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INTRODUCTION patients signed written informed consent before participation
(Study number #NL46874.041.14).
Non-infectious uveitis (NIU) is an umbrella term for a family ~ \we collected heparinized venous blood from a total of 30
of intraocular in ammatory conditions that collectively a&  adult patients with HLA-B27-associated Acute Anterior Uigei
more than one in 1,000 individuals and account forl0% (AU, n D 10), Idiopathic Intermediate Uveitis (IUp D 9) or
of preventable blindness in Western countriet, @). This  Bijrdshot Uveitis (BUn D 11). Patients were seen at the outbound
typically recurrent or chronic disorder may lead to poor visua patient clinic of the uveitis center of excellence at the departt
outcome and low quality of life if undertreate@, (4). Although  of Ophthalmology of the University Medical Center Utrecht
corticosteroids (either local or systemically) remain therapy  petween July 2014 and July 2015. All patients had active uveitis
of rst choice, long term use is hampered by many side e ect§new onset i D 11) or relapser( D 19)] at the time of sampling.
(5). Non-corticosteroid systemic immunosuppressive therapyctivity was assessed by an experienced ophthalmologist.
(IMT) is often necessary to control in ammation and should yveitis was deemed active if there were clinical complaints in
be introduced when NIU is not controlled with corticostedsi combination with one of the fo||owing features (new onset or
alone or corticosteroid-sparing agents are required bezais an increase according to guidelines): anterior chambers cell
long term use or intolerance to corticosteroidg.(Consequently, (AU), vitritis (IU), cystoid macular edema (CME) on optical
there may be a considerable treatment delay in the patients wheoherence tomography (OCT) or uorescence angiography, or
require IMT to control their uveitis. Since the need for IMT it yasculitis or papillitis on uorescence angiography (BU/IU)
accurately predictable there is a clear need for early parametg20, 21). None of the patients had a related systemic auto-
that can identify patients who require IMT. in ammatory or autoimmune disease, nor did they receive
NIU is considered to be an immune-mediated condition systemic immunomodulatory treatment in the last 3 monthstwi
driven by innate and adaptive immune activatio’—f).  the exception of a low dose of oral prednisolonel() mg) for 1
Although various of leukocyte subsets have been associdiied BU patient. Of the 19 patients with recurrent disease eight had
NIU, autoreactive T cells are the protagonists in murine msde previously used systemic corticosteroids and four of these had
of uveitis ©). Several ow cytometry studies in blood or eye z|so been treated with other immunosuppressants (includireg t
uid (i.e., agueous humor or vitreous uid) of NIU patients M@ By patient receiving low dose prednisolone mentioned before)
revealed increased numbers of in ammatory T cell populations  Uveitis was classi ed and graded in accordance with the
that typically produce Interleukin (IL)-17 (e.g., T helper (Th7  Standardization of Uveitis Nomenclatu(8UN) classi cation
cells) and Interferon (IFN)g (e.g., Thl cells)i(0-12). Both Th17 (20). Each patient underwent a full ophthalmological
and Th1 cells are considered to drive uveitis in animal deel%Xamination by an uveitis Specia”st and routine |aboratory
yet in humans the evidence of their direct contribution toeey Screening, inc]uding erythrocyte sedimentation rate,a]eand
pathology remains circumstantial § 14). In addition, changes |iver function tests, serum angiotensin converting enzyme
in the composition of principal subsets of human myeloid and(ACE), and screening for infectious agents (e.g., syphilis,
plasmacytoid dendritic cells were observed in the serum &f NI Borrelia, TB) in blood. A chest X-Ray was performed to
patients and linked to disease activity5( 16). What is more, exclude Sarcoidosis. All patients with BU were HLA-A29
IMT has been shown to selectively a ect the phenotype or thggsitive in the presence of characteristic birdshot lesionball
function of speci ¢ leukocyte populations in blood (e.g., Th17patients with AU were HLA-B27 positive. Fifteen age and sex
cells) which suggests that the frequency of these subsklsad ~ matched anonymous blood donors with no history of ocular
may be di erent in patients who require IMTI(~19). To our  jn ammatory disease served as healthy controls (HC). Mddica
knowledge, studies that phenotype the majority of circulgtin records of uveitis patients were reviewed for demographic
immune cell subsets in three distinct clinical forms of (@€}  information. Follow up data were collected on the developmen
NIU are scarce and no studies have explored the potential linkf uveitis related complications [e.g., CME, the development of
between the overall composition of blood cells and the need faocular hypertension (de ned as intraocular pressw@1 mm
IMT in this disease. Hg without optic nerve damage or visual eld abnormalities
Here, we conducted a high-dimensional pro ling of myeloid pyt requiring therapeutic intervention)] and the use of syste
and lymphoid cell populations of patients with three archetypicaimmunomodulatory therapy (IMT) ( D 23, with complete data).
types of human non-infectious uveitis. Using clinical datafFor two (BU) patients follow-up data were unavailable. IMT was
acquired during follow-up of the patients, we show that thgthi  de ned as the use of any systemic immunosuppressive agent
dimensional immune pro ling can identify patients who reqeir (i.e., DMARD, biological etc.) other than oral or intravenous
IMT. corticosteroid therapy. The necessity of IMT was mostly based
on persistent uveitis despite local corticosteroid therapyhhee
cases, IMT was necessary to replace periocular steroids leecaus
MATERIALS AND METHODS it resulted in high .intraocular pressure. The details of thedy
cohort are shown iTable 1
Patients and Patient Material
This study was conducted in compliance with the HelsinkiFlow Cytometric Phenotyping
principles. Ethical approval was requested and obtained frorSBeven to 10 million peripheral blood mononuclear cells (PBMCs)
the Medical Ethical Research Committee in Utrecht and allvere isolated from heparinized venous blood by standardl col
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TABLE 1 | Characteristics of the cohort investigated in this study.

