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ARTICLE INFO ABSTRACT

Keywords: Gene and protein expression profiles of iris biopsies, aqueous humor (AqH), and sera in patients with juvenile
Juvenile idiopathic arthritis idiopathic arthritis-associated uveitis (JIAU) in comparison to control patients with primary open-angle glau-
Uveitis coma (POAG) and HLA-B27-positive acute anterior uveitis (AAU) were investigated. Via RNA Sequencing (RNA-
B cells

Seq) and mass spectrometry-based protein expression analyses 136 genes and 56 proteins could be identified as

;y; :::::H niche being significantly differentially expressed (DE) between the JIAU and POAG group. Gene expression of different
HLA-B27 immunoglobulin (Ig) components as well as of the B cell-associated factors ID3, ID1, and EBF1 was significantly

upregulated in the JIAU group as compared to POAG patients. qRT-PCR analysis showed a significantly higher
gene expression of the B cell-related genes CD19, CD20, CD27, CD138, and MZBI1 in the JIAU group. At the
protein level, a significantly higher expression of Ig components in JIAU than in POAG was confirmed. The B
cell-associated protein MZB1 showed a higher expression in JIAU patients than in POAG which was confirmed by
western blot analysis. Using bead-based immunoassay analysis we were able to detect a significantly higher
concentration of the B cell-activating and survival factors BAFF, APRIL, and IL-6 in the AqH of JIAU and AAU
patients than in POAG patients. The intraocularly upregulated B cell-specific genes and proteins in iris tissue
suggest that B cells participate in the immunopathology of JIAU. The intracameral environment in JIAU may
facilitate local effector and survival functions of B cells, leading to disease course typical for anterior uveitis.

Abbreviations: ANA, anti nuclear antibodies; APRIL, a proliferation-inducing ligand; AU, anterior uveitis; AAU, acute anterior uveitis; AqH, aqueous humor; BAFF, B
cell-activating factor; BCMA, B cell maturation antigen; BSA, bovine serum albumin; CD, cluster of differentiation; cDNA, complementary desoxyribonucleic acid;
CHAPS, 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate; DE, differentially expressed; DMARD, disease-modifying anti-rheumatic drug; DTT,
Dithiothreitol; f, female; EBF1, early B cell factor 1; FDR, false discovery rate; fw, forward; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; Gpr83, G Protein-
Coupled Receptor 83; HLA, human leukocyte antigen; HKG, housekeeping gene; ID, inhibitor of DNA binding; Ig, immunoglobulin; IL, interleukin; ILAR,
International League of Associations for Rheumatology; IOP, intraocular pressure; JIA, juvenile idiopathic arthritis; JIAU, juvenile idiopathic arthritis-associated
uveitis; LC-IMS, liquid chromatography coupled ion mobility mass spectrometry; LLPC, long-lived plasma cell; m, male; mRNA, messenger RNA; Mmrn2, Multimerin
2; MTX, methotrexate; MZB1, marginal zone and B1 cell-specific protein; Nedd9, Neural Precursor Cell Expressed; PC, plasma cell; PCA, principle component
analysis; POAG, primary open-angle glaucoma; qRT-PCR, quantitative real-time polymerase chain reaction; RA, rheumatoid arthritis; RF, rheumatoid factor; RIN,
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Syndecan-1; SDS-PAGE, Sodium dodecyl sulfate polyacrylamide gel electrophoresis; SLE, systemic lupus erythematosus; SS, Sjogren syndrome; SUN, standardization
of uveitis nomenclature; TBS-T, Tris-buffered saline with Tween 20; TCEP, tris(2-carboxyethyl)phosphine); Th, T-helper; UPLC, Ultra Performance Liquid
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1. Introduction

Juvenile idiopathic arthritis (JIA) is the most common chronic
rheumatic disease in childhood and associated uveitis (JIAU) represents
its most common extra-articular manifestation (9-13%) [1,2]. JIA
constitutes a hetergeneous group of clinically distinct arthritic dis-
orders, with onset before the age of 16 years [3]. Approximately two
thirds of patients refer to the oligoarthritis subtype [2,4]. Children of
young age at JIA onset, antinuclear (ANA) antibody positivity [2,4,5],
and genetic predespositions such as female gender and HLA-DRB1 al-
leles [6,7] are considered as patients at risk for uveitis. JIAU typically
involves the iris and ciliary body [8] with insidious onset of flare and
frequent development of vision-threatening complications, for example,
posterior synechiae, cataract formation, glaucoma, and macular edema
[9].

The pathogenesis of JIAU is still unknown. Similar to other auto-
immune disorders, genetic and environmental factors may be involved
[7,10]. Previous immunohistochemical studies from iris biopsies in end-
stage JIAU revealed a predominance of B cells in the intraocular in-
flammatory infiltrate, with plasma cells and CD20 * B cells being the
most abundant cell populations [8,11-14]. Elevated amounts of im-
munoglobulin (Ig) isotypes G, M, and A were observed in the vitreous
fluid of a patient with JIAU [15]. The important role of B cells is further
supported by the production of ANA-associated autoantibodies tar-
geting the anterior uveal tissues, which can be detected frequently in
JIAU patients [16]. Thus, these results indicate an involvement of B
cells in the pathogenesis of JIAU. However, no data are available de-
fining the characteristic intraocular environment that may facilitate B
cell dominance, B cell precursors, or plasma cell (PC) survival in the so-
called plasma cell niche. The soluble B cell maturation antigen (BCMA)
ligands APRIL and BAFF are indispensable for the longevity of PC [17].
Evidently, long-lived plasma cells (LLPC) persist during several auto-
immune disorders at the site of inflammation [18-20]. In the present
study, we therefore performed transcriptomic and proteomic analysis of
iris specimens of JIAU patients and compared them to control patients.

2. Materials and methods
2.1. Sample collection

Samples were collected from 2013 to 2018 at the Department of
Ophthalmology at St. Franziskus Hospital Miinster. JIA (study group)
was diagnosed by cooperating pedriatric rheumatologists according to
the International League of Associations for Rheumatology (ILAR) cri-
teria [3] and uveitis was assessed ophthalmologically in agreement
with the Standardization of Uveitis Nomenclature (SUN) Working
Group recommendations [21]. As a disease control group, we have
chosen HLA-B27 positive acute anterior uveitis (AAU) as another well-
defined anterior uveitis entity (acute onset of flare, anterior uveitis
anatomic type). The study was performed according to the principles of
the Declaration of Helsinki and was approved by the local ethics
committee. For futher information about the sample collection see
suppoting information.

2.2. RNA library preparation, sequencing, and gene expression analysis

For detailed information about RNA processing, RNA library pre-
paration, sequencing, and gene expression analysis see supporting in-
formation (RNA library preparation and sequencing — procedure, Gene
expression analysis — procedure).

2.3. Quantitative real-time polymerase chain reaction
After isolating total RNA from JIAU and POAG iris samples, reverse

transcription to cDNA of the entire RNA was performed using the High-
Capacity ¢cDNA Reverse Transcription Kit (Applied Biosystems by
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Thermo Fisher Scientific, Foster City, CA, USA) according to the man-
ufacturer's instructions. For further information about the primer se-
quences used (BioLegio, Nejmegen, Netherlands) and the procedure of
gqRT-PCR see the supporting information (Supplemental Table 1,
Quantitative real-time polymerase chain reaction - procedure).

2.4. Protein preparation for expression analysis

Iris samples were homogenized to a fine powder with a micro pestle
for 5min in the presence of liquid nitrogen. Then, 200 pl lysis buffer
(7 M urea, 2% w/v CHAPS, and 10 mM TECEP) was added, followed by
sonification (15min) and centrifugation (30,000xg 30 min).
Supernatants were processed as described with slight modifications
[22,23]. Detailed information about the protein preparation and ex-
pression analysis are listed in the supporting information (Protein
preparation for expression analysis — procedure).

2.5. Western-blot analysis

For western blot analysis, SDS-PAGE (5260 Mighty Small II Deluxe
Mini verticale Electrophoresis unit, Hoefer Inc., Holliston, USA) was
performed using 8-16% gradient gels (SERVAGel™ TG PRiME™ 8-16%,
Serva Electrophoresis, Heidelberg, Germany) with a 20 ul loading vo-
lume. After electrophoresis, the proteins were blotted onto a PVDF
membrane (Amersham Hybond P 0.45 um pore size, GE Healthcare Life
Science, Freiburg, Germany) in a semi-dry blotting system (BlueFlash
Semi-Dry Blotter). For detailed information about the blotting proce-
dure see supporting information (Western blot — procedure).

2.6. LEGENDplex™assay

To simultanously quantify the concentration of the soluble targets
APRIL, BAFF, and IL-6 we analyzed AqH and sera by using the bead-
based multiplex LEGENDplex™ from JIAU patients and compared the
results to the POAG and AAU group. For detailed information see
supporting information (LEGENDplex™assay — procedure).

3. Results

The demographic data of patients included in the study were re-
presentative for the specific groups (Table 1). Briefly, JIAU patients had
female predominance, were mostly ANA positive, and presented with
early onset of disease and a high rate of uveitis-related ocular compli-
cations, and most had received systemic DMARD treatment to achieve
uveitis inactivity (Supplementary Table 1). AAU patients had different
associated systemic diseases (spondyloarthritis n = 10, spondyloar-
thritis with chronic inflammatory gut disease n = 1, psoriasis arthritis
n = 2). Elderly POAG patients had received surgery, while AAU pa-
tients were middle aged and predominantly of male gender. All of the
uveitis patients had inactive uveitis at the time of surgery.

3.1. RNA-seq analysis

To identify global changes in gene expression in iris tissue from the
patient groups with JIAU or POAG, we perfomed transcriptomic pro-
filing by RNA-Seq. Detailed information about the RNA-Seq reads are
listed in the supporting information (RNA-Seq analysis, Supplemental
Table 2).

3.2. Hierarchial cluster analysis

To obtain an overview of similarity over all samples, we performed
hierarchical cluster analysis by determining sample-to-sample distances
(Fig. 1). The samples JIAU 3, 2, and 4 built one cluster. Equally, the
samples POAG 2, 3, and 1. The outliersamples POAG 4 and JIAU 1 were
removed from further analyses.
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Table 1
Clinical data of patient groups included in the study.
Study group JIAU Control group AAU Control group POAG p-value

Patients (n) 30 18 20
Female gender n (%) 27 (90) 10 (56) 10 (50) 10.0035
Age (mean + SD) 11 £ 6 45 + 13 70 = 7 20.001
Associated systemic immune-mediated disease 30 (100) 13 (72) 0 (0) 10.0006
ANA positivity n (%) 25 (83)a n. d. n. d.
RF positivity n (%) 0 (0)b n. d. n. d.
Preoperative IOP (mean = SD)* 20 = 9 16 = 6 19 + 4 30.07
Glaucoma** 21 (70) 6 (33) 20 (100) 40.0551
Cataract or other uveitis-related eye complications n (%) 27 (90) 16 (89) n. a.
Inactive uveitis# n (%) 30 (100) 18 (100) n. a.
Systemic DMARDs n (%)*** 25 (83) 15 (83) n. d. 40.658
Topical corticosteroids# n (%) 28 (93) 17 (94) 12 (60) 10.0026

ANA = antinuclear antibodies; RF = rheumatoid factor; IOP = intraocular pressure; * under combined anti-glaucomatous medication, if required,; ** secondary

glaucoma in case of uveitis patients, primary open-angle glaucoma in the control group; n. d. =

not determined, n. a. = not applicable, ***DMARDs = disease-

modifying anti-rheumatic drugs; a = not determined in 4; b = not determined in 11; # in the eye, then receiving surgery." Chi*test, > One-way ANOVA, * Kruskal-

Wallis Test, * Fisher's exact test.
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Fig. 1. Cluster dendrogram by hierarchical clustering of all samples. The
samples POAG 4 and JIAU 1 were outliers. All other samples built 2 clusters.

3.3. Principle component analysis (PCA)

PCA was conducted to visualize sample relationships (Fig. 2). The
PCA plot shows that the samples of the JIAU or POAG group could be

separated into two clusters, according to their gene expression profile.
Based on these results, differential gene expression analysis followed
comparing JIAU and POAG.

3.4. Differential gene expression analysis

After filtering out weakly expressed genes, 43,567 genes with
nonzero total count remained for differential expression analysis. After
correction for multiple testing, a total of 136 genes showed significantly
differential expression in the JIAU group compared to the POAG group,
whereby the majority of these genes (110 genes) were upregulated,
while 26 genes were downregulated (Fig. 3). For detailed information,
see the supporting information (Supplemental Table 3).

Concerning B cells, expression of several Ig components was sig-
nificantly higher in the JIAU group, of which two were the most
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Fig. 2. PCA of gene expression patterns over all genes and samples. JIAU
and POAG samples constitute two clusters. The first principle component (PC1,
x-axis) accounts for 25% and the second principle component (PC2, y-axis) 22%
of total variance.
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Fig. 3. Heatmap of the 136 significantly DE genes among all samples. Each
row represents one gene, each column one sample. Samples were clustered due
to their gene expression similarities. The color key indicates the relative gene
expression intensity, where red symbolizes higher and blue indicates lower
gene expression. Normalized read counts were used.
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Table 2
Upregulated B cell-associated genes in the JIAU group compared to the POAG
group (p < 0.05).

Ensemble Gen ID Symbol BaseMean log2 fold change (JIAU  adj. p-
vs. POAG) value

ENSG00000211892 IGHG4 289.67 3.44 2.44E-32
ENSG00000211598  IGKV4-1 126.95 3.29 8.56E-29
ENSG00000211666 IGLV2-14 53.91 2.44 1.46E-14
ENSG00000117318 ID3 1907.50 1.01 1.83E-06
ENSG00000211663 IGLV3-19  24.35 1.55 1.73E-05
ENSG00000125968 ID1 261.65 1.08 4.08E-04
ENSG00000211943 IGHV3-15 15.88 1.32 6.41E-04
ENSG00000164330 EBF1 138.45 1.07 3.77E-03

significant DE genes as compared to the POAG group: First, the Ig heavy
chains IGHG4 (log2 fold change = 3.44, p = 2.44E-32), IGHV3-15
(log2 fold change = 1.32, p = 6.41E-04), and the light chains IGKV4-1
(log2 fold change = 3.29, p = 8.56E-29), IGLV2-14 (log2 fold
change = 2.44, p = 1.46E-14), and IGLV3-19 (log2 fold change = 1.55,
p = 1.73E-05), which are known for participating in antigen recogni-
tion [24] (Table 2) and being strongly associated with Ig-secreting PC
[25]. Secondly, the expression of the B cell associated genes Id 3 (In-
hibitor Of DNA Binding 3, log2 fold change = 1.01, p = 1.83E-06), Id1
(log2 fold change = 1.08, p = 4.08E-04), and Ebfl (Early B Cell Factor
1, log2 fold change = 1.07, p = 3.77E-03) was significantly upregu-
lated in the JIAU group.

3.5. qRT-PCR

We performed qRT-PCR to validate RNA-Seq data (Fig. 4). Here, we
selected genes that showed a highly differential expression in the JIAU
group (Id1, Nedd9 (neural precursor cell expressed, developmentally
downregulated 9, and Gpr83 (G protein-coupled receptor 83)) com-
pared to the POAG group, or that were known to be B cell associated
(Id3, Ebfl, Fig. 4A). Similar to the RNA-Seq data, qRT-PCR showed a
significantly differential expression between JIAU and the POAG groups
for all selected genes except Ebfl. A significantly increased mRNA level
of Id1 in the JIAU group could be observed by RNA-Seq analysis (fold

Journal of Autoimmunity 100 (2019) 75-83

qRT-PCR analysis (fold change = 5.13 = 2.87, p = 0.04) and likewise
for the mRNA level of Id3 in the RNA-Seq analysis (fold
change = 2.01 + 0.25, p=1.83E-06) and qRT-PCR (fold
change = 1.28 + 0.1, p = 0.04) relative to those measured in the
POAG group (fold change =1 = 0). In addition, Nedd9 showed a
significantly increased upregulation of mRNA in the RNA-Seq analysis
(fold change =1.6 = 0.21, p=0.07) and qRT-PCR (fold
change = 3.94 + 2.76, p = 0.04). Inconsistent with the RNA-Seq
analysis, the mRNA level for Ebfl (fold change =2.1 + 0.38,
p = 3.77E-03) was non-significantly higher in the qRT-PCR analysis
(fold change = 1.33 = 0.18, p = 0.49). Gpr83 showed a consistent
statistically significant mRNA downregulation by RNA-Seq analysis
(fold change =0.49 = 0.11, p=0.05) and qRT-PCR (fold
change = 0.14 + 0.08, p = 0.04) compared to the mRNA levels mea-
sured in the POAG group.

To provide more evidence for the concept of B cell involvement in
JIAU, we further analyzed mRNA levels of genes that are typically as-
sociated with different B cell stages, including CD19, MS4A1 (CD20),
CD24, CD27, CD38, syndecan-1 (SDC1), and MZB1 (Marginal Zone B
and B1 cell-specific protein) (Fig. 4B). Expression of all analyzed genes
was significantly higher in the JIAU samples than in the POAG samples.

3.6. Proteome analysis

We then performed LC-IMS analysis from iris samples to detect the
proteomic differences in the JIAU group as compared to the POAG
group. Similar to the RNA-Seq analysis, we first conducted a PCA to
visualize sample relationships (Fig. 5). The samples were clearly sepa-
rated into two clusters (4 samples JIAU, 3 samples POAG).

A total of 1082 proteins were differentially expressed (Tables S4 and
S5, fold change = 1.2) between the JIAU and POAG group. Of these, 56
proteins reached the significance level (ANOVA p < 0.05), with ex-
pression of 17 proteins being higher in JIAU and 39 proteins lower in
POAG.

Consistent with the RNA-Seq data, we found a significantly differ-
ential expression of Ig-specific/associated proteins. Moreover, expres-
sion of B cell-specific protein MZB1 was 3.5-fold higher in the JIAU
group than in the POAG group (Table 3).

To determine the relevance of the proteomic findings, western blot

Fig. 4. qRT-PCR results of mRNA levels in JIAU samples
relative to those measured in the POAG samples. (A)
RNA-Seq data were verified by qRT-PCR, (B) qRT-PCR ana-
lysis of selected B cell-associated genes. RNA-Seq analysis: *p
=< 0.1, **p < 0.01; ***p < 0.001; qRT-PCR: *p < 0.05;n =
3. A: mean * SE; B: single values.
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Fig. 5. PCA of protein expression patterns of all proteins with ANOVA p < 0.05. JIAU and POAG samples were clearly separated into two clusters. n = 4 (JIAU),

n = 3 (POAG).

analysis from iris samples of MZB1 was performed and related to the
expression intensity of the housekeeping protein vinculin (Fig. 6). An
upregulation of MZB1 was detected in the iris of JIAU as compared to
POAG.

As our results support published data concerning B cells residing in
the iris during JIAU, we simultaneously performed multiplex quantifi-
cation of BAFF and APRIL related to B cell survival and activation
(Fig. 7A and B) and IL-6 (Fig. 7C) in AqH and serum samples of JIAU,
POAG, and AAU patients. In the AqH of AAU and JIAU patients, a
significantly increased amount of BAFF, APRIL, and IL-6 was observed
compared to the POAG group. The concentration of IL-6 was also sig-
nificantly increased in the serum from AAU and JIAU patients com-
pared to the POAG group.

4. Discussion

Anterior uveitis is the most common extra-articular manifestation of
JIA, whereby a considerable number of children develop vision-threa-
tening complications [26]. The immunopathologic mechanisms are still
not well understood and, currently, no adequate animal model re-
presenting the pathomechanisms of JIAU exists. Thus, genomic and
proteomic analysis of the anterior uveal tract, the primary site of this
inflammation, could provide important information regarding the pa-
thogenesis of JIAU.

Gene and protein expression studies have been widely used to
identify novel factors or pathways implicated in the pathogenesis of
autoimmune diseases [27,28]. To our knowledge, this is the first
comprehensive gene and protein expression profiling study focusing on
B cell involvement performed on iridectomy specimens from JIAU pa-
tients.

