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Influence of interferon o-2a Treatment on Monocyte
Subsets in Patients with Uveitis

Uveit Hastalarinda Interferon a-2a Tedavisinin Monosit Alt Gruplari Uzerine Etkisi
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Introduction: Interferon o is a type-I interferon molecule with antiviral and antineoplastic properties. Interferon o
treatment is also used in the management of uveitis and believed to have immunomodulatory properties demonstrated
by increased number of regulatory T cells. The aim of this study was to define the influence of interferon a-2a treatment
on monocyte subsets in patients with uveitis.

Materials and Methods: Six patients with uveitis and 7 healthy control subjects were included in this study. Blood
samples were obtained from the uveitis patients before treatment with interferon a-2a and at the 1st month of treatment
(or at clinical remission). Peripheral blood mononuclear cells were stained with anti-CD16, anti-CD14, anti-PD-1,
anti-CTLA-4, anti-LAG-3, anti-TIM-3 and anti-TIGIT antibodies and analyzed with flow cytometry. Data were
analyzed with Flow]Jo software and statistical analysis was performed with SPSS 21.0 software.

Results: Six patients with uveitis (5 Behget’s, 1 Eales discase, mean age: 29.0+3.8 years, 4 male, 2 female) and 7 healthy
control subjects (mean age: 28.4+4.9 years, 3 male, 4 female) were included. The number of CD14*CD16" classical
monocytes were increased and CD16* non-classical monocytes were decreased in patients with active uveitis compared
to controls (p=0.037 and p=0.045) and this difference disappeared after treatment with interferon a-2a. There was
no difference in immune checkpoint receptor expressions between groups at baseline. PD-1 expression increased
significantly after interferon o.-2a treatment (p=0.01).

Conclusion: Interferon o-2a treatment increases the ratio of non-classical monocytes and their expression of PD-1.
These changes may be associated with the previously demonstrated immunomodulatory effects of interferon a-2a in
patients with uveitis.
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Girig: Interferon o antiviral ve antineoplastik etkileri olan bir tip 1 interferon molekiiliidiir. Interferon o ayrica iiveit
tedavisinde de kullanilmakta olup, bu tedavinin immiinomodulatuvar etkisi oldugu diisiiniilmektedir. Interferon
a-2a tedavisinin bu hastalarda regiilatér T hiicrelerini arttirdigy bildirilmistir. Bu ¢alismanin amact interferon a-2a
tedavisinin iiveit hastalarinda monosit alt gruplar {izerindeki etkisini tanimlamakur.

Gereg ve Yontemler: Calismaya iiveiti olan 6 hasta ile 7 saglikli goniillii dahil edildi. Uveit hastalarindan kan 6rnekleri
interferon o-2a tedavisine baglanilmadan énce ve tedavinin 1. ayinda (veya klinik remisyon sonrasinda) alindu. Periferik
kan mononiikleer hiicreleri anti-CD16, anti-CD14, anti-PD-1, anti-CTLA-4, anti-LAG-3, anti-TIM-3 ve anti-TIGIT
antikorlar1 ile boyandi ve akan hiicre 6lger ile analiz edildi. Veriler FlowJo yazilimi ile degerlendirildi ve istatistiksel
analiz icin SPSS 21.0 yazilim1 kullanildi.

Bulgular: Uveiti olan 6 hasta (5 Behget, 1 Eales hastaligy, yas ortalamast: 29.0 +3.8 yil, 4 erkek, 2 kadin) ile 7 saglikl:
kontrol (ortalama yas: 28.4 +4.9 yil, 3 erkek, 4 kadin) calismaya kauldi. Aktif iiveiti olan hastalarda saglikli bireylere
kiyasla CD14'CD16 klasik monosit alt grubu artmis ve CD16* klasik olmayan monosit alt grubu ise azalmist1 (p=0.037
ve p=0.045), ancak bu fark interferon o-2a tedavisi ardindan kayboldu. Baslangicta gruplar arasinda immiin kontrol
noktast reseptorii ekspresyonu agisindan anlamli fark yoktu. Interferon oi-2a tedavisi ardindan PD-1 ekspresyonu
anlamli olarak artig gosterdi (p=0.01).

