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Corneo conjunctival limbus 







 Siero autologo  

 Siero da sangue cordonale 

 Preparati piastrinici (plasma ricco di piastrine; plasma 

ricco in fattori di crescita; lisato piastrinico) 

SOSTITUTI LACRIMALI BIOLOGICI 



Rationale for the use of blood-based products 

 growth factors  EGF, VEGF-A, IGF-1, TGF-β 
 fibronectin, albumin 
  
 vitamin A 

 
 

 bacteriostatic components lysozyme   
 
 α-2 macroglobulin 

 
 free of preservatives which potentially induce toxic or allergic 

reactions  
 osmolality and biomechanical properties are similar to those 

of natural tears 





Parameters to be defined in the production of  
serum eye drops and previously described variations,  
storage, and application. Geerling G et al, BJO, 2004 
 





Ang LPK et al. Ex Vivo Expansion of Conjunctival and Limbal Epithelial Cells Using Cord Blood Serum–Supplemented 
Culture Medium. Invest Ophthalmol Vis Sci. 2011;52:6138–6147 

Primary human conjunctival cells Primary limbal epithelial cells 

Number of cell generation  

Does  too much  mean better ? 

Kruse FE, Tseng SC Growth factors modulate clonal growth and differentiation of 
cultured rabbit limbal and corneal epithelium. Invest Ophthalmol Vis Sci, 1993  
 Increasing concentrations of EGF from 5 ng/ml to 10 and 100 ng/ml resulted in the 

down-regulation of clonal growth 
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20% Blood Serum 

20% Fresh Frozen Plasma 

20% Platelet lysate 

Do blood derived products work similarly?  



Umbilical cord blood  UCB 

In our Center UCB is sampled from the  
placental vein after  SCs extraction from  
the umbilical vein 



UCB-based eyedrops     rationale  

 Large quantities of the product may be collected at every 
delivery 

 
Debilitated patients 

 
Haematological discrasia 

 
 Infectious diseases 

 
Absence of inflammatory cytokines (GVHD, SS) 

 
Higher concentrations of GFs as compared to other blood 

components for topical use 

Yoon KC, et al., Ophthalmology. 2005  
 

Yoon KC, et al., Ophthalmology. 2007 
 

Yoon KC et al., Bone Marrow Transpl. 2007 
 

Yoon KC et al., Am J Ophthalmol. 2007 
 

Yoon KC et al., Cornea. 2011 
 

Sharma N, et al., IOVS. 2011 
 

Ang LP, et al., IOVS. 2011 



Maternal blood (delivery and after 6 m) 
HBV, HCV, HIV1 e 2,  

HCV-NAT, HBV-NAT, HIV –NAT, Siphylis,  
HTLV 1 e 2, CMV, TOXO, WNV)  

 
UCB 

Blood group ABO / Rh,  
sterility 

Mononuclear total cells,  
CD34+ hemopoietic  stem cells 

http://biotechwiz.com/wp-content/uploads/2010/02/cordbloodsplcred.jpg


Versura P et al, Cornea. 2012 



Content 0.8 ml /vial 
Posology : 8 times/day , 1  drop/eye 
daily supply of 0.10-0.20 ng/mL EGF, 
similar to the physiological human tear 
content. 



Cornea, 2013 
EudraCT: 2008-005757-38    
Clin Trial Gov Id NCT01234623  

Sterile CBS eye drops were prepