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Abstract 

 

The most common human disease caused by infection with Toxoplasma gondii is ocular 

toxoplasmosis, which typically is manifest as recurrent attacks of necrotizing retinal 

inflammation with subsequent scarring. The multi-layered retina contains specialized 

cell populations, including endothelial cells, epithelial cells, neurons and supporting 

cells, all of which may be involved in this condition. In vitro investigations of basic 

mechanisms operating in human ocular toxoplasmosis use cellular and molecular 

methods that are common to the study of many pathological processes, and the novel 

aspect of this research is the use of human retinal cell subsets. Most in vivo research on 

ocular toxoplasmosis is conducted in the laboratory mouse. Experimental models 

involve local or systemic inoculation of parasites to induce acute disease, or sequential 

systemic and local parasite inoculations to trigger recurrent disease. We present 

methods for in vitro and in vivo studies of ocular toxoplasmosis, including dissection of 

the human eye, and culture and infection of differentiated cell populations from the 

retina, as well as induction of mouse ocular toxoplasmosis by intraocular, or sequential 

systemic and intraocular, inoculations, and imaging of toxoplasmic retinal lesions.  
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1. Introduction 

 

In humans, ocular toxoplasmosis is the most common medical presentation of an 

infection with Toxoplasma gondii.(1) In over 90% of presentations, this condition is 

characterized by recurrent attacks of necrotizing inflammation based in the retina (i.e. 

retinitis) that may be associated with inflammation of other intraocular tissues, 

including the adjacent choroid and the vitreous (Figure 1).(2, 3) Clinical manifestation of 

ocular toxoplasmosis reflects in part the infection with the parasite, and in part the host 

immune response, which frequently involves exuberant inflammation. While an 

intraocular infection is usually aggressive in those persons who are 

immunocompromised (e.g., patients treated with immunosuppressive drugs or patients 

with immunodeficiency conditions, such as acquired immunodeficiency syndrome) or 

individuals who contract the infection in utero, the majority of people who present with 

ocular toxoplasmosis are otherwise healthy adults.(4) Past teaching was that most 

infections were contracted in utero and presented later in life at the time of a 

reactivation; on the contrary, thorough re-evaluation of multiple clinical studies 

indicates most infections are contracted after birth and probably in early childhood, 

although adult-onset cases are also well documented.(5) Genotyping of parasites 

isolated from patients with ocular toxoplasmosis indicates that both virulent and 

avirulent strains may be responsible for the disease in immunocompetent persons.(6-9)   

 

After entering the human body, the primary route by which T. gondii accesses organs is 

the bloodstream and lymphatic system.(10) The eye is protected by blood-ocular 

barriers that exist at a cellular level. The blood-retinal barrier is constituted by (1) a 

vascular endothelium with endothelial cells lacking fenestrations and connected by tight 
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junctions and adherens junctions, which is reinforced by pericytes, glial cells and 

neurons (i.e., “the neurovascular unit of the retina”); and (2) an epithelium with pigment 

epithelial cells, also tightly connected by junctional complexes, and located on the 

substantial Bruch’s membrane.(11, 12) The vast majority of published descriptions of 

human pathology in ocular toxoplasmosis detail cases of aggressive, end-stage disease, 

but rare reports of recent-onset ocular toxoplasmosis indicate that the condition has its 

origin in the inner retina.(13, 14) Given that the retinal vascular endothelium is based 

on the surface of the inner retina, while the pigment epithelium marks the limit of the 

outer retina, these observations are most consistent with T. gondii accessing the retina 

across the vascular endothelial barrier. A direct comparison between different 

endothelial cell subpopulations suggests retinal endothelial cells are relatively 

susceptible to infection with T. gondii tachyzoites,(15) and studies utilizing Boyden 

chamber transwell assays indicate both free tachyzoites and dendritic cells infected with 

tachyzoites are capable of migration across human retinal endothelial monolayers.(16, 

17)  

 

With responsibility for visual processing, the retina is constituted of ten layers: three 

layers of neuronal cell bodies; four layers of neuronal processes, including the 

photoreceptor segments; two “membranes” that are formed by cellular structures; and 

the pigment epithelium (Figure 2). Multiple retinal cell populations are highly 

differentiated for specialized functions. Photoreceptors detect light photons, and 

subsequently the visual signal is processed by other neuronal subsets (i.e., bipolar cells, 

ganglion cells, horizontal cells and amacrine cells) prior to exiting the retina via ganglion 

cell axons, which constitute the optic nerve.(18) Mueller glial cells are specialized 

supporting cells that extend from outer to inner retina; other supporting cells include 
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pericytes associated with the retinal vessels, astrocytes and microglia.(11, 19) The 

retinal pigment epithelium has diverse functions: an essential role in the visual cycle of 

retinal; provision of nutrition to and recycling of segments from photoreceptors; source 

of growth factor proteins; maintenance of ocular immune privilege; and protection of 

the eye by absorption of light.(20) In vitro studies conducted with human retinal 

explants suggest that following arrival in the retina, tachyzoites may navigate through 

the multi-layered retina, and thus gain access to any cell population.(21) However, while 

T. gondii has the ability to infect all nucleated cells, a comparison of tachzoite growth in 

neurons and Mueller cells indicates there are differences in susceptibility of retinal cell 

types to infection with the parasite.(21) Clearly the function(s) of any given retinal cell 

type will determine the impact of T. gondii infection, with potential to influence retinal 

structure and/or function more broadly. Thus, while investigations of basic mechanisms 

operating in human ocular toxoplasmosis use cellular and molecular methods that are 

common to the study of many pathological processes, the novel aspect of the work is the 

use of the specialized human retinal cell populations. 

 

Experimental models of ocular toxoplasmosis were first reported in sulfadiazine-treated 

golden hamsters infected with tachyzoites delivered by subcutaneous or intraperitoneal 

injection,(22) and in albino or pigmented rabbits infected by intracarotid or 

suprachoroidal injection of tachyzoites.(23, 24) Subsequently, ocular disease has been 

produced by systemic or local inoculation of different forms of T. gondii in a range of 

mammals.(25) However, the human retina demonstrates highly specialized cell 

topography, with a fovea in the area of retina corresponding to the central visual field; 

amongst mammals, the fovea exists only in Haplorrhine primates.(26) In order to 

faithfully replicate the human phenotype of ocular toxoplasmosis, a non-human primate 
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model is required. Experimental toxoplasmosis following injection of tachyzoites into 

the central retina under direct visualization has been achieved previously in several 

monkey species,(27) but today such work raises ethical debate and poses considerable 

expense and logistical challenges. Currently, as in other fields of ophthalmic research, 

the vast majority of in vivo research on ocular toxoplasmosis is conducted in the 

laboratory mouse, reflecting practical reasons, but also present capability for genetic 

manipulation, plus the wide range of reagents and equipment developed for this species. 

