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Abstract

Anterior uveitis is the most common anatomic subset of uveitis. We used fluorescence activated
cell sorting to characterize T cell cytokine expression in stimulated T cell subsets from patients
with HLA B27-associated acute anterior uveitis (AAU) (n=4) compared to healthy controls (n=
14) or subjects with axial spondyloarthritis (n=6). Positive findings among subjects with AAU
included a statistically significant increase in stimulated granulocyte-macrophage colony
stimulating factor (GM-CSF), IL-17, and IL-22 synthesized by CD8 cells, a trend for stimulated
ILC (innate lymphoid cells)-3 cells to synthesize more IL-22 (p=0.07), and stimulated MAIT
(mucosa associated innate lymphoid cells)-like cells that express the T cell receptor V alpha 7.2 to
express IL-17A, IL-17F, and IL-22 in a greater percentage of cells relative to controls. IL-17F,
GM-CSF, and IL-22 represent potentially novel targets in AAU. Our report is arguably the first to
implicate IL-17F or ILC-3 and MAIT cells in the pathogenesis of AAU.
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INTRODUCTION

Uveitis is a leading cause of acquired blindness (1). The term, uveitis, is used to describe
multiple different patterns of inflammation within the eye. Uveitis has distinct subsets and it
follows that different forms of inflammation within the eye will differ in terms of
pathogenesis. In epidemiologic studies, about 80% of uveitis is anterior (2, 3). Among
patients who have acute anterior uveitis in Europe or North America, about 50% express the
class I major histocompatibility complex marker, HLA B27 (4). And among those who are
HLA B27 positive, approximately 80% have some associated spondyloarthropathy (5).
Conversely, if followed over a lifetime, approximately half of all patients with ankylosing
spondylitis will have at least one episode of acute anterior uveitis (6).

The immune system is often conceptualized as having two arms, an innate component and
an acquired or adaptive component. The latter contributors, primarily T and B lymphocytes,
can undergo somatic gene rearrangements to make highly targeted immune responses. But
the immune system also includes additional cells that have the light microscopic appearance
of lymphocytes, but these lymphoid cells have limited or no ability to make gene
rearrangements. These cells are often called innate lymphoid cells. Examples include natural
killer cells (NKs), mucosal associated immune T cells (MAITS), and ILCs (innate lymphoid
cells) which have been subdivided into ILC-1, 2, and 3 on the basis of the primary cytokines
each produces. Natural Killer cells express killer immunoglobulin-like receptor (KIR),
polymorphic receptors which interact with major histocompatibility complex (MHC) class I.
HLA B27 can dimerize on the cell surface and thus activate KIR (7). This has helped lead to
a recognition that NK cells could contribute to HLA B27-related diseases such as ankylosing
spondylitis (8). Much less is known about MAIT cells or ILC subsets in spondyloarthritis,
except for a small number of studies now implicating ILC-3 cells (9, 10). We are unaware of
prior studies which have sought to investigate a role for MAIT cells or ILCs in the
pathogenesis of acute anterior uveitis.

METHODS,;

Subjects:

Subjects with disease in this study had a confirmed diagnosis of recent onset (<7 days) acute
anterior uveitis based slit lamp examination, or a confirmed diagnosis of axial
spondyloarthritis(AxSpA) diagnosis meeting ASAS criteria (Assessment of Ankylosing
Spondylitis) (11). All of the subjects with AAU denied a history of chronic back pain. All of
the subjects with AXSpA had a prior history of AAU. Subjects with AAU or AXSpA were
HLA B27 positive based on testing performed by a clinical laboratory. For subjects with
AxSpa, the Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) (12) was 3.0 or
greater. All subjects were older than 18 years of age and each had a body mass index of <30.
Subjects were excluded for a history of intestinal surgery, for antibiotic use within 3 months
of enrollment, for pregnancy, and for an acute intestinal illness within the previous month.
Subjects in this study were also enrolled in a study on the microbiome. Several of the
inclusion and exclusion criteria such as body mass index, use of antibiotics, and history of
intestinal surgery are based on these parameters having a potential effect on the microbiome.
Healthy controls were recruited from study advertisements (flyers, OHSU research
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participation opportunities website, Spondylitis Association of America advertisement), the
comprehensive ophthalmology clinic, laboratory staff and their friends and family, and
family members of diseased participants. All subjects were provided with informed consent.
The study was approved by the OHSU Institutional Review Board. The Study complied with
the Declaration of Helsinki and the Code of Ethics of the World Medical Association.

