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Abstract:
Background: Imbalances of T cell subsets are hallmarks of disease-specific inflammation in
psoriasis. However, the relevance of B cells for psoriasis remains poorly investigated.

Objective: To analyse the role of B cells and immunoglobulins for the disease specific
immunology of psoriasis.

Methods: We characterized B cell subsets and immunoglobulin levels in untreated psoriasis
patients (n=37) and compared them to healthy controls (n=20) as well as to psoriasis patients
under disease-controlling systemic treatment (n=28). B cell subsets were analyzed following
the flow cytometric gating strategy based on the surface markers CD24, CD38 and CD138.
Moreover, immunofluorescence stainings were used to detect IgA in psoriatic skin.

Results: We found significantly increased levels of IgA in the serum of treatment-naïve
psoriasis patients correlating with disease score. However, IgA was only observed in dermal
vessels of skin sections. Concerning B cell subsets, we only found a moderately positive
correlation of CD138+ plasma cells with IgA levels and disease score in treatment-naïve
psoriasis patients. Confirming our hypothesis that psoriasis can develop in the absence of
functional humoral immunity, we investigated a patient who suffered concomitantly from
both psoriasis and a hereditary common variable immune defect (CVID) characterized by a
lack of B cells and immunoglobulins. We detected variants in three of the 13 described genes
of CVID and a so far undescribed variant in the ligand of the TNFRSF13B receptor leading
to disturbed B cell maturation and antibody production. However, this patient showed typical
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psoriasis regarding clinical presentation, histology or T cell infiltrate. Finally, in a group of
psoriasis patients under systemic treatment, neither did IgA levels drop nor did plasma cells
correlate with IgA levels and disease score.

Conclusion: B cell alterations might rather be an epiphenomenal finding in psoriasis with a
clear dominance of T cells over shifts in B cell subsets.

Introduction
Psoriasis is a highly prevalent chronic inflammatory skin disease which is associated with
metabolic and cardiovascular co-morbidities [1-3]. In the pathogenesis of psoriasis, T
lymphocytes, in particular Th1 and Th17 cells [4], and their cytokines have been identified as
key cellular players leading to a broad set of effective and specific therapies [5, 6]. However,
increasing evidence from other Th17 mediated diseases such as multiple sclerosis and
rheumatoid arthritis suggest that B cells might be equally important players [7]. In line with
this, clinical trials demonstrated that B cell depleting therapies reduced relapses and disease
activity in patients suffering from multiple sclerosis and improved disease symptoms in
patients with rheumatoid arthritis [7-10].
As precursors of differentiated plasma cells, B lymphocytes not only produce antibodies, but
also play an important immunological role as antigen-presenting cells and producers of a
broad array of cytokines, which control early and established T cell-mediated responses [11].
In psoriasis, B cells were indeed detected in lesional skin [12, 13] and altered frequencies of
circulating B lymphocytes in psoriasis have been described [14]. However, it is still unclear
whether B cells have a functional role in the disease specific immunology of psoriasis or if
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alterations only occur as a bystander phenomenon. In-depth data – in particular
comprehensive characterization of different B cell phenotypes in the context of their
developmental stage - are sparse. Recently, the subset of CD19+CD24hiCD38hi B cells has
been shown to maintain regulatory T cells while limiting Th1 and Th17 differentiation [15],
which may imply significant impact in the context of the psoriatic inflammation.
In this study, B cell subtypes and immunoglobulins were analyzed in peripheral blood in a
large cohort of psoriasis patients and compared to healthy controls. Our findings were tested
for correlation to disease activity (PASI) and validated by immunofluorescence stainings.
Furthermore, to estimate the significance of B cells in psoriatic inflammation in vivo, a
patient suffering from psoriasis as well as a B cell immunodeficiency was investigated
intensively. Finally, B cell subsets were compared between the group of therapy-naïve and
systemically treated psoriasis patients to detect whether disease control is dependent on B cell
alterations.

Material and Methods
Patients
Thirty-seven treatment-naive patients with psoriasis and Psoriasis Area and Severity Index
[PASI] score > 5 (42.0 ± 2.4 years; PASI: range 6.2 to 42.3, mean 14.9), and 20 healthy
volunteers (48.2 ± 3.2 years) were enrolled in this study. No age (p=0.15, one-way ANOVA)
or sex (p=0.38, χ² test) disparities were observed between the groups. To define if successful
systemic treatment would affect B cell and immunoglobulin status, a second cohort of 28
patients with psoriasis under systemic treatment with PASI < 5 (52.1 ± 2.1 years; PASI:
range 0.0 to 4.7, mean 1.7) was established. Among these patients, eight patients were treated
with anti-TNF-α medication, eight patients with methotrexate, five patients with anti-IL-
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23/IL-12 medication, three patients with fumaric acid esters, three patients with PDE-4
inhibitor and one patient with acitretin. Severity scores were obtained using the PASI system.
All patients and control subjects gave their written consent to participate in the study, and the
study was approved by the local ethical committee (project number 44/16S).

Whole blood cell surface staining
Whole peripheral blood was lysed using red blood cell lysis buffer containing NH4Cl,
KHCO3 and EDTA dissolved in H2O. After blocking unspecific antibody binding with
Human BD Fc Block (Becton, Dickinson and Company, Franklin Lakes, New Jersey)
peripheral blood cells were stained using fluorochrome-labeled antibodies binding to cellsurface markers (anti-CD19, anti-CD24, anti-CD38, anti-CD138, , anti-CD3,; all BD; antiCD138: R&D Systems, Minneapolis, Minnesota; anti-CD20, anti-IgA: Miltenyi Biotec,
Bergisch Gladbach, Germany). Dead cells were detected and excluded from analysis by
LIVE DEADTM Fixable Aqua Dead Cell Stain Kit: Thermo Fisher Scientific, Waltham,
Massachusetts).

Flow cytometric analysis and nomenclature
The CD19+ B cells were grouped in five subsets according to their CD24 and CD38
expression, two markers that are expressed on all B cells but differentially regulated during B
cell development [16]. This well-established approach enables to distinguish CD24+CD38primarily memory B cells, CD24intCD38int mature naïve B cells, CD24hiCD38hi
transitional/regulatory B cells, CD24-CD38+ plasmablasts/plasma cells and CD24-CD38- new
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memory B cells [17-19]. Furthermore, we analyzed CD138 expression in order to gain deeper
insight into the plasma cell compartment.
Cells stained with fluorochrome conjugated antibodies against corresponding surface
antigens were acquired with a LSRFortessa flow cytometer (BD) and analysed using FlowJo
Software, Version 10 (FlowJo, LLC, Ashland, Oregon).

Statistical analysis
Statistical analysis was performed using GraphPad Prism 7.00 Software (GraphPad Software,
La Jolla, California). Mann-Whitney U test was used to compare between variables.
Variables were correlated by using Spearman rank correlation. All values are expressed as
means with standard error of the mean (SEM).

Ethics
All methods were carried out in accordance with relevant guidelines and regulations. Human
patient procedures were approved by the Ethics Committee of the Technical University of
Munich (project number 44/16S) and all patients and control subjects provided informed
consent.

Results
IgA serum levels are elevated in psoriasis and correlate with disease severity
In untreated patients with psoriasis, as well as in our cohort of control subjects, we first
analyzed humoral serum proteins, namely IgM, IgA, IgG, IgE and complement factors C3
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and C4. We found that C3 and C4 concentrations were higher in the serum of psoriasis
patients (125

4.6 mg/dl for C3; 26.2

3.3 mg/dl for C3, p=0.0034; 21.4

1.2 mg/dl for C4) than in healthy controls (105.7

1.3 mg/dl for C4, p=0.0096, Supplementary Figure S1 A

and B). Concerning immunoglobulins, we found no differences of the serum levels of IgG
and IgM between the cohorts (Supplementary Figure S1 C and D). IgE levels were
significantly increased in psoriasis (256.8

62.2 IU/ml) compared to healthy controls (78.39

24.61 IU/ml, p=0.0146) (Supplementary Figure S1 E). Most significantly, however, we
found IgA levels higher in psoriasis (269.2

20.6 mg/dl) than in healthy controls (160.54

17.63 mg/dl, p<0.0001, Figure 1 A). More importantly, IgA serum levels but not IgE levels in
the serum of psoriasis patients showed a correlation with PASI (r=0.43, p=0.013 for IgA,
r=0.23, p=0.21 for IgE; Figure 1 B, Supplementary Figure S1 F). Accordingly, IgA could
also be detected in psoriatic skin. However, in all sections (n=18) examined, IgA was only
found in dermal vessels of lesional psoriatic skin and not in epidermal or dermal tissue
(Figure 1C).

Characterization of B cell subsets does not reveal profound psoriasis specific
aberrations
Further investigating the discrepancy of elevated IgA in serum of psoriasis patients but absent
accumulation in psoriatic skin, we analyzed B cells as sources of IgA in both psoriatic skin
and blood. In line with our findings for IgA in the skin, immunofluorescent double stainings
of both CD19 and CD8 (marker for cytotoxic T cells) revealed only few B cells as compared
to the abundance of T cells in psoriatic skin (Supplementary Figure S4). To clarify if elevated
IgA serum levels are paralleled by an altered composition of B cell subsets in the peripheral
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blood, we next analyzed the distinct B cell subsets using the common gating strategy based
on CD24 and CD38[17, 18]. Within the five different subsets in the CD24/CD38 gates, no
significant differences between the two groups of untreated psoriasis patients and control
subjects were found for the CD19+CD38-CD24- new memory B cells (Psoriasis: 2.2
control subjects: 2.1
(Psoriasis: 4.2

0.3, p=0.7662), CD19+CD38hiCD24hi transitional regulatory B cells

0.4%, control subjects: 5.05

primarily memory B cells (Psoriasis: 27

0.7%, p=0.7781), CD19+CD38-CD24hi

2.6%, control subjects: 24.4

and mature B cells, as defined by CD19+CD38intCD24int (Psoriasis: 59.9
subjects: 62.6

0.2%,

2.8%, p=0.8316)
2.7%, control

2.8%, p=0.8386). Regarding the population of CD19+CD24-CD38+

plasmablasts a trend for a higher proportion was observed in psoriasis (2
compared to control subjects (1.4

0.4%) as

0.3%, p=0.2561, Figure 2 A).

A substantial proportion of the cells within the fraction of CD19+CD24-CD38+ plasmablasts
in the blood was previously described to express CD138, a proteglycan that is a hallmark of
plasma cells [20]. Moreover, as steady-state circulating CD38hiCD138+plasma cells are
known to secrete IgA [20] and IgA was elevated in our cohort of psoriasis patients as
compared to healthy controls, we next focused on the fraction of CD19+CD24-CD38+CD138+
plasma cells within the population of CD19+CD24-CD38+ plasmablasts. Although similar
frequencies of this cell population were detected in psoriasis (12.5 ± 1.18%) and healthy
volunteers (12.6 ± 1.5, p=0.9411 Figure 2 B) we found only in psoriasis but not in healthy
controls a moderate correlation between IgA levels and the CD19+CD24-CD38+CD138+
subset (r=0.4, p=0.02 for psoriasis; r=-0.03, Figure 2 C; p=0.9 for healthy controls). Besides,
PASI was positively correlated with the frequency of CD19+CD24-CD38+CD138+ plasma
cells (r=0.39; p=0.02, Figure 2 D). Furthermore, we directly examined IgA expression on
CD19+CD24-CD38+CD138+ plasma cells and found that CD19+CD24-CD38+CD138+ cells
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are indeed IgA positive. Moreover, CD19+CD24-CD38+CD138+IgA+ plasma cell frequencies
also correlated with PASI (r=0.883, p=0.015, Supplementary figure S5 A and B).

