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A B S T R A C T

Autoimmune retinopathy (AIR) is a rare immune-mediated retinopathy associated with circulating antiretinal
antibodies (ARAs). Other prominent features of AIR include visual field deficits and photoreceptor dysfunction in
the setting of progressive unexplained vision loss. The role of inflammation is poorly understood in AIR. Since
cytokines play a central role in the initiation and development of inflammation, we evaluated the presence of
proinflammatory cytokines and chemokines in AIR patient sera. We demonstrate that IL-6 and CXCL9 are both
elevated in AIR patient sera. Moreover, the presence and concentration of these 2 molecules appear to correlate
with AIR patient disease severity. This cytokine profile, IL-6 and CXCL9, has been described to participate in a
variety of autoimmune and inflammatory diseases. Our study provides support for an activated inflammatory
process in AIR and identifies possible mechanisms that can drive autoimmunity in this disease.

1. Introduction

Autoimmune retinopathy (AIR) is an inflammatory-mediated re-
tinopathy characterized by otherwise unexplained progressive vision
loss, abnormal photoreceptor function and presence of serum anti-
retinal antibodies. In most cases, the ophthalmic exam, including ret-
inal exam is unremarkable making the diagnosis difficult (Comlekoglu
et al., 2013). Autoimmune retinopathies can be classified into para-
neoplastic (pAIR; cancer associated retinopathy and melanoma asso-
ciated retinopathy) and non-paraneoplastic AIR (npAIR) (Grange et al.,
2014). For the purposes of this study we will focus on the latter.

Since the first reports more than two decades ago, npAIR remains an
ill-defined disorder. Despite an unremarkable exam early in the disease
course, patients have abnormal electroretinography and visual fields
(Fox et al., 2016). Typically, patients have no chorioretinal lesions;
some may have low-grade intraocular inflammation. As the disease
progresses retinal atrophy, retinal vascular attenuation and optic disc
pallor may ensue along with further vision loss. Interestingly, anti-
retinal antibodies can also be found in healthy controls, patients with
degenerative retinal disorders and patients with systemic autoimmune
diseases with no ocular disease (Heckenlively et al., 1999; Shimazaki

et al., 2008). Thus, unlike paraneoplastic AIR, the specificity and the
role of antiretinal antibodies in npAIR are poorly understood. Clinical
response to immunomodulatory agents has also been variable, casting
doubt on the inflammatory nature of this disease. Nevertheless, anti-
retinal antibodies and visual dysfunction are the hallmarks of npAIR
and most patients are typically treated with immunomodulatory agents
with the hope of slowing down the progression of disease (Forooghian
et al., 2008; Davoudi et al., 2017; Adamus, 2017).

In general, a critical component of autoimmune diseases and in-
flammatory disorders is a dysregulation of the immune response
leading to inflammation. Over the years, several key cytokines have
been increasingly identified as mediators of inflammation (Hunter and
Jones, 2015). Newer technologies, including multiplex cytokine plat-
forms, have made cytokine testing more accessible for clinical samples.

IL-6 is a multifunctional cytokine that displays a broad and diverse
range of biologic activities including control of cell growth and cell
survival (Hunter and Jones, 2015). In addition, IL-6 has been shown to
mediate and regulate the immune system most notably through pro-
liferation and activation of cytotoxic T cells, and growth and differ-
entiation of memory B cells and plasma cells. Furthermore, IL-6 is
especially well-known for its ability to trigger inflammation by
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inducung the acute phase response and in this way IL-6 impacts acute
and perhaps chronic inflammation. Although IL-6 is most often con-
sidered to be a potent inflammatory cytokine, it has also been de-
monstrated to have anti-inflammatory properties. IL-6 has a complex
signaling system consisting of two distinct signaling pathways and de-
pending on the cell type, a different pathway is initiated. Recently, IL-6
antagonists (anti-IL-6R antibody) have been developed to block IL-6
from binding to its receptor, IL-6R, and ameliorate inflammation. A
variety of cells produce IL-6 and several stimuli trigger IL-6 production,
such as, other cytokines, (i.e. TNF-α or IL-1β) and TLR ligation (Hunter
and Jones, 2015).

Over the years data have been generated that support the associa-
tion of IL-6 in autoimmune diseases (Hirano, 2010). For example, the
IL-6 pathway has been implicated in the pathogenesis of rheumatoid
arthritis (RA), psoriasis, autoimmune liver disease and Crohn's disease
(Tanaka and Kishimoto, 2012). Studies have revealed that a number of
serum (and intraocular) cytokines and chemokines, such as IL-6, IL-17,
IL-23, TNF-α and VEGF have been reported as elevated in ocular in-
flammatory diseases (Jawad et al., 2013).

More recently, CXCL9 has been identified as a contributor to the
inflammatory process. CXCL9, an IFN-triggered chemokine, is a
member of the chemokine superfamily of small proteins that participate
in immune and inflammatory reactions, specifically, in the induction of
T cell and NK cell migration. The IFN molecules and the upregulation of
the IFN signature genes are frequently seen as a major factor in auto-
immune diseases, such as systemic lupus erythematous (SLE) (Hooks
et al., 1979; Niewold, 2016). In addition, CXCL9 has been described to
play a role in the pathogenesis of certain autoimmune diseases, in-
cluding RA, giant cell arteritis and SLE (Simpson et al., 2000; Loos
et al., 2006).

In order to evaluate possible inflammatory components in AIR, we
screened for the presence of IL-1 β, IL-6, IL-10, GM-CSF, IFN-γ and
CXCL9 with a multiplex immunoassay. In this report we demonstrate by
EIA that IL-6 is upregulated in AIR patient sera. Moreover, we show that
CXCL9, which attracts T cells to specific target organs, is also elevated
in this disease. The presence and concentration of this cytokine sig-
nature appear to correlate with AIR patient disease severity. This data
supports the concept that these two bio-regulatory molecules may
contribute to the pathologic processes observed in AIR patients.

2. Materials and methods

2.1. Patient population

AIR patients who were seen at the uveitis clinic at the National Eye
Institute were included and all patients provided written informed
consent to participate in research studies. Patients were seen under
clinical research protocols, that were approved by the Institutional
Review Board at the National Institutes of Health (NIH), adhered to the
tenets of the Declaration of Helsinki, and complied with the Health
Insurance Portability and Accountability Act (HIPAA) and EX1996NT.

All patients met the criteria for AIR as determined by the consensus
of several uveitis experts, including a negative malignancy workup and
confirmed positive antiretinal antibodies. AIR was defined as the ab-
sence of fundus abnormalities with abnormal electroretinogram (ERG)
and Goldman peripheral visual fields (GVF) in the presence of circu-
lating antiretinal antibodies (Fox et al., 2016). Our cohort included
patients at different clinical stages of disease (early and late stage) and
severity. All patients had at least one antiretinal antibody detected on
Western blot or had positive immunohistochemical staining with 7
patients testing positive for multiple antibodies on Western blot. Anti-
retinal antibody tests were done in different laboratories though the
majority of the patients had their testing in one commercial laboratory
in the USA (Supplemental Table). Seven patients were not on treatment
at the time of first sample collection, whereas 11 patients were on
systemic immunosuppressive treatment or corticosteroids. Five of the

“currently untreated” patients were treatment naïve, meaning they
never received any systemic treatment. Four of the currently treated
patients were receiving rituximab infusions during the study period
(Supplemental Table).

There is currently no evidence-based scale to assess for disease se-
verity in AIR. Measurable outcomes of the severity of disease involve
gradual changes in ERG and GVF, which could be used as surrogates for
disease progression and, hence, markers of disease severity. ERG can
vary considerably between visits (intersession variability) for the same
subject and have been reported to be up to 25–40% even among normal
eyes, with possibly more intersession variability in eyes with advanced
retinal disease (Fishman et al., 2005; Bach et al., 2013).

Taking into account the intersession variability, for the purposes of
this study, we defined AIR disease severity as mild if there were
30–50% loss of function and moderate/ severe if there were> 50% loss
of photoreceptor function on ERG below the defined lower limits of
normalcy (ISCEV). The Supplemental Table shows the raw ERG data for
each eye of the enrolled participants at their first visit. This table also
shows changes in ERG for the 5 patients that had more than one sample.
Four of the 5 participants had stable poor ERG and 1 showed modest
decline despite addition of another immunomodulatory agent.

2.2. Serum source and sample preparation

2.2.1. Serum source
A total of 24 frozen serum samples from 18 AIR patients were re-

ceived at the Johns Hopkins Hospital from the NEI, NIH. The 18 AIR
patients had an age range of 35–78 years with a gender distribution of 9
females and 9 males. In addition, blood was obtained from normal in-
dividuals at the Johns Hopkins Hospital and these serum samples
served as controls in this study. Eighteen normal individuals in an age
range of 25–72 years and a gender distribution of 14 females and 4
males were used in the IL-6 assay. Similarly, eighteen normal in-
dividuals in an age range of 25–82 years with a gender distribution of
11 females and 7 males were used for the CXCL9 assay.

2.2.2. Serum preparation
Serum was collected after centrifugation at 2000g for 15 min at 4 °C.

All samples were then stored in a − 70 °C freezer until analyzed.
Cytokines were evaluated using two technologies: multiplex im-
munoassay and enzyme-linked immunosorbent assay (EIA).

2.3. Multiplex analysis

All 24 AIR samples were analyzed on the multiplex system in a
masked fashion. After analysis it was determined that 5 patients had
more than one serum sample. Therefore, the serum sample obtained on
the first clinic visit was used for further data analysis. Using a 6-plex,
Bio-Plex® immunoassay (Bio-Rad Laboratories, Hercules, CA), samples
were analyzed for IL-1 β, IL-6, GM-CSF, IFN-γ, CXCL9 and IL-10. This
assay uses a bead-based flow cytometric platform designed as a capture
sandwich immunoassay format, similar to EIA. Custom kits with labeled
beads were purchased from Bio-Rad Laboratories. These antibody-
coated magnetic beads were specific for IL-1β, IL-6, GM-CSF, IFN-γ,
CXCL9 and IL-10. The median fluorescent intensity (MFI) was de-
termined on a Luminex® 100™ instrument (Luminex Corporation,
Austin, TX) using the Bio-Plex Manager™ software version 6.1 (BioRad
Laboratories, Hercules, CA). Standard curves were established for the
individual cytokine analyzed and the corresponding concentration
value (pg/ml) was determined according to manufacturer's instructions.
All samples were run in duplicate and in a masked fashion. The mean
value was used as the final concentration for that cytokine. It should be
noted that the lowest concentration detected in IFN-γ system was
16 pg/ml.

Multiplex analysis revealed that the mean concentration of CXCL9
in 18 normal individuals was 129.4 pg/ml with a range of 38.4 to
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383.9 pg/ml. In order to examine the predictive value of CXCL9 as a
marker for AIR case status, we examined samples above versus below
the 95th percentile (384 pg/ml) of the CXCL9 distribution among
normal individuals. A positive value of CXCL9 was identified as the
concentration greater than the 95th percentile (> 384 pg/ml).

2.4. EIA analysis

Serum IL-6 levels were confirmed using EIA (Quantikine IL-6, R&D
Systems, Inc. Minneapolis, MN), which is a very sensitivity assay to
quantitate low levels of serum IL-6. All serum samples were tested in
duplicate and in a masked fashion, according to the manufacturer's
instructions. The plates were read immediately after application of the
stop solution. The optical density of each sample was determined using
VersaMax™ tunable microplate reader (Molecular Devices, Sunnyvale,
CA). Results were calculated from a standard curve and reported ac-
cordingly in picograms per milliliter (pg/ml). The mean minimum de-
tectable dose (MMD) for IL-6 was< 0.70 pg/ml and the standard curve
range is 3.13 pg/ml to 300 pg/ml. The reference range for serum IL-6
was established in the Cytokine Laboratory at the Johns Hopkins
University using serum samples from 18 normal individuals analyzed
by the EIA R&D Systems, Inc. IL-6 assay. The mean serum value for IL-6
was 1.03 pg/ml with a range of 0.26 to 2.16 pg/ml. In order to examine
the predictive value of IL-6 as a marker for AIR case status, we ex-
amined samples above versus below the 95th percentile (2.16 pg/ml) of
the IL-6 distribution among normal individuals. A positive value of IL-6
was identified as the concentration greater than the 95th percentile
(> 2.16 pg/ml).

2.5. Statistical analyses

The data was analyzed using the Wilcoxon rank sum test (Mann-
Whitney U test). We compared the mean concentrations of CXCL9 and
IL-6, respectively, among the following: 1) untreated AIR cases and
normal individuals, 2) treated AIR cases and normal individuals, and 3)
all 18 AIR cases (treated and untreated) and normal individuals. All
statistical analyses were completed using Stata version 11 (StataCorp,
LLC, College Station, TX). A p value < 0.05 was considered significant.

3. Results

3.1. Initial evaluation of serum cytokines and chemokines in AIR patient
sera

Twenty-four serum samples from 18 AIR patients were initially
analyzed by a multiplex immunoassay system for the presence of 5
cytokines and 1 chemokine. As is seen in Table 1, all samples tested for
IL-1β were below the lower limit of quantitation (LLOQ). GM-CSF and
IL-10 were detected in only 3 of 24 samples and IFN-γ was detected in 1
of 24 samples. In contrast, IL-6 was positive in 5 of 24 samples (21%) of
patient sera and CXCL9 was positive in 15 of 24 samples (62.5%) of the
patient sera tested. Sera from 18 individual AIR patients were further

evaluated for possible correlations of treatment versus no treatment and
disease severity.

3.2. Detection of CXCL9 in AIR patient sera

A comparison of CXCL9 levels detected in the sera from AIR patients
and normal individuals is shown in Table 2. The mean concentration of
CXCL9 in normal individuals was 129.4 pg/ml with a range of 38.4 to
383.9 pg/ml. All of the samples from the normal individuals had CXCL9
levels below the 95th percentile and were considered negative. Sixty
one percent (11/18) of the AIR patient sera were positive for CXCL9
with a mean concentration of 866.9 pg/ml (Table 2).

Of note, seven of the AIR patients in this study were not on treat-
ment at the time the sera were collected. As seen in Fig. 1A, 5 out of
these 7 patients had elevated levels of CXCL9 (mean of 1271 pg/ml). A
statistically significant difference was observed when all AIR patient
sera were compared to normal individual sera (p < 0.00001). More-
over, a significant difference was observed when normal individual sera
were compared to untreated AIR patient sera (p < 0.0009) or com-
pared to treated AIR patient sera (p < 0.0002). There is also a clear
distinction when CXCL9 levels are compared in the sera from untreated
patients (N = 7) and treated patients (N = 11). The mean concentra-
tion of CXCL9 was 1271 pg/ml in untreated patient sera and 610 pg/ml
in treated patient sera (Fig. 1A).

3.3. Quantitation of IL-6 in AIR patient sera

Using IL-6 EIA, additional testing of AIR patient sera was performed.
As is seen in Table 2, IL-6 was detected in the sera from 18 normal
individuals at levels below the 95th percentile, and therefore, con-
sidered negative. However, IL-6 was detected at positive levels in 7 sera
from 18 individuals with AIR. Thus, IL-6 was identified in 39% of AIR
patient samples (mean value of 5.15 pg/ml) compared to normal in-
dividuals (mean value of 1.03 pg/ml).

A comparison of IL-6 levels in treated and untreated patients is seen
in Fig. 1B. Four out of 7 untreated patients had elevated levels of IL-6
(mean of 9.18 pg/ml). A significant difference for IL-6 was observed
when untreated patient sera were compared to sera from normal in-
dividuals (p < 0.0025). There is also a clear distinction when IL-6
levels are compared in the sera from untreated patients (mean of
9.18 pg/ml) and treated patients (mean of 2.58 pg/ml). It is of interest
to note that 7 out of these 7 untreated patients (100%) had elevated
levels of either IL-6 or CXCL9.