Preparation and stimulation of PBMCs:

Blood samples were collected in a sterile cell preparation tube and centrifuged at 1300g for
20 min. After removing the top plasma layer, the white peripheral blood mononuclear cell
(PBMC) layer on top was removed, quantified with Trypan blue, resuspended in freezing
media (90% fetal bovine serum (FBS) and 10% dimethylsulfoxide (DMSO)) with 5~10
million cells/ml of freezing media and cryopreserved first in Mr. Frosty freezing container
(Thermo Fisher Scientific) at —80 degrees Celsius and then in liquid nitrogen. For
stimulation, cryopreserved PBMC were thawed rapidly, washed and resuspended in 5ml of
R10 media. PBMCs were quantified with Trypan blue, and seeded into 96-well plates at 1x
106 cells/well and stimulated for 4 hours with phorbol 12-myristate 13-acetate (PMA) (1
pg/ml; Sigma-Aldrich, St Louis, MO, USA), lonomycin (5 pg/ml; Sigma-Aldrich, St Louis,
MO, USA), and brefeldin A (3 ug/ml; Thermo Fisher Scientific, Waltham, MA, USA).

Antibodies and reagents:

The antibodies used for staining in the T cell panel were Brilliant Violet (BV) 785-labelled
anti-CD3 (BioLegend, San Diego, CA, USA), Brilliant Ultraviolet (BUV) 496-labelled anti-
CD4 (BD Biosciences, Mountain View, CA, USA), BUV 510-labelled anti-CD8a
(BioLegend), Allophycocyanin (APC)-labelled anti-CD45 (Thermo Fisher Scientific),
BUV605-labelled anti-TcR Va7.2 (BioLegend), phycoerythrin (PE)-labelled anti-TCRy&
(BioLegend), Alexa Fluor 700-labelled anti-IFNy (BioLegend), BV711-labelled anti-
IL-17A (BioLegend), Fluorescein isothiocyanate (FITC)-labelled anti-IL-17F (Miltenyl
Biotec, Bergisch Gladbach, Germany), phycoerythrin-cyanine 7 (PE-Cy7)-labelled anti-
IL-22 (Thermo Fisher Scientific), Peridinin chlorophyll protein-Cy5.5 (PerCP-Cy5.5)-
labelled anti-GM-CSF (BioLegend), BUV737-labelled anti-integrin p7 (BD Biosciences,
Franklin Lakes, NJ, USA), Peridinin-chlorophyll-protein complex (PerCP)-labelled anti-
CD196 (chemokine receptor 6) (CCR6) (R&D Systems, Minneapolis, MN, USA), and PE/
Dazzle-labelled anti-CD199(CCR9) (BioLegend).

For the innate lymphoid cell panel, the following antibodies were used: lineage markers ( a
cocktail of PE-labelled anti-CD5(BioLegend), PE-labelled anti-CD11b (BioLegend), PE-
labelled anti-CD11c (BD Biosciences), PE-labelled anti-CD14 (BioLegend), PE-labelled
anti-CD16 (BioLegend), PE-labelled anti-CD19 (BioLegend), PE-labelled anti-CD34
(Thermo Fisher Scientific), PE-labelled anti-CD123 (BioLegend), PE-labelled anti-FceR1a
(BioLegend)), BV510-labelled anti-CD45 (BioLegend), BUV496-labelled anti-CD4 (BD
Biosciences), BV650-labelled anti-CD127(IL-7Ra.) (BioLegend), PE/Dazzle labelled anti-
CD161 (BioLegend), phycoerythrin-cyanine 7 (PE-Cy5)-labelled anti-CD117(c-kit)(Thermo
Fisher Scientific), APC-labelled anti-CD336 (NKp44) (BioLegend), BV605-labelled anti-
CD294(CRTH2) (BioLegend), Alexa Fluor 700-labelled anti-IFN-y (BioLegend), BV711-
labelled anti-1L-17A (BioLegend), FITC-labelled anti-IL-17F (Miltenyl Biotec), PE-Cy7-
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labelled anti-1L-22 (Thermo Fisher Scientific), PerCP-Cy5.5-labelled anti-GM-
CSF(BioLegend), BUV737-labelled anti-integrin 7 (BD Biosciences), PerCP-labelled anti-
CD196(CCR6) (R&D Systems).

