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HOW CELLS ARE ISOLATED AND CULTURED 









CHALLENGES IN CELL EXPANSION 

First in vitro culture protocol: 1965 

Limited Proliferation 

Species-dependent: rabbits >> rodents > dogs >> primates/humans 

Endothelial-to-Mesenchymal Transition (EMT) 

Loss of hexagonal morphology, tight junctions, and pump function 

Age-Dependent Constraints 

Replicative senescence limits expansion potential 

Culture Conditions 

Excessive mitogens, TGF-β, low density, non-physiological stiffness 

Result: Limited clinical translation for decades 
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Advanced Therapy Medicinal Products require GMP standards: 
 
- regulatory issues 
- high costs 
- lenghty procedures 
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Evaluation corneal endothelium – Donor 1 

Pre treatment 







Evaluation corneal endothelium 

Pre treatment Post treatment – one 

month later ECD: 1700 cells/mm2 

 

ECD: 1700 cells/mm2 

 

+ 

ECD: 2400 cells/mm2 

 



Gold standard: CV < 50% and HEX > 50% (Gasser et 

al., 2015) 



Evaluation corneal endothelium – Donor 2 

Pre treatment 







Evaluation corneal endothelium 

Pre treatment Post treatment – one 

month later ECD: 1500 cells/mm2 

 

ECD: 1800 cells/mm2 

 

+ 

ECD: 2000 cells/mm2 

 



Gold standard: CV < 50% and HEX > 50% (Gasser et 

al., 2015) 



Alizarin Red staining 

Control +DM Stroma 



ECD 

(cells/mm²) 

CV (%) HEX (%) 

Donor 1 OD 1800 45 43 

Donor 1 OS 1500 44 36 

Recipient 

1 

2000 40 56 

Donor 2 OD 1700 44 40 

Donor 2 OS 1700 41 42 

Recipient 

2 

2400 36 54 

Donor 3 OD 1800 42 50 

Donor 3 OS 1800 35 50 

Recipient 

3 

2200 34 55 

Donor 4 OD 1800 43 49 

Donor 4 OS 1700 36 55 

Recipient 

4 

2200 29 57 

Gold 

standard* 

> 2000 < 50 > 50 

*Gasser L, et al. Comparison of corneal endothelial cell measurements by two non-contact specular microscopes. J Ophthalmol. 2015;2015:537942. 

doi:10.1155/2015/537942 

Simulation of bullous keratopathy: removal of just the endothelial cells 



Simulation of Fuchs’ dystrophy: using a third cornea from which the Descemet’s membrane has been removed as the recipient cornea 

*Gasser L, et al. Comparison of corneal endothelial cell measurements by two non-contact specular microscopes. J Ophthalmol. 2015;2015:537942. 

doi:10.1155/2015/537942 

ECD (cells/mm²) CV (%) HEX (%) 

Donor 1 OD 1600 42 42 

Donor 1 OS 1800 42 52 

Recipient 1 2300 33 56 

Donor 2 OD 1700 47 37 

Donor 2 OS 1900 44 47 

Recipient 2 2400 31 53 

Donor 3 OD 1900 46 48 

Donor 3 OS 1900 42 45 

Recipient 3 2200 34 55 

Donor 4 OD 1900 38 48 

Donor 4 OS 2000 73 46 

Recipient 4 2800 33 51 

Gold standard* > 2000 < 50 > 50 



Simulation of Fuchs’ dystrophy: using a cornea from the donor as the recipient cornea – in vitro corneal reconstruction simulation 

*Gasser L, et al. Comparison of corneal endothelial cell measurements by two non-contact specular microscopes. J Ophthalmol. 2015;2015:537942. 

doi:10.1155/2015/537942 

ECD (cells/mm²) CV (%) HEX (%) 

Donor 1 OD 1900 42 42 

Donor 1 OS 1700 47 42 

Recipient 1 2400 33 51 

Donor 2 OD 1700 39 47 

Donor 2 OS 1800 34 51 

Recipient 2 2300 35 58 

Donor 3 OD 1500 42 40 

Donor 3 OS 1400 42 42 

Recipient 3 2400 33 51 

Donor 4 OD 1600 41 48 

Donor 4 OS 1600 45 44 

Recipient 4 2400 41 51 

Gold standard* > 2000 < 50 > 50 



Immunofluorescence (magnification 10X) 
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AQUAPORIN 1 + DAPI  ZO-1 + DAPI  



Immunofluorescence (magnification 10X) 
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Na+ / K+  ATPase + DAPI  



CENTRAL CORNEAL THICKNESS (in transport - dextran medium) 



* 2024 EEBA report – over 65.000 donor corneas procured 

SNEC will allow to save donor tissues that would be discarded due to low ECD 







CONCLUSIONS 

- 6791 donor corneas collected in 2025 in FBOV; 

- 30% are not suitable for transplantation; 

- 40% of these are not suitable for low ECD         

(< 2000 cells/mm2); 

- SNEC will allow to use donor corneas that would 

normally be discarded; 

- With SNEC, GMP is NOT needed – lower costs; 

- In vivo injection to obtain ECD > 2000 cells/mm2  

- A new cornea regenerated in vitro with ECD > 

2000 cells/mm2 and ready to be transplanted 

 

RE-DENSE : Reconstituted 

Endothelial Density via Ex-vivo 

Non-cultured Seeding 

Validation studies from Mehta show that 2 donor corneas with ECD of 1250 cells/mm2 can lead to 

1 cornea with ECD > 2000 cells/mm2 (Ting DSJ et al., Cells 2025; 14: 986) 
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