AU U BU HC p-value

N 10 9 11 15 NA
Male 30% 22% 36% 40% 0.86*
Age in years; mean SD 448 184 393 141 534 127 419 10.0 0.11*
Disease duration in years; median (range) 5.7 (0.1-39.3) 73(0.2-20.0) 4.5 (0.2-15.1) NA 0.19%*
New onset; n (%) 1 (10%) 4 (44%) 8 (73%) NA
Follow-up after sampling in years; median (range) 2.1(0.2-2) 2.8 (1.4-3.4) 2.7 (0.0-3.4) NA 0.43%**
Need for IMT; n (%) 5 (50%) 2 (22%) 8 (73%PE NA
First Methotrexate 5 (50%) 0 8 (73%) NA

Azathioprine 0 2 (22%% 0 NA
Switch or addition Mycophenolate mofetyl 0 0 2 (18%) NA

Mycophenolic acid 0 0 2 (18%) NA

Adalimumab 0 0 3 (27%) NA

BU, Birdshot uveitis; AU, HLA-B27 associated anterior uveitis; €, healthy control; IU, idiopathic intermediate uveitis; NA, not applicabléFishers exact test;**Wilcoxon rank-sum test;
**ruskal-Wallis test.

AThe use of any non-corticosteroid systemic immunosuppressive age.

BReasons for starting IMT: therapy resistance (B 3), persistent activity and steroid response (i.e. secondary rise of inwaular pressure) to parabulbar injections (D 2).

CReasons for starting IMT: persistent CME and steroid response to parabulbénjections (nD 1), persistent vasculitis (D 1).

DReasons for starting IMT: Papillitis or vasculitis with or without CME D 6), CME resistant to parabulbar steroids (D 1), persistent low-grade activity with visual eld defects (D 1).
EFrom 2/11 BU patients follow-up is missing and treatment status is uknown.

gradient centrifugation immediately after blood withdralland  For intracellular staining (Treg-panel and intracellular akine
stored in liquid nitrogen. Patient and control PBMC samplespanel), cells were subsequently washed, xed and permeabilize
were isolated and frozen for storage in a total of 29 batchesiith a xation and permeabilization solution according to
For ow cytometry analysis the nitrogen stored PBMCs werghe manufacturer's instructions (eBioscience, San DiggA,
quickly thawed and washed once in ice cold FACS Bu elJSA), and stained (30 min, €) with the appropriate antibodies
(1% bovine serum albumin (BSA) and 0.1% sodium azide ifTable S} in the dark.
phosphate bu ered saline). To account for potential between-ru ~ Flow cytometric analyses were performed on the BD LSR
variability, nitrogen stored PBMC samples were randomized i Fortess&" Cell analyzer (BD Bioscience, San Jose, CA, USA).
10 experiments including 4-5 samples per experiment. Per batcbata were analyzed using FlowJo software (TreeStar inc. San
thawed PBMC cells for each sample were divided for stainin@arlos, CA, USA). The inter-assay variation was determined by
with ve multi-color antibody panels; a 12-marker T-helper- measuring the same normal control (called “internal cotifron
panel (250,000 cells for staining, 100,000 events for datiqo)s  each of the 10 di erent days (separate batchesFgare 1A).
a 12-marker dendritic cell-panel (2.5 million cells for staig, Across all 10 experiments, this sample revealed low interyass
700,000 events for acquisition), a T regulatory cell pansébta variation (relative standard deviatiod 15% for all leukocyte
on 7 markers, a 11 marker B-cell panel (both 400,000 cells fa@opulations with> 5% within any of the gates) between aliquots
staining, 100,000 events for acquisition) and a 11-markeell  of the same sample. We performed principal component analysis
intracellular cytokine panel (750,000-1,500,000 cellstéoning, and hierarchical clustering on normalized frequency dafa o
entire samples measured for acquisition). These panels cmatai > 100 leukocyte populations for NIU patients and controls. Based
37 unique protein markers in total (see for detdllsble S). If ~ on the internal control, principal component analysis reveale
not enough viable cells were available after thawing thepgesn high consistency between the 10 independent experiments
we did not include the B cell and Treg panelD 15 andn D  performed Figure 1B). Live single cells were identi ed using
10 samples). The respective gating strategy used for eachipanehanual gating Figure SJ. A subpopulation was derived from
outlined in each respective gure arkgures S1, S2 its parent and grandparent population as indicatedTable S2