Development of psoriasis in a patient suffering from common variable immune
deficiency accompanied by a severe lack of B cells and immunoglobulins
To interpret our results for the relevance of disease pathogenesis in human psoriasis, we
eventually had the chance to also analyse a patient (A.B.) who suffered from a hereditary
common variable immunodeficiency characterized by a lack of B cells and immunoglobulins
and – at the age of thirty – developed psoriasis for the first time. On admission, the patient
displayed the full phenotype of psoriasis vulgaris both clinically (Figure 3 A) and
histologically (Figure 3 B). The family history for psoriasis was positive and the PASI of
A.B. on admission was 30. In respect of the findings from the cohort of psoriasis patients, this
specific patient might offer the opportunity to clarify the question if B cells are of high
relevance in the pathogenesis of psoriasis or – in contrary – if the lack of B cells had been
irrelevant for the development of psoriasis. We first analysed the functionality of peripheral
blood mononuclear cells (PBMC) and found that PBMC stimulated by α-CD3 and α-CD28,
as well as by Phytohemagglutinin (PHA) and pertussis toxin showed substantial proliferation
as assessed by H3-Thymidine incorporation indicating intact T cell function upon stimulation
(Supplementary Figure S2 A). Next, we isolated T cells from lesional skin of the patient,
stimulated them and compared their cytokine profile to a representative cohort of cytokine
profiles from patients with psoriasis randomly picked from the untreated cohort (n=11). We
found comparative values for A.B. and psoriasis patients with high amounts of TNF-α, IFN-γ
and IL-17 indicating a Th17 profile that was not altered by a lack of B cells and their
respective cytokines (Supplementary Figure S2 B).
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To characterize the underlying immune defect of A.B. in more detail, we performed total
RNA sequencing of lesional skin in this patient and analyzed genetic variants within these
transcripts. In the transcripts of the 13 described CVID genes, we identified 6 synonymous
and 1 nonsynonymous variants in three of them, namely NFKB1, NFKB2 and PRKCD. In
addition, we identified 1 nonsynonymous variant in TNFSF13, the ligand of the TNFRSF13B
receptor. This receptor also belongs to the 13 described genes of CVID and shows strong
integration with the other CVID genes when depicting all CVID genes in a network (Figure 3
C).
We then analyzed peripheral B cell subsets from PBMCs and serum IgA in A.B. We
measured a strong decrease of IgA levels in A.B. (57 mg/dl) as compared to psoriasis (269.2
20.6 mg/dl) and healthy controls (160.54

17.63 mg/dl, Figure 3 D). Besides, we found a

marked reduction of peripheral CD19+ B cells in A.B. (2.3 %) as compared to psoriasis with
11.1 ± 0.7 % and healthy controls with 9.4 ± 0.8 %, Figure 3 E).
In contrast to the above described cohort of patients with psoriasis and healthy controls, A.B.
showed increased percentages of new memory CD19+CD38-CD24-B cells (13.7 %), primarily
memory CD19+CD38-CD24hi B cells (63.4 %) and CD19+CD38hiCD24-CD138hi plasma cells
(51.6 %), whereas the population of CD19+CD38intCD24int mature B cells (16%) and
CD19+CD38hiCD24hi regulatory B cell was markedly decreased or almost absent (0.16 %).

B cell subsets in patients under disease-controlling systemic anti-psoriasis treatment
regimens remain broadly unchanged
To further understand the relevance of B cells in the context of psoriasis, we analyzed IgA
levels and above characterized B cell subsets in a group of psoriasis patients showing stable
disease activity (PASI < 5 in all patients) under systemic treatment. For IgA levels, no
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significant differences between the cohort of untreated patients (PASI > 5) and treated
patients (PASI < 5) were detected (p=0.5148, Figure 4 A). Moreover, PASI did not correlate
with IgA (Supplementary Figure S3 D) within the cohort of treated patients. Apart from
significant reduced percentages of plasmablasts (CD19+CD24-CD38+) within the group of
treated patients as compared to the group of untreated patients (p=0.02, Figure 4 B), no
differences between treated and untreated patients were observed within the remaining four
subsets of new memory B cells, transitional regulatory B cells, primarily memory B cells and
mature B cells (Figure 4 B). Also, when comparing CD19+CD24-CD38+CD138+ plasma cells
between the two cohorts, we found no significant difference between treated and untreated
patients (p=0.14, Supplementary Figure S3 A). Besides, the CD19+CD24-CD38+CD138+
plasma cells - for which we showed positive correlations with IgA and PASI in the untreated
cohort (Figure 1 B) - did not correlate with IgA and PASI within the group of treated patients
(Supplementary Figure S3 B and C).

