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Abstract

IMPORTANCE—To better characterize posterior uveitis, vitreous samples from 15 patients were 

subjected to antibody arrays, and the expression levels of 200 human cytokines were evaluated. 

Expression was analyzed by 1-way analysis of variance (significance at P < .01), unsupervised 

cluster algorithm, and pathway analysis.

OBSERVATIONS—Unbiased clustering of patients, based on their cytokine expression profile, 

suggested that particular protein networks and molecular pathways are altered in various forms of 

uveitis. Expression of interleukin 23 (IL-23), IL-1 receptor I (IL-1RI), IL-17R, tissue inhibitors of 

metalloproteinase 1 and 2 (TIMP-1 and TIMP-2), insulinlike growth factor–binding protein 2 

(IGFBP-2), nerve growth factor (b-NGF), platelet-derived growth factor receptor β polypeptide 

(PDGFRb), bone morphogenic protein 4 (BMP-4), and stem cell factor (SCF) constituted a 

common cytokine signature in the vitreous of patients with uveitis. In 1 patient with progressive, 

idiopathic visual loss, this last-line analysis implicated retinal autoimmunity, a diagnosis that was 
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validated when her serum sample was found to contain antibodies to S-arrestin, a retinal protein 

and potent cause of autoimmune retinal degeneration.

CONCLUSIONS AND RELEVANCE—The analysis identifies a common cytokine signature 

for posterior uveitis and guides the diagnosis of a patient with idiopathic uveitis. Personalized 

treatment reversed the visual loss, illustrating how proteomic tools may individualize therapy.

Inflammation of the retina and choroid (posterior uveitis) can be an early sign of systemic 

autoimmunity[1,2]; until specific treatment can be initiated, immunologic attack progresses 

unabated. Inflammation is poorly tolerated by the neurosensory retina and can cause 

morbidity and irreversible blindness. The cause of most cases of posterior uveitis is 

undetermined because the different forms of the disease cannot be discriminated with 

clinical or current diagnostic biomarkers. Thus, cases of posterior uveitis are often labeled 

idiopathic[1] and are not addressed by specific treatments.

Report of a Case

We encountered a typical case of idiopathic uveitis (Figure 1). A woman in her 50s had poor 

vision, especially at night, but was otherwise healthy. Surgery removed an epiretinal 

membrane thought to cause her poor vision, but despite intermittent intravitreal 

corticosteroid injections, she experienced relapsing episodes of vitreous inflammation and 

retinal edema. Results of laboratory tests for posterior uveitis were normal; results of a 

complete blood cell count, erythrocyte sedimentation rate, and levels of C-reactive protein, 

antinuclear antibody, rheumatoid factor, interferon-γ release, HLA-B27, titers for Lyme 

disease, hepatitis B virus antibody, and hepatitis C surface antigen were within their 

reference ranges. Fluorescein angiographic and Goldmann visual field findings were 

unremarkable. Owing to the lack of conclusive findings, we labeled her condition an 

idiopathic posterior uveitis. Without a specific therapeutic protocol, we compared the 

cytokine profile of her vitreous biopsy findings with those of other uveitis cases to define her 

disease more precisely.

Methods

We analyzed vitreous fluid biopsy findings from 15 patients with posterior uveitis and 5 

control patients using a membrane-based, antibody array to monitor hundreds of cytokine-

signaling molecules simultaneously (Figure 2 and eMethods). The patients included 3 with 

idiopathic posterior uveitis, 2 with intermediate uveitis, 4 with viral endophthalmitis, 2 with 

autoimmune retinopathy, 1 with multifocal choroiditis, 1 with neovascular inflammatory 

vitreoretinopathy, and 1 with HLA-B27 uveitis (eTable 1). We measured cytokine 

concentration and sorted the data into control and uveitis sections. Cytokine levels of 500 

pg/mL or higher were evaluated further. Data were collected and analyzed from August 

2011 to August 2015. The study was approved by the institutional review board of the 