For the T cell (intracellular) cytokine panel, PBMCs were rstThe following markers were excluded for further analysis base
incubated for 4 h with RPMI-1640 (10% Fetal calf serum) andn suboptimal performance (insu cient discriminative capagit
Phorbol 12-myristate 13-acetdMA), lonomycincalcium salt by uorescent intensity across the experiments compared to
and BD GolgiPlug (BD Biosciences, San Jose, CA, USA). uorescent intensity data obtained for the antibodies dgi

For the other panels, cells were incubated at room temperatum@ptimization of the panels; CCR4 in the T helper panel, and
(15 min) with 5% mouse serum to minimize non-speci ¢ binding IgD, 1gG, IgA in the B cell panel. In 2/10 experiments (NIU
of antibodies. Cells were then washed and suspended in FA@&tientsn D 6, HCn D 4) CCR6 was excluded for further analysis
bu er after which they were incubated (20 min., @) in the in these patients due to technical errors (consequently,tal to
dark in V-bottomed plates with Brilliant Stain Buer (BD, of 23 patients—with appropriate follow-up were used for IMT
#563794) and the uorescently-conjugated antibodieh{e S).  analysis). “Fluorescence-minus-one” (FMO) control experitaen
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FIGURE 1 | The overall blood leukocyte composition is changed in nomiectious uveitis(A). We performed high-dimensional immune pro ling of blood of
non-infectious uveitis and control samples by multi-colorow cytometry in 10 independent experiments that were integated for meta-analyses.(B) Principal
component analysis (projection onto rst two principal commnents) of the combined ow cytometry data of the 45 samples ofthis study, including the “internal
control” (i.e., an aliquot from a single healthy donor isotad and frozen at the same day) that was taken along for each geriment. The close clustering of the internal
control samples across all experiments as shown in the projgion of the rst two components indicates low inter-experiment variability.(C) Heatmap of unsupervised
hierarchical clustering of the 50 manually gated cell subsgs which largest variability between the groups (based on thANOVA). Heatmap colors represent the
changes in proportion from relatively lower proportion (iblue) to higher proportion (in red). Dendrograms indicatinthe clustering relationships between disease
groups and leukocyte populations are shown to the left and abve the heatmap. The sample meta-data are indicated above ahthe leukocyte subsets contributing to
these clusters are indicated on the right. M1: rst color markr to de ne leukocyte population. M2: additional color marke to de ne chemokine receptor and/or
cytokine production. Populations with the same M1 and M2 cairs differ in additional (not highlighted) protein marker@.g., CD161) or represent the same population
in a different gated population (% of CDECD45ROC vs. % of CD3). AU, HLA-B27 associated anterior uveitis; BU, iBishot Uveitis; F, female; HC, healthy control; IC,
internal control; IMT, requirement for systemic (non-codosteroid) immunosuppressive therapy during follow-up; IlUdiopathic intermediate uveitis; M, male; PC,
principal component; Th, T helper cell; TNF, tumor necrosifactor; UV, all uveitis patients combined.

were performed for the intracellular cytokine and surfagérihg  MetaboAnalyst v4.022). To categorize patients and controls into
before the start of analysis to determine the cut-o betweergroups with similar leukocyte composition in blood, data from
positive and negative cell populations. all 10 independent experiments were integrated, and sulgecte
to principal component analysis and hierarchical clustering.
Statistical Approaches For cluster analyses the data were loglO-transformed, auto-
Statistical analyses on manually gated data were performé&galed and compared using a correlation-based (Pearson’s)
in SPSS version 21.0 (SPSS Inc., Chicago IL, USA) @issimilarity measure, which considers two objects to be
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similar if their features are highly correlated regardleds osecond cluster that contained mostly controls samples (88% o
their magnitudes and the average linkage method (combinsamples). This analysis revealed that overall it was possible to
clusters with the smallest average linkage distance). Fadlistinguish uveitis patients from healthy controls considgr
hierarchical clustering, missing values for each leukecytthe abundance of multiple leukocyte populations in blood,
population were imputed with the median proportion (%) of (Figure 10, predominantly T cells (for detailed information see
all samples. The Wilcoxon rank-sum test or Kruskal-WallisTable S2.

test with the Dunn'spost-hoctest were used to assess group

di erences. Shared and Uveitis Subtype Speci ¢
FlowSOM Changes in the T Cell Repertoire in

To technically validate our ndings, we performed unsupeeds Patients With Non-infectious Uveitis

clustering of single cell gated data from the T helper panel biost perturbations were observed in the T cell panel. T cells
Bioconductor packagelowSOMFlowSOM uses self-organizing (CD3%) were divided into CD4 expressing T helper cells (Th)
map (SOM) algorithm to cluster cells into distinct clusters.and CD8 expressing cytotoxic T cells (Tc). Using the expression
Before executing the SOM algorithm, the ow cytometry datathe surface markers CD45R0O and CD27 on €ahd CDE T
were subjected to logicle transformation and expressiorache cells, we categorized naive(TCD27 CD45RO0 ), e ector (T,
marker is scaled according to Z-score normalization. We rstCD27 CD45R0O ), and memory (T, CD27#~ CD45RC)
pooled all the cells together from each sample and performephenotypesKigure S3)