Discussion
Psoriasis is understood as a T cell driven chronic inflammatory skin disease. In contrast to T
cell research in the field of psoriasis, B cells as important counterparts of T cells in the
adaptive immune system have not yet been investigated comprehensively. Several case
reports described new-onset psoriasis during B cell depleting therapies [21-24]. Moreover,
studies investigating B cell functions and phenotypes in psoriasis have revealed contradictory
results. A study investigating natural killer cells and B cells in psoriasis found increased
levels of B cells in psoriasis as compared to healthy controls [14], whereas Czarnowicki et al.
found similar frequencies of B cells in psoriasis and healthy controls [18] – a finding which is
in line with our results. While we did not detect differences in the frequency of
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CD19+CD38hiCD24hi regulatory B cells one study showed increased frequencies [25] and
another one even decreased frequencies of these regulatory B cells in psoriasis [18].
In our study, we found increased IgA levels in treatment-naïve patients with psoriasis in the
serum corroborating the findings of earlier studies [26, 27]. Besides, we found correlation of
IgA levels with CD24-CD38+CD138+ plasma cells in our cohort of untreated patients. The
relative distribution of this subset was not different between the cohort of psoriasis and
healthy volunteers, however, we found a significant correlation of this subset in untreated
patients with PASI. This indicates that these cells might exert a distinct specific role in the
inflammatory processes of psoriasis. However, during disease controlling systemic treatment,
neither did IgA levels and percentages of CD19+CD24-CD38+CD138+ plasma cells drop, nor
did CD138+ plasma cells correlate with PASI and IgA levels indicating a rather
epiphenomenal than a disease influencing role of IgA and CD19+CD24-CD38+CD138+
plasma cells. Along with this, we only found IgA deposits in the dermal blood vessels, but
not in the tissue as in dermatitis herpetiformis where it plays a clear pathophysiological role
[28]. IgA in the dermal vessels of skin sections has been described for Henoch-Schönlein
purpura [29] but also for apparently healthy skin of patients with primary IgA nephropathy,
Henoch-Schönlein purpura, or alcoholic liver disease [30]. These diseases including psoriasis
are characterized by generalized inflammation, leading to the assumption that IgA in blood
vessels but not in the skin might be an epiphenomenal finding in the course of generalized
inflammation.

Furthermore, we analyzed a patient (A.B.) suffering from psoriasis and B cell deficiency
concomitantly, thus representing an ideal role model to investigate the significance of B cells
as a proinflammatory player in the pathogenesis of psoriasis in humans. On the transcriptome
level, we found six synonymous and one nonsynonymous variants in three of the 13 CVID
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genes NFKB1, NFKB2 and PRKCD. Besides, we identified a nonsynonymous variant in
TNFSF13, a ligand of the TNFRSF13B receptor. This receptor belongs to one of the 13
described CVD genes and has been shown to be involved in B cell function and – in its
mutated form – to disrupt antibody production leading to immune dysfunction [31]. As
shown by our network analysis, TNFSF13 and its receptor show strong integration with other
factors of the CVID network. As expected by the genetic background, our patient presented
with decreased B cell counts and IgA level, but high disease score, thus indicating that B cells
and IgA deposits might be dispensable for the development of psoriasis. Since psoriasis
patients did not show an overall decreased frequency of CD24hiCD38hi regulatory B cells, a
diminished protective B cell phentotype as a general mechanism in the pathogenesis of
psoriasis can be excluded. However, a decreased protective role of e.g. regulatory B cells
influencing the pathogenesis in a subset of patients cannot be excluded by our data.
As the functions of B cells are not limited to the production of antibodies, but also include
activation of T cells, we also investigated T cell function in our patient A.B.. We showed,
that T cells are fully functional in A.B. with a psoriasis typical Th17 phenotype.
In A.B, rather low frequencies of regulatory B cells were detected, a common finding in
patients with common variable immunodeficiency [32]. As regulatory B cells have been
shown to play an important role in the development of regulatory T cells and for controlling
T cell activation and thus autoimmunity [32], one might argue that A.B. developed psoriasis
due to due to limited regulatory B cell mediated control of T cell activity. However, in our
cohort of psoriasis patients an overall decreased frequency of CD24hiCD38hi regulatory B
cells could not be detected strongly questioning a general mechanism of protective B cell
phenotypes in the pathogenesis of psoriasis. Along with this, Yanaba et al. showed that in the
murine imiquimod model skin inflammation was not less but in the contrary more severe in
CD19−/− mice than in WT mice corroborating our point of CD19+ cells not primarily driving
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psoriatic inflammation. Yet, they found that inflammatory responses were negatively
regulated by a unique IL-10-producing CD1dhiCD5+ regulatory B cell subset [33] hinting at a
decreased protective role of regulatory B cells in a subset of psoriasis patients, as e.g. in our
patient A.B. However, in A.B., the positive family history of psoriasis but not CVID,
challenges a crucial role ofB cells. Consistent with this genetic line of argumentation,
microarray data, including ours, as well as big GWAS studies have mainly found aberrations
in T cell and not B cell related pathways [34-36]. Not least our immunofluroscent stainings
revealed that B cells are rarely found in psoriatic skin as compared to the dense infiltrate of T
cells providing one reason why B cell depleting therapies have not proven resounding success
for the therapy of psoriasis in contrast to the successful target oriented therapies that are
focused on T cell mediated pathways [37].
Although we analyzed a broad set of surface markers used for in-depth phenotyping of B
cells, we eventually found rather few differences between the B cell subtypes of psoriasis as
compared to healthy volunteers. This hints at the conclusion that psoriasis can be elicited in
the lack of B cells and immunoglobulins. Nevertheless, it might be possible, that relevant
changes in B cell subsets are not detectable in the periphery, but in primary and secondary
lymphoid organs such as bone marrow or lymph nodes, which were not accessible in our
study. Although, reduced frequencies of regulatory and potential protective B cell subsets as
a general pathomechanism for psoriasis could be excluded based on our data, they might be
relevant for a subset of patients. Further functional studies beyond pure characterization of
surface markers – even if as detailed as in our study – are necessary to reveal the diseasespecific contribution of B cells and thus the therapeutic potential of targeting specific B cell
subtypes.