University of Iowa and adhered to the tenets of the Declaration of Helsinki.[3] All 

participants provided written informed consent.
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Results

Unbiased cluster analysis identified 60 proteins as differentially expressed in uveitic vitreous 

(P < .01; eResults and eFigure 1A). In addition to the initial comparison, cases from each 

uveitis category were compared with controls and displayed characteristic expression 

profiles (eFigure 2). Among these unique profiles, we detected a cytokine expression pattern 

(interleukin 23 [IL-23], IL-1 receptor I [IL-1RI], IL-17R, tissue inhibitors of 

metalloproteinase 1 and 2 [TIMP-1 and TIMP-2], insulinlike growth factor–binding protein 

2 [IGFBP-2], nerve growth factor [b-NGF], platelet-derived growth factor receptor β 

polypeptide [PDGFRb], bone morphogenic protein 4 [BMP-4], and stem cell factor [SCF]) 

shared by all the patients with uveitis (eg, viral and autoimmune; Figure 2B and eTable 2).

Like that of the other uveitis cases, our patient’s vitreous contained 49 upregulated cytokine-

signaling proteins; several were proinflammatory and previously linked to systemic 

inflammatory diseases (IL-1RI, CD40, CD40 ligand, major HLA-A, Fas, Fas ligand, T-cell 

IG mucin 1 [TIM-1], myeloid progenitor inhibitory factor 1, 4-1BB (also known as tumor 

necrosis factor receptor superfamily member 9 [TNFRSF9]), and triggering receptor 

expressed on myeloid cells 1 [TREM-1])4 and uveitis (IL-23 and IL-17).[5] Many growth 

factors and receptors important for developing lymphocytes and clonal expansion were also 

upregulated (IL-2, IL-2Rb, IL-17F, IL-17RI, B7-1, epidermal growth factor receptor 

[EGFR], PDGFRb, b-NGF, vascular endothelial growth factor receptor 3 [VEGF R3], 

placental growth factor [PIGF], mitochondrial substrate carrier family protein R [MCF R], 

galectin-7, endoglin, BMP-4, fibroblast growth factor 7 [FGF-7], resistin, insulinlike growth 

factor 1 [IGF-1], IGFBP-2, hemofiltrate CC-chemokine-1 [HCC-1], Tie-2, and SCF). Anti-

inflammatory cytokines were also upregulated (IL-13RI, IL-10Rb, lipocalin 2, and androgen 

receptor [AR]) (Figure 2A), consistent with the concept that anti-inflammatory cytokines 

balance immune responses.[4] In addition, we detected soluble proteins known to attract 

lymphocytes to sites of inflammation, including macrophage inflammatory protein 1 (MIP), 

epithelial neutrophil-activating peptide 78 (ENA-78), cutaneous T-cell–attracting chemokine 

(CTACK), gamma-tubulin complex component 2 (GCP-2), thymus-expressed chemokine 

(TECK), intracellular adhesion molecule 3 (ICAM-3), epithelial cell adhesion molecule 

(EpCAM), activated leukocyte cell adhesion molecule (ALCAM), and E-cadherin. The 

peptidase inhibitor proteins plasminogen activator inhibitor I (PAI-I), TIMP-1, and TIMP-2 

were also upregulated (Figure 2A).[4]

The profile of our index patient (patient 9) clustered with the 2 cases of autoimmune 

retinopathy (Figure 2A) in which 17 cytokine signals were upregulated (P < .01) and 12 

cytokines were downregulated (Figure 2C). Autoimmune retinopathy is caused by 

circulating antibodies to retinal proteins and typically causes bilateral visual loss, nyctalopia, 

and dyschromatopsia. Results of the examination can demonstrate retinal vascular 

attenuation, diffuse retinal atrophy, retinal pigment epithelial changes, and waxy disc pallor.

[6] Electroretinograms can detect abnormalities in rods, cones, or bipolar cell responses or a 

combination of these.[6] At presentation, our patient had none of these typical findings; 

nevertheless, her personalized proteome data prompted us to test for antiretinal antibodies. 

Laboratory testing showed she was positive for antibodies against S-arrestin, a well-

established cause of autoimmune uveitis.[6]
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Based on this finding, we switched her treatment from intermittent injections of an 

immediate-release corticosteroid to surgical implantation of a controlled-release 

fluocinolone acetonide device (Retisert®, Bausch & Lomb) that provided long-term, 

sustained intraocular immunosuppression. This treatment eliminated her retinal edema and 

improved her visual acuity from 20/70 to 20/30 OD. More than a year later, her originally 

asymptomatic left eye developed an epiretinal membrane with retinal edema (Figure 1D) 

and inflammatory precipitates typical of autoimmune retinopathy. Her electroretinogram 

also demonstrated a mildly decreased light-adapted and 30-Hz flicker (cone-specific) 

response, which was more pronounced in the left eye (Figure 1E). These later findings 

suggest the proteomic profile provided a correct diagnosis much earlier than conventional 

autoimmune retinopathy criteria.

Discussion

tk;2Patients with autoimmune-mediated inflammation pose diagnostic and therapeutic 

challenges because they often have nonspecific concerns and unremarkable examination 

findings, and their condition becomes classified as idiopathic. Diagnostic workups for 

inflammatory diseases can be prohibitively expensive and with a low yield of results. 

Proteomic profiling made a significant difference in our patient’s case by guiding our 

diagnosis and therapeutic choices. At an early disease stage, proteomic profiling directed 

laboratory testing to arrive at the correct diagnosis, which changed her treatment from 

intermittent corticosteroid injections (that allowed the corticosteroid concentration to wane 

and her disease to flare up) to a controlled-release device that lasts for 30 months.

Proteomic analysis of fluid biopsy results will likely become a new diagnostic and 

therapeutic approach for personalized medicine. Proteomics not only can identify 

biomarkers and potential drug targets but also provide insight into the biological features 

driving the disease. In our case, we detected a cytokine signature—elevated levels of IL-23, 

IL-1RI, and IL-17R—that implicated autoimmune inflammation in our patient’s disease. 

Presumably, other fluid biopsy specimens from other sites affected by autoimmune diseases 

might have a similar cytokine signature or inflammatory biomarker.[7–10] Our patient’s 

elevated levels of PDGFRb and SCF (factors known to control remodeling of blood vessels) 

could point to molecular pathways driving the vascularization and edema that affected her 

retina.[11] Similarly, elevated TIMP-1 and TIMP-2 levels implicate matrix 

metalloproteinases.[12–14] Other diseases that manifest with different symptoms in different 

organs might be driven by similar detectable biological processes.

Conclusions

Personalized proteomics for clinical analysis of fluid biopsy specimens open a new 

diagnostic and therapeutic approach for patient-specific therapies, a departure from generic 

treatment or genetic testing.[15] Protein expression is dynamic, correlating with disease 

timing, severity, and response to therapy. Armed with this approach, we might examine 

biopsy fluid samples from inflamed organs and identify key molecular constituents. Then, 

elevated immune effector levels can be targeted specifically, sometimes with existing drugs 

(eTable 3). Because the vitreous does not normally contain cells, these abnormally expressed 
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cytokines might be especially important clues for clinicians searching for effective 

treatment. Such an approach is likely to be applied to all types of disease eventually, but will 

be particularly important for patients with conditions such as autoimmune disease that begin 

with vague and variable symptoms but can cause rapid, irreversible deterioration if a correct 

diagnosis is delayed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Clinical course of idiopathic inflammatory eye disease with persistent retinal edema 
before and after a personalized proteome
The patient had a visual acuity of 20/70 OD and 20/20 OS. A, Her right eye had an 

epiretinal membrane at presentation (white arrowhead); the left eye was normal. B, Spectral-

domain optical coherence tomography (SD-OCT) confirmed the epiretinal membrane (blue 

arrowhead) and moderate cystic retinal edema in the right eye with a normal 

electroretinogram (ERG); the left eye had normal findings. C, The postvitrectomy SD-OCT 

showed relapsing retinal edema (white arrowhead) with 20/70 visual acuity OD, despite 

intermittent intravitreal corticosteroid injections, and normal findings in the postvitrectomy 

left eye. The personalized proteome of vitreous fluid biopsy indicated an antiretinal antibody 