2,000 iterations to train the SOM (grid siz2 100). We then
clustered all cells into 100 distinct clusters based onrthei
similarities in high-dimensional space (i.e., consideritige
relative uorescent intensities of 11 protein markers of tie
helper panel simultaneously (minus CCR4, see metho@3) (
Cluster annotation was performed using consensus hiereathi
clustering, as implemented in the ConsensusClusterPlus
package 44). The number of meta-clusters was determined b

FlowSOM algorithm using the elbow criterion allowing for al_ . del and found that the i q .
maximum of 90 clusters. To prevent over tting of putative Inear regression model and found that the increased proporti

C . . B oy
rare cell populations, we did not consider clusters with a meal’é’)f 5824 \7\/"," hc'e”i wgzgt#epen?)ently asgqmatgd with #Veﬂ'j (
proportion of < 0.1% for further analyses. 02). Within the m subset, uveitis patients showed a

Meta-analysis of frequency data across all 10 experimerzt'@ni cant increase in the proportion of CCREXCR3 cells

for the 30 uveitis patients and the 15 una ected controls wer Thi7) _and a decreased proportion of CCF@(CR§ (Thi)
reported for subsets with an altered median frequency in th&?”s Figure 2,C’ pD 0:02 andp D 0.04 respectlvely)-. BU
combined dataset below a type | error of 5% < 0.05) and displayed an increase in C_C%XCR?’ cells (Th17) W'th!n
considered signi cant when manually gated cell populationd an the total CD4 T cell population compared to the other patient

clusters identi ed (FDR< 1%) by FlowSOM exhibited similar 9"0UPS Figure 2D). A similar trend was noted when considering
phenotypesTable S3 IL-17-producing CD# T cells Figure 2B). We found no speci ¢

enrichment for CD16% Th17 lineage cells in uveitis patients
(Table S2 (26, 27).
Finally, we observed a signi cant decrease in €D%,

. o __CD27°CXCR%¥ cells (i.e., follicular T helper cells) in uveitis
We deeply phenotyped the circulating immune cells of patients atients able S. There were no changes in the percentage
with three distinct types of active non-infectious uveitis . J P g

C i w
(NIU) and healthy controls by integrating the results of 10Of regulatory (CDS CD4°CD28" CD127"FoxP¥) T cells

(randomized) ow cytometry experiments, which comprise ve (Figure 3.

unique marker panelsHigure 1A). We rst conducted principal

component analysis (PCA) of the combined manual gated dat&D8C T Cells

to investigate the inter-experiment variation. PCA reveale Within the (CD3%) T cell populations, the ratio of C34 to
close clustering of the internal control samples measured i€D8" T cells was higher in uveitis patients (ratio [rang@]
each of the 10 independent experimenfsgure 1B). The close 2.5 [1.4-9.4] vs. 1.5 [1.1-3.3],D 0.03), due to a reduction in
clustering of the internal control samples indicates calesis CDS8C cells in the CD8§ population Figure 4A). This decrease
results across all 10 experiments between aliquots of the sanm the proportion of CD& T cells was primarily caused by
sample and justies combining all data for further analysis.a decrease of CI¥ Tg cells in NIU patients Figure 4B).
The details of the subsets identied by manual gating arépart from the di erences between NIU and healthy controls,
given in Table S2 Unsupervised hierarchical clustering of thewe found that CCR1® CD& Ty cells were signi cantly
50 leukocyte subsets with the largest variance between thecreased in BU patients compared to IU patients (median %
groups revealed two overarching sample clusters: 1 clustfange] IU D 0.9 [0.7-1.3], BUD 2.3 [1.6-3.9],p D 0.01,
of 30 samples of which 90% were uveitis samples, and Fagure 4C).

CDAC T (Helper) Cells

In CD4C T (helper) cells, we noted a marked change in the
proportion of naive and memory cells in BU patients, but not
for AU patients Figures 2A,B. The frequency of CD4 Ty

gglls is known to be associated with age and we found a similar
>):orrelation between CD4 Ty cells and age (th® 0.4,p D
0.009) p5). To decouple the e ect of age and disease, we used a