Fortunately there is opportunity to reconcile results obtained in mouse models with 

investigations conducted using human retinal tissue. Although a wide variety of mouse 

models of ocular toxoplasmosis have been described, the majority involve a local 

inoculation (i.e., intraocular injection of tachyzoites) or a systemic inoculation (i.e., 

intraperitoneal injection or peroral delivery of bradyzoites, or intraperitoneal injection 

of tachyzoites) to produce acute disease.(25) Ocular immune privilege may be breached 

prematurely by intraocular injection, but this route most reliably induces vigorous 

retinitis. Sequential systemic and local parasite inoculations have also been used, and 

provide the opportunity to study reactivation of ocular toxoplasmosis.(28) Different 

strains of inbred mouse demonstrate different susceptibilities to experimental ocular 

toxoplasmosis.(29) However, selection of strain is also impacted by outcome measures 

of the investigation, since pigmentation of tissues, including the choroid and retinal 

pigment epithelium, may complicate interpretation of some ocular histopathological 

changes, but conversely may facilitate clinical visualization of retinal lesions. 

 

In vivo studies of disease models typically include clinical outcome measures, in parallel 

with histopathological and molecular results. Technologies for mouse ocular imaging 

are well progressed, facilitating clinical assessment of experimental ophthalmic 
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diseases. The rodent microscope that is manufactured by Phoenix Research Labs has 

been applied to the study of diverse mouse retinal pathologies.(30-32) This system 

provides anterior and posterior eye color photography, plus more sophisticated options 

for evaluating the retina, including angiography, optical coherence tomography and 

electroretinography. A draw back of the rodent microscope is its cost: in 2018, the 

Phoenix Micron IV Retinal Imaging Microscope base model retailed at approximately 

USD80,000. For clinical evaluation of experimental ocular toxoplasmosis in particular, 

posterior eye color photography is sufficient. Thus, the investigator may look to simple 

imaging systems that are readily assembled in-house and relatively low in cost. One 

mouse-specific setup – topical endoscopic fundus imaging (TEFI)(33, 34) – has been 

widely applied in the evaluation of a range of retinal disease models, including ocular 

toxoplasmosis (Figure 3).(28, 35-37) This system, which costs less than USD8,000 to 

build, is composed of an endoscope connected in parallel to a light source and a 

photographic camera.  

 

In this chapter, we present methods that have specific application for in vitro and in vivo 

studies of ocular toxoplasmosis. We describe dissection of the human eye, to obtain 

retina for explants or for further processing to isolate retinal cells. We also describe the 

isolation and culture of differentiated cell populations from human retina, including 

endothelial cells, pigment epithelial cells and Mueller cells, and the preparation of 

dissociated retinal cultures, in which Mueller cells support the growth of neurons. These 

are methods that we have either developed in-house (i.e., endothelial cells(38)) or 

adapted from methods published by independent research groups (i.e., pigment 

epithelial cells,(39-41) Mueller cells(42) and dissociated retinal cultures(43, 44)). Since 

some researchers may not have access to human eyes, we have included a list of primate 
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retinal cell lines that are widely available (Table 1). We provide methods for mouse 

experimental ocular toxoplasmosis induced by intraocular inoculation using a technique 

adapted from that used by retinal stem cell biology researchers,(45) as well as 

sequential systemic and intraocular inoculation. There are many minor technical 

variations for these models. In addition, we describe the application of TEFI for 

visualization of toxoplasmic retinal lesions, including an explanation of how the retinal 

images may be processed.  

 

2. Materials 

 

2.1 Dissection of Human Posterior Eyecups 

 

1. Pair of human posterior eyecups (provided by eye bank following removal of 

cornea for use in corneal transplantation). 

2. Dulbecco’s phosphate buffered saline (without calcium or magnesium, pH 7.2) 

[PBS]. 

3. PBS with 100 U/mL penicillin-100 μg/mL streptomycin (Thermo Fisher 

Scientific-GIBCO, Grand Island, NY: catalogue number 10131). 

4. Holding buffer: PBS with 2% fetal bovine serum [FBS]. Store at 4 °C for up to 2 

months. Use chilled. 

5. Dissecting instruments (i.e., scalpels, micro-scissors, micro-forceps). 

6. Tissue culture dishes (6 cm diameter).  

7. Plastic tubes (50 mL). 
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2.2 Dissociated Human Retina Culture 

 

1. Papain (Sigma-Aldrich, St. Louis, MO: catalogue number P5306): 2 mg/mL 

solution in Dulbecco’s Modified Eagle’s Medium (with glucose and L-glutamine) 

[DMEM] (Thermo Fisher Scientific-GIBCO: catalogue number 11965). Store at -20 

°C for up to 6 months. 

2. Deoxyribonuclease [DNase] I (Sigma-Aldrich: catalogue number DN25): 0.7 

mg/mL solution in DMEM. Store at -20 °C for up to 6 months.  

3. Retina medium: 50% DMEM and 50% Ham’s F-12 Nutrient Mix [F-12] (Thermo 

Fisher Scientific-GIBCO: catalogue number 11765) with 2% FBS and 100 U/mL 

penicillin-100 μg/mL streptomycin. 

4. Poly-L-Lysine hydrobromide (Sigma-Aldrich: catalogue number P4707): 16 

μg/mL solution in sterile water. 

5. Laminin (Sigma-Aldrich: catalogue number L4544): 16 μg/mL solution in Hank’s 

balanced salt solution [HBSS].  

6. Straight-blade scissors. 

7. Serological pipettes (5 mL). 

8. Plastic tubes (15 mL). 

9. “FluoroDish” tissue culture dishes (35mm diameter, glass-bottomed) (World 

Precision Instruments, Sarasota, FL: catalogue number FD35). Coat culture 

surfaces sequentially with poly-L-lysine hydrobromide and laminin for 15 

minutes each at 1 μg/cm2 (250 μL). Dry for 2 hours at 37 °C. Store at 2-8 °C for up 

to 1 month. 
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2.3 Human Retinal Endothelial Cell Culture  

 

1. Collagenase II (Thermo Fisher Scientific-GIBCO: catalogue number 17101): 1 and 

0.5 mg/mL solutions in holding buffer (see 2.1.4). Store 10 mg/mL solutions in 

PBS at -20 °C for up to 6 months. 

2. Endothelial cell medium: MCDB-131 medium (Sigma-Aldrich: catalogue number 

M8537) with “EGM-2 SingleQuots” (Clonetics-Lonza, Walkersville, MD: catalogue 

number CC-4176) supplements (omitting FBS, hydrocortisone and gentamicin) 

and 2% or 10% FBS. 

