T as well as of TH1 cytokine–expressing T cells 
[P  =  0.0104 (S) or P  =  0.0106 (H) for interferon-γ (IFN-γ); 
P = 0.0810 (S) or P = 0.0735 (H) for tumor necrosis factor (TNF)] 
(Fig. 2F). At the mRNA level, native and heat-inactivated Serpinb3b 
induced both TH2/type 2 (Il13) and some TH17/type 3 (l22 and Il23) 
genes in the ear skin, while IMQ clearly increased TH17/type 3 gene 
induction and promoted Serpinb3b-specific induction of Il6, Nos2, 
and Lcn2 (fig.  S3). Thus, Serpinb3b promotes a proinflammatory, 
mixed TH17/type 3 and TH2/type 2 inflammatory response in a 
TH17-dominated IMQ environment.

To further study consequences of in vivo exposure to SERPINB3, 
ex vivo T cell proliferation assays were conducted. Immune cells from 
ear-draining lymph nodes were isolated on day 6, stained with carboxy-
fluorescein succinimidyl ester (CFSE), and cocultured with Serpinb3b-
pulsed bone marrow–derived dendritic cells (BMDCs) for 4 days. 
Relative frequencies of proliferating T cells compared to the control 
groups without Serpinb3b presentation were examined by flow cytom-
etry. T cells from native (10.74 ± 2.63%, P = 0.0207) and heat-inactivated 
(11.04 ± 1.47%, P = 0.0024) Serpinb3b-injected mice showed signifi-
cant proliferation upon Serpinb3b presentation by BMDCs, while T 
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Fig. 1. Mass spectrometry of immunoaffinity-purified HLA ligands of the skin identified SERPINB3 and SERPINB4 as putative autoantigens in Pso. (A and 
B) Comparative profiling of the HLA class I peptidome of Pso skin (n = 17, Pso, blue) compared to healthy (n = 10, apricot) or healthy autopsy-derived skin (n = 9, AUT-DN, 
gray). Each bar in the waterfall plot (A) (associated with the x axis) represents a single source protein, whereas the frequency of positive HLA peptidomes is shown on the 
y axis. The Venn diagram (B) illustrates the number of distinct HLA class I–presented antigens per group. (C) Proteins exclusively identified in at least four psoriatic skin 
samples. (D and E) Annotation of HLA class I (indicated in blue)– and HLA class II (indicated in gray)–presented peptides to SERPINB3 (D) and SERPINB4 (E) protein se-
quences. Amino acids specific for either SERPINB3 or SERPINB4 are highlighted in red. Likewise, cleavage sites of the mast cell–associated chymase (18) are indicated in 
dark red. HLA, human leukocyte antigen; Pso, psoriasis; AUT-DN, autopsy-derived skin; H, healthy.
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cells from the MSA group (2.46 ± 0.99% with P = 0.2131) showed no 
response (Fig. 2G). This effect was enhanced following the concomitant 
in vivo application of IMQ with proliferation reaching 13.88 ± 2.57% 
(P = 0.0074) in the native Serpinb3b plus IMQ group and 18.78 ± 5.17% 
(P = 0.0263) in the heat-inactivated Serpinb3b plus IMQ group. Be-
cause detection of Serpinb3b-reactive T cells was not expected in wild-
type mice within 6 days of Serpinb3b injection without prior 
sensitization, we hypothesized that these mice had a preexisting pool of 
Serpinb3b-reactive T cells, e.g., triggered by previous undetected cuta-
neous injuries or subclinical skin inflammation. Activation-induced 
marker (AIM) multiplex assay indeed confirmed significantly higher 
frequencies of Serpinb3b-reactive T cells in lymph nodes and spleen of 

wild-type mice after in vitro stimulation with heat-inactivated or native 
Serpinb3b, compared to MSA controls (fig. S4). These results support 
that wild-type mice may have a pool of Serpinb3b-reactive T cells.

Cytokine staining of ex vivo proliferating ear-draining lymph node 
T cells revealed a dominant TH1/TH2 immune pattern in Serpinb3b-
reactive T cells with significantly increased frequencies of IL-4, IL-13, 
IFN-γ, and TNF-producing T cells in the native (P  =  0.0325, 
P  =  0.0008, P  <  0.0001, and P  =  0.0006) and heat-inactivated 
(P = 0.0151, P = 0.0041, P < 0.0001, and P = 0.0001) Serpinb3b groups 
compared to MSA (Fig. 2H). Injection of native or heat-inactivated 
Serpinb3b suppressed the frequency of IL-17A–producing proliferat-
ing T cells, which were only increased by the application of IMQ. 
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Fig. 2. Serpinb3b augments skin inflammation and induces an immune deviation toward a TH2/type 2 profile in vivo. (A) Experimental design: Mouse ears (n = 5 per 
group, two independent experiments) were injected intradermally with 25 μg of Serpinb3b [native (S), or heat-inactivated (H)] or murine serum albumin (MSA, control) on 
days 0 and 3. In addition, imiquimod (IMQ) cream was applied on the ear for six consecutive days from day 0 to day 5. Mice were euthanized on day 6. (B and C) Ear thickness 
was measured daily. (D) Representative H&E stainings of skin biopsies of the inflamed mouse ears. Scale bar, 100 μm. (E) Numbers of ear-infiltrating CD3+ T cells on day 6 were 
determined by flow cytometry. (F) Frequencies of cytokine producing ear-infiltrating CD3+ T cells were analyzed by flow cytometry. (G and H) Ex vivo Serpinb3b T cell prolif-
eration assay: Ear-draining lymph node cells were isolated on day 6, CFSE stained, and cocultured for 4 days with bone marrow–derived dendritic cells (BMDCs), which were 
previously pulsed with Serpinb3b (10 μg/ml) for 24 hours or left unstimulated (w/o antigen). Frequencies of proliferating CD3+ T cells in coculture with Serpinb3b-stimulated 
BMDCs relative to those in coculture with unstimulated BMDCs (G) and their cytokine production (H) were determined by flow cytometry staining. Comparison within −IMQ 
or +IMQ mouse groups was performed using ordinary one-way ANOVA test. Comparison between −IMQ to +IMQ groups was performed using unpaired t test. *P < 0.05, 
**P < 0.01, ***P < 0.001, ****P < 0.0001. S, native Serpinb3b; H, heat-inactivated Serpinb3b; M, MSA (murine serum albumin); IMQ, imiquimod; w/o, without.
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Together, our in vivo studies show that SERPINB3 is immunogenic 
and induces an immune deviation toward a mixed TH1/TH2 profile.

Serpinb3b drives amplification of Pso-like skin inflammation 
in vivo and induces TRMs
To next analyze the role of Serpinb3b for Pso development, we re-
peated experiments as shown in Fig. 2A (n = 5 per group) but ana-
lyzed the mice on day 18 (Fig.  3A). Consistent with the previous 
experiments, injection of Serpinb3b resulted in significantly in-
creased ear swelling, with ear thickness being highest on day 6 
(349 ± 7.1 μm, P < 0.0001), which was further enhanced by IMQ 
application (460 ± 13.3 μm, P < 0.0001) (Fig. 3, B and C). By day 18, 
inflammation decreased to baseline in all groups except in the Ser-
pinb3b plus IMQ group (210  ±  1.9 μm, P  <  0.0001), which still 
showed significantly higher ear thickness compared to the MSA plus 
IMQ (198 ± 2.5 μm) and Serpinb3b (193 ± 3.0 μm) groups (Fig. 3, B 
and D). Histology (Fig. 3E) and flow cytometry (Fig. 3F) on day 18 
confirmed ear swelling and revealed high T cell infiltration in the 
Serpinb3b plus IMQ group (3737 ± 150 cells) as well as a less prom-
inent but still significantly increased T cell population in the Ser-
pinb3b group (2304  ±  318 cells, P  =  0.0031) compared to MSA 
(2059 ± 287 cells, P = 0.0009) and MSA plus IMQ (1967 ± 364 cells, 

P = 0.0005) control groups. Serpinb3b-injected mice again displayed 
significantly higher frequencies of Serpinb3b-reactive T cells in the 
ear-draining lymph nodes (−IMQ: 3.7 ± 0.27%, P < 0.0001; +IMQ: 
3.5 ± 0.24%, P = 0.0002) (Fig. 3G). Cytokine profiles of both ear-
infiltrating T cells on day 18 (fig. S5A) and ex vivo Serpinb3b prolif-
erating ear-draining lymph node T cells on day 22 (fig. S5B) again 
showed an immune deviation toward a TH2/type 2 profile.