Sonug: Interferon a-2a tedavisi klasik olmayan monosit alt grubunu ve monositlerin yiizeyinde PD-1 ifadesini artirmustir.
Monositlerde tespit edilen bu degisimler interferon alfa-2a tedavisinin iiveit hastalarindaki immiinomodulatuvar etkisi
ile iliskili olabilir.

Anahtar Sézciikler: Monosit, Behcet hastaligy, tiveit, interferon alfa, PD-1

Introduction

Upveitis is a sight threatening intraocular inflammation, which is responsible for up to
10-15% of blindness in developed world.!" Biologic agents such as interferon o and
tumor necrosis factor-alpha (TNF-a) inhibitors are successfully used for the management
of sight threatening uveitis refractory to conventional immunosuppressive treatments.!
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Interferon-a is an immune-regulating signaling protein
with antiviral and antineoplastic properties.” Interestingly,
it is also successfully used for the management of sight
threatening, non-infectious uveitis and believed to
have immunomodulatory properties.”! A recent study
demonstrated that interferon o-2a treatment increased
the number of regulatory T cells and reduced Th17
cells in patients with Behget’s uveitis.”® Interferon o-2a
treatment also reduced TLR expression in CD4* T cells
and monocytes in patients with Behget’s uveitis.”®

Two distinct population of monocytes were identified
according to their distinct surface markers and functional
properties; the classical monocytes (CD14*CD16) and
(CD14%CD16")."!

monocytes have a more proinflammatory phenotype,

nonclassical monocytes Classical
secrete proinflammatory cytokines and can differentiate
to monocyte derived dendritic cells.®® Therefore, classical
(proinflammatory) monocytes have also the ability to
influence adaptive immune responses by their ability
of antigen presentation and have an important role in
shaping the inflammation and its resolution in tissues.
On the other hand, non-classical (anti-inflammatory,
pro-repair) monocytes are involved in complement and
FcR-mediated phagocytosis, transendothelial migration,
antiviral immune responses and wound healing.®”
Investigations on monocyte developmental pathways
demonstrated classical monocytes were produced from the
bone marrow first, whereas non-classical monocytes are

derived from the pool of classical monocytes.""

Immune checkpoint receptors are initially defined as
regulators of T cells responses and later their presence
have been described in other lymphocyte groups such as
B cells and natural killer (NK) cells."">"*! PD-1 expression
in monocytes is associated with IL-10 secretion and
known to contribute to HIV-specific T cell exhaustion.
141 Similarly, expression of TIM-3 in monocytes is also
associated with production of IL-10 and suppression of
interferon-gamma secreting T cells.!"*

With this background, we had the hypothesis that
some of the immunomodulatory effects of interferon
a-2a treatment leading to increases in regulatory T cell
differentiation, may be associated with the changes in
antigen presenting cells (APC). Monocytes represent
the major group of APCs in peripheral blood and can
potentially interact with T cells to influence their immune
responses. The aim of this study was to understand
whether interferon o treatment would induce a change in
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the distribution of monocyte subsets and their expression
of immune checkpoint receptors.

Materials and Methods

Study Population

We included six patients with posterior or panuveitis
diagnosed at Istanbul Medeniyet University Goztepe
Education and Research Hospital, Department of
Ophthalmology, that were refractory to corticosteroids
and/or conventional immunosuppressive treatments
and switched to interferon a-2a (Roferon-A, Roche
Pharmaceuticals, Nutley, NJ, USA), and 7 healthy,
age-matched blood donors as healthy control subjects.
None of the patients had any systemic disease other
than the one causing uveitis or did not have any other
comorbidity such as malignancy, diabetes mellitus,
coexistent autoimmune disease and allergies. The study
protocol was approved by the institutional ethics review
board. The study was conducted according to the tenets
of declaration of Helsinki and all patients gave a written

informed consent.