The significantly upregulated gene and protein expression of B cell-
specific factors, especially the upregulation of several Ig components,
provided evidence for the presence of B cells at the anatomic site of
inflammation in JIAU patients. These results were supported by qRT-
PCR analyses, showing a significant increase in the pan B cell markers
CD19 and CD20, and also of CD27 as a marker for activated B cells.
Furthermore, elevated gene expression of CD138 (SDC-1) specific for
PC - the final differentiation stage of B cells — was detected. These

Table 3
Differentially expressed Ig and MZB1 proteins in iris tissue of the JIAU group.

A
POAG JIAU
Vinculin [125 kDa] — -
MZB1 [21kDa] -—
B
20 A
B = BPOAG
=
g 15 A mJIAU
S .E
3 £
~ 5 |
o I

MZB1

Fig. 6. Gray value (A) and densitometric analyses of MZB1 (B) by western
blot. Expression was normalized to the housekeeping protein expression of
vinculin (125 kDa).

findings are in line with earlier, mainly immunohistochemical studies
identifying PC as the most prominent cell type infiltrating the iris in
JIAU, and indicating a remarkable role for B cells in the pathogenesis of
this disease [8,11-14]. Likewise, a local Ig production of B cells has
been detected, although the target antigens are still unknown
[8,11,12]. Recently, significantly higher amounts of intraocularly pro-
duced antibodies specific to Parvovirus B19 in JIAU patients compared
to children with AU of unknown etiology was detected, while Parvo-
virus B19 DNA was absent. Hence, this suggests either that the virus
titer was low or that a B cell-mediated autoimmune reaction was in-
itially triggered by Parvovirus B 19 [29]. In addition to the apparent
predominance of PC in the iris specimens from the JIAU patients that
were analyzed, the increased expression of other B cell-related factors
like CD20 and the transcription factors Ebfl and Id3, or MZB1 found in

UniProt Protein ID Name No. of peptides P value (ANOVA) n-fold
P01834 Ig kappa chain C region 6 0.033 11.4
P01765 Ig heavy chain V-III region TIL 2 0.031 4.1
Q8WU39 Marginal zone B- and B1-cell-specific protein 6 0.180 3.5
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APRIL (B), and the B cell stimulating factor IL-6 (C) were quantified (pg/ml). Black bar = median; aqueous humor: POAG n (patients) = 9, n (eyes) = 10, AAUn =

16, JIAU n = 28; serum: POAG n = 6, AAUn = 19, JJAUn = 13; *p < 0.05.

the present study, are associated with different B cell stages [30-33].
This may be due to diverse duration and disease stages of JIA patients,
as has been previously reported [34,35]. Recent JIA patients with early
onset of disease (< 6 years) showed higher expressions of B cell-asso-
ciated genes by peripheral blood mononuclear cells (PBMC) than late-
onset JIA patients [34]. Thus, the pathologic mechanisms may vary
with JIA- and related uveitis disease onset and duration, by displaying a

80

variable number of B cells.

Tissue-damage is decisively provoked by immune cell infiltration in
autoimmune disorders [36-39], and our results suggest that there is
lymphocytic infiltration at the primary anatomic site of uveitis, in ac-
cordance with previous studies — therefore, we aimed to characterize
the intraocular conditions that are possibly responsible for B cell acti-
vation and stimulation. The analysis of AqH is a valuable method to
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obtain information about the intraocular micromilieu that is likely
charateristic of uveitic diseases [40-43]. Here, we additionally com-
pared our data to AAU, another well-defined uveitis entity. AAU is the
most common uveitis-entitiy in western europe and the USA, ac-
counting for about 30% of uveitis patients with onset frequently ob-
served in children and adolescents [44]. Cytokine analysis of AqH in the
present study showed significantly increased concentrations of BAFF,
APRIL, and IL-6 in the AqH of JIAU and AAU, but not in POAG. Among
others, these factors are essential for establishing and maintaining a
microenvironment that enables PC to become long-lived [45-47]. BAFF
and APRIL provide pro-survival effects by inducing the antiapoptotic
molecule Mcl 1 (myeloid leukemia cell differentiation protein), which is
essential for PC survival [48]. Transgenic BAFF-overexpressing mice
show a SLE-like phenotype and SS-like symptoms with inflammation of
the salivary glands [49] as well as abnormal B cell maturation and B
cell expansion, mainly of splenic transitional B cells and marginal zone
(MZ) B cells [50]. Eliminating MZ B cells reduced autoimmune symp-
toms [51-53]. It has been suggested that MZ-like B cells have different
target receptors [54], which allow circulation and infiltration in per-
ipheral tissues due to higher BAFF expression; however, it is not the
total amount of MZ B cells that correlates with autoimmunity, but ra-
ther their localization and function [50,55,56]. Thus, the increased
gene and protein expression of MZB1 in the iris of JIAU patients found
herein is probably the result of significantly increased BAFF expression.
Regarding IL-6 as another critical PC suvival factor [47], increased
concentrations of IL-6 were detected in the AqQH of JIAU patients, which
is in agreement with the literature [40]. Thus, the presence of B cells in
the iris of JIAU patients, together with the upregulation of IL-6, BAFF,
and APRIL could now provide information about the long-term survival
of B cells (in so-called PC niches), even during phases of disease in-
activity, suggesting their contribution to uveitis chronicity. As the AAU
patients also showed significantly increased levels of these factors, it is
probably not specific for JIAU. The AAU specimens showed even higher
concentrations of IL-6 and APRIL than the JIAU group, although all
specimens were obtained during the inactive stage of disease. This may
be due to the fact that inflammation is more intense during recurrent
attacks, which is typical for AAU as compared to JIAU, characterized by
high hypopyon and fibrin development and a higher amount of in-
flammatory cells in the anterior chamber, causing severe complications
[571.