This article is protected by copyright. All rights reserved.

Accepted Article

References
[1]
Rhee TM, Lee JH, Choi EK, Han KD, Lee H, Park CS, et al. Increased Risk of Atrial Fibrillation
and Thromboembolism in Patients with Severe Psoriasis: a Nationwide Population-based Study. Sci
Rep. 2017;7; 9973.
[2]
Nakamizo S, Honda T, Adachi A, Nagatake T, Kunisawa J, Kitoh A, et al. High fat diet
exacerbates murine psoriatic dermatitis by increasing the number of IL-17-producing gammadelta T
cells. Sci Rep. 2017;7; 14076.
[3]
Armstrong EJ, Harskamp CT, Armstrong AW. Psoriasis and major adverse cardiovascular
events: a systematic review and meta-analysis of observational studies. Journal of the American
Heart Association. 2013;2; e000062.
[4]
Eyerich K, Eyerich S. Immune response patterns in non-communicable inflammatory skin
diseases. Journal of the European Academy of Dermatology and Venereology : JEADV. 2018;32; 692703.
[5]
Schon MP, Boehncke WH. Psoriasis. N Engl J Med. 2005;352; 1899-1912.
[6]
Nestle FO, Kaplan DH, Barker J. Psoriasis. N Engl J Med. 2009;361; 496-509.
[7]
Lehmann-Horn K, Kronsbein HC, Weber MS. Targeting B cells in the treatment of multiple
sclerosis: recent advances and remaining challenges. Ther Adv Neurol Disord. 2013;6; 161-173.
[8]
Calabresi PA. B-Cell Depletion - A Frontier in Monoclonal Antibodies for Multiple Sclerosis. N
Engl J Med. 2017;376; 280-282.
[9]
Mok CC. Rituximab for the treatment of rheumatoid arthritis: an update. Drug Des Devel
Ther. 2013;8; 87-100.
[10]
Edwards JC, Szczepanski L, Szechinski J, Filipowicz-Sosnowska A, Emery P, Close DR, et al.
Efficacy of B-cell-targeted therapy with rituximab in patients with rheumatoid arthritis. N Engl J Med.
2004;350; 2572-2581.
[11]
Lund FE, Randall TD. Effector and regulatory B cells: modulators of CD4+ T cell immunity. Nat
Rev Immunol. 2010;10; 236-247.
[12]
Lu J, Ding Y, Yi X, Zheng J. CD19+ B cell subsets in the peripheral blood and skin lesions of
psoriasis patients and their correlations with disease severity. Braz J Med Biol Res. 2016;49; e5374.
[13]
Mahmoud F, Abul H, al Saleh Q, Hassab-el Naby H, Kajeji M, Haines D, et al. Elevated Blymphocyte levels in lesional tissue of non-arthritic psoriasis. J Dermatol. 1999;26; 428-433.
[14]
Gambichler T, Zhang Y, Hoxtermann S, Kreuter A. Natural killer cells and B lymphocytes in
peripheral blood of patients with psoriasis. The British journal of dermatology. 2013;168; 894-896.
[15]
Flores-Borja F, Bosma A, Ng D, Reddy V, Ehrenstein MR, Isenberg DA, et al.
CD19+CD24hiCD38hi B cells maintain regulatory T cells while limiting TH1 and TH17 differentiation.
Sci Transl Med. 2013;5; 173ra123.
[16]
Carsetti R, Rosado MM, Wardmann H. Peripheral development of B cells in mouse and man.
Immunol Rev. 2004;197; 179-191.
[17]
Buffa S, Pellicano M, Bulati M, Martorana A, Goldeck D, Caruso C, et al. A novel B cell
population revealed by a CD38/CD24 gating strategy: CD38(-)CD24 (-) B cells in centenarian offspring
and elderly people. Age (Dordr). 2013;35; 2009-2024.
[18]
Czarnowicki T, Gonzalez J, Bonifacio KM, Shemer A, Xiangyu P, Kunjravia N, et al. Diverse
activation and differentiation of multiple B-cell subsets in patients with atopic dermatitis but not in
patients with psoriasis. The Journal of allergy and clinical immunology. 2016;137; 118-129 e115.
[19]
Lin W, Zhang P, Chen H, Chen Y, Yang H, Zheng W, et al. Circulating plasmablasts/plasma
cells: a potential biomarker for IgG4-related disease. Arthritis Res Ther. 2017;19; 25.
[20]
Caraux A, Klein B, Paiva B, Bret C, Schmitz A, Fuhler GM, et al. Circulating human B and
plasma cells. Age-associated changes in counts and detailed characterization of circulating normal
CD138- and CD138+ plasma cells. Haematologica. 2010;95; 1016-1020.