Cell sorting:

This study relied on FACS Symphony (BD Bioscience) which allows multi-parametric flow
cytometry. We devised a panel to identify immune dysregulation in subjects with AAU or
AxSpa using antibodies shown in Table 1 and as described above. We analyzed peripheral
blood mononuclear cells (PBMC) for conventional (CD8* and CD4+ T cells) and non-
conventional lymphoid populations (ILC-3s and MAIT cells). ILC-3 cells were CD3*:
CD127*, CRTHZ2", cKit*, NPK44*. MAIT cells were positive for the T cell receptor, V alpha
7.22. Frequency values were calculated by subtracting unstimulated cell per cents from
stimulated values.

Statistics:
Data were analyzed using FlowJo v10 and Prism 8 software. Kruskal-Wallis test with
Dunn’s multiple comparison used for one-way ANOVA tests. The associations between data
and diagnosis groups were analyzed using the zero adjusted gamma regression including age
as a confounding factor. The computations were done by the gamlss package (13) for R
statistical language (http://www.r-project.org).

RESULTS:

The demographics of the subjects are shown in Table 2. Healthy controls were not HLA
typed. The frequency of HLA B27 in Portland, Oregon is approximately 7%, meaning that
there was a reasonable likelihood that at least one of the controls was HLA B27+. All of the
6 patients with AxSpa had a prior history of AAU. One of the 6 patients with AxSpa had
active AAU at the time of blood draw. Grouping this subject with the AxSpa subjects or with
the AAU subjects did not change any of the statistics that are presented below. The patients,
especially those with axial spondyloarthropathy, tended to be older than the controls. As a
consequence, we used linear regression to exclude age as an important variable contributing
to the differences we observed among groups. The groups also differed in usage of biologics
with four of the six AxSpa patients receiving a TNF inhibitor. We compared those receiving
a biologic to those not receiving a biologic for all the markers discussed below and could
find no statistically significant differences, but the numbers studied were small.

As shown in Figure 1, stimulated CD8 cells from patients with AAU had a greater increase
in the expression of IL-17A, IL-22, or granulocyte-macrophage (GM-CSF) than control cells
from healthy individuals or cells from patients with AxSpA. CD8 cells from this patient
group also tended to increase IL-17F more than controls but these changes did not reach
statistical significance. Because of data which implicate the microbiome of the gut in the
pathogenesis of AAU and AxSpa (14), we thought that gut homing receptors might be
elevated. The data shown in Figure 2 did not confirm this hypothesis.

As shown in Figure 3, like CD8 cells, stimulated CD4 cells from patients with AAU had
similar trends to increased cytokine production frequency compared to CD8 cells, but these
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changes did not reach statistical significance. As shown in Figure 4, the CCR9 receptor
which binds CCL25 (thymus expressed chemokine) and which has been implicated in
migration of lymphocytes to the gut (15) was increased in CD4 cells from patients with
AAU, although the comparison did not reach statistical significance.

Figure 5 shows the markers used to identify ILC-3 lymphocytes. This figure also shows that
ILC-3 cells from patients with AxSpa had an increase in the expression of 1L-22 after
stimulation, but this was of borderline statistical significance (p=0.07). We also examined
cytokine production by ILC-1 and ILC-2 cells, but we did not find differences comparing
healthy controls to subjects with either acute anterior uveitis or axial spondyloarthropathy.
Figure 6 shows that stimulated lymphocytes that express the T cell receptor, TCR alpha
v7.22 from patients with AAU produced increased IL-22, IL-17A, and IL-17F compared to
healthy controls and there was also a trend to synthesize increased GM-CSF. The beta 7
integrin dimerizes with the alpha 4 integrin to make a gut homing receptor (15).
Surprisingly, as shown in Figure 7, this was reduced among subjects with AAU, but the
change did not reach statistical significance.