3. PBS.  

4. 0.05% w/v Trypsin-EDTA (Thermo Fisher Scientific-GIBCO: catalogue number 

25300).  

5. FBS (undiluted).  

6. Holding buffer: see 2.1.4. 

7. Endothelial cell isolation beads: Dynabeads M-450 Epoxy (Thermo Fisher 

Scientific-Invitrogen DYNAL, Oslo, Norway: catalogue number 14011) coated 

with mouse anti-human CD31 antibody (BD Biosciences-Pharmingen, San Diego, 

CA: catalogue number 555444), according to manufacturer’s instructions. Store 

in 3 x 107 beads/mL suspension in PBS at 4 °C for up to 6 months.  

8. “MACS SmartStrainers” disposable cell strainer (30 micron pores) (Miltenyi 

Biotec, Auburn, CA: catalogue number 130-098-458). 

9. ”Dynabeads MPC-S” magnet (Thermo Fisher Scientific-Invitrogen DYNAL: 

catalogue number A13346). 

10. Micro-pipettes (1000 μL). 

11. Plastic tubes (15 mL). 
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12. Collagen I (Santa Cruz Biotechnology, Santa Cruz, CA: catalogue number: sc-

29009): 50 μg/mL solution in 0.01 M hydrochloric acid.  

13. Tissue culture dishes (6 cm and 10 cm diameter). Coat culture surfaces with 

collagen I for 2 hours. Air dry at room temperature. Store at 4 °C for up to 1 

month.  

 

2.4 Human Retinal Pigment Epithelial Cell Culture 

 

1. Collagenase IA/Collagenase IV: Single solution of collagenase 1A and collagenase 

IV (Sigma-Aldrich: catalogue numbers C9891 and C5138, respectively), both at 

0.5 mg/mL, in HBSS. Store at -20 °C for up to 6 months. 

2. Holding buffer: see 2.1.4. 

3. Sucrose medium: 15% w/v solution in 50% DMEM and 50% F-12 with 10% FBS. 

Store at -20 °C for up to 6 months. 

4. Epithelial cell medium: 50% Minimum Essential Medium Eagle alpha 

modification (with sodium bicarbonate) [MEM] (Sigma-Aldrich: catalogue 

number M4526), 25% DMEM and 25% F-12 with N1 Medium Supplement (1x) 

(Sigma-Aldrich: catalogue number N6530), Non-Essential Amino Acids Solution 

(1x) (Thermo Fisher Scientific-GIBCO: catalogue number 11140), GlutaMAX 

Supplement (1x) (Thermo Fisher Scientific-GIBCO: catalogue number 35050), 

0.25 mg/mL taurine (Sigma-Aldrich, catalogue number T0625), 0.02 μg/mL 

hydrocortisone (Sigma-Aldrich, catalogue number H0396), 0.013 ng/mL 3,3’,5-

triiodo-L-thyronine sodium (Sigma-Aldrich, catalogue number T5516), 2% or 

10% FBS and 100 U/mL penicillin-100 μg/mL streptomycin.  
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5. 0.25% w/v Trypsin-EDTA (Thermo Fisher Scientific-GIBCO: catalogue number 

25200). 

6. Dissecting instruments (i.e., razor blade, spatula).  

7. Plastic tubes (15 mL). 

8. Micropipettes (200 μL). 

9. Tissue culture dishes (6 cm diameter). 

 

2.5 Human Retinal Mueller Cell Culture 

 

1. Dispase II (Thermo Fisher Scientific-GIBCO: catalogue number 17105): 0.5 

mg/mL solution in PBS. Store 10 mg/mL solutions in PBS at -20 °C for up to 6 

months. 

2. Holding buffer: see 2.1.4. 

3. Mueller cell medium: DMEM with Non-Essential Amino Acids Solution (1x), 

GlutaMAX Supplement (1x), 1 mM sodium pyruvate (Thermo Fisher Scientific-

GIBCO: catalogue number 11360), 10% FBS and 100 U/mL penicillin-100 μg/mL 

streptomycin. 

4. Straight-blade scissors. 

5. Micro-pipettes (1000 μL). 

6. “EasyStrainer” disposable cell strainer (100 micron pores) (Greiner Bio-One, 

Frickenhausen, Germany: catalogue number 542000). 

7. Tissue culture dishes (10 cm diameter). 
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2.6 Infection of Human Retinal Cells with T. gondii 

 

1. T. gondii tachyzoites (in 48-hour passage in human foreskin fibroblast cultures at 

37 °C and 5% CO2 in air). 

2. Human foreskin fibroblasts (available from multiple retailers, including ATCC, 

Manassas, VA: catalogue number PCS-201-010): confluent cell monolayers in 

tissue culture flasks, selected to produce required number of tachyzoites. 

3. Tachyzoite medium: DMEM with 1% FBS. 

4. Infection medium (see Note 4.6.2 plus: retina: Note 2.2.3; endothelial cells: Note 

2.3.2; epithelial cells: Note 2.4.4; Mueller cells: Note 2.5.2). 

5. Filter assembly: “Nuclepore” 47 mm diameter polycarbonate membrane with 3.0 

micron pores and “Swin-Lok” membrane holder (GE Healthcare-Whatman, 

Buckinghamshire, United Kingdom: catalogue numbers 111112 and 420400), 

plus 10 mL slip-tip syringe and 15 mL tube.  

6. Plastic tubes (15 mL). 

 

2.7 Mouse Ocular Toxoplasmosis: acute disease model 

 

1. T. gondii tachyzoites (in 48-hour passage in human foreskin fibroblast cultures at 

37 °C and 5% CO2 in air). 

2. Human foreskin fibroblasts: confluent cell monolayers in tissue culture flasks, 

selected to produce required number of tachyzoites. 

3. Tachyzoite medium. 

4. Adult C57BL/6 mice (female). 

5. PBS. 
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6. Tropicamide 1% w/v eye drops (Alcon, Fort Worth, TX). 

7. Phenylephrine hydrochloride 2.5% w/v eye drops (Bausch & Lomb, Bridgewater, 

NJ). 

8. Goniovisc 2.5% eye gel (HUB Pharmaceuticals, Plymouth, MI).  

9. Needles (30 G). 

10. Hamilton syringes (25 μL) or equivalent plastic syringe (with 1 μL graduations). 

11. Glass needles: 1.5 mm glass capillaries (World Precision Instruments: catalogue 

number 1B150), pulled manually in flame or on automated puller. 

12. Flexible plastic tubing (1.5 mm internal diameter). 

 

2.8 Mouse Ocular Toxoplasmosis: recurrent model 

 

1. Type II strain T. gondii bradyzoite cysts (maintained by gavage inoculation of 

adult Swiss-Webster mice (female) and harvested from brain 8 weeks after 

infection): One mouse brain should yield at least 200 cysts, which is sufficient to 

infect 40 mice. Store at 4 °C. Use within 24 hours of harvest. 