Last, we investigated whether Serpinb3b induces TRMs that are 
known to contribute to chronification of inflammation. We found 
that the number of TRMs (CD3+CD69+CD103+) on day 18 was sig-
nificantly higher in the Serpinb3b plus IMQ group (4392 ± 261 cells, 
P < 0.0001) compared to the Serpinb3b (1335 ± 139 cells) and MSA 
controls (−IMQ: 1370 ± 184 cells; +IMQ: 1648 ± 443 cells) (Fig. 3H). 
The Serpinb3b plus IMQ group also had the highest number of pro-
liferating TRMs (CD3+CD69+CD103+Ki67+) (Fig.  3I), suggesting 
that Serpinb3b, especially when combined with IMQ, may promote 
chronic inflammation through TRM induction and maintenance.

The autoantigens SERPINB3 and SERPINB4 are linked to the 
psoriatic phenotype EczPso
In vivo murine experiments showed that Serpinb3b (i) stimulated 
skin inflammation, (ii) established cutaneous TRM populations, and 
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Fig. 3. Serpinb3b drives amplification of psoriasis-like skin inflammation in vivo and induces tissue-resident memory T cells. (A) Experimental design: Mouse ears (n = 5 
per group, two independent experiments) were injected intradermally with 25 μg of native Serpinb3b (S) or murine serum albumin (MSA, control) on days 0 and 3. In addition, 
imiquimod (IMQ) cream was applied on the ear for six consecutive days from days 0 to 5. Mice were euthanized on day 18. (B to D) Ear thickness was measured daily. (E) Repre-
sentative H&E stainings of skin biopsies of the inflamed mouse ears on day 18. Scale bar, 100 μm. (F) Numbers of ear-infiltrating CD3+ T cells on day 18 were determined by flow 
cytometry. (G) Ex vivo Serpinb3b T cell proliferation assay: Ear-draining lymph node cells were isolated on day 18, CFSE stained, and cocultured for 4 days with bone marrow–
derived dendritic cells (BMDCs), which were previously pulsed with Serpinb3b (10 μg/ml) for 24 hours or left unstimulated (w/o antigen). Frequencies of proliferating CD3+ T 
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+IMQ mouse groups was performed using ordinary one-way ANOVA test. Comparison between the −IMQ to +IMQ groups was performed using unpaired t test. *P < 0.05, 
**P < 0.01, ***P < 0.001, ****P < 0.0001. S, native Serpinb3b; M, MSA (murine serum albumin); IMQ, imiquimod; w/o, without; TRMs, tissue-resistant memory T cells.
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(iii) shifted the immune response toward a TH2-phenotype, which is 
typically associated with eczema (Ecz). We therefore hypothesized 
that SERPINB3 may in particular play a pathogenic role for EczPso in 
humans, a subtype of Pso showing features of Ecz and TH2 immunity 
(32). EczPso is defined as a chronic inflammatory skin disease that 
exhibits overlapping clinical, histological, and molecular features of 
both Pso and Ecz, making it diagnostically challenging. Following an 

integrated multilayer diagnostic approach for the diagnosis of EczPso 
(fig. S6), histopathological analysis was performed in cases suspicious 
for the diagnosis of EczPso. Histopathological analysis of all skin sam-
ples used for immunopeptidome analyses identified classical plaque-
type psoriasis vulgaris (PsV) in 6 patients, while 11 patients 
previously diagnosed with Pso but also exhibiting hallmarks of Ecz 
received the diagnosis of EczPso (Table 1). Representative histological 

Table 1. Patient characteristics for the MS cohort and peptide counts for SERPINB3 and SERPINB4. Average values are shown as mean ± SEM. EczPso, 
eczematized psoriasis; PsV, classical plaque-type psoriasis vulgaris; H, healthy; AUT, autopsy-derived skin; M, male; F, female.

Clinical  
diagnosis

Histological diagnosis Sex Age Peptide counts SERPINB3 Peptide counts SERPINB4

HLA-I HLA-II HLA-I HLA-II

 Pso01_EczPso1 Psoriasis vulgaris Eczematized psoriasis M 46 1× ﻿ 1× ﻿

 Pso04_EczPso2 Psoriasis vulgaris Eczematized psoriasis M 45 ﻿ ﻿ ﻿ ﻿

 Pso05_EczPso3 Psoriasis vulgaris Eczematized psoriasis M 43 ﻿ ﻿ ﻿ ﻿

 Pso07_EczPso4 Psoriasis vulgaris Eczematized psoriasis M 30 3× ﻿ 3× ﻿

 Pso08_EczPso5 Psoriasis vulgaris Eczematized psoriasis F 38 1× ﻿ 1× ﻿

 Pso11_EczPso6 Psoriasis vulgaris Eczematized psoriasis F 46 1× 4× 1× 2×
 Pso12_EczPso7 Psoriasis vulgaris Eczematized psoriasis M 31 ﻿ ﻿ ﻿ ﻿

 Pso13_EczPso8 Psoriasis vulgaris Eczematized psoriasis F 83 ﻿ ﻿ ﻿ ﻿

 Pso15_EczPso9 Psoriasis vulgaris Eczematized psoriasis M 33 ﻿ ﻿ ﻿ ﻿

 Pso17_EczPso10 Psoriasis vulgaris Eczematized psoriasis F 51 1× 7× 1× 8×
 Pso02_EczPso11 Psoriasis vulgaris Eczematized psoriasis M 43 1× ﻿ 1× ﻿

﻿Mean ± SEM (EczPso)﻿ M: 7, F: 4, 44 ± 4.4 8× 11× 8× 10×
 Pso03_PsV1 Psoriasis vulgaris Psoriasis vulgaris F 40 ﻿ ﻿ ﻿ ﻿

 Pso06_PsV2 Psoriasis vulgaris Psoriasis vulgaris M 44 ﻿ ﻿ ﻿ ﻿

 Pso09_PsV3 Psoriasis vulgaris Psoriasis vulgaris M 51 ﻿ ﻿ ﻿ ﻿

 Pso10_PsV4 Psoriasis vulgaris Psoriasis vulgaris M 34 ﻿ ﻿ ﻿ ﻿

 Pso14_PsV5 Psoriasis vulgaris Psoriasis vulgaris M 43 ﻿ ﻿ ﻿ ﻿

 Pso16_PsV6 Psoriasis vulgaris Psoriasis vulgaris M 31 1× ﻿ 1× ﻿

﻿Mean ± SEM (PsV)﻿ M: 5, F: 1, 41 ± 2.9 1× ﻿ 1× ﻿

H1 Healthy - M N/A ﻿ ﻿ ﻿ ﻿

H2 Healthy - F 42 ﻿ ﻿ ﻿ ﻿

H3 Healthy - F 30 ﻿ ﻿ ﻿ ﻿

H4 Healthy - F 62 ﻿ ﻿ ﻿ ﻿

H5 Healthy - M 52 ﻿ ﻿ ﻿ ﻿

H6 Healthy - M 28 ﻿ ﻿ ﻿ ﻿

H7 Healthy - F 55 ﻿ ﻿ ﻿ ﻿

H8 Healthy - M 26 ﻿ ﻿ ﻿ ﻿

H9 Healthy - F 51 ﻿ ﻿ ﻿ ﻿

H10 Healthy - F 26 ﻿ ﻿ ﻿ ﻿

﻿Mean ± SEM (healthy)﻿ M: 4, F: 6, 41 ± 4.7 ﻿ ﻿ ﻿ ﻿

 AUT-DN04 - F 47 ﻿ 2× ﻿  2×﻿

 AUT-DN05 - M 90 ﻿ ﻿ ﻿ ﻿

 AUT-DN06 - F 60 ﻿ ﻿ ﻿ ﻿

 AUT-DN08 - M 59 ﻿ ﻿ ﻿ ﻿

 AUT-DN09 - M 75 ﻿ ﻿ ﻿ ﻿

 AUT-DN11 - M 70 ﻿ ﻿ ﻿ ﻿

 AUT-DN12 - F 83 ﻿ ﻿ ﻿ ﻿

 AUT-DN13 - M 49 ﻿ ﻿ ﻿ ﻿

 AUT-DN17 - M 77 ﻿ ﻿ ﻿ ﻿

﻿Mean ± SEM (AUT- DN)﻿ M: 6, F: 3, 68 ± 5.0 ﻿ 2× ﻿ 2×
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images of patients with EczPso and PsV are shown in fig. S7A togeth-
er with a patient with classical Ecz. An Ecz and Pso score based on 
histopathological criteria (33, 34) (Fig. 4A) to further quantify eczem-
atous and Pso typical features showed a significantly higher Ecz score 
in patients diagnosed with EczPso (5.1 ± 0.4 points, P < 0.0001) com-
pared to those with PsV (1.5 ± 0.4 points) (Fig. 4B). In contrast, 
the Pso score was lower in patients with EczPso (6.5 ± 0.8 points, 
P = 0.0162) compared to those with PsV (9.7 ± 0.8 points) (Fig. 4B).

Notably, the identified HLA class I– and HLA class II–presented 
SERPINB3 (Fig. 1D) and SERPINB4 (Fig. 1E) peptides were high-
ly enriched in the skin of patients from the EczPso cohort. While 
SERPINB3 and SERPINB4 peptides were found in only 1 of 6 pa-
tients with PsV (17%) with only one peptide, 6 out of 11 patients with 
EczPso (54%) showed in total 19 unique SERPINB3 and SERPINB4 
peptides (Fig. 4C). In more detail, only one HLA class I–presented 
SERPINB3 and SERPINB4 peptide was detected in one of six pa-
tients with PsV (PsV6). In contrast, seven distinct HLA class I– and 
12 HLA class II–presented peptides derived from SERPINB3 as well 
as from SERPINB4 were eluted from 6 of the 11 patients with 
EczPso (EczPso 1, 4, 5, 6, 10, and 11). In conclusion, SERPINB3 and 
SERPINB4 peptides were predominantly presented in EczPso com-
pared to PsV, suggesting a specific role for the autoantigens from 
SERPINB3 and SERPINB4 preferentially in the psoriatic subtype 
of EczPso.

EczPso harbors abundant SERPINB3 and is driven by 
TH2/TH17 cytokines
EczPso is an increasingly accepted clinical and histopathological 
subtype of Pso characterized by features of Ecz, because it is harder 
to treat with modern targeted therapies. Targeting Pso may lead to 
worsening of Ecz and vice versa (35, 36). Despite this unmet need, 
EczPso has been insufficiently studied at the cellular and molecular 
level and is not well understood. We analyzed lesional skin from 
patients with EczPso, PsV, and Ecz using immunohistochemistry 
(Fig. 4D) and bulk RNA sequencing (RNA-seq; fig. S7, B to D). 
IL-17A levels in EczPso were similar to those in PsV but much high-
er than those in Ecz. Ki67, a proliferation marker, and “neutrophil 
extracellular traps” (NETs) were lower in EczPso and Ecz, than in 
PsV, while FcεRI+ cells characterizing Ecz were elevated in EczPso 
compared to PsV (Fig. 4D). Skin bulk RNA-seq showed a predomi-
nance of a TH17/type 3 signature in EczPso, with Pso markers (e.g., 
IL17A, NOS2, and S100A7) up-regulated compared to Ecz (fig. S7, B 
and C). Gene set enrichment analysis confirmed both Ecz and Pso 
traits (fig. S7D). A molecular disease classifier (37) to quantitatively 
characterize EczPso at a molecular level based on the expression 
of NOS2 and CCL27 identified EczPso as primarily Pso with a 
lower probability for Pso than PsV (Fig. 4E). Thus, EczPso presents 
a mixed TH2/TH17 immune signature, confirming it as a Pso sub-
type with Ecz features.

To understand the role of SERPINB3 and EczPso, we first analyzed 
its expression by immunofluorescence staining. SERPINB3 levels were 
highest in the middle and upper epidermis of EczPso (567.4 ± 117.7; 
median fluorescence of 605; n = 9), compared to PsV (474.6 ± 65.3; 
median fluorescence of 475; n = 9) and Ecz (310.3 ± 39.0; median 
fluorescence of 255; n = 9) (Fig. 4F). SERPINB3 was detected in 
both intracellular and intercellular compartments in EczPso, where-
as in PsV and Ecz, it was mainly seen intracellularly. Consistent 
with these findings, bulk RNA-seq demonstrated higher expres-
sion of SERPINB3 and SERPINB4 in EczPso and PsV compared to 

Ecz (Fig. 4H). Spatial transcriptomics further confirmed that both 
SERPINB3 and SERPINB4 were most highly expressed across the up-
per, middle, and basal layers (fig. S8, A and B). To explore the 
upstream drivers of SERPINB3 expression, primary human ke-
ratinocytes were stimulated with TH1, TH2, and TH17 cytokines. 
SERPINB3 mRNA (Fig. 4I) and protein levels (Fig. 4J) were signifi-
cantly induced by IL-17A plus TNF (TH17) and IL-4 (TH2), with the 
highest induction observed when all three cytokines were com-
bined, mimicking the TH2/TH17 cytokine milieu of EczPso skin. 
Spatial transcriptomics confirmed that SERPINB3 and SERPINB4 
correlated strongly with IL13-, IL17A-, and combined IL13 + IL17A–
induced responder gene signatures, whereas correlations with IFNG-
induced signatures were weaker within local tissue clusters (fig. S8C). 
In addition, SERPINB3 showed correlation with Pso-, and Ecz-specific 
marker genes, highlighting its role in disease-overlapping expression 
dynamics (fig. S8D).

Next, we evaluated how therapeutic inhibition of key cytokine 
pathways affects SERPINB3/SERPINB4 expression. Baricitinib, a 
JAK1/2 inhibitor used in Ecz treatment, which interferes with IL-4 
signaling, reduced IL-4– but not IL-17A + TNF–induced SERPINB3 
expression in human keratinocytes (fig. S9, A and B). Furthermore, 
baricitinib also suppressed SERPINB3 induction following stimula-
tion with lesional T cell supernatants (TCS) isolated from PsV or 
Ecz skin biopsies or a mixture of both TSC (EczPso TSC) to mimic 
EczPso (fig. S9, C and D). Similarly, brodalumab, an IL-17 receptor 
inhibitor well established in Pso treatment, diminished SERPINB3 
expression upon stimulation with EczPso TCS (fig. S9E). Similarly, 
both baricitinib and brodalumab interfered with SERPINB4 expres-
sion upon stimulation with the abovementioned cytokines and TCS 
(fig. S9, F to J). Immunoblotting confirmed our observations on the 
abrogated SERPINB3 protein expression upon treatment with bar-
icitinib (fig. S9, K and L).

Lesional T cells from patients with EczPso proliferate upon 
SERPINB3 presentation and induces hallmarks of EczPso
Next, we wanted to better understand the spatial distribution of 
SERPINB3 and potentially SERPINB3-reactive T cells in EczPso. 
Therefore, we analyzed the colocalization of SERPINB3 and CD3+ T 
cells. We found increased CD3+ T cell colocalization with SERPINB3 
in EczPso [6.8 ± 1.6 cells per high-power field (HPF)] compared to 
PsV (4.0 ± 2.1 cells per HPF) and Ecz (2.7 ± 0.9 cells per HPF) (Fig. 5, 
A and B). Then, we isolated lesional T cells from skin biopsies of pa-
tients with EczPso (n = 10), PsV (n = 7), and Ecz (n = 5), cocultured 
them with autologous SERPINB3-pulsed monocyte-derived dendritic 
cells (MODCs) and measured SERPINB3-induced T cell proliferation 
compared to MODC stimulation without antigen. Only EczPso T 
cells showed significantly increased proliferation (P = 0.0020) upon 
SERPINB3 presentation (Fig. 5C and fig. S10). Comparing the rela-
tive frequencies to MODC stimulation without antigen (Fig. 5D), 
there were significantly more SERPINB3-reactive T cells in EczPso 
(145.1  ±  15.3%, P  =  0.0020), slightly less in PsV (81.8  ±  8.5%, 
P = 0.0313), and unchanged in Ecz (102.6 ± 1.0, P = 0.0674). Of note, 
both CD4+ and CD8+ lesional T cells were activated by SERPINB3 in 
EczPso (Fig. 5E).

To eventually investigate whether SERPINB3-reactive T cells would 
contribute to the EczPso phenotype, reconstructed human epidermis 
(RHE) skin equivalents were stimulated with pooled lesional TCS mix-
es from EczPso, PsV, or Ecz. These supernatants were taken from the 
proliferation assays toward SERPINB3 of the respective lesional human 
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SERPINB3- and SERPINB4-derived peptide counts identified in patients with Pso separated into EczPso or PsV. (D) Number of positive cells per high-power field (HPF) at 20× 
for immunohistochemical stainings from patients with EczPso (n = 8), PsV (n = 14), and Ecz (n = 16). (E) Probability for Pso or Ecz in lesional skin of EczPso (n = 9), PsV (n = 6), 
and Ecz (n = 6) determined by the molecular classifier for Ecz and Pso (37). (F and G) Immunofluorescence staining of SERPINB3 in lesional skin of EczPso (n = 9), PsV (n = 9), 
and Ecz (n = 9). Representative images are shown in (F). Epidermal mean fluorescence of SERPINB3 is shown in (G). (H) Normalized gene counts of SERPINB3 and SERPINB4 in 
EczPso (n = 9), PsV (n = 34), and Ecz (n = 20) lesional skin determined by RNA-seq. (I and J) SERPINB3 expression in in vitro stimulated keratinocytes (n = 3) analyzed by qPCR 
(I) or Western blot (J). Data are visualized as mean ± SEM. Ordinary one-way ANOVA test with Tukey’s multiple comparison (for Gaussian distributed data) or nonparametric 
Kruskal-Wallis test with Dunn’s multiple comparison (for non-Gaussian distributed data) was used to test for differences between disease groups. Comparison to unstimu-
lated condition was performed using unpaired t test with Welch’s correction (for Gaussian distributed data, D&I). *P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001. EczPso, 
eczematized psoriasis; PsV, classical plaque-type psoriasis vulgaris; Ecz, eczema; NETs, neutrophil extracellular traps; TH, T helper cell; US, unstimulated.

D
ow

nloaded from
 https://w

w
w

.science.org at H
elm

holtz Z
entrum

 M
nchen - Z

entralbibliothek on O
ctober 23, 2025



Jargosch et al., Sci. Adv. 11, eadx0637 (2025)     22 October 2025

S c i e n c e  A d v a n c e s  |  R e s e ar  c h  A r t i c l e

9 of 16

T cells. EczPso TCS displayed a predominant TH2 profile with elevated 
TH2 cytokines (e.g., IL-4, IL-9, and RANTES) and reduced TH17 and 
TH1 cytokines compared to PsV (fig. S11). RHE skin models treated 
with EczPso supernatants exhibited both spongiosis and acanthosis as 
seen in EczPso histopathology, whereas PsV supernatants induced only 
acanthosis (Fig. 5F). Analysis of bulk RNA-seq data from patients with 
various inflammatory skin diseases (n = 261) confirmed that SERPINB3 
and SERPINB4 expression strongly correlated with spongiosis, acan-
thosis (fig. S12A), and disease severity scores [Psoriasis Area and Severity 
Index (PASI) and Scoring Atopic Dermatitis (SCORAD)] (fig. S12B). 
Conversely, these genes negatively correlated with type 1–associated 
interface dermatitis (fig. S12A). These findings link SERPINB3 to the 
clinical and histological features of EczPso.

DISCUSSION
This study identifies SERPINB3 as a disease-relevant autoantigen in 
a clinically distinct Pso subtype, EczPso, characterized by overlap-
ping TH2 and TH17 immune signatures. Through unbiased immuno-
peptidomics and functional validation in both murine and human 
models, we demonstrate that SERPINB3 drives inflammation, stim-
ulates T cell proliferation, promotes TRMs, and induces hallmark 
features of EczPso. These findings reveal a mechanistic link between 
autoantigenicity and Pso heterogeneity, shedding light on the immu-
nopathological basis of a clinically distinct disease subtype.

That SERPINB3 emerged as a detectable and disease-relevant au-
toantigen highlights its importance, even in the face of analytical 
constraints. Despite detecting fewer peptides than cancer studies 
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Fig. 5. Lesional T cells from patients with EczPso proliferate upon SERPINB3 and induces hallmarks of EczPso. (A and B) Immunofluorescent staining of lesional skin of 
EczPso (n = 9), PsV (n = 9), and Ecz (n = 9) with SERPINB3 (orange) and CD3 (purple). Representative images are shown in (A). Nuclei were visualized by DAPI (blue). The dashed 
white line indicates the boundary between epidermis and dermis. Scale bar, 50 μm. The number of dermal and epidermal CD3+ T cells colocalizing with SERPINB3 was quan-
tified in (B). (C and D) Absolute (C) and relative (D) frequencies of SERPINB3-specific proliferating lesional CD3+ T cells from patients with EczPso (n = 10), PsV (n = 7), and Ecz 
(n = 5) upon coculture with SERPINB3-pulsed autologous monocyte-derived dendritic cells (MODCs) determined by CFSE staining and flow cytometry. Relative frequencies 
(D) were normalized to the frequencies observed in cocultures with unstimulated MODCs. (E) Frequencies of CD4+ and CD8+ T cells within the SERPINB3-proliferating CD3+ T 
cells of patients with EczPso in (C) and (D). (F) H&E stainings of RHE skin equivalents (n = 1) stimulated for 72 hours with pooled lesional T cell supernatant from proliferating 
T cells shown in (C) for patients with EczPso (n = 10), PsV (n = 7), or Ecz (n = 5). Scale bar, 40 μm. Data are visualized as mean ± SEM. Ordinary one-way ANOVA test with Tukey’s 
multiple comparison (for Gaussian distributed data) or nonparametric Kruskal-Wallis test with Dunn’s multiple comparison (for non-Gaussian distributed data) was used to 
test for differences between disease groups. Comparison to unstimulated MODC condition was performed using unpaired t test with Welch’s correction (for Gaussian distrib-
uted data) or the Wilcoxon test (for non-Gaussian distributed data). *P < 0.05, **P < 0.01, ****P < 0.0001. EczPso, eczematized psoriasis; PsV, classical plaque-type psoriasis 
vulgaris; Ecz, eczema; MODC, monocyte-derived dendritic cells; w/o, without; RHE, reconstructed human epidermis; SN, supernatant; P, P value.
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(22, 38), likely due to the lower abundance of HLA ligands in the 
skin and the small size of psoriatic tissue specimens (39), SERPINB3 
remained detectable. This suggests that it is a prevalent and relevant 
HLA ligand in EczPso skin, while other Pso autoantigens may have 
been below the detection limit. In addition, LC-MS/MS systems 
used in this study lack the sensitivity, dynamic range, and acquisi-
tion speed characteristic of current state-of-the-art platforms. This 
reduced the overall peptidome coverage and impaired detection of 
low abundant peptides recovered from small tissue samples. Interin-
dividual variability in SERPINB3/SERPINB4-derived peptide de-
tection can thus arise from biological differences such as sample 
input, abundance of SERPINB3/SERPINB4-presenting cells within 
the analyzed biopsy, HLA presentation frequency per cell, and sam-
ple complexity, as well as technical factors including sample prepa-
ration efficiency and instrument sensitivity.

While PsV is the most common clinical phenotype, EczPso in 
contrast is an often neglected and less studied Pso subtype that ac-
counts for an estimated 5 to 10% of patients with Pso (32). In addi-
tion to Pso characteristics, EczPso displays both clinical and 
histologic features of Ecz such as less demarcated plaques, irregular 
acanthosis, spongiosis, infiltrating eosinophils instead of neutro-
phils, and a serum crust. EczPso often poses a therapeutic challenge 
in modern targeted Pso therapies, indicating distinct immune path-
ways beside the IL-17 pathway (32). As SERPINB3 could be specifi-
cally linked to EczPso, we further characterized this subtype in a so 
far unprecedented depth. We demonstrated on both cellular and 
molecular level the mixed TH2/type 2 and TH17/type 3 signature 
underlying EczPso. Our results underpin why EczPso poses a thera-
peutic challenge particularly in the context of highly specific biolog-
ics and small-molecule inhibitors. Identification of SERPINB3 as a 
specific driver and biomarker in EczPso that also triggers chronifi-
cation of inflammation in the respective patients may allow a better 
stratification of patients for more personalized treatment regimens. 
While individual peptide-specific T cell responses need to be un-
leashed or enhanced in cancer immunotherapy (40–42), the treat-
ment of EczPso may, in contrast, benefit from approaches that 
modulate or dampen immune responses directed against SERPINB3 
and SERPINB4. The recent success of CD19-targeted CAR T cell 
therapy in lupus erythematosus (43) illustrates that targeted thera-
pies are being explored beyond oncology. Although still in early 
stages, antigen-specific CAR-regulatory T cell approaches (e.g., 
against SERPINB3) could, in principle, represent a future therapeu-
tic strategy for inflammatory skin diseases with autoimmune fea-
tures including subsets of Pso. Recently, mRNA-based vaccines have 
shown promising results in inducing antigen-specific tolerance in 
mouse models of autoimmune diseases such as multiple sclerosis 
(44). Whether such strategies might one day be adapted to chronic 
inflammatory skin diseases remains to be explored.

The previously described autoantigens LL37 and ADAMTSL5 have 
been demonstrated to be regulated by IL-17 (45), indicating a poten-
tial vicious cycle in which disease-relevant T cells produce cytokines 
that in turn induce the production of proteins activating T cells and 
thus inducing chronification of disease. In line with this, we demon-
strated that SERPINB3 is abundantly present in the lesional Pso skin, 
particularly in EczPso and thus confirmed previous data showing 
overexpression of SERPINB3 and SERPINB4 in both the skin and se-
rum of patients with Pso (46). Moreover, as shown for ADAMTSL5 
and LL37 (47), we not only found an abundance of SERPINB3 in the 
Pso epidermis but also demonstrated its colocalization with immune 

cells. Bassani-Sternberg et al. (48) showed a strong link between pro-
tein abundance and HLA presentation in several cell lines. Therefore, 
the marked production of proteins in inflamed keratinocytes may in-
deed create the potential for these proteins to be taken up by immune 
cells, to be presented via HLA molecules, and to consequently become 
targets for autoreactive T cells (47). While most human serpins are 
secreted proteins, SERPINB3 and SERPINB4 lack a signal peptide and 
are therefore primarily localized intracellularly under homeostatic 
conditions (24). The presence of SERPINB3 in intercellular compart-
ments, which can be observed besides the intracellular SERPINB3 in 
EczPso skin, may result from both passive release from dying cells and 
active secretion by living cells, especially when expressed in high 
amounts. Both possibilities have been proposed in the literature 
(49, 50), but a definitive mechanism for SERPINB3 and SERPINB4 
release remains to be established. Extracellular SERPINB3 and SER-
PINB4 proteins can also be efficiently taken up by antigen-presenting 
cells and presented to SERPINB3- and SERPINB4-specific T cells.

With our murine experiments, we corroborated this hypothesis by 
showing that adding external Serpinb3b not only induced immune 
cell migration but also triggered the activation of T cells. As shown by 
Schabitz et al. (51), low numbers of pathogenic cytokine transcripts 
and their translated proteins can already promote disease pathogene-
sis by triggering local amplification cascades. Hence, even small num-
bers of SERPINB3-reactive T cells with their characteristic mixed TH2 
and TH17 cytokine profile may be sufficient to drive the subtype of 
EczPso. Our experiments further showed that the effects of Serpinb3b 
were amplified in IMQ-treated skin. Given that IMQ is known to in-
duce keratinocyte stress and damage, and Serpinb3b is localized in the 
cytosol, it is likely that IMQ increased the pool of immunogenic Ser-
pinb3b peptides and thus the likelihood of Serpinb3b-reactive T cells. 
Moreover, we found that a mixture of TH2/TH17 cytokines strongly 
induces SERPINB3 expression in keratinocytes, which may thus lead 
to a self-amplifying loop, where SERPINB3 drives a shift toward a 
mixed TH2/TH17 milieu, which then further increases SERPINB ex-
pression. However, further in  vivo studies, using, e.g., Serpinb3b-
deficient mice, are needed to clarify whether SERPINB3 is necessary 
for the development of psoriatic inflammation.

Serpins regulate key proteolytic processes in inflammation, immune 
tolerance, and tissue homeostasis and have been proposed as autoanti-
gens in autoimmune and inflammatory diseases: Anti-serpin E2 auto-
antibodies were identified in rheumatoid arthritis (52) and SerpinB13 
antibodies have been shown to promote β cell development and resis-
tance to type 1 diabetes (53). Conformational changes during serpin 
protease activity may expose cryptic epitopes, triggering autoantibody 
formation. In addition, misfolded or modified serpins may accumulate 
and drive persistent inflammation through chronic immune activation 
(54). In Pso, the serpin-derived peptide Pso p27 was suggested as a puta-
tive autoantigen, being present exclusively in lesional but not in nonle-
sional skin. Its abundance correlated with disease activity, and it formed 
large aggregates with potentially immunogenic properties (18, 55). Our 
study extends these findings by identifying SERPINB3- and SERPINB4-
derived HLA peptides which include but are not limited to Pso p27 se-
quences, suggesting a larger pool of serpin-derived autoantigens than 
previously recognized. It was previously shown that Pso27 is generated 
from SERPINB3 cleavage in the presence of mast cell–associated chy-
mase (56). Combined with our immunofluorescence data showing in-
creased intercellular epidermal localization of SERPINB3 and also more 
abundant expression of FcεRI—a master regulator of mast cells (57)—
in Ecz and EczPso than in PsV, this raises the possibility that mast cells 
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internalize SERPINB3 and contribute to antigen processing and presen-
tation particularly in EczPso. This is also supported by previously pub-
lished data showing correlation between the number of mast cells and 
disease severity in Ecz (58) and the identification of mast cells as key 
sources of Ecz cytokines IL-4 and IL-13 (59). While none of the identi-
fied HLA-presented peptides in our study spanned the cleavage site of 
mast cell–associated chymase, mast cells may still be involved in pro-
cessing SERPINB3 and SERPINB4 epitopes in EczPso, given their ca-
pacity to process and present antigens via HLA molecules and the 
enhanced expression of immunogenic SERPINB3 and SERPINB4 in a 
mixed TH2/TH17 cytokine milieu.