This article is protected by copyright. All rights reserved.

Accepted Article

[21]
Kim DW, Park SK, Woo SH, Yun SK, Kim HU, Park J. New-onset psoriasis induced by rituximab
therapy for non-Hodgkin lymphoma in a child. European journal of dermatology : EJD. 2016;26; 190191.
[22]
Fiorillo L, Wang C, Hemmati I. Rituximab induced psoriasis in an infant. Pediatric
dermatology. 2014;31; e149-151.
[23]
Jayasekera P, Parslew R, Al-Sharqi A. A case of tumour necrosis factor-alpha inhibitor- and
rituximab-induced plantar pustular psoriasis that completely resolved with tocilizumab. The British
journal of dermatology. 2014;171; 1546-1549.
[24]
Mok MM, Yeung CK, Chan DT, Lo WK. New onset psoriasis after rituximab for treatment of
idiopathic membranous nephropathy. Nephrology (Carlton). 2014;19; 60.
[25]
Hayashi M, Yanaba K, Umezawa Y, Yoshihara Y, Kikuchi S, Ishiuji Y, et al. IL-10-producing
regulatory B cells are decreased in patients with psoriasis. J Dermatol Sci. 2016;81; 93-100.
[26]
Laurent MR, Panayi GS, Shepherd P. Circulating immune complexes, serum
immunoglobulins, and acute phase proteins in psoriasis and psoriatic arthritis. Annals of the
rheumatic diseases. 1981;40; 66-69.
[27]
Ozturk G, Erbas D, Gelir E, Gulekon A, Imir T. Natural killer cell activity, serum
immunoglobulins, complement proteins, and zinc levels in patients with psoriasis vulgaris. Immunol
Invest. 2001;30; 181-190.
[28]
Hall RP, Lawley TJ. Characterization of circulating and cutaneous IgA immune complexes in
patients with dermatitis herpetiformis. J Immunol. 1985;135; 1760-1765.
[29]
Heineke MH, Ballering AV, Jamin A, Ben Mkaddem S, Monteiro RC, Van Egmond M. New
insights in the pathogenesis of immunoglobulin A vasculitis (Henoch-Schonlein purpura). Autoimmun
Rev. 2017;16; 1246-1253.
[30]
Hene RJ, Velthuis P, van de Wiel A, Klepper D, Dorhout Mees EJ, Kater L. The relevance of IgA
deposits in vessel walls of clinically normal skin. A prospective study. Arch Intern Med. 1986;146;
745-749.
[31]
Jonsson S, Sveinbjornsson G, de Lapuente Portilla AL, Swaminathan B, Plomp R, Dekkers G, et
al. Identification of sequence variants influencing immunoglobulin levels. Nature genetics. 2017;49;
1182-1191.
[32]
Barsotti NS, Almeida RR, Costa PR, Barros MT, Kalil J, Kokron CM. IL-10-Producing Regulatory
B Cells Are Decreased in Patients with Common Variable Immunodeficiency. PloS one. 2016;11;
e0151761.
[33]
Yanaba K, Kamata M, Ishiura N, Shibata S, Asano Y, Tada Y, et al. Regulatory B cells suppress
imiquimod-induced, psoriasis-like skin inflammation. Journal of leukocyte biology. 2013;94; 563-573.
[34]
Tsoi LC, Spain SL, Knight J, Ellinghaus E, Stuart PE, Capon F, et al. Identification of 15 new
psoriasis susceptibility loci highlights the role of innate immunity. Nature genetics. 2012;44; 13411348.
[35]
Tsoi LC, Spain SL, Ellinghaus E, Stuart PE, Capon F, Knight J, et al. Enhanced meta-analysis and
replication studies identify five new psoriasis susceptibility loci. Nature communications. 2015;6;
7001.
[36]
Tsoi LC, Stuart PE, Tian C, Gudjonsson JE, Das S, Zawistowski M, et al. Large scale metaanalysis characterizes genetic architecture for common psoriasis associated variants. Nature
communications. 2017;8; 15382.
[37]
Ronholt K, Iversen L. Old and New Biological Therapies for Psoriasis. Int J Mol Sci. 2017;18.