Velez et al. Page 7

JAMA Ophthalmol. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



autoimmune reaction (described in Figure 2). After implantation of a controlled-release 

fluocinolone acetonide device (Retisert®, Bausch & Lomb), retinal edema resolved without 

any relapse, and her visual acuity stabilized to 20/30 OD. D, The left eye eventually 

developed retinal edema (white arrowhead) and an epiretinal membrane (blue arrowhead). 

E, The later ERG showed abnormalities consistent with retinal inflammation. The scotopic 

rod-specific ERG waveform was within a normal range. However, the transient photopic 

wave had a more than 3-ms delay in latency. In addition, the 30-Hz flicker was 50% below 

normal amplitudes with a 2-ms delay in latency.
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Figure 2. Common cytokine signature in a vitreous sample from a patient with idiopathic 
inflammatory eye disease
A, Unbiased hierarchal clustering revealed the idiopathic inflammatory case (patient 9) 

clustered with cases of autoimmune retinopathy (P < .01). Orange indicates high expression; 

black to green, low expression, with black representing the lowest. B, Each uveitis type 

expressed unique protein profiles (described in eFigure 2 in the Supplement) and uveitis 

with a common cytokine signature consisting of upregulated interleukin 23 (IL-23), IL-1 

receptor I (IL-1RI), IL-17R, tissue inhibitors of metalloproteinase 1 and 2 (TIMP-1 and 

TIMP-2), insulinlike growth factor–binding protein 2 (IGFBP-2), nerve growth factor (b-

NGF), platelet-derived growth factor receptor β polypeptide (PDGFRb), bone morphogenic 

protein 4 (BMP-4), and stem cell factor (SCF) and downregulated vascular endothelial 

growth factor C (VEGF-C) and neutrophil-activating protein 2 (NAP-2). C, Hierarchal 

clustering of differentially expressed proteins (P < .01) show an unmistakable cytokine 

signature in the idiopathic case and autoimmune retinopathy cases. AIR indicates 

autoimmune retinopathy; ALCAM, activated leukocyte cell adhesion molecule; AR, 
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androgen receptor; ARN, acute retinal necrosis; 4-1BB, tumor necrosis factor receptor 

superfamily member 9 (TNFRSF9); BLC, B lymphocyte chemoattractant; BTC, 

betacellulin; CNV, choroidal neovascularization; CTACK, cutaneous T-cell–attracting 

chemokine; EGF R, endothelial growth factor receptor; ENA-78, epithelial neutrophil-

activating peptide 78; EpCAM, epithelial cell adhesion molecule; FasL, Fas ligand; 

FcrRIIB/C, fragment crystalizable receptor II; FGF-7, fibroblast growth factor 7; GCP-2, 

granulocyte chemotactic peptide-2; HCC-1, hemofiltrate CC-chemokine-1; ICAM-3, 

intracellular adhesion molecule 3; IGF-1, insulinlike growth factor 1; MCF R, mitochondrial 

substrate carrier family protein; MCP-1, monocyte chemoattractant protein 1; MICA, major 

HLA-A; MIF, migration inhibitory factor; MIP-1d, macrophage inflammatory protein 1d; 

MPIF-1, myeloid progenitor inhibitory factor 1; MRC, macrophage mannose receptor 1; 

NrCAM, neuronal cell adhesion molecule; NRG1-b1, neuregulin-1; PAI-I, plasminogen 

activator inhibitor I; PARC, C-C motif chemokine 18; PIGF, placental growth factor; TECK, 

thymus expressed chemokine; TGF-b2, transforming growth factor β2; TIM-1, T-cell Ig 

mucin I; TNFR1, tumor necrosis factor receptor 1; and TREM-1, triggering receptor 

expressed on myeloid cells 1.
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