Table 1
Evaluation of serum cytokines in AIR patients by multiplex analysis.

AIR patients sera

Cytokines No. positive samplesa Percent positive Range (pg/ml)

IL-1β 0/24 0 (< 0.30)
IL-6 5/24 21 (0.50 to 33)
IL-10 3/24 13 (3 to 36)
GM-CSF 3/24 13 (0.70 to 20)
IFN-γ 1/24 4 (16 to 38)
CXCL9 15/24 62.5 (119 to 8089)

a 24 serum samples from 18 AIR patients.

Table 2
Detection of CXCL9 and IL-6 in AIR patient sera and normal individuals.

Serum sample No. positive
samplesa

Percent
positive

Mean (pg/
ml)

Range (pg/
ml)

CXCL9b

AIR patients 11/18 61 866.9 (119 to
4271)

Normal individuals 0/18 0 129.4 (38.4 to
383.9)

IL-6c

AIR patientsb 7/18 39 5.15 (0.13 to
38.5)

Normal individuals 0/18 0 1.03 (0.26 to
2.16)

a Serum samples from 18 individual AIR patients.
b CXCL9 level > the 95th percentile of CXCL9 among normal individuals (> 384 pg/

ml) were considered positive (multiplex assay).
c IL-6 level > the 95th percentile of IL-6 among normal individuals (> 2.16 pg/ml)

were considered positive (EIA assay).
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3.4. Comparison of IL-6 and CXCL9 levels with disease severity

The 18 AIR patients were stratified into two levels of disease se-
verity, mild (4 of 18) disease and moderate/severe (14 of 18). Of the
four patients with mild disease, one had elevated levels of IL-6 and
CXCL9 and another patient had elevated levels of CXCL9. The last two
patients with mild disease did not have elevated levels of either cyto-
kine. The one patient with elevated IL-6 and CXCL9 was seen at a very
early time point in the disease course and was not on treatment. In the
remaining 3 patients'sera with mild disease, the mean level of IL-6 was
0.6 pg/ml, while the mean level of CXCL9 was 340 pg/ml. Of the
fourteen patients, with severe disease, 50% (7 of 14) had elevated levels
of IL-6 and 64% (9 of 14) had elevated levels of CXCL9. In total, 11 out
of the 14 patients with severe disease had elevated levels of either IL-6
or CXCL9. In these patients' sera, the mean level of IL-6 was 5.6 pg/ml
while the mean level of CXCL9 was 735 pg/ml. These data indicate that
when there is an increase in disease severity there is a trend toward
elevated IL-6 or CXCL9.

3.5. Evaluation of IL-6 and CXCL9 in serially collected serum samples

Five patients had multiple serially collected serum samples tested. A
comparison of IL-6 and CXCL9 in serially collected samples is shown in
Table 3. The first two patients had severe disease with high levels of
both IL-6 and CXCL9. The third patient also had severe disease that was
associated with a high level of IL-6 (1 out of 2 samples) but normal
levels of CXCL9. In contrast, the last 2 patients who had mild disease

showed normal levels of IL-6 (5 out of 5 samples) and normal levels of
CXCL9 (3 of 5 samples).

4. Discussion

The data presented in this study demonstrate increased in-
flammatory molecules, IL-6 and CXCL9, in the sera of AIR patients.
Moreover, an increase in AIR disease severity was found to be asso-
ciated with an increase in the proportion and concentration of positive
samples for both cytokines. In contrast, none of the other cytokines
analyzed, IL-1 β, GM-CSF, IFN-γ or IL-10 was significantly increased in
the AIR patient cohort.