2. T. gondii tachyzoites (in 48-hour passage in human foreskin fibroblast cultures at 

37 °C and 5% CO2 in air). 

3. Human foreskin fibroblasts: confluent cell monolayers in tissue culture flasks, 

selected to produce required number of tachyzoites. 

4. Tachyzoite medium. 

5. Adult C57BL/6 mice (female). 

6. PBS. 

7. Needles (21 G and 30 G). 

8. Plastic syringes (1 mL). 
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9. Tropicamide 1% w/v eye drops. 

10. Phenylephrine hydrochloride 2.5% w/v eye drops. 

11. Goniovisc 2.5% eye gel. 

12. Hamilton syringes (25 μL) or equivalent plastic syringe (with 1 μL graduations). 

13. Glass needles: 1.5 mm glass capillaries (World Precision Instruments) pulled 

manually in flame or on automated puller. 

14. Flexible plastic tubing (1.5 mm internal diameter). 

 

2.9 Mouse Retinal Photography 

 

1. D90 or D7000 series cameras (Nikon Corporation, Tokyo, Japan). 

2. Mini-tripod modelled for camera.  

3. 60 mm ƒ/2.8 D lens (Nikon Corporation). 

4. 62-52 step-down ring (available from most camera retailers).  

5. Storz 590-44 coupling adaptor (Karl Storz, Tuttlingen, Germany).  

6. Storz 481C halogen light with optical fiber cable (Karl Storz).  

7. Storz 1218 tele-otoscope (Karl Storz). 

8. Tropicamide 1% w/v eye drops. 

9. Phenylephrine hydrochloride 2.5% w/v eye drops. 

10. GenTeal Tears eye gel (Alcon). 
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2.10 Processing Mouse Retinal Images 

 

1. ViewNX 2 software (Nikon Corporation). Available at no charge from Download 

Center: 

http://downloadcenter.nikonimglib.com/en/products/166/ViewNX_2.html 

 

3. Methods 

 

3.1 Dissection of the Human Posterior Eyecups 

 

1. Disinfect each posterior eyecup by immersing for 20 minutes in a 50 mL tube of 

PBS with 100 U/mL penicillin-100 μg/mL streptomycin. Rinse the eyecup twice 

in additional tubes of PBS alone to remove antibiotics.  

2. Transfer the eyecup to a tissue culture dish. Use a scalpel to make a small incision 

through the sclera and into the cup, just behind the ora serrata. Extend this 

incision around the entire cup with scissors, to remove the remains of the 

anterior segment, including the iris and the lens (see Note 4.1.3). 

3. Tip the eyecup on its side so the vitreous partially pours out. Grasping the upper 

rim of the cup with one micro-forceps, gently tease the vitreous out of the cup 

with a second micro-forceps (see Note 4.1.4). 

4. Continuing to hold the rim of the eyecup with one micro-forceps, gently pick up 

the neural retina at the rim and gently pull the tissue inwards to detach it from 

the underlying retinal pigment epithelium (see Note 4.1.5).  

http://downloadcenter.nikonimglib.com/en/products/166/ViewNX_2.html
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5. Cut the neural retina free from the eyecup close the optic nerve head with micro-

scissors and rinse this in chilled holding buffer in a clean tissue culture dish, in 

advance of cell isolation procedures (see Note 4.1.6). 

6. Again holding the rim of the eyecup with one micro-forceps, gently peel the 

retinal pigment epithelium with adherent choroid from the underlying sclera 

with a second micro-forceps.  

7. Cut the retinal pigment epithelium-choroid free from the eyecup close the optic 

nerve head with micro-scissors and rinse these in chilled holding buffer in a clean 

tissue culture dish, ahead of isolation of pigment epithelial cells. 

 

3.2 Dissociated Human Retina Culture 

 

1. Following dissection of the neural retina, this tissue is placed in holding buffer 

(see 3.1.7). Move the tissue to a clean tissue culture dish containing 2 mL of 

papain and cut into 2 mm squares with scissors. 

2. Incubate the retina for 30 minutes at 37 °C and 5% CO2 in air, shaking the dish 

gently every 5 minutes.  

3. End the digestion by adding 1 mL of FBS, followed by 4 mL of DNase I.  

4. Triturate the tissue by passing through the serological pipette 6 times. Place the 

retina suspension in a 15 mL tube and allow the tissue to settle for 1 minute.  

5. Collect the supernatant and centrifuge this at 150 x g for 5 minutes at room 

temperature. Discard the supernatant and resuspend the cell pellet in 5 mL of 

retina medium. 

6. Count the cells by hematocytometer and dilute the cell suspension in additional 

retina medium to bring this to 2 x 106 cells/mL. 
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7. Seed tissue culture dishes with 1 mL of cell suspension (106 cells), and culture 

the cells undisturbed for 5 days at 37 °C and 5% CO2 in air (see Note 4.2.1). 

8. After 5 days in culture, replenish the retina medium. Change the medium on the 

culture twice a week until cultures become confluent (see Note 4.2.2). 

9. When dissociated retina cultures reach confluence, they should appear as a mat 

of spindle shaped glial cells with scattered small neuronal cell bodies atop 

(Photomicrograph is presented in Reference 21). Cell types may be distinguished 

on expression of neuron-specific enolase [NSE] (neurons) and glial fibrillary 

acidic protein [GFAP] (glial cells) (Table 2).  

 

3.3 Human Retinal Endothelial Cell Culture 

 

1. Following dissection of the neural retina, this tissue is placed in holding buffer 

(see 3.1.7). Rinse twice with holding buffer to remove any adherent retinal 

pigment epithelium. Transfer to a clean tissue culture dish with 3 mL of 

collagenase II (1 mg/mL) and incubate on an orbital shaker for 15 minutes at 37 

°C and 5% CO2 in air (see Note 4.3.1). 

2. Dissociate the digested retina by gentle pipetting with the micro-pipette, and 

transfer the tissue suspension to a 15 mL tube (see Note 4.3.2).  

3. Centrifuge the retina suspension at 150 x g for 1 minute. Collect the supernatant 

to a new tube.  

4. Centrifuge the supernatant at 280 x g for 5 minutes. Discard the resulting 

supernatant, and resuspend the cell pellet in endothelial cell medium (with 2% 

FCS). Transfer the suspension to a 6 cm diameter tissue culture dish and incubate 

this at 37 °C and 5% CO2 in air. 
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5. Resuspend the original cell pellet in 4 mL of collagenase II (0.5 mg/mL) in a fresh 

tissue culture dish. Again dissociate the digested retina by gentle pipetting and 

incubate on an orbital shaker for 15 minutes at 37 °C and 5% CO2 in air. 