RESULTS
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FIGURE 2 | Heterogeneity in memory T cell subsets and abundance of CXCRCCR6C (Th17) cells between uveitis subtypes(A) Gating strategy of a representative
sample used to identify T helper (Th. CD%CD4C) and cytotoxic T cells (Tc. cD8§ CDSC). (B) Shift in proportion from naive to memory T helper cells in uités patients
compared to controls. The proportion of CD&TN and CD4C Twm cells shows heterogeneity between the uveitis subtypes anthe observed difference between uveitis
and healthy controls is mainly driven by BU patientqC) Within the cbDf Ty there is an increase of Th17 (CCR6CXCR3-) and a decrease in Thl (CCR6-CXCR3)
cells in uveitis patients compared to healthy controls(D) BU displayed an increase in Th17 cells within the total CBAT cell population compared to the other patient
groups. (E) left: gating strategy used to identify IL-17A expressing CD@ T helper cells using the intracellular cytokine panel. Rigtpercentage of IL-17AC cells within
the total CD4C T cell population. The gating of intracellular cytokinesn@luding IL17A) from CD4 T cells in given in more detail FFigure S2. Bars indicate the median
and interquartile range P-values between HC and UV are from Wilcoxon rank-sum tesp-values between uveitis subgroups are from Kruskal-Walli&W) test with
post-hoc Dunn’s correction for multiple testing. AU, HLA-B27 assodcited anterior uveitis; BU, Birdshot uveitis; HC, healthy adrol; IL, interleukin; 1U, idiopathic
intermediate uveitis; E, effector T cell (CD45R0O-CD27-); Th, T helper cell (C@XDAC); Ty, memory T cell (CD45R@); Ty, naive T cell (CD45R0O-CD2C); PBMC,
peripheral blood mononuclear cell; TNF, tumor necrosis fdor; UV, all uveitis patients combined.
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FIGURE 3 | Flow cytometry analysis of T regulatory cellsTop and second row: gating strategy used to identify T regulatory (Treg, CD25¢iFoxP3C) cells. Live
single cells are gated as indicated irfFigure S1. Bottom row: levels of circulating Tregs as % of (memory) COZI T cells. All Tregs are also CD127- (see “overlay” plot).
Bars in scatter plots indicate median, error bars indicatenierquartile range. Abbreviations: AU, HLA-B27 associatkanterior uveitis; BU, Birdshot uveitis; HC, healthy
control; IU, idiopathic intermediate uveitis; UV, Combinedveitis samples.

Dendritic Cells, NK Cells and B Cells cell subsets was comparable between NIU and healthy controls
We observed a decrease in the proportion of plasmacytoifTable S2.
dendritic cells (pDCs, CD363CD14 CD16 HLA-DRCLIn , p In summary, our observations from manual gating show that

D 0.001 Figure 5 and natural killer cells (NK, CD56CD3 ,p the composition of multiple immune cell subsets are altered
D 0.005Figure 6), and an increased proportion of CD§®B cells  in di erent types of NIU patients and that most changes are
(Table S2. The proportion of monocyte or myeloid dendritic observed inthe T cell repertoire.
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FIGURE 4 | Flow cytometry of peripheral blood mononuclear cells showshanges in the proportion of CD& T cell subsets.(A) Decrease of CD& T cells in uveitis
compared to healthy controls. Representative patient and entrol sample. CD3C cells are gated from live single cells, as is indicated iRigure S1. (B) Decrease in the
CD45R0-CD27- Tg population. (C) CCR10C CD8C Ty cells are signi cantly higher in BU compared to IU. Bars in plstindicate median, error bars indicate
interquartile range.P-values between HC and UV are from Wilcoxon rank-sum tesp-values between uveitis subgroups are from Kruskal-Walli&W) test with
post-hoc Dunn’s correction for multiple testing. AU, HLA-B27 assodcited anterior uveitis; BU, Birdshot uveitis; HC, healthy adrol; U, idiopathic intermediate uveitis;
Tc, cytotoxic Tcell; Th, Thelper cell; E, effector Tcells (CD45R0O-CD27-); [, naive (CD45RO-CD2T); Ty, memory (CD45RQC); UV, Combined Uveitis samples.

Automatic Gating by FlowSOM Con rms into 22 meta-clusters that are outlined in the minimal sparmi
Changes in T and NK Cell Phenotypes tree shown inFigure 7 (for details sedigure S4and methods).
Linked to Non-infectious Uveitis High-dimensional automated gating identi ed three common

To technically validate our ndings, we further explored the (> 0-1% abundance) meta-clusters that were linked to uveitis
T helper cell panel by automatic gating usifgpWSOM(23) and corroborate .the. subgets determlned by mgnual gating.
that performs multivariate clustering of cells based on the/Ve observed a signi cant increase in the proportion mgta-
self-organized map (SOM) algorithm and categorizes cefts in Cluster A,that contained memory CD4 T cells expressing
relevant meta-clusters based on their surface markersigusi CP45RO and CD2728) in uveitis patients Kigure 7). Analysis
FlowSOM, we clustered all individual cells into 100 distinct?y FlowSOM further con rmed a signi cant decrease in a cluste
clusters based on the surface expression marker proteinsg Usireminiscent of NK cells (CD3CD56", meta-cluster (Figure 7).
unsupervised approaches, we further clustered these 10@rdustWe also noted a C4 memory meta-cluster neta-cluster
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FIGURE 5 | Flow cytometry of peripheral blood mononuclear cells shows decrease of plasmacytoid dendritic cells in non-infectias uveitis. (A) Gating strategy used
to identify dendritic cell subsets (representative samp)eLive single cells are gated as indicated ikigure S1. (B) The frequency of circulating plasmacytoid and
myeloid dendritic cell subsets as percentage of the HLA—DﬁLineage (CD3,CD19,CD56) CD16 CD14 cells. Bars in plots indicate median, error bars indicate
interquartile range.P-values between HC and UV are from Wilcoxon rank-sum tesp-values between uveitis subgroups are from Kruskal-Walli&W) test with
post-hoc Dunn’s correction for multiple testing. AU, HLA-B27 assodcted anterior uveitis; BU, Birdshot uveitis; HC, healthy adrol; U, idiopathic intermediate uveitis;
KW, Kruskal-Wallis test; mDC, myeloid dendritic cell; pDGilasmacytoid dendritic cell; UV, Combined Uveitis samples

