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eMethods. Vitreous sample Collection, Cytokine Array, Statistical and 

Bioinformatics Analysis, and Network Analysis 

Vitreous Sample Collection  

The study was approved by the University of Iowa’s Institutional Review Board, and 

adhered to the tenets set forth in the Declaration of Helsinki. Subjects underwent eye 

exams that included slit-lamp examination, dilated retinal biomicroscopy, and indirect 

ophthalmoscopy. Standard-of-care testing was performed in all cases to determine the 

etiology of the uveitis. Infectious etiologies tested for were toxoplasmosis IgG and IgM, 

syphilis IgG, Lyme disease and quantiferon gold. Autoimmune testing included 

angiotensin converting enzyme, chest x-ray, anti-nuclear antibody, and rheumatoid 

factor. In cases of suspected viral infection, aqueous fluid was analyzed by PCR to 

detect varicella zoster, herpes simplex, and cytomegalovirus. 

 

Pars plana vitrectomy was performed using a single-step transconjunctival 23-gauge 

trocar cannular system (Alcon Laboratories Inc, Fort Worth, TX), and an undiluted 0.5-

cc sample of the vitreous was manually aspirated into a 3-cc syringe.[e1, e2] Vitreous 

samples were immediately centrifuged in the operating room at 15,000 g for 5 minutes, 

at room temperature, to remove impurities and stored at -80C, as previously 

described.[e3] 

 

Cytokine Array  

Two hundred microliters of undiluted vitreous was applied to the Human Cytokine 

Quantibody Array 4000 (RayBio, Norcross, GA) according to the manufacturers 

protocol. This array concurrently detected and processed 200 human cytokines. First, 
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the array chips were incubated with sample diluents for 30 minutes at room temperature 

to act as a block. Undiluted vitreous (100 L) was then added to the wells of the array 

and incubated overnight at 4C. A standard cytokine dilution was added to the wells of 

the array to determine protein concentrations. For signal detection, 80 L of Cy3-

streptavidin was added to each well, rinsed and visualized by laser scanner. The 

RayBio® Analysis Tool (RayBio®, Norcross, GA) was used for protein classification.  

   

Statistical and Bioinformatics Analysis  

Cytokine concentration was measured and data was sorted on Microsoft excel 

spreadsheets, based on concentration hierarchy. Data was sorted into two sections: 

control patients with macular holes and epiretinal membranes, and uveitis patients.  

Cytokines present in any of the control or patients with posterior uveitis at a level of 500 

pg/mL or higher were evaluated further. This cut-off was chosen because it is higher 

than the sensitivity of the assay (500 pg/mL), a low enough threshold to catch all 

significantly expressed proteins, while removing from the list under-expressed or 

unexpressed proteins.  

 

Results were also saved in Excel as .txt format and were uploaded into the Partek 

Genomics Suite 6.5 software package. The data for controls and uveitis patients was 

normalized to log base 2, and compared using 1-way ANOVA analysis. All proteins with 

non-significant (p ≥ 0.01) changes were eliminated from the table. The significant values 

were mapped using the ‘cluster based on significant genes’ visualization function with 

the standardization option. 
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Network Analysis  

WebGestalt[e4] Wikipathways data analysis was utilized to determine the most 

significant cellular pathways affected by the proteins present in the vitreous of uveitis 

patients. PANTHER[e5] was used for gene list ontology analysis. 
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eResults. Differentially Expressed Cytokines, Etiology-Specific Cytokine 

Analysis, and Gene Ontology and Signaling Pathway Analysis 

Differentially Expressed Cytokines 

Initial unbiased clustering of 15 uveitis cases showed that three idiopathic cases 

(patients 10, 11, and 12) clustered with cases of viral retinitis, HLA-B27, and pars 

planitis, respectively. Several of the upregulated cytokines were the targets of approved 

drugs [e6-e9]. 

 

Etiology-Specific Cytokine Analysis 

In the three patients with intermediate uveitis, 16 cytokines were highly expressed 

(p<0.01), and ten cytokines were downregulated (eFigure 1B). In HLA-B27 uveitis case, 

22 cytokines were highly expressed (p<0.01), and four cytokines were downregulated 

(eFigure S1B). In NIV, but not in controls, 37 cytokines were highly expressed (p<0.01), 

while four cytokines were downregulated (eFigure S1B).  In the three cases of idiopathic 

uveitis, 24 cytokines were highly expressed while seven became undetectable (p<0.01; 

eFigure 1C). Finally, our case of multifocal choroiditis (MFC) highly overexpressed 15 

cytokines, relative to controls (p<0.01), and downregulated 11 cytokines (eFigure 1D). 

All of these cytokines had been found to change in our other cases of uveitis (eFigure 

1D). 

 

Gene Ontology and Signaling Pathway Analysis 

To uncover key uveitis pathways, we analyzed cytokine groups according to gene 

ontology categories that reflect biological process, molecular function, and cellular 

compartment (eFigure 2A). The pathways most related to the uveitis cytokines included 
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the inflammatory response pathway, MAPK signaling pathway, integrated pancreatic 

cancer pathway, Toll-like receptor signaling pathway, angiogenesis, senescence and 

autophagy, focal adhesion, and allograft rejection (eFigure 2B). 
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eTable 1. Patient Demographics 

Patient Condition Eye Patient Characteristics 

1 ARN R 

57-year-old female with an atypical unilateral VZV 
panuveitis initially thought to have fungal 
characteristics. She had received intravitreal 
amphotericin and foscarnet. She underwent retinal 
detachment repair. At the time of surgery she had 
no retinitis and rare vitreous cell. 

2 ARN L 

62-year-old male underwent retinal detachment 
repair secondary to herpes related acute retinal 
necrosis. The patient had a zoster infection one 
month prior to infection onset. He had undergone 
prior laser and cryo demarcation of the inferior 
RD. There was no reactivation of the retinitis at 
the time of surgery. 

3 ARN/CMV R 

52-year-old male with insulin dependent diabetes 
mellitus is immunosuppressed secondary to renal 
transplantation. He underwent retinal detachment 
repair of a rhegmatogenous retinal detachment 
secondary to an active CMV retinitis. 

4 ARN R 

30-year old female with Fanconi’s anemia with 
bone marrow transplantation and systemic CMV 
presented with retinitis controlled with ganciclovir.  
She underwent retinal reattachment repair for a 
macula on retinal detachment. There was no 
active retinitis at the time of surgery. 

5 MFC R 

A 40-year-old-male positive for HLA-B27 with 
chronic posterior uveitis OD associated ankylosing 
spondylitis underwent a PPV for insertion of a 
Retisert®. He had undergone a prior retinal 
reattachment vitrectomy for a macula-on 
rhegmatogenous retinal detachment. 

6 NIV R 

12-year old female with neovascular inflammatory 
vitreoretinopathy. She underwent PPV for vitreous 
inflammation, hemorrhage, and tractional retinal 
detachment. 

7 
Autoimmune  
Retinopathy 

L 
83-year-old female with a history of enolase 
positive autoimmune uveitis. She underwent a 
PPV for Retisert® implantation. 

8 
Autoimmune 
 Retinopathy 

R 

77-year-old male with a history of carbonic 
anhydrase II and Enolase positive autoimmune 
uveitis underwent a vitrectomy for Retisert® 
implantation. 

9 Idiopathic R 
55-year-old pseudophakic female with chronic 
posterior uveitis of her right eye. She underwent 
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PPV for clinically significant epiretinal membrane. 
Her uveitis was quiescent at the time of surgery. 

10 Idiopathic R 

24-year-old female with chronic panuveitis and 
secondary glaucoma underwent a diagnostic PPV 
and cataract removal, which detected HSV II.  At 
the time of surgery there were dense vitreous cells 
with vitreous banding. 

11 Idiopathic R 

57-year-old male with chronic-progressive 
posterior uveitis with an associated branch artery 
occlusion secondary to vasculitis. The patient 
underwent a PPV for Retisert® implantation 
secondary to worsening Goldmann visual field.   

12 Idiopathic R 

56-year-old pseudophakic male with insulin 
dependent diabetes mellitus and mild non-
proliferative diabetic retinopathy. He has a chronic 
granulomatous uveitis and uveitic glaucoma is 
status post tube shunt surgery. The patient 
underwent PPV for Retisert® implantation for 
chronic cystoid macular edema and anterior 
chamber reaction. Viral PCRs from the time of 
surgery were negative. 

13 Pars planitis R 

33-year-old aphakic male with quiescent pars 
planitis underwent a PPV to clear lens capsule 
remnants which were limiting the view to the 
posterior pole. A secondary IOL was placed at the 
time of surgery. 

14 Intermediate L 
50-year-old male with a history of quiescent pars 
planitis underwent a PPV for visually significant 
floaters.   

15 HLA-B27 R 

A 40-year-old-male positive for HLA-B27 with 
chronic posterior uveitis OD associated ankylosing 
spondylitis underwent a PPV for insertion of a 
Retisert®. He had undergone a prior retinal 
reattachment vitrectomy for a macula-on 
rhegmatogenous retinal detachment. 

 

ARN, acute retinal necrosis; CMV, cytomegalovirus; HLA-B27, human leukocyte 

antigen B27-associated uveitis;L, left; MFC, multifocal choroiditis; NIV, 

neovascular inflammatory retinopathy; R, right. 
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eTable 2. Commonly Upregulated and Downregulated Cytokines 

Cytokine Control (pg/ml 
+ SEM) 

Uveitis (pg/ml + 
SEM) 

P-value 
(ANOVA) 

Expression 

IL-23 0 ± 0 5325.1 ± 640.2 1.59E-23 Upregulated 
IL-1 R1 0 ± 0 122.1 ± 48.70 2.97E-14 Upregulated 
IL-17R 0 ± 0 86.6 ± 29.70 7.80E-05 Upregulated 
TIMP-1 11,528.3 ± 786.9 60,586.6 ± 8,146 1.37E-06 Upregulated 
TIMP-2 14,664.0 ± 1,624 59,350.7 ± 7,199 1.79E-06 Upregulated 

IGFBP-2 10,984.1 ± 1,108 88,399.1 ± 
13,043 

1.52E-08 Upregulated 

b-NGF 0 ± 0 1.4 ± 0.3120 3.30E-12 Upregulated 
PDGFRb 0 ± 0 1,609.6 ± 591.6 1.18E-16 Upregulated 
BMP-4 0 ± 0 102.8 ± 26.68 8.05E-14 Upregulated 
SCF 0 ± 0 26.2 ± 7.125 1.55E-13 Upregulated 

VEGF-C 603.0 ± 79.97 33.0 ± 5.102 3.38E-08 Downregulated 
NAP-2 8,802.0 ± 2,371 464.7 ± 103.0 0.000282923 Downregulated 
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eTable 3. Cytokines With Drugs 

Cytokine Uveitis Drug 

IL-1b Viral retinitis, AIR, NIV Canakinumab[e6] 

IL-1R1 All cases Anakinra[e7] 

IL-5 NIV Reslizumab[e6] 

IL-17R1 All groups Brodulumab[e8] 

IL-23 All cases Ustekinumab[e6] 

PDGFRb All cases Pazopanib[e9] 
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eFigure 1. Vitreous Proteomics Reveals Distinct Cytokine Profiles Among 
Different Etiologies of Uveitis 
 (A) Hierarchal clustering of cytokines differentially expressed (p<0.01) in four patients 
with uveitis caused by viral infection versus five control cases. A total of four cytokines 
were downregulated and 44 were upregulated. (B). Vitreous from cases of intermediate 
uveitis. Hierarchal clustering of cytokines differentially expressed (p<0.01) in two 
patients with pars planitis versus controls. A total of ten cytokines were downregulated 
and 16 were upregulated. Hierarchal clustering of cytokines differentially expressed 
(p<0.01) in one patient with HLA-B27 versus controls. A total of four cytokines were 
downregulated and 22 were upregulated. Hierarchal clustering of cytokines differentially 
expressed (p<0.01) in one patient with NIV versus controls. A total of four cytokines 
were downregulated and 37 were upregulated. (C) Hierarchal clustering of cytokines 
differentially expressed (p<0.01) in three patients with idiopathic uveitis versus controls. 
A total of seven cytokines were downregulated and 24 were upregulated. (D) Hierarchal 
clustering of cytokines differentially expressed (p<0.01) in one patient with MFC versus 
controls. A total of 11 cytokines were downregulated and 15 were upregulated. This 
case was analyzed separately because it did not contain vitreous cells. 
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eFigure 2. Gene Ontology and Signaling Pathway Analysis Reveals 
Potential Inflammatory Signaling Pathways for Posterior Uveitis 
(A) ANOVA revealed differentially expressed cytokines. Proteins with p<0.05 
were grouped into categories of biological process, molecular function, and 
cellular compartment. (B) Top ten differentially-expressed signaling pathways 
represented in the vitreous of uveitis patients. 

 
 

 

 