6. View the suspension at the microscope. If the retina is well digested (i.e. there are 

no cell clumps), centrifuge at 280 x g for 5 minutes. Discard the resulting 

supernatant, and resuspend the resulting cell pellet in endothelial cell medium 

(with 2% FBS). Transfer the suspension to a 10 cm diameter tissue culture dish 

and incubate this at 37 °C and 5% CO2 in air. If the tissues are not well digested, 

repeat Steps 5 and 6, and collect additional dishes (see Note 4.3.3). 

7. After 1 to 2 days in culture, replenish the endothelial cell medium (with 2% FBS). 

Change the medium on the culture every 2 to 3 days. Monitor the cultures daily 

for any non-endothelial, contaminating cells, and if detected, remove by these 

cells by scrapping, followed by aspiration. 

8. Proceed with endothelial cell purification after 7 to 10 days of culture, after non-

endothelial, contaminating cells are visible, but before they dominate the culture. 

Aspirate endothelial cell medium from the cultures and rinse them with PBS. Add 

trypsin to the cultures (2 mL for 10 cm diameter dish), and incubate them for 3 

minutes at 37 °C and 5% CO2 in air (see Note 4.3.4). 

9. Stop the activity of the trypsin with undiluted FBS (one-third of trypsin volume). 

Break cell clumps by gentle pipetting with the micro-pipette, and pass the cell 

suspension through the cell strainer into a 50 mL tube.  

10. Centrifuge the cell suspension at 280 x g for 5 minutes. Discard the supernatant, 

and resuspend the cell pellet in holding buffer (300 µL per 106 cells). 
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11. Add endothelial cell isolation beads to cell suspension in bead:cell volume ratio of 

3:1 (i.e. add 100 µL of beads to 106 cells). Mix well and incubate on ice for 15 

minutes, swirling the tube every 5 minutes (see Note 4.3.5). 

12. Transfer the tube to the magnet. Allow 2 minutes for separation, and transfer the 

holding buffer to a new 50 mL tube. Wash the beats vigorously with holding 

buffer to remove non-endothelial cells approximately 5 times until there are no 

cells without beads.  

13. Resuspend the cells in 8 mL of endothelial cell medium (with 10% FBS), transfer 

them to a clean 6 cm or 10 cm diameter tissue culture dish, depending on cell 

number, and incubate this at 37 °C and 5% CO2 in air (see Note 4.3.6). Repeat the 

purification procedure with any additional cultures collected in Step 6. 

14. Change the medium on the cultures every 2-3 days until they become confluent 

(see Note 4.3.7). 

15. When retinal endothelial cells reach confluence, they should form a cobblestone 

monolayer (Figure 4). Cell phenotype and purity may be confirmed on expression 

of CD31 and von Willebrand factor [VWF] (Table 2). 

 

3.4 Human Retinal Pigment Epithelial Cell Culture 

 

1. Following dissection of the retinal pigment epithelium-choroid, this tissue is 

placed in holding buffer (see 3.1.7). Replace the holding buffer with 3 mL of 

collagenase IA/collagenase IV. Cut the tissue into 2 quadrants with a razor blade 

and flatten it.  
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2. Incubate the retinal pigment epithelium-choroid for 30 minutes at 37 °C and 5% 

CO2 in air. Subsequently, remove the collagenase IA/collagenase IV, and rinse the 

tissue with holding buffer (see Note 4.4.1). 

3. Working under a dissecting microscope, gently scrape sheets of retinal pigment 

epithelium off Bruch’s membrane with a spatula (see Note 4.4.2). Collect the 

sheets into a 15 mL tube containing holding buffer (see Note 4.4.3). 

4. Centrifuge the sheet suspension at 150 x g for 1 minute. Discard the supernatant 

and gently resuspend the sheet pellet in 3 mL of holding buffer (see Note 4.4.4).  

5. Layer the holding buffer with sheets onto 3 mL of sucrose medium, and incubate 

this for 15 minutes at room temperature to allow any single cells to separate 

from the sheets. Discard the upper half of the volume, and centrifuge the lower 

half of the volume at 10 x g for 1 minute. Discard the supernatant and resuspend 

the pellet in holding buffer.  

6. Centrifuge the sheet suspension again at 10 x g for 5 minutes and resuspend the 

pellet in epithelial cell medium with 10% FBS. Distribute the sheets in tissue 

culture dishes to cover approximately half of the surface. Break apart large sheets 

by gently pipetting using a 200 μL micropipette (see Note 4.4.5). 

7. Culture the cells at 37 °C and 5% CO2 in air for 24 hours and then change FBS 

supplement in epithelial medium to 2% (see Note 4.4.6). 

8. Change the epithelial medium on the culture twice a week. Monitor the cultures 

daily for any non-epithelial, contaminating cells, and if detected, remove by these 

cells by scrapping, followed by washing with PBS. 

9. When retinal pigment epithelial cells reach confluence, they should have a 

hexagonal shape and be pigmented (Figure 4). Cell phenotype and purity may be 

confirmed on expression of cytokeratin-8, retinal pigment epithelium-specific 
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protein [RPE]65, cellular retinaldehyde-binding protein [CRALBP]; and zonula 

occludens [ZO]-1, but not α- smooth muscle actin [SMA], which indicates 

mesenchymal differentiation (Table 2). Measurement of transepithelial 

resistance may be performed to indicate polarization.(39) 

 

3.5 Human Retinal Mueller Cell Culture 

 

1. Following dissection of the neural retina, this tissue is placed in holding buffer 

(see 3.1.7). Wash three times with holding buffer to remove any adherent retinal 

pigment epithelium. Move the tissue to a clean tissue culture dish containing 2 

mL of dispase II and cut into 2 mm squares with scissors. 

2. Incubate the retina on an orbital shaker for 10 minutes at 37 °C and 5% CO2 in 

air.  

3. Triturate the tissue by passing through the micro-pipette. Subsequently strain 

the tissue suspension through the cell strainer. 

4. Centrifuge the cell suspension at 280 x g for 5 minutes at room temperature. 

Discard the supernatant and resuspend the cell pellet in 8 mL of Mueller cell 

medium. 

5. Transfer the cell suspension to a tissue culture dish, and culture the cells 

undisturbed for 5 days at 37 °C and 5% CO2 in air. 

6. Change the medium on the culture after 5 days, and subsequently twice a week 

until the culture becomes confluent (see Note 4.5.1). 

7. When retinal Mueller cells reach confluence, they should have a spindle shape 

(Figure 4). Cell phenotype and purity may be confirmed on expression of 
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glutamine synthase [GS], CRALBP and vimentin [VIM]; cultured Mueller cells also 

express GFAP (Table 2).  