All patients had a detailed ophthalmological examination
including determination of best corrected visual acuity,
slit lamp microscopy, indirect ophthalmoscopy and
optical coherence tomography ac all visits. Fundus
fluorescein angiography was performed when needed.
Patients with an acute uveitis attack under conventional
immunosuppressive medications were switched to
interferon a-2a treatment. Patients were treated with
the previously described low-dose and dose-escalating
regimen.'” During the acute attack all patients received a
subcutaneous injection of interferon a-2a 3 MIU (million
international units) per day and the dose was reduced
to 3 MIU every other day after the uveitis attack was
controlled (usually the second week of treatment). Other
immunosuppressive medications were discontinued after

Clinical

remission was defined as absence of macular edema, less

the initiation of interferon o-2a treatment.

than 1 (+) vitreous haze, absence of inflammatory cells in
the anterior chamber and posterior segment findings of

active uveitis.!'®

Collection of Blood Samples

Peripheral venous blood samples (10 ml) were collected in
heparin coated blood collection tubes (BD Bioscience, San
Jose, CA, USA) immediately before starting the interferon
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o-2a treatment and at the 1* month of treatment if
clinical remission was obtained or after clinical remission
was observed. Only a single blood sample was collected
from the healthy control subjects.

Flow Cytometric Characterization of Monocytes

Peripheral blood (10 ml) was collected in heparinized
tubes. Cell surface staining was processed following
whole blood lysis. Freshly drawn peripheral whole blood
samples of 100 pL were stained with fluorochrome labeled
monoclonal antibodies: anti-human CD223 (LAG-3)-
FITC, anti-human CD366 (TIM-3)-PerCP/Cy5.5, anti-
human CD279 (PD-1)-APC/Cy7, anti-human CD16-
Alexa Flour700, anti-human TIGIT-PE, anti-human
CD3-Pacific blue, anti-human CD152 (CTLA-4)-APC,
anti-human CD14-PE/Dazzle (All from Biolegend,
San Diego, CA) and incubated for 30 minutes at room
temperature in dark. Autofluorescent tubes were used
as isotypic control for the analysis. Following staining,
erythrocytes were lysed with FACS lysing solution (BD
Biosciences, San Jose, CA). Cells were span with PBS
solution at 2000 rpm for 5 minutes. Cells were re-
suspended in 500 puL of PBS with 1% paraformaldehyde
and analyzed on FACSAriall (BD Biosciences, San Jose,
CA) running FACSDiva software. Data analysis was
performed with FlowJoTM10.2 software (Tree Star Inc.,
USA).

Statistical Analysis

Statistical comparisons were performed with SPSS
21.0 software (IBM, Chicago, IL, USA). Intergroup
comparisons were performed with Mann-Whitney test
and repeated samples were compared with Wilcoxon test.
GraphPad Prism 7.0 software (GraphPad Software Inc.,
La Jolla, USA) was used for the figures.

Results

Demographic and Clinical Characteristics of the
Patients

Six patients with posterior or panuveitis and 7 age-
matched healthy control subjects were included in the
study. Five of the patients had Behget’s disease and one
had Eales disease. All patients responded well to interferon
o-2a treatment and clinical remission was achieved before
taking the second blood sample. The baseline clinical
characteristics of the study participants were summarized
in Table 1.
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Table 1. Clinical characteristics of the patients and controls

Patients Healthy
(n=6) controls (n=7)

Gender (M:F) 4:2 3:4
Age, years (Mean + SD) 29.0+38 284+49
Diagnosis
- Behget'’s disease, n(%) 5(83.3) 0(0)
- Eales disease, n(%) 1(16.7) 0(0)
Medications used at study recruitment
- Azathioprine, n(%) 5(83.3) 0(0)
- Cyclosporine-A, n(%) 5(83.3) 0(0)
- Low dose steroids*, n(%) 6 (100) 0(0)

M, male; F, female; SD, standard deviation.
*equivalent to 10 mg prednisolone or less.