SERPINB3 and SERPINB4 show high sequence homology; how-
ever, we could identify SERPINB4-specific peptides that are not ho-
mologous to SERPINB3 in almost equal amounts to those specific to 
SERPINB3 in our patients. Therefore, we speculate that both pro-
teins function as de facto autoantigens. However, patient samples 
containing peptides specific to SERPINB3 also contain peptides 
specific to SERPINB4, and the difference in peptide sequence is of-
ten only one amino acid, which strongly argues for T cell cross-
reactivity. Nevertheless, future studies are necessary to demonstrate 
the immunogenicity of SERPINB4. SERPINB4, similarly to SER-
PINB3, is highly expressed in lesional psoriatic skin, but given its 
distinct substrate specificity, its putative functional role in Pso 
pathogenesis warrants further investigations.

We demonstrated that the injection of Serpinb3b in both its native 
and heat-inactivated form augmented the inflammation induced by 
IMQ application. Because heat inactivation abolishes catalytic activity, 
we speculate that residual structural epitopes may account for the pro-
nounced in  vivo activity observed with heat-inactivated Serpinb3b. 
Nevertheless, native Serpinb3b induced a more pronounced inflam-
mation than the heat-inactivated form. One explanation is that the 
protein’s inhibitory function or potentially other direct proinflamma-
tory activities contribute to skin inflammation, and these functions are 
lost upon heat-inactivation. Overexpression of SERPINB3 and SER-
PINB4 in the HaCatT immortalized keratinocyte cell line has been 
reported to activate NF-κB transcription factors, thereby inducing the 
expression of various cytokines (e.g., CXCL1, CXCL8, and IL-1B) and 
chemokines (e.g., CCL20). Moreover, in vivo knockdown of Serpinb3a, 
another murine ortholog of SERPINB3, was shown to alleviate IMQ-
induced skin inflammation (60). However, the exact molecular path-
ways involved and whether they depend on the protease inhibitor 
functions of SERPINB3 and SERPINB4 remain to be elucidated. An 
additional, possibly complementary explanation for the more pro-
nounced inflammation induced by the injection of native Serpinb3b 
may relate to its role as an autoantigen. Specifically, heat-induced con-
formational changes might disrupt epitopes that are recognized by T 
cells. Serpinb3b injection promoted the generation of TRMs in vivo. 
TRMs have been implicated in driving the chronic nature of Pso, sug-
gesting their central role in disease persistence (61). Therapeutic ap-
proaches currently provide symptom relief only while treatment is 
ongoing, without achieving a definitive cure. A key challenge remains 
the recurrence of disease following therapy withdrawal (62). Emerging 
evidence indicates that patients with a shorter disease history experi-
ence longer remission periods when treated early, possibly by prevent-
ing the formation of TRMs and thus disease chronification as a pivotal 
strategy for achieving sustained disease resolution or cure (63,  64). 
These findings suggest that early targeting of SERPINB3 as outlined 
above may represent a promising strategy to prevent disease chronifi-
cation, particularly in the subset of patients with EczPso.

Together, we provide evidence that SERPINB3 and SERPINB4 
peptides are associated with EczPso and that SERPINB3 may be a 
specific autoantigen in a subcohort of patients with Pso.

MATERIALS AND METHODS
Study cohort and ethic compliance
All human specimens were collected in accordance with the Decla-
ration of Helsinki protocol and local ethics committees: Klinikum 
Rechts der Isar (44/16S and 5590/12) and Cantonal Ethics Commit-
tee Zürich (KEK) (BASEC-Nr. Req-2016-00604) (39). Punch biop-
sies (6 mm) of lesional and nonlesional skin were collected under 
local anesthesia. To ensure a clear diagnosis, clinical as well as histo-
logical assessment was performed by independent dermatologists as 
well as dermato-pathologists. All patients gave their written in-
formed consent. For mass spectrometry, psoriatic (n = 17 with Ecz-
Pso n = 10 and PsV n = 7) and healthy control skin biopsies (n = 10) 
were collected. Postmortem autopsy-derived skin samples (n = 9) 
complemented the healthy dataset (39). Patient characteristics of the 
mass spectrometry cohort are listed in Table 1. For proliferation as-
say, RNA-seq, immunohistochemistry (IHC), immunofluorescence 
(IF), and classifier, EczPso, PsV, and Ecz skin biopsies were collected 
(proliferation: 10/7/5, IHC: 8/14/16, IF: 9/9/9, RNA-seq: 9/34/20, 
and classifier: 9/6/6). Each biopsy was divided into three parts: One 
part was fixed in 4% formalin for histology, one part was collected in 
RNAlater Stabilization Solution (Qiagen) at −80°C until RNA prep-
aration and one part was directly used for the isolation of lesional T 
cells. Patient characteristics of the proliferation assay cohort are 
listed in Table 2. Patient characteristics of the RNA-seq cohort are 
listed in table S2.

Histopathological evaluation
Hematoxylin and eosin (H&E)–stained skin specimens were diag-
nosed by two dermatopathologists in the course of routine histo-
pathological analysis. In addition, specimens were scored according 
to a modified published Pso and Ecz score to evaluate histologic 
similarity to Pso or Ecz (33, 34). Each criterion (fig. S6) was scored 
separately: Absence of a characteristic was scored as 0 point, mild 
presence of the characteristic was scored as 1 point, and severe pres-
ence of the characteristic was scored as 2 points. Thus, a maximum 
of 12 points could be achieved for both scores.

Mass spectrometry of immunoaffinity-purified HLA ligands
Isolation of HLA ligands
HLA class I and II ligands were isolated and analyzed as described 
previously (39, 65). In brief, standard immunoaffinity chromatogra-
phy using the pan-HLA class I–specific monoclonal antibody 
W6/32 (66), the pan-HLA class II–specific antibody Tü39 (67), and 
the HLA-DR–specific antibody L243 (68) (all produced in-house at 
the Department of Immunology, University of Tübingen) was per-
formed from tissue lysates prepared from fresh frozen tissue. Psori-
atic Pso17_EczPso10 and healthy H01 specimens were additionally 
digested with collagenase before HLA ligand isolation.
Identification by LC-MC/MS
Mass spectrometric data were acquired on an LTQ Orbitrap XL and/
or an Orbitrap Fusion Lumos (both from Thermo Fisher Scientific) 
as described previously (39, 69). Subsequent database search against 
the Swiss-Prot database (released from 27 September 2013) was per-
formed using the SEQUEST search algorithm (70) embedded as 
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processing node in Proteome Discoverer 1.4 (Thermo Fisher Scien-
tific) at ≤5% false discovery rate. Oxidation of methionine residues 
was permitted as dynamic modification. Healthy specimen H01 was 
processed and measured as biological triplicates, and the data were 
merged for downstream analysis.