This article is protected by copyright. All rights reserved.

Accepted Article

Figure legends

Fig.1: IgA serum levels are elevated in psoriasis and correlate with disease severity. IgA
levels are significantly increased in psoriasis as compared to healthy controls (A). In psoriasis
patients, IgA levels show a moderate correlation with disease score PASI (B). Representative
immunofluorescence staining of psoriatic skin shows that IgA could also be detected in
psoriatic skin (C). However, IgA was only found in dermal vessels of lesional psoriatic skin
and not in epidermal or dermal tissue. Scale bar = 100 µm. Inset at 3x magnification.

Fig.2: Characterization of B cell subsets using the CD24/CD38 gating strategy. Within
the five different subsets in the CD24/CD38 gates, no significant differences between the two
groups of untreated psoriasis patients and control subjects were found for the
CD19+CD38hiCD24hi transitional regulatory B cells (I), CD19+CD38intCD24int mature B cells
(II), CD19+CD38-CD24hi primarily memory B cells (IV) and CD19+CD38-CD24- new
memory B cells (V). Regarding the population of CD19+CD24-CD38+ plasmablasts (III) a
trend for a higher proportion was observed in psoriasis (A). Regarding the fraction of
CD19+CD24-CD38+CD138+ plasma cells within the fraction of plasmablasts, similar
frequencies were detected in psoriasis and healthy volunteers (B). But a moderate correlation
between plasma cells with IgA levels (C) and PASI (D) was found.

Fig. 3: Index patient A.B. suffering concomitantly from psoriasis and a common
variable immune deficiency (CVID). Patient A.B. displayed the full phenotype of psoriasis
vulgaris with demarcated red scaly plaques all over the body (A). Histological examination
showed characteristic epidermal thickening with regular elongation of rete ridges,
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lymphocytic infiltration and neutrophilic micro-abscesses (B). RNA sequencing of lesional
skin and analysis of genetic variants in A.B. revealed 6 synonymous and 1 nonsynonymous
variants in three of the 13 described CVID genes, namely NFKB1, NFKB2 and PRKCD and
1 nonsynonymous variant in TNFSF13, the ligand of the TNFRSF13B receptor (C). In A.B.
IgA levels are markedly reduced as compared to psoriasis and healthy controls (D). Also, B
cell levels are decreased as compared to psoriasis and healthy controls (E). Moreover, A.B.
showed increased percentages of new memory CD19+CD38-CD24-B cells, primarily memory
CD19+CD38-CD24hi B cells and CD19+CD38hiCD24-CD138hi plasma cells, whereas the
population of CD19+CD38intCD24int mature B cells and CD19+CD38hiCD24hi regulatory B
cell was markedly decreased or almost absent (E).

Fig. 4: B cell subsets in patients under disease-controlling systemic anti-psoriasis
treatment regimens remain broadly unchanged. For IgA levels, no significant differences
between the cohort of untreated psoriasis patients (PASI > 5) and psoriasis patients under
disease controlling systemic treatment (PASI < 5) were detected (A). Apart from significant
reduced percentages of plasmablasts (CD19+CD24-CD38+) within the group of treated
patients as compared to the group of untreated patients (p=0.02, Figure 4 B), no differences
between treated and untreated patients were observed within the remaining four subsets of
new memory B cells, transitional regulatory B cells, primarily memory B cells and mature B
cells (B).
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