 

3.6 Infection of Human Retinal Cells with T. gondii 

 

1. Pass tachyzoites to fresh fibroblast monolayers 48 hours before the infection. 

2. After 24 hours, assess the infection by light microscopy. Over 90% of fibroblasts 

should be visibly infected with replicating tachyzoites. Replace the tachyzoite 

medium to remove non-viable, extracellular tachyzoites. 

3. Examine the fibroblasts for lysis after a further 24 hours, and harvest a tachyzoite 

suspension when approximately 70-90% of fibroblasts have lysed (see Note 

4.6.3).  

4. Remove cell debris from the tachyzoite suspension by filtering. Insert the filter 

membrane into the membrane holder, shiny side down, and build the filter 

assembly. Draw up the entire volume of tachyzoite suspension into a 10 mL 

syringe. Place the filter assembly onto the 15 mL centrifuge tube with the outlet 

port inside the tube; insert the slip tip into the filter assembly inlet port; and 

gently depress the syringe plunger until the entire volume is expelled.  

5. Centrifuge the tachyzoite suspension at 400 x g for 10 minutes at 18 °C. Discard 

the supernatant and resuspend the tachyzoite pellet in 1 mL of infection medium. 

6. Count the tachyzoites by hematocytometer, and dilute the tachyzoite suspension 

in additional infection medium to achieve the required multiplicity of infection 

(see Note 4.6.4).  

7. Add infection medium with tachyzoites to the human retinal cell cultures (or 

human retinal explants) and return the cultures to incubation.  
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8. After sufficient time for cell invasion (typically 4 hours for cells, and longer for 

explants), wash cultures with and replace the infection medium to remove any 

extracellular tachyzoites. 

 

3.7 Mouse Ocular Toxoplasmosis: acute disease model 

 

1. Prepare tachyzoites following the method described in 3.6.1-3.6.5, with the 

exception that the tachyzoite pellet is resuspended in PBS. 

2. Count the tachyzoites by hematocytometer, and dilute the tachyzoite suspension 

in additional PBS to achieve the required number/mL, calculated for an 

intraocular injection volume of 2 µL, but allowing for wastage (see Notes 4.7.2 

and 4.7.3). 

3. Anesthetize the C57BL/6 mouse (see Notes 4.7.4 and 4.7.5).  

4. Instill tropicamide and phenylephrine eye drops to dilate the pupil. Apply 

Goniovisc eye gel over the cornea. 

5. Connect the rubber tubing to the syringe and glass pipette. Draw up over 2 µL of 

tachyzoite suspension into the syringe (see Notes 4.7.6 and 4.7.7). 

6. Viewing the eye under a surgical microscope or with the aid of surgical loupes, 

and grasping the head above and below the eyelids with thumb and index finger, 

make a tiny incision through the sclera, 1 mm behind the limbus in the outer-

upper quadrant with a 30 G needle. Angle the needle backwards, in a line that 

passes between the lens and the retina.  

7. Insert the tip of the glass pipette along the path created by the needle and into 

the vitreous, watching through the dilated pupil to ensure the tip does not touch 

the lens or the retina.  
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8. When the tip is positioned within the vitreous, slowly depress the syringe 

plunger, injecting 2 μL of tachyzoite suspension (see Note 4.7.9). 

 

3.8 Mouse Ocular Toxoplasmosis: recurrent disease model 

 

1. Harvest tissue cysts from brain of infected Swiss-Webster mice and homogenize 

this tissue in l mL of PBS.  

2. Count the cysts in a 20 µL volume, using a microscope slide and coverslip. Dilute 

the cyst suspension in additional PBS to achieve the required number/mL, 

calculated for an intraperitoneal injection volume of 100 µL, but allowing for 

wastage (see Note 4.8.1).  

3. Inoculate the C57BL/6 mouse by intraperitoneal injection of 100 µL of cyst 

suspension using a 21 G needle mounted on a 1 mL syringe.  

4. Challenge is performed 28 days after the primary infection. Prepare and inject 

tachyzoites, as described in 3.7 (see Note 4.8.3).  

 

3.9 Mouse Retinal Photography with TEFI 

 

1. Set the camera to manual and select the following settings:  

• Shutter speed: 1/25 – 1/30 seconds. Longer speeds result in brighter images, 

but increase the possibility of motion artifact. 

• Aperture: ƒ/2.8. 

• ISO: up to 800. 

• Image quality: RAW. This selection records images as NEF files.  
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2. Mount the camera on the mini-tripod. Use the step-down ring and coupling 

adaptor to connect the camera lens with the tele-otoscope. Attach the otoscope to 

the light via the cable. When the light is on, images from the otoscope appear on 

the camera screen. 

3. Anesthetize the mouse (see Note 4.9.1).  

4. Instill tropicamide and phenylephrine eye drops to dilate the pupil. Apply 

GenTeal Tears gel on the cornea. 

5. Bring the viewing tip of the tele-otoscope in contact with the gel on the cornea.  

Direct the lower half of the tip (providing the illumination) toward the region of 

the retina to be imaged (e.g., the lower half of the tip is placed at 3’o’clock to 

image the nasal retina of the right eye). Adjust position of the mouse as required. 

Take at least one image of the central retina and one image each of the superior, 

nasal, inferior and temporal retinal quadrants.  

6. After retinal photography is completed, reapply GenTeal tears gel to the cornea 

while the mouse remains anesthetized. 

 

3.10 Processing Mouse Retinal Images 

 

1. Open ViewNX2. Select the folder that contains the images to be edited from the 

folder list on the left side of the screen. Click on an image, which will be displayed 

in the middle of the screen. 

2. On the right side of the screen, select “Adjustments”.  

3. Change “White Balance” box from “Recorded Value” to “High Color Rendering 

Fluorescent”. 

4. Adjust the lightness of the image by moving the “Exposure Comp.” cursor.  
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5. Adjust the contrast of the image by moving the “Contrast” cursor. 

6. Save the edited image and select the “Convert File” icon at the top of the screen. 

Select the required file format (e.g. JPEG, TIF), plus the folder in which the image 

should be stored, and click ‘Convert’.  

 

4. Notes 

 

4.1 Dissection of Human Eye 

 

1. Human eyes should be held in 4 °C until use, but dissected as soon as possible to 

minimize autolysis of the tissue. Similarly, cell isolation procedures should begin 

immediately after the dissection to maximize yields. 

2. All steps should be performed in a biological safety cabinet, following standard 

precautions and aseptic technique.  

3. Successful retinal pigment epithelial culture is dependent on obtaining intact 

sheets that preserve cell connections. Therefore, when incising, the blade must be 

sufficiently sharp that no pressure is required and the eye is not deformed. 