Human T cell proliferation assay
Isolation of lesional T cells
Lesional T cells were isolated from freshly taken skin biopsies by 
emigration toward an IL-2 (60 U, Proleukin) gradient followed by 
expansion with α-CD3 (BD, 555329, 0.75 μg/ml, coated) and α-
CD28 (BD, 55572, 0.75 μg/ml) stimulation as described previously 
(71, 72). Before coculture with MODCs, T cells were stained with 
CFSE (Thermo Fisher Scientific, C34554, 1 μM) according to the 
manufacturer’s instructions.
Monocyte isolation and MODC generation
PBMCs were isolated from patients’ peripheral blood using Lympho-
Prep (Progen Biotek, 1114547) and were magnetically separated for 
CD14+ cells using human CD14 MicroBeads (Miltenyi Biotec, 130-
050201) with the autoMACS Pro Separator (Miltenyi Biotec, 130-092-
545). Monocytes were then differentiated into MODCs for 7 days in the 
presence of granulocyte-macrophage colony-stimulating factor (GM-
CSF; Miltenyi Biotec, 130-093-864, 150 U/ml) and IL-4 (Miltenyi 

Biotec, 130-093-920, 150 U/ml) as described previously (71). Before 
coculture with lesional T cells, differentiated MODCs were stimulated 
for 24 hours with rhSERPINB3 protein (10 μg/ml; Novoprotein, CJ63) 
or rhTetanus toxoid (10 μg/ml; Enzo Life Sciences, ALX-630-108-C100) 
as positive control or w/o antigen as negative control.
T cell proliferation assay
Proliferation assays were performed by 10-day coculturing of 
2.5  ×  104 antigen-pulsed autologous MODCs with 5  ×  105 CFSE-
labeled lesional T cells followed by flow cytometry analysis [CD3 
(BV711, BioLegend, 317327, clone Okt3, 1:100), CD4 (AF700, BioLe-
gend, 300526, clone RPA-T4, 1:500), and CD8 (APC-H7, BD, 561423, 
clone SK1, 1:50)] to determine the frequencies of SERPINB3-reactive 
T cells as previously described (71). For pulsing, MODCs were incu-
bated with recombinant SERPINB3 (10 μg/ml) for 24 hours. Patient 
characteristics of the proliferation cohort are listed in Table 2, and 
representative CFSE tracings of SERPINB3-proliferated T cell fre-
quencies are shown in fig. S10.

In vivo Serpinb3b mouse model
Experimentally induced Pso-like dermatitis and Serpinb3b-
sensibilization model
All animal work was conducted in accordance with the German 
Federal Animal Protection Laws and approved by the government 

Table 2. Patient characteristics for the SERPINB3 T cell proliferation cohort and proliferation frequencies upon SERPINB3 stimulation. Average values 
are shown as mean ± SEM. EczPso, eczematized psoriasis; PsV, classical plaque-type psoriasis vulgaris; Ecz, eczema; M, male; F, female.

Clinical  
diagnosis

Histological diagnosis Sex Age SERPINB3 proliferated 
CD3+ T cells to w/o 

antigen (%)

Frequency 
CD3+CD4+ (%)

Frequency 
CD3+CD8+ (%)