In the sera BAFF and APRIL concentrations detected in the JIAU
group did not differ from those in AAU and POAG, which suggests an
intraocular production. Previously, increased BAFF and APRIL con-
centrations could be detected in the sera of RA and SLE patients [58,59]
as well as in the sera of children with JIA and SLE [60,61]. An increased
concentration during the early phases of RA indicated an activation of B
cells and also the development of an autoreactive B cell-mediated im-
mune response [62]. The significant upregulation of IL-6 in the sera of
both AAU and JIAU patients in comparison to POAG patients is prob-
ably related to the associated systemic diseases in AAU or JIAU.

Further evidence that B cells are involved in the pathogenesis of
JIAU has been shown by studies demonstrating a therapeutic benefit,
particularly the clinical response to rituximab (anti-CD20), or tocili-
zumab (IL-6 receptor inhibitor) treatment. Indeed, both biologics have
proven to be effective even for severe JIAU that is refractory to corti-
costeroids and conventional synthetic DMARDs [63-67]. Another
treatment which therefore might be beneficial in those cases aims to
inhibit BAFF and APRIL. In a randomized phase-I study, belimumab
(anti-BAFF) significantly reduced the B cell population in SLE patients
when compared to a placebo control group [68]; moreover, in a phase-
1T study a reduction of naive, activated CD20 * B cells and also anti-
dsDNA antibody titers was observed [69]. In a phase-II study in RA
patients treated with atacicept (BAFF- and APRIL-inhibitor), a dose-
dependent reduction in IgM, IgA, and IgG as well as a decreased
number of mature B cells and PC were observed [70]. BAFF and APRIL
both play important roles in the pathogenesis of diseases, in which
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autoreactive B cells are involved. Thus, treatment approaches targeting
BAFF and APRIL might also be considered for JIAU.

The present study has some limitations. Our analysis was done on
iris samples from patients with long-standing courses of disease, prob-
ably not reflecting immunopathogenesis in early disease stages. Due to
the small size of the iris specimens, however, an absolute quantification
of gene and protein expression was often not possible. The majority of
the JIAU patients had received a systemic DMARD treatment that might
have influenced the results. Owing to the heterogeneity of individual
cases of disease, sample pooling was not advisable.

5. Conclusion

In summary, our study showed an intense intraocular gene and
protein expression of B cell and PC-associated molecules in iris tissues
from JIAU patients, indicating a crucial role of these cells in JIAU. The
concurrently increased concentrations of the B cell survival factors
BAFF, APRIL, and IL-6 in the AqH of patients might possibly be re-
sponsible for the longevity of PC in the affected tissues, even during
phases of inactive disease. Future studies identifying possible target
antigens of PC-produced antibodies and characterization of the condi-
tions responsible for the stimulation and long-term suvival of PC are
required.
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