B) that contained subsets of Th17 enriched (CXCRER&) Higher Abundance of CCR6 C T Cells in
clusters that were signi cantly increased in NIWFigure7). Patients That Require Systemic

In short, the leukocyte populations associated to NIU bylmmunosuppressive Treatment
FlowSOM are similar to the populations identi ed by manual Building on the manual gating, we rst explored if the

gating. composition of blood leukocytes was di erent between patients
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FIGURE 6 | Flow cytometry of peripheral blood mononuclear cells showsa decrease of Natural Killer (NK) cells in uveitikeft: levels of circulating NK (CD56CD3-)
cells as % of PBMCs.Right: gating strategy used to identify NK cells. Live single cellare gated as indicated inFigure S1. Bars in plots indicate median, error bars
indicate interquartile range P-values between HC and UV are from Wilcoxon rank-sum tesp-values between uveitis subgroups are from Kruskal-Walli&W) test
with post-hoc Dunn's correction for multiple testing. AU, HLA-B27 assodited anterior uveitis; BU, Birdshot uveitis; HC, healthy agrol; U, idiopathic intermediate
uveitis; PBMC's, peripheral blood mononuclear cells; UV, @nbined Uveitis samples.

FIGURE 7 | Automatic gating by unsupervised clustering using FlowSOMilenti es cell (meta) clusters associated with non-infeabius uveitis. Using FlowSOM, we
clustered all individual cells within the single-cell gaseof all samples into 100 distinct clusters based on the surfee protein expression. Using unsupervised clustering,
the 100 clusters were clustered into 22 meta-clusters of dférent cell types and organized in the minimal spanning treen the right. The meta-clusters are represented
by unique colors (all meta-cluster comparisons between uviis and controls are provided inFigure S3). For each cluster (i.e., cell population), pie charts inzhte the
relative expression for each of the different surface marke and the pie size corresponds to the average size of the pogation in the samples. Three clusters and their|
associated meta-clusters (A—C) are indicated?-values between HC and UV are from Wilcoxon rank-sum testP*< 0.05, **P < 0.01, ns, non-signi cant). For these
three meta-clusters, the relative densities of normalizeexpression of the surface protein markers for from the T cefianel are indicated above and for each
associated cluster the pie charts provide the relative expssion of each surface marker.

that subsequently required IMT during follow-up. In total, 15 data from the T helper cell panel to hierarchical clustering
patients (eight with new onset uveitis, seven with a recuregn to investigate the T cell composition in 23 NIU patients

started IMT within the rst year after sampling (median 0.2 with complete data (see section Materials and Methods).
months, range 0.0-12.1). We rst subjected the manual gatednsupervised clustering distinguished two overarching groups;
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the rst cluster contained near exclusively patients (8@%@ that of Th17 cells was signi cantly more abundant in patients who
during follow-up required IMT and the second cluster contaéh required IMT (Figure 8B, Figure S§. Using manual gating we
mostly patients that did not require IMT during follow-up could conrm that this Th17 population was more abundant
(14/17, 82%). The cluster associated with IMT was charaetérizin patients that require IMT during follow-up Kigure 8C).

by increased proportions of CIMCXCR3 CCRE& Th (17) Two additional leukocyte clusters signicantly di erentid
populations and decreased proportions of CBBCRE& T cell  between IMT and IMT- patients in the FlowSOM analysis
populations Figure 8A). These ndings indicate that patients (Figure S5, but these clusters showed low CD3 expression
that will require IMT are characterized by distinct compositi and represent populations other than T cells. In summary,
of T cells in blood. To further support these observations, weatients with non-infectious uveitis that in the near future
used FlowSOM for head-to-head comparison of I8ITand will be treated with IMT show increased Thl7 cells in
IMT- patients. Analysis by FlowSOM supported that a clusteiblood.