DISCUSSION:

This investigation has produced a number of novel observations. First we observed an
increase in IL-22 production by CD8 cells, and MAIT-like cells in subjects with active,
recent acute anterior uveitis. These subjects were HLA B27 positive, but none provided a
history of inflammatory, low back arthritis that would be indicative of a
spondyloarthropathy. Increased IL-22 has previously been reported in the ileum of patients
with spondyloarthropathy (8). ILC3 cells from patients with AAU did not produce increased
IL-22, but we did find such an increase among subjects with axial spondyloarthropathy.
IL-22 is a cytokine with both beneficial effects such as stimulating the production of anti-
microbial peptides like defensins and inflammatory effects such as stimulating the cellular
proliferation that can characterize atopic dermatitis (16). IL-22 is especially produced by T
cells that synthesize IL-17. IL-22 has been implicated in the uveitis associated with Behcet’s
disease (17) and in animal models of uveitis (18-20). Several studies have failed to find
increased 1L-22 in the aqueous humor of patients with uveitis (21, 22). It could be that 1L-22
is more important in the systemic immune response that leads to uveitis as opposed to the
local immune response.

Second, we noted increased IL-17A production by CD8 cells from subjects with AAU. An
increase in IL-17A and IL-17F synthesis was noted among MAIT-like cells with AAU.
IL-17 has been strongly implicated in spondyloarthritis (23), in rodent models of uveitis (24,
25), and in patients with uveitis (26). However, clinical trials to block IL-17 as a treatment
for uveitis have yielded inconsistent results (26, 27). An abstract presentation has suggested
that blocking IL-17 in patients with spondyloarthritis might reduce the frequency of
recurrent AAU (Deodhar, A, presented at EULAR (European League Against Rheumatism),
Amsterdam, June, 2018). We believe that this is the first study to implicate IL-17F in the
pathogenesis of uveitis. We noted an increase in IL-17F frequency among stimulated MAIT-
like cells. IL-17 has several isoforms including predominantly IL-17A and IL-17F. Most
clinical trials to date have targeted just IL-17A. A bispecific antibody, bimekizumab, that
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targets both IL-17A and IL-17F, has shown promising results in a number of clinical trials
including one for the treatment of ankylosing spondylitis (28). Our observations support the
rationale to use a bispecific antibody.

Third, this is one of the first studies to implicate GM-CSF in the pathogenesis of acute
anterior uveitis. At least two monoclonal antibodies to GM-CSF have shown promise in the
treatment of rheumatoid arthritis (29, 30). These antibodies have not been studied in uveitis
or in spondyloarthropathy to our knowledge.

Fourth, this is the first study to our knowledge that has investigated MAIT-like cells or
ILC-3 cells, two important populations of innate lymphoid cells, in acute anterior uveitis.
We refer to the cells that we have studied as MAIT-like because they express the T cell
receptor, V alpha 7.22 as is typical of MAIT cells. We recognize, however, that some
conventional T cells might also express this receptor and thus we cannot say definitively that
they are MAIT cells. The data do show, however, that cells expressing this receptor and
deriving from subjects with AAU expressed an increased frequency of IL-17A, IL-17F, and
GM-CSF after stimulation. MAIT cells have a number of interesting features. They are
found predominantly at mucosal surfaces (31). They have a very limited T cell receptor
repertoire (31). They appear to respond to derivatives of vitamin B (31). We and others have
implicated the intestinal microbiome in the pathogenesis of AAU (32). An increase in
circulating MAIT cells could be due to activation in the intestine.

Just as we suspected that MAIT cells might be involved in AAU, we reasoned that ILC-3
cells, because of their importance in the mucosal immune system and because of their
production of IL-17, would be activated in AAU patients. Although we found these cells to
have increased IL-22 production in axial spondyloarthritis, we could not demonstrate this
among patients with AAU. Both AAU and axial spondyloarthritis share many predisposing
genes in common, but there also are cytokine related genes that distinguish AAU from axial
spondyloarthritis (6). A larger study with longitudinal data should be done to determine if
patients with AAU truly have no increased synthesis of IL-22 by ILC-3 cells.

Finally, ours is one of the first studies to analyze gut homing receptors in AAU. The relative
specificity of adhesion molecules such as alpha 4 beta 7 integrin has led to the targeting of
adhesion molecules to treat diseases such as inflammatory bowel disease. One prior study
found an increase in the gut homing molecule CCR6 among lymphocytes from patients with
patients with non-infectious uveitis (33). AAU was not studied as a specific entity.
Vedolizumab, which blocks alpha 4 beta 7 integrin, has been successful in the treatment of
inflammatory bowel disease, but it is less successful in the treatment of extra-intestinal
manifestations of IBD (34). Our inability to detect an increase in gut homing receptors is
consistent with this clinical observation.

Certainly, our study has limitations. We have performed multiple statistical comparisons and
as an exploratory study, we have not corrected for the number of comparisons. The size of
our groups is small and the groups differ some in terms of age and medications. As noted
above longitudinal observations should be endeavored. Despite these limitations, we believe
that this study has produced some highly original observations that are worthy of
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confirmation and additional pursuit. Our data suggest novel potential targets to treat AAU
including MAIT cells, GM-CSF, and IL-17F.
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AAU acute anterior uveitis

AXSpA axial spondyloarthritis

BASDAI Bath ankylosing spondylitis disease activity index
CCR chemokine receptor

DMSO dimethylsulfoxide

EULAR European League Against Rheumatism

FACS fluorescence activated cell sorter

FBS fetal bovine serum

FSC forward light scatter

GM-CSF granulocyte-macrophage colony stimulating factor
HC healthy control

ILC innate lymphoid cel

KIR killer immunoglobulin receptor

MAIT mucosal associated immune T cel

ND not detected

NK natural Killer cell

OHSU Oregon Health & Science University

PBMC peripheral blood mononuclear cell

SSC side light scatter

TCR T cell receptor
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Figure 1.

Frequency of cytokine production by stimulated CD8 T cells. HC=healthy controls. AAU-
acute anterior uveitis. AxSpA-axial spondyloarthritis. ND-not detected. *p<0.05.
***p<0.001.
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Figure 2.
Frequency of gut homing receptors detected on stimulated CD8 lymphocytes. HC=healthy

controls. AAU-acute anterior uveitis. AxSpA-axial spondyloarthritis.
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Figure 3.
Frequency of cytokine production by stimulated CD4 cells. HC=healthy controls. AAU-

acute anterior uveitis. AxSpA-axial spondyloarthritis.
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Figure 4.

Frequency of gut homing receptors expressed by stimulated CD4 cells. HC=healthy
controls. AAU-acute anterior uveitis. AxSpA-axial spondyloarthritis.
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Figure 5.
The strategy to isolate ILC-3 cells is based on Krabbendam et.al. (35). Differences in the

frequency of expression for other cytokines or homing receptors were not detected on ILC3
cells and no differences among the 3 groups were found for ILC1 or ILC2 cells. HC=healthy
controls. AAU-acute anterior uveitis. AxSpA-axial spondyloarthritis. SSC-side light scatter.
FSC-forward light scatter.
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Frequency of cytokine production by stimulated MAIT-like cells which express the TCR V
alpha 7.22. HC=healthy controls. AAU-acute anterior uveitis. AXSpA-axial

spondyloarthritis. *p<0.05. **p<0.01.
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Figure 7.

Frequency of gut homing receptor expression by stimulated MAIT-like cells which express
the TCR V alpha 7.22. HC=healthy controls. AAU-acute anterior uveitis. AxSpA-axial
spondyloarthritis.
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Table 1.

Peripheral blood mononuclear cell staining panels for T cells and innate lymphoid cells.

Innate Lymphoid cell

T cell panel panel

Surface markers Surface markers

CD45, CD3, CD4, CD8, TCRy$, TcR Va7.2 CD45, CD4, CD127 (IL-7R), CD161, cKIT, NKp44, CRTH2 (PGD,-R)

Effector Cytokines Effector Cytokines
IFNy, IL-17A, IL-17F, IL-22 GM-CSF IFNy, IL-17A, IL-17F, IL-22 GM-CSF
Gut homing Gut homing
B7 integrin, CCR6, CCR9 B7 integrin, CCR6

Lineage markers(-)

CDS5, CD11b, CD11c, CD14, CD16, CD19, CD34, CD123, FceR1
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Table 2.

Demographics of subjects.

Demographics

Axial Spondylarthritis

Acute Anterior (AXSpA) + Acute p-value

Healthy Control

Uveitis (AAU) Anterior Uveitis (AAU)

Sample Type Blood Blood Blood
Subjects (n) 14 4 6
Gender Male (n/%) 8(57.1) 2 (50.0) 5(83.3) 0_45091
HLA-B27 Positive (n/%) 0(0); 14 n.d 4 (100) 6 (100)
Age (Mean + SD) 38.3+10.9 39.1+1.4 53.5+15.4 0.05082
BMI (Mean + SD) 248+6.7 256+4.4 28345 0.5755%
Biologies (/%) 0(0) 0(0) 4(66.7) 0.0007%

n.d, Not Determined.
JChi—Square

20ne Way-ANOVA
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