Although the presence of CXCL9 and IL-6 was not always detected in
the same serum sample, patients with severe disease more frequently
had elevated CXCL9, IL-6 or both cytokines in their sera. Furthermore,
IL-6 and CXCL9 levels were higher when only patients that were not on
any systemic immunomodulatory treatment were considered,
strengthening the possibility that inflammation may play a role in the
pathogenesis of AIR. However, whether a lower cytokine concentration
among treated patients corresponds to clinical improvement has yet to
be determined. Our findings of elevated IL-6 and CXCL9 underscore the
prominent role of these cytokines in inflammatory and autoimmune
processes. However, our selection of cytokines herein was small and it
is very possible that numerous other cytokines may be elevated or de-
pressed and this cytokine milieu may contribute to the elevation of
CXCL9 and IL-6. Additional research is needed and may reveal other
cytokines that participate in this degenerative process.

IL-6 stimulates the inflammatory process while chemokines, such as
CXCL9, orchestrate immune cell migration into specific tissues (Islam
et al., 2016). Increasing evidence for IL-6 and CXCL9 has clearly im-
plicated the involvement of these mediators in the development of
autoimmune diseases. For example, the persistent production of IL-6
has been associated with causing the onset and development of auto-
immunity (Hirano, 2010; Hunter and Jones, 2015). In these disorders
IL-6 acts as a B cell stimulatory factor and activates B cells into antibody
producing plasma cells. IL-6 can also mediate T cell development in
autoimmunity. In combination with TGF-β, IL-6 induces the differ-
entiation of CD4 T cells into Th17 cells, thereby, making IL-17 available
within the autoimmune environment. Alternatively, IL-6 has been re-
ported to inhibit the ability of TGF-β to induce regulatory T cells. It is
this Th17/T-regulatory imbalance that is implicated in the onset and
progression of autoimmune diseases (Tanaka and Kishimoto, 2012)

The presence of IFN in human autoimmune diseases was first de-
scribed in SLE patients in 1979, where its detection correlated with
disease activity (Hooks et al., 1979). The presence of IFNs in many of
these autoimmune diseases is now recognized as an integral component
of their pathologic process (Niewold, 2016). IFN-α and IFN-γ are the

Fig. 1. Evaluation of CXCL9 and IL-6 in sera from normal individuals (Control, N = 18),
and in treated (N = 11) and untreated (N = 7) AIR Patients. Error bars represent the
standard error of the mean. Top-Fig. A: Mean CXCL9 Levels. Statistical Analysis
(Wilcoxon rank sum): Untreated Patients vs Normal individuals (p < 0.0009); Treated
Patients vs Normal individuals (p < 0.0002); All AIR Patients vs Normal individuals
(p < 0.00001). Bottom-Fig. B: Mean IL-6 levels. Statistical Analysis (Wilcoxon rank
sum): Untreated Patients vs Normal Individuals (p < 0.0025); Treated Patients vs
Normal individuals (p < 0.82); All AIR Patients vs Normal individuals (p < 0.082).

Table 3
IL-6 and CXCL9 in serially collected sera samples from AIR patients.

Patient Date IL-6 (pg/ml)a CXCL9 (pg/ml)b Disease activity

3a 1/31/2012 3.80 2077 Severe
3b 1/29/2013 4.50 1537 Severe
4a 1/31/2012 13.90 1472 Severe
4b 4/16/2013 19.30 8089 Severe
14a 11/26/2012 1.80 300 Severe
14b 12/11/2012 5.50 363 Severe
11a 10/11/2012 0.24 317 Mild
11b 11/15/2012 0.15 247 Mild
13a 11/20/2012 0.88 282 Mild
13b 12/11/2012 1.20 386 Mild
13c 1/29/2013 1.20 703 Mild

a IL-6 level > the 95th percentile of IL-6 among normal individuals (> 2.16 pg/ml)
were considered positive (EIA assay).

b CXCL9 level > the 95th percentile of CXCL9 among normal individuals (> 384 pg/
ml) were considered positive (multiplex assay).
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cytokines that trigger the expression of CXCL9, CXCL10 and CXCL11. A
major function of CXCL9 is to attract T cells that contain CXCR3 on
their surface to the site of inflammation (Islam et al., 2016). This che-
mokine plays a critical role in the migration of T cells from the blood
vessel into the brain or retina (Lee et al., 2007; Morrell et al., 2011).