FIGURE 8 | CCR6C T cells are increased in patients that need systemic immunoadulatory treatment. (A) Unsupervised hierarchical clustering of the top 10T cell
subsets in 23 patients with complete data distinguishes twalusters of patients that are characterized by altered proprtion of CD4C and CD8C T cell populations
and differential requirement of IMT during follow-up. Heatap colors represent the relative difference in proportiorrdm relatively low (in blue) to high (in red) for each
manually gated population. Data were normalized using quanm normalization and log transformation. Data are scaledsing Auto scaling. The sample meta-data
and the leukocyte subsets contributing to these clusters a indicated. M1, rst color marker to de ne CD4 or CD8 expressim in T cell populations; M2, additional
color marker to de ne chemokine receptor or CD161 expressiorfor each T cell population.(B) FlowSOM analysis identi ed a cluster from meta-cluster B wit

signi cantly higher abundance in patients that required IMT dring follow-up before commencing therapy. This IMT assocted FlowSOM cluster has a phenotype
consistent with Th17 cells (CDE CD4CCD45ROCCXCR3-CCR&C). The pie chart indicates the relative expression for eachf the different surface markers that is
expressed on this cluster. The scatterplot (left) depictshie proportion of this cluster within the live single cell gatthat was fed into the FlowSOM algorithm. Bars
indicate median with interquartile range(C) Scatterplot of manually gated Th17 (CXCR3-CCRB of CDAC Ty, cells) cells shown for controls and the treatment
groups. Bars indicate the median.P-values are from Wilcoxon rank-sum test. AU, HLA-B27 assoated anterior uveitis; BU, Birdshot uveitis; F, female; HQealthy
control; IMT, requirement for systemic (non-corticosterdi) immunosuppressive therapy during follow-up; IU, idiopaic intermediate uveitis; M, male.

Frontiers in Immunology | www.frontiersin.org 11 October 2018 | Volume 9 | Article 2519