EczPso1 Psoriasis vulgaris Eczematized psoriasis M 55 116.5 56.5 39.1

EczPso2 Psoriasis vulgaris Eczematized psoriasis M 50 179.3 50.0 46.6

EczPso3 Psoriasis vulgaris Eczematized psoriasis M 60 142.9 79.1 20.9

EczPso4 Psoriasis vulgaris Eczematized psoriasis M 54 266.7 48.0 48.0

EczPso5 Psoriasis vulgaris Eczematized psoriasis M 52 110.0 41.7 51.2

EczPso6 Psoriasis vulgaris Eczematized psoriasis M 46 150.0 63.3 36.6

EczPso7 Psoriasis vulgaris Eczematized psoriasis F 63 113.2 79.6 20.4

EczPso8 Psoriasis vulgaris Eczematized psoriasis M 69 131.2 42.6 19.1

EczPso9 Psoriasis vulgaris Eczematized psoriasis F 48 106.7 96.5 1.3

EczPso10 Psoriasis vulgaris Eczematized psoriasis F 48 134.5 13.0 85.0

﻿Mean ± SEM (EczPso)﻿ M: 7, F: 3, 55 ± 2.3 145.1 ± 15.3 ﻿ ﻿

 PsV1 Psoriasis vulgaris Psoriasis vulgaris F 40 77.8 ﻿ ﻿

 PsV2 Psoriasis vulgaris Psoriasis vulgaris M 37 92.9 ﻿ ﻿

 PsV3 Psoriasis vulgaris Psoriasis vulgaris F 68 79.3 ﻿ ﻿

 PsV4 Psoriasis vulgaris Psoriasis vulgaris F 56 100.0 ﻿ ﻿

 PsV5 Psoriasis vulgaris Psoriasis vulgaris F 29 92.2 ﻿ ﻿

 PsV6 Psoriasis vulgaris Psoriasis vulgaris M 39 34.2 ﻿ ﻿

 PsV7 Psoriasis vulgaris Psoriasis vulgaris M 24 96.4 ﻿ ﻿

﻿Mean ± SEM (PsV)﻿ M: 3, F: 4, 42 ± 5.8 81.1 ± 8.5 ﻿ ﻿

Ecz1 Eczema Eczema M 51 105.3 ﻿ ﻿

Ecz2 Eczema Eczema F 49 100.0 ﻿ ﻿

Ecz 3 Eczema Eczema M 46 104.6 ﻿ ﻿

Ecz 4 Eczema Eczema M 53 102.2 ﻿ ﻿

Ecz 5 Eczema Eczema M 80 100.8 ﻿ ﻿

﻿Mean ± SEM (Ecz)﻿ M: 4, F: 1, 56 ± 6.2 102.6 ± 1.0 ﻿ ﻿
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of Upper Bavaria (Regierung von Oberbayern, Munich, Germany, 
ROB-55.2-2532.Vet_02-20-222). C57Bl6/J female mice (8 to 16 weeks 
old; n = 5 per group) were obtained from Charles River Laboratories 
and used for animal experiments. Recombinant murine Serpinb3b 
[25 μg; S, high-purity endotoxin-free in-house production (see Sup-
plementary Methods)] or heat-inactivated (90°C for 10 min) Sb3b 
(H), both solved in 20 μl of phosphate-buffered saline (PBS) or MSA 
(M; Merck, A3559-5MG) as control was injected intradermally into 
the left ear on days 0 and 3. In addition, Aldara (5% IMQ cream, 
MEDA Pharmaceuticals) was applied topically daily to the left ear 
from day 0 to day 5. Ear thickness was measured using a digital mi-
crometer. Mice were euthanized on day 6 or 18. Two independent 
experiments were performed in each case.
Isolation of ear-infiltrating immune cells
For the analysis of ear-infiltrating immune cells, the ears were pro-
cessed as previously described (73) on day 6 or 18. Dorsal and ven-
tral parts of the ears were separated, followed by brief digestion with 
dispase II (Sigma-Aldrich) and collagenase and DNase I (both from 
Roche). The tissues were filtered through a 70-μm nylon mesh and 
the single-cell suspensions were separated using Percoll density gra-
dient centrifugation. The isolated cell suspensions were stimulated 
for 4 hours at 37°C with a Cell Activation Cocktail (BioLegend, 
423303) following flow cytometry analysis.
T cell proliferation assay
BMDCs were derived from bone marrow cells of 8-week-old 
C57Bl6/J mice as previously described (74). Bone marrow cells were 
plated into 100-mm petri dishes in complete differentiation medi-
um [RPMI (Gibco) supplemented with 10% fetal calf serum (Hy-
clone), 5  ×  105 M 2-ME, penicillin G (100 IU/ml), streptomycin 
sulfate (100 IU/ml), and GM-CSF (200 U/ml) (PeproTech)]. Seven 
days later, BMDCs were stimulated with Serpinb3b (10 μg/ml) for 
24 hours. On day 6 or 18, ear-draining lymph nodes from the left 
side were isolated and mashed, filtered through a 70-μm nylon mesh 
and stained with CFSE (Thermo Fisher Scientific, C34554, 1 μM). 
Then 2 × 105 CFSE-stained ear-draining lymph node cells were co-
cultured with 1 × 104 Serpinb3b-pulsed BMDCs for 4 days. On day 
4, cocultures were restimulated for 5 hours with phorbol 12-myristate 
13-acetate (PMA) (Sigma-Aldrich, P8139, 10 ng/ml), ionomycin 
(Sigma-Aldrich, I0634, 1 μg/ml), GolgiStop (BD, 554724, 1:1500), 
and GolgiPlug (BD, 555029, 1:1000, only the last 3 hours) following 
flow cytometry analysis.
AIM multiplex assay
The previously published multiplexed AIM assay (75) was adapted 
to identify Serpinb3b-specific CD4+ T cells. Lymph node and spleen 
immune cells were isolated from C57BL/6 wild-type mice (n = 5) 
and stimulated in vitro on day 0 with recombinant native or heat-
inactivated Serpinb3b (S, H), or MSA as a control (each 10 μg/ml). 
After an initial resting period, a second in vitro stimulation was per-
formed on day 7 for 15 hours following flow cytometry analysis.
Flow cytometry analysis of mouse cells
For flow cytometry analysis, cells were first stained with LIVE/DEAD 
Fixable Near IR (Invitrogen, L34980, 1:1000) or LIVE/Dead Fixable 
Aqua (Invitrogen, L34957, 1:1000) to assess viability. Following 
blocking with anti-CD16/32 (BioLegend, 101320, 1:250) to prevent 
nonspecific binding, the following surface markers were stained: 
CD3ε (BV605, BioLegend, 100351, 1:100), CD8 (Pacific Blue, BioLe-
gend, 100725, 1:600), CD4 (FITC, BioLegend, 100406, 1:400 or 
BV421, BioLegend, 100438, 1:500 or APC, BioLegend, 100412, 1:250), 
CD69 (AF700, BioLegend, 104539, 1:125), CD103 (FITC, BioLegend, 

121419, 1:125), CD45 (BV510, BioLegend, 103138, 1:250), CD44 
(APC-EFluor780, eBioscience, 47-0441-82, 1:100), CD137 (4-1BB) 
(eFluor450, Invitrogen, 48-1371-82, 1:250), CD134 (OX40) (PE-Cy7, 
BioLegend, 119416, 1:100), and CD154 (CD40L) (PE/Dazzle 594, 
BioLegend, 157015, 1:250). For intracellular cytokine staining, the 
cells were then fixed in formalin:PBS (1:1, 40 min, room temperature) 
and permeabilized using perm buffer (Invitrogen, 00-8333-56). The 
following intracellular markers were stained: IL-17A (APC-Cy7, Bio-
Legend, 506940, 1:400), IL-4 (APC, BD, 554436, 1:250), IL-13 (PE, 
eBioscience, 12-7133-81, 1:250), IFN-γ (PE-Cy7, BioLegend, 505826, 
1:250), TNF (PerCP-Cy5.5, BioLegend, 506321, 1:250), and Ki67 
(BV650, BioLegend, 151215, 1:250). Data were collected with an LSR 
Fortessa (BD) or CytoFLEX LX flow cytometer (Beckman Coulter) 
and analyzed using FlowJo V10 software (www.flowjo.com). For the 
AIM assay, gating strategies were applied using Boolean AND/OR 
combinations for data subset identification.

Culture and stimulation of primary human keratinocytes
Primary human epidermal keratinocytes were obtained by suction 
blister as reported before (34) and cultured in keratinocyte medium 
[DermaLife Basal Medium supplemented with DermaLife K LifeFac-
tor Kit (Lifeline Cell Technology, LL-0007)] at 37°C, 5% CO2. Charac-
teristics of healthy keratinocyte donors are listed in table S3. Second- to 
third-passage primary human epidermal keratinocytes were used and 
cultured in tissue culture–treated six-well plates with a starting cell 
number of 0.2 × 106. For stimulation, cells were starved for 5 hours in 
DermaLife Basal Medium following stimulation with human recom-
binant IL-17A (R&D Systems, 317-ILB-050, 50 ng/ml), TNF [R&D 
Systems, 210_TA-005, 10 (when in combination) or 50 ng/ml (single 
stimulation)], IFN-γ (R&D Systems, 285-IF-100/CF, 50 ng/ml), IL-4 
(Miltenyi Biotec, 130-093-921, 50 ng/ml), or IL-13 (R&D Systems, 
213-ILB-005, 50 ng/ml) for 16 hours (RNA analysis) or 72 hours (WB 
analysis) in keratinocyte medium without hydrocortisone.

RHE skin equivalents
RHE skin equivalents were cultured in collagen-coated (1% Collagen 
type I in PBS, Sigma-Aldrich, C3867-1VL) polycarbonate inserts (Mil-
lipore, PIHP01250) as described previously (76). A total of 0.3 × 106 
primary human keratinocytes were seeded in 500 μl of keratinocyte 
medium supplemented with 1.5 mM CaCl2 (Sigma-Aldrich, C-7902) 
into the insert. Characteristics of healthy keratinocyte donors are listed 
in table S3. Keratinocyte medium (2.5 ml) + 1.5 mM CaCl2 was added 
in the surrounding well. Models were cultured at 37°C and 5% CO2. 
Two days after seeding, airlift was done by aspirating the medium in 
the insert, and the medium in the surrounding 6-well was replaced 
with 1.8 ml of keratinocyte medium + 1.5 mM CaCl2 + vitamin C 
(50 μg/ml; Sigma-Aldrich, A5960-25G). Every second to third day, the 
medium in the surrounding 6-well was replaced with 2 ml of keratino-
cyte medium + 1.5 mM CaCl2 + vitamin C (50 μg/ml). Nine days after 
airlift, RHE skin equivalents were stimulated with proliferation assay–
derived TCS 1:10 diluted in 2 ml of keratinocyte medium without hy-
drocortisone + 1.5 mM CaCl2 + vitamin C (50 μg/ml) for 3 days. For 
histology, inserts were fixated with 4% formaldehyde (Fischar, 27244) 
for 24 hours at 4°C. Afterward, membranes of the fixated RHE skin 
equivalents were cut out with a scalpel, divided into two pieces, and 
embedded in paraffin. Sections (5 μm) were cut and dewaxed at 65°C 
for 20 min. After rehydration, sections were stained with H&E using 
standard methods. High-resolution images (20×) were obtained with 
an Evos microscope.
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Statistical analysis
All experiments were performed in biological replicates (number 
indicated in text and figure legends) unless otherwise indicated. 
Data were analyzed using GraphPad Prism 6 software and visual-
ized as mean ± SEM or as boxplot. For significance analysis, datasets 
were first tested for Gaussian distribution using Shapiro-Wilk test. 
To test for differences in the mean value within disease groups, the 
parametric ordinary one-way analysis of variance (ANOVA) test 
with Tukey’s multiple comparison (for Gaussian distributed data) or 
the nonparametric Kruskal-Wallis test with Dunn’s multiple com-
parison (for non-Gaussian distributed data) was used. Comparison 
of mean values relative to unstimulated conditions was performed 
using an unpaired two-sided t test with Welch’s correction (for 
Gaussian distributed data) or the Wilcoxon test (for non-Gaussian 
distributed data). Significance level was defined as *P  <  0.05, 
**P < 0.01, ***P < 0.001, and ****P < 0.0001.
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