Recently, CXCL9 has been identified in patients with autoimmune
diseases and in animal models of autoimmunity. In humans CXCL9 has
been implicated in the pathogenesis of RA and multiple sclerosis (Loos
et al., 2006; Simpson et al., 2000). Furthermore, the CXCL9 signature
was enhanced in a murine model of a retinal degenerative disease,
experimental coronavirus retinopathy (ECOR). ECOR is a disease trig-
gered by a coronavirus in genetically susceptible animals (BALB/c
mice) and is associated with antiretinal autoimmune reactivity (Detrick
and Hooks, 2010). The virus also replicates in the retina of genetically
resistant mice (CD-1) but these animals do not develop a retinal de-
generation nor do the mice develop antiretinal antibodies (Hooks et al.,
1993; Detrick and Hooks, 2010). In addition, elevated levels of IFN-γ,
CXCL9 and CXCL10 were detected in the sera and enhanced gene ex-
pression for CXCL9 and CXCL10 was noted in the retina early in this
disease (Detrick et al., 2008). Notably, this cytokine profile was ob-
served one day prior to infiltration of cells into the retina. These studies
implicate CXCL9 expression in the development of retinal auto-
immunity.

Another example of CXCL9 involvement in autoimmunity was de-
monstrated by Lang and associates in which they show that CXCL9
production in the liver was required for the development of murine
autoimmune liver disease (Lang et al., 2006). In this system liver-spe-
cific cytotoxic CD8 T cells were able to migrate, infiltrate and destroy
liver cells that expressed CXCL9. Together, these data underscore the
important role of CXCL9 in the development of autoimmune pathology.

Since AIR is characterized by retinal pathology a potential source of
IL-6 and CXCL9 may be within the retina (Hooks et al., 2008). The
retinal pigment epithelial (RPE) cell and the retinal vascular endothelial
cell are rich sources of IL-6 and CXCL9 (Lee et al., 2007; Nagineni et al.,
2012). The RPE cell possesses 9 TLRs with a high concentration of TLR
3 which can drive cytokine production (Kumar et al., 2004).

In humans, elevated CXCL9 in serum of patients with ocular in-
flammatory diseases associated with sarcoidosis has also been shown to
correlate with disease activity (Takeuchi et al., 2006). Interestingly,
elevated serum CXCL9 along with IL-6 and other proinflammatory cy-
tokines have also been reported in a patient with CRB1-associated
retinal dystrophy. In this patient cytokine levels were decreased in re-
sponse to immunomodulatory treatment. These findings suggest that
there may be a significant contribution by inflammation in known ge-
netic retinal dystrophies where activated resident retinal cells may be
responsible for proinflammatory cytokine production (Verhagen et al.,
2016).

Clearly, the presence of IL-6 and CXCL9 in AIR patients is not spe-
cific to this disease since these molecules can be identified in systemic
inflammatory and autoimmune processes. Moreover, IL-6 and a CXCL9
related chemokine, CXCL10, have been identified in other retinal dis-
orders (Ambati et al., 2013). A notable example is seen in Age Related
Macular Degeneration (AMD), in which IL-6 is an independent prog-
nostic marker associated with the disease progression (Seddon et al.,
2005). Additional studies identified that CXCL10 is highly expressed in
the retina of AMD patients (Mo et al., 2010). Whether or not these
cytokines contribute to retinal pathology is still unknown. Nevertheless,
the data presented here provides support to the hypothesis that AIR
pathogenesis may be associated with an inflammatory processes.

Cytokine-mediated pathways are pivotal to the development of
autoimmune diseases. While elevated IL-6 and CXCL9 are not unique to
AIR, the data presented here indicate that the inflammatory cytokine
signature of elevated IL-6 and CXCL9 may contribute to the retinal
pathology observed in AIR patients. Continued studies on these path-
ways will be useful in the discovery of future strategies for AIR diag-
nosis and management.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.jneuroim.2017.12.014.
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