Verhagen et al. Circulating Immune Cells in Non-infectious Uveitis

DISCUSSION impact. Since manual as well as unsupervised gating methods
linked CCR6-expressing T helper cells to uveitis biology and
In this study, we demonstrated that patients with anatonical treatment use, we suggest this T cell family should be a dentra
distinct types of non-infectious uveitis (NIU) exhibit sharand  subject of such studies. Interestingly, a recent study destrated
unigue perturbations in circulating immune cell subsets,sno that ow cytometry phenotyping of Th17 cells can potentially
notably, subtype-specic changes in the T cell repertoire. Thetratify patients to better match the choice of biological(e
overall changes in proportions of leukocyte subsets were stpdeyUstekinumal after MTX resistance in patients with psoriatic
which is typically reported in ow cytometry studies of non- arthritis, an in ammatory conditions associated with utisi
infectious uveitis {1, 16, 18). Importantly, patients that required (3¢). In addition, immunophenotyping of Th17 populations may
systemic immunomodulatory treatment (IMT) after sampling pe particularly useful for identifying patients that may bene
had higher CD# populations expressing CCR. from therapeutic drugs targeting the IL-23/IL-17 axis (g.g.
The pathogenic mechanisms underlying NIU remainystekinumapor the Th17-related JAK-STAT-pathway37%-39).
incompletely understood, but are certainly immune-mediate |t js tempting to speculate on the outcome of previous anti-i.-1
(13 29. In humans, multiple lines of evidence have linkedtrials in NIU if patients groups were matched according to thei
type 17 immune responses (e.g., IL-17-producing T cells) tg cell repertoires®7).
NIU (11, 12, 14, 30-33. In line with this, we observed an  High resolution phenotyping of T cell populations using a
increase of (CCRECXCR3) Th17 cells within CD4 T mass cytometry (e.g., CyTOF) to study a wide array of adtinat
cells that was noticeable for all uveitis types. However, wgnd signaling molecules might be of additive value to better
observed a relatively large uveitis-subtype specic die@ncde ne the T cell ngerprints of NIU, and improve prediction
in memory CD4 (Tw) cell proportion, which suggests that the and choice of IMT for individual patients4(). Also, future
involvement of T helper populations might be di erent betweenstudies should not be limited to T cell populations: we recently
uveitis subtypes34). The enrichment for memory CD4T cells |inked serum microRNA levels of NIU patients to decreased
in BU contributed to a hitherto unappreciated larger Th17frequency of blood CDIBNK cells ¢1). Strikingly, we con rmed
fraction in CD4 T cells in BU over AU. Although a large a decrease in the proportion of CDS6NK cells in patients
variety of clinical characteristics distinguish clinigglenotypes with active uveitis. NK cells [which can be roughly divided
of NIU, the fast majority of molecular factors identi ed are jn CD16°CD56"™ and CD16 CD58" cells ¢2)] can directly
shared across most types of NIU. Consequently, the currenf |trate the eye during uveitis, perhaps by binding of their
view on etiology considers the disease mechanisms of AWjller immunoglobulin-like(KIR) receptors, a class of immune
IU, and BU largely identical. Here, we deliberately reportecteceptors that have been genetically linked to Uveiti3 ¢4).
results per clinical diagnosis and identi ed shared, butoals Of note, Ustekinumab also targets IL-12, a cytokine el@vate
heterogeneity between the studied uveitis groups. We kelieyn uveitis serum and by which CD56NK cells are strongly
this heterogeneity in immune cell perturbations may re ectactivated 45).
di erences in pathophysiological mechanisms between uveitis We conrmed a decrease in the proportion of circulating
subtypes that has hitherto been under appreciated. This islasmacytoid (p)DCs in human non-infectious uveitis, but were
an important observation, because to date, studies reportingnable to ascertain a signi cant increase in CD1c-positive
on increased Thl7 cells in human NIU have not accountegnyeloid DCs (mMDC1) {6, 46, 47). This is likely to be explained
for uveitis subtype specic dierences, which might explain que to a di erent uveitis population. Other novel observations
inter-study variability. Also, many studies lack of markéhat  of interest include an increase in (CD4PB cells and decrease
di erentiate between memory populations (e.g., de ne Th1l7jn (CXCRS CD27) T follicular helper cells, a T helper subset
populations solely on CBAIL-17€ cells). linked to B cell function ¢8). Note, inhibition of B cells by
There remains a lack of understanding which patients WI”r|tux|mab has been shown to be e ective for some types of
require IMT for durable disease controBf). Here, we provide NjU (49, 50). Most ow cytometry studies in NIU have focused
evidence that the proportion of CCR6T cells, which are on the frequency or function of regulatory T cells (Tregs) in
enriched for Th17 cells, may harbor predictive capacity foblood (51, 52). In our study, we did not observe changes in the
the need of IMT. Interestingly, in our cohorts, there wereproportion of these cells which adds up to the con icting resul
eight patients that had a history of treatment with systemiqn the literature on this topic {1, 12, 18, 33 53-55).
COftiCOSterOidS{3 monthS) before inclusion, four of whom had Though many studies report immune perturbations in the
received IMT, but half of the patients with a history of systemi peripheral blood of uveitis patients it is important to realize
corticosteroids, and one out of four patients with a histofydT  that the immune changes that are found in the peripheral blood
did not need IMT after sampling. We would like to emphasizedo not necessar”y mirror the Changes in the eQQ1 (56, 57)
that the current study was designed for phenotyping the myeloi The results of this study should be considered in light of
and lymphoid compartment and less suited for testing thehe following limitations. We deliberately included only eitis
clinical utility of the identi ed cell populations. For exammlthe  patients with active disease and free from systemic treatraen
personal wish of the patient for periocular steroids over sygte  the time of sampling. Although these stringent selectioneriit
IMT is not taken into account. Therefore, prospective studiegontributed to several unique observations, the overalalsm
with larger cohorts and longitudinal sampling will be neededchanges in leukocyte percentages in blood combined with the
to substantiate these observations and determine theiiceli  relatively small sample size hampered statistical power. Haweve
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by using unsupervised algorithms were able to validate ounma manuscript. SH: designing the ow cytometry panels, acqiasit
observations in T cell and NK cell proportions. of data, execution, and interpretation of experiments andiitss
The absence of CCR4 in our data may have hampered accurd®®: execution and interpretation of FlowSOM analysis, regisin
Th2 frequency estimation, but Th17 and Thl subsets are welthe manuscript. AP: interpretation of FlowSOM analysis, s&\d
identi ed using CCR6 and CXCR3®8-60). Although CCR6 can the manuscript. EL: acquisition of data, execution of experits,
be expressed by other T cells (including B cells and dendriticevising the manuscript; MO: acquisition of data, execution
cells), CCR6 expression on T cells is mediated by the Th1lof experiments, revising the manuscript. NtD-vL: acquisitio
lineage transcription factor RQft, and CCRE& T cells show and interpretation of data, revising the manuscript. SN:
over 100 fold increase in IL-17 production compared to CCR6designing the ow cytometry panels, revising the manusci$it.
negative T cellsg1-64). Therefore, CCR6 expression on T cellsacquisition and interpretation of data, revising the mamysc
is often used to identify the Th17 subsét{67). JdB: study design, interpretation of experiments and result,
Also, ow cytometry is limited in number of simultaneous supervisory support, revising the manuscript. TR: study design,
markers ( 12-16-colors per panel) and prevents deepnterpretation of experiments and result, supervisory support,
phenotyping of cell status (e.g., activation, intra-cellularevising the manuscript. JK: study design, analysis of the,dat
signaling) of cells. Although FlowSOM supported our gatinginterpretation of experiments and result, supervisory support,
strategy based on the here investigated markers, subsequenafting, and revising the manuscript.
detailed phenotyping focusing on speci ¢ subsets (e.g., T aid N
populations) or other subsets (e.g., innate-like lymphoidscel FUNDING
neutrophils) may bene t from using mass cytometry (CyTOF) to
obtain more in-depth information on the cell signatures titain ~ This research was supported by unrestricted grants from the Dr
predict disease outcome of NIU patients. F.P. Fischer Stichting and the Landelijke Stichting voond&n
Finally, this study was conducted at a tertiary referralteen en Slechtzienden (LSBS). The funders had no role in studgmies
Therefore, our cohorts are more likely to include patientshwi data collection and analysis, decision to publish, or prepanaifo
complicated disease courses. This explains, for example,alhy hthe manuscript.
of our AU patients needed IMT, a uveitis subtype for which
topical treatment is often su cient ¢8). ACKNOWLEDGMENTS
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