4. Ensure that vitreous is removed completely from the posterior eye cup, as 

residual vitreous may interfere with dissociation of the retina for cell isolation. 

5. Neural retina is a delicate tissue and may tear during removal, but this will not 

impact the success of subsequent cell isolation procedures.  

6. When collecting neural retina, cut the tissue as close as possible to the optic 

nerve head to collect the large vessels at this location, in order to maximize yield 

of endothelial cells, and take care not to disturb the retinal pigment epithelium. 
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4.2 Dissociated Human Retina Culture 

 

1. Cells may be seeded in standard tissue culture dishes. However, superior imaging 

of immunolabeled cells is achieved when the cells were plated in glass-bottomed 

FluoroDish dishes. 

2. If large amounts of cell debris become attached to the tissue culture dish, wash 

the dish gently several times in PBS. However, cell debris is also removed when 

the medium is changed. 

 

4.3 Human Retinal Endothelial Cell Isolation 

 

1. If tissue suspension contains obvious cell clumps, indicating an accumulation of 

extracellular DNA, DNase I may be added to the collagenase solution.  

2. There is a fine line between pipetting sufficiently to dissociate the retina and 

pipetting excessively and impacting cell viability and overall yield.  

3. It is important to not over-digest the retina. Both duration of digestion and 

concentration of collagenase are critical: do not digest for more than 60 minutes. 

4. Trypsin is toxic to endothelial cells, and attempting to dislodge every cell from 

the tissue culture dish may jeopardize viability of cells that are already in 

suspension. Several quick knocks may free additional cells from the dish. 

5. Purification is a balance between not losing endothelial cells and having too few 

beads per cell. If too many beads bind, cells will not attach to tissue culture dish, 

but if too few beads bind, cells will not be collected. Check bead-cell binding at 

the microscope during each separation and stop when the bead:cell ratio exceeds 

3:1.   
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6. Endothelial cells should not be seeded too sparsely during the isolation or after 

passaging the cells. Maintain the cells at a minimum of 40% confluent at all 

times.  

7. At confluence, the endothelial cell cultures should be 99% pure. If they are not, 

the purification procedure may be repeated. 

 

4.4 Human Retinal Pigment Epithelial Cell Isolation 

 

1. Removing the collagenase IA/collagenase IV is essential to prevent excessive 

digestion of the retinal pigment epithelium-choroid, which frees cells from the 

choroid that may subsequently contaminate the epithelial cell culture. 

2. Take care not to perforate Bruch’s membrane to reduce the risk of contaminating 

the epithelial cell culture with choroidal cells.  

3. Do not collect any pieces of choroid to avoid contamination of the epithelial cell 

culture with choroidal cells. 

4. The freshly isolated retinal pigment epithelial sheets are very fragile and any 

pipetting must be gentle. 

5. The density at which the retinal pigment epithelial sheets are plated is critical for 

a successful culture. Sparse plating promotes de-differentiation of the cells, and 

dense plating results in a multi-layered culture. Large sheets may roll in culture, 

which prevents attachment. 

6. If cells attach slowly, the reduction in FBS supplementation may be performed at 

48 or 72 hours.  
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4.5 Human Retinal Mueller Cell Culture 

 

1. Replace half the medium only at each change to maintain retinal Mueller cell-

derived trophic factors in the culture. 

 

4.6 Infection of Human Retinal Cells with T. gondii 

 

1. Decontaminate all equipment, consumables and liquid waste in 70% ethanol. 

Filter assemblies may be autoclaved for re-use after ethanol decontamination.  

2. If not standard procedure, heat-inactivate the FBS that is used for the infection 

medium, by heating at 55 °C for 30 minutes, and reduce the concentration to no 

more than 5% for the 4-hour invasion step.  

3. Fibroblasts also may be lysed mechanically at 24 hours after infection, by passage 

through a 25 G needle.  

4. The multiplicity of infection is typically 5 for natural T. gondii isolates, which 

exhibit relatively low viability in the laboratory.(46) 

5. A plaque assay should be performed in parallel with any infection study, in order 

to assess tachyzoite viability. 

 

4.7 Mouse Ocular Toxoplasmosis: acute disease model 

 

1. Female mice are preferred in studies of mouse toxoplasmosis as they are more 

susceptible to the infection than male mice.(47) 
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2. The number of tachyzoites and parasite strain may be adjusted to alter the 

course of the intraocular inflammation. Robust inflammation occurs within one 

week after intravitreal injection of 104 RH strain tachyzoites.  

3. Intravitreal injection of normal saline causes retinal lesions, which may be 

confused with toxoplasmic retinitis. 

4. The pigmented eyes of C57BL/6 mice are ideal for imaging of toxoplasmic retinal 

lesions. The C57BL/6N substrain mice carry a mutation of the Crb1 gene known 

as the rd8 mutation, which results in a retinal degeneration, and should not be 

used for experimental models of ocular toxoplasmosis.(48) This mutation is not 

present in the C57BL/6J substrain, which therefore is suitable for this research. 

5. Inhalational anesthesia with isoflurane is relatively safe and permits rapid 

recovery.  

6. A 30 G needle is an alternative to the glass needle and plastic tubing. However, 

this set-up requires greater operator dexterity during the injection procedure. 

7. Working with an assistant, who plunges the syringe, permits the operator to 

remain focused on the position of the glass pipette in the eye. 

8. The mouse lens is proportionately larger than the human, and a common 

complication of intravitreal injection is cataract caused by pipette-lens touch, 

which prevents subsequent imaging by TEFI. Before undertaking the procedure, 

researchers may benefit from reviewing anatomical images of the mouse eye. 

9. To avoid backflow of the tachyzoite suspension after intravitreal injection, which 

is related to a temporary increase in intraocular pressure, the cornea may be 

punctured with a 30 G needle immediately ahead of injection to release aqueous 

and reduce the pressure.  
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10. A plaque assay should be performed in parallel with any infection study, in order 

to assess tachzoite viability.  

 

4.8 Mouse Ocular Toxoplasmosis: recurrent disease model 

 

1. The number of cysts and parasite strain may be varied. Systemic infection is 

achieved reliably by approximately 2 weeks after injection of 5 PRU strain cysts.  

2. Anticipate transient signs of systemic infection in C57BL/6 mice during the 

second week following infection, such as hunching and hair bristling.  

3. The number of tachyzoites and parasite strain may be adjusted to alter the 

course of the intraocular inflammation. Robust inflammation occurs within 1 

week after intravitreal injection of 2000 PRU strain tachyzoites.  

 

4.9 Mouse Retinal Photography with TEFI 

 

1. Inhalational anesthesia with isoflurane is relatively safe and permits rapid 

recovery.  

2. The retina of an anesthetized adult mouse with normal pupil dilation and no 

corneal, lens or vitreous opacity may be photographed in under 3 minutes. 

3. A clear view of the retina is essential to obtaining quality photographs of the 

mouse retina. View may be reduced by posterior synechiae (adhesions between 

iris and lens which limit pupil dilation) or vitritis associated with the retinitis 

and/or corneal or lens opacities induced during the imaging procedure.  
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4. Timing of photography can be planned around the anticipated course of the 

inflammation. Within the week following intravitreal injection of tachyzoites, 

intraocular inflammation is largely confined to the retina.  

5. Corneal opacity may be caused by drying and/or by abrasion or burn from the 

tele-otoscope viewing tip. The use of GenTeal Tear eye gel reduces the risk of 

these complications. Lens opacity may be caused by light exposure, and 

minimizing the duration and number of examinations limits this complication. 

 

4.10 Processing Mouse Retinal Images 

 

1. White balance and exposure may be adjusted only for images that are in NEF file 

format, not images that are in JPEG or TIF file format. 
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Figure Captions 

 

Figure 1. (A) Clinical photograph taken through the dilated pupil of the left eye in a 

patient with active toxoplasmic retinitis. There is fluffy white focus of retinal 

inflammation, adjacent to a pigmented retinochoroidal scar, both located superior to the 

optic nerve head. An additional retinochoroidal scar is present, situated temporal to the 

optic nerve head. (B) Clinical photograph of a healthy posterior left eye. 

 

Figure 2. Cartoon of the human eye, including cellular level detail of the retina, drawn in 

cross-section. An external limiting membrane is situated between the photoreceptor and 

outer nuclear layers. Drawings were generated by Mr. David Heinrich (Flinders Medical 

Centre Medical Illustration & Media Unit, Adelaide, Australia). 

 

Figure 3. (A) Topical endoscopic fundus image taken through the dilated pupil of the 

right eye of a C57BL/6 mouse with experimental ocular toxoplasmosis. There are two 

fluffy white foci of retinal inflammation, both located inferior to the optic nerve head, 

with retinal vasculitis. The view is hazy due to secondary inflammation of the vitreous. 

(B) Topical endoscopic fundus image of the saline-infected right eye of a C57BL/6 

mouse. 

 

Figure 4. Photomicrographs of confluent cultured cells that have been isolated from 

human retina, including: (A) endothelial cells; (B) pigment epithelial cells; (C) 

subcultured pigment epithelial cells; and (D) Mueller cells. Original magnification: 40 x. 
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Table Captions 

 

Table 1. Description of widely studied human and non-human primate retinal cell lines. 

 

Table 2. Human retinal cell markers and information on antibodies used for 

phenotyping cells by immunocytochemistry. 
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Table 1. Description of widely studied human and non-human primate retinal cell lines. 
 

 
Retinal Cell 

 

 
Designation 

(Source) 
 

 
Notes 

Endothelial  
 

RF/6A 
(ATCC) 
 

Rhesus macaque choroid-retina origin: 
Immortalized spontaneously;(49) Grown 
in EMEM with 10% FBS 
 

Pigment 
epithelial  
 

ARPE-19  
(ATCC, Manassas, VA) 
 

Immortalized spontaneously;(50) Grown 
in 1:1 DMEM: Ham's F-12 Nutrient 
Mixture with 10% FBS; Cellular and 
molecular phenotypes vary with culture 
conditions(51, 52) 
 

Neuron  Y79 
(ATCC) 
 

Retinoblastoma origin;(53) Grown in 
RPMI-1640 medium with 10-20% FBS (in 
suspension) 
 

WERI-Rb-1 
(ATCC) 
 

Retinoblastoma origin;(54) Grown in 
RPMI-1640 medium with 10-20% FBS (in 
suspension) 
 

Mueller  
 

MIO-MI  
(University College 
London, Institute of 
Ophthalmology, London, 
United Kingdom; subject to 
material transfer 
agreement) 

Immortalized spontaneously;(42) Grown 
in DMEM with 10% FBS 
 

Abbreviations: ATCC = American Type Culture Collection; EMEM = Eagle’s minimum essential Medium; 
FBS = fetal bovine serum; DMEM = Dulbecco’s modified Eagle’s medium; RPMI = Roswell Park Memorial 
Institute medium 
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Table 2. Human retinal cell markers and information on antibodies used for 
phenotyping cells by immunocytochemistry. 
 

 
Cell 

Marker 
 

 
Antibody 

 
Supplier 

 

 
Catalogue 
number 

 

 
Description  

 

 
Working 

concentration 
 

 
Label 

CD31 
 
 

Dako M0823 Monoclonal 
mouse IgG1κ 

10 µg/mL Surface 

CRALBP Thermo Fisher 
Scientific-
Invitrogen 

PA5-29759 Polyclonal 
rabbit IgG 

2 µg/mL Cytoplasmic 

CK8 
 
 

Abcam ab53280 Monoclonal 
rabbit IgG 

0.15 µg/mL Cytoplasmic 

GFAP 
 
 

R&D Systems AF2594 Polyclonal 
sheep IgG 

10 μg/mL Cytoplasmic 

GS 
 
 

Sigma-Aldrich G2781 Polyclonal 
rabbit IgG 

15 µg/mL Cytoplasmic 

NSE 
 
 

Thermo Fisher 
Scientific 

PA5-29759 Rabbit 
antiserum 

NA (1:500 
dilution)  

Cytoplasmic 

RPE65 
 
 

Novus 
Biologicals 

NB100-355 Monoclonal 
mouse IgG1κ 

4 µg/mL Cytoplasmic 

α-SMA 
 
 

Abcam ab5694 Polyclonal 
rabbit IgG 

2 µg/mL Cytoplasmic 

VIM 
 
 

Merck Millipore-
Chemicon 

MAB3400 Monoclonal 
mouse IgG1 

1 µg/mL Cytoplasmic 

VWF 
 
 

DAKO A0082 Polyclonal 
rabbit IgG 

15 µg/mL Cytoplasmic 

ZO-1 
 
 

Thermo Fisher 
Scientific-
Invitrogen 

40-2200 Polyclonal 
rabbit IgG 

2.5 µg/mL Junctional 

Abbreviations: CRALBP = cellular retinaldehyde-binding protein; CK = cytokeratin; GFAP = glial fibrillary 
acidic protein; GS = glutamine synthetase; NSE = neuron-specific enolase; RPE = retinal pigment 
epithelium-specific protein; SMA = smooth muscle actin; VIM = vimentin; VWF = von Willebrand factor; 
ZO = zonula occludens; NA = not applicable. 
Working concentrations are a guide and should be verified by the researcher for the laboratory. 