Distribution of Monocyte Subsets

Phenotypic analysis of the monocytes was performed for
the characterization of CD14*CD16" classical and CD16*
non-classical monocytes. Non-classical monocytes were
diminished in the monocyte pool during the acute attack of
the uveitis and were significantly less compared to healthy
control subjects (6.8+7.7 vs. 19.8+5.2, p=0.045) (Figure
1 d and 1f). The number of the non-classical monocytes
increased and the difference between the healthy subjects
disappeared after interferon a-2a treatment (16.5+5.3 vs.
19.8+5.2, p=0.63) (Figure 1d and 1f). Consistent with
these findings, the ratio of the classical monocytes were
increased in the monocyte pool compared to healthy
controls (93.0+7.8 vs. 76.6+6.0, p=0.037) (Figure 1c and
le) and this difference also disappeared after interferon
a-2a treatment (83.3+5.3 vs. 76.6+6.0, p=0.42) (Figure 1c
and le). These changes in the monocyte subset were given
in detail at Figure 1.

Immune Checkpoint Receptor Expressions in
Monocytes

Immune checkpoint receptor status was analyzed with
flow cytometry in the monocyte population. There was
no statistically significant difference between the uveitis
patients and healthy control subjects before interferon
o-2a treatment (Figure 2a—2e). However, PD-1 expression
significantly increased after interferon o-2a treatment
in uveitis patients, both compared to healthy controls
(21.248.5 vs. 0.52+0.18, p=0.010) and the levels during
the uveitis attack (21.248.5 vs. 7.4+6.7, p=0.028) (Figure
2a). There was also an insignificant trend towards an
increase in CTLA-4 and LAG-3 expressions (Figure 2c
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Figure 1 a-f. The distribution of monocyte subsets in patients and controls subjects. Whole blood samples were stained with anti human -
CD14-PE-Dazzle and anti-human-Alexa Flour 700 mAbs and analyzed using flow cytometry. Gating of monocytes was based on the side scatter
(a) and CD14 dot plots (b). Representative dot-plot analyses were given for the characterization of CD147CD16 classical and CD14TCD16"
non-classical monocytes in a patient with uveitis before (c) and after interferon a-2a treatment (d). The numbers indicate the proportion of
CD16 expressing monocytes. Bar graphs represent the median (and interquartile range) proportions of classical (e) and non-classical monocytes
in the groups (f).
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Figure 2. Immune checkpoint receptor distribution was analyzed in
the monocyte subsets to better understand changes in these
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a-2a (a—e). Bar graphs represent median and interquartile range.
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Figure 3. a-k. PD-1, TIM-3, CTLA-4, TIGIT and LAG-3 expressions in classical and non-classical monocyte subsets. Immune checkpoint receptor
expressions on CD14*CD16™ classical (a-e) and CD14*CD16* non-classical (f-k) monocyte subsets were given. Bar graphs represent median and

interquartile range.

individual groups. In the non-classical monocytes, there
was an insignificant trend towards an increased expression
of PD-1 and CTLA-4 (Figure 3g and 3h), while there was
a trend towards decline in LAG-3 and TIGIT expressions
after interferon a-2a treatment (Figure 3i and 3j). In the
classical monocytes, TIM-3 expression was significantly
reduced in patients with active uveitis (p=0.026) and this
difference remained statistically significant after treatment
(p=0.015) (Figure 3f). There was also an insignificant
in CTLA-4 and LAG-3
expression in the classical monocyte subset after interferon
o-2a treatment (Figure 3b and 3 ¢). The details of the
changes in the immune checkpoint receptors in monocyte

trend towards an increase

subsets were given in Figure 3.

Discussion

Many of the T cell responses are shaped by antigen
presentation and costimulation from innate cells as well
as cytokines coming from these cells. The changes in
costimulatory roles of the antigen presenting cells can
either induce effector T cells responses or skew T cells to a
regulatory phenotype."”! T cells are known as the master
regulators of the immune system and the role of the APCs
are rather neglected in many inflammatory diseases.

Behget’s disease is the most common cause of uveitis in
Turkey and accounts around 32% of the uveitis cases in
tertiary care.!"® Behcet’s disease is a systemic vasculitis with
autoimmune and autoinflammatory characteristics.!*’
Monocytes from Behget’s uveitis patients have increased
secretion of proinflammatory cytokine IL-1f in response to
LPS stimulation.'?” Epigenome-wide study of patients with
Behget’s disease also revealed changes in the cytoskeletal
remodeling genes in monocytes.?"" Interferon regulatory
factor 8 is associated with the regulatory function of the
dendritic cells and suppression of Th1/Th17 responses.
Aberrant methylation of interferon regulatory factor 8
(IRF8) was demonstrated in monocyte derived dendritic
cells of uveitis patients with Behget’s disease and Vogt-
Koyanagi-Harada disease.*??*! Monocytes from patients
with Behcet’s disease also have an increased activation
of JAK/STAT pathway, indicating a proinflammatory
genetic signature.”* A recent GWAS demonstrated
that Behget’s disease associated SNPs in CCR1 and IL-
10 loci contributed to a M1 macrophage-predominant
inflammation in Behget’s disease.?*! Another recent study
in patients with Behget’s uveitis also demonstrated that
interferon o-2a treatment reduced the TLR expression
in T cells and monocytes, and increased the number of

regulatory T cells.
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The non-classical monocyte subset, a monocyte group
that is known by their anti-inflammatory and tissue repair
inducing properties, was reduced in number among active
uveitis patients compared to healthy control subjects.
Interferon oi-2a treatment was able to restore the population
of this anti-inflammatory monocytes and reduce the
proportion of the proinflammatory classical macrophages in
the peripheral blood of uveitis patients. Classical monocytes
secrete high amounts of TNF-a, a proinflammatory
cytokine and blockade of TNF-a is also proven to be an
effective treatment for non-infectious uveitis.®!

Immune checkpoint receptors have important roles in the
regulation of many cells of the immune system including
CD4"and CD8" T cells, B cells, NK cell and macrophages.
Expression of PD-1 and TIM-3 are associated with
the secretion of IL-10 in macrophages, a cytokine
which is also associated with the effective functions
of the regulatory T cells."*"*! These PD-1 and TIM-
3 expressing macrophages have an immunoregulatory
phenotype and inhibit Thl mediated inflammation.
%1 Tn this study, interferon o-2a treatment induced an
increase in PD-1 expression among patients with uveitis,
which may potentially skew the monocyte population of
these patients to a regulatory phenotype. There was also
an insignificant trend towards increased expression of
CTLA-4 in monocytes after interferon a-2a treatment,
which might affect T cell co-stimulation and contribute
to the previously-demonstrated increase in regulatory T
cell population after this treatment.

This study has some shortcomings despite demonstrating
significant changes in macrophage phenotype and
immune checkpoint receptor expressions. The main
limitations of this study include the relatively small
sample size and lack of functional tests to demonstrate
changes in macrophage functions. We were also unable
to perform gene expression studies due to some technical
problems during sample collection. We believe that future
studies on the interaction of monocyte/macrophages and
T cells would contribute to the better understanding of
the immunomodulatory effects of interferon a-2a.

In conclusion, this study demonstrated for the first time
that interferon a-2a treatment expanded the non-classical
monocytes in the peripheral blood of patients with uveitis
and also increased the expression of PD-1 in monocytes of
these patients. We believe that these changes in the monocyte
populations are associated with the immunomodulatory
effects of interferon o-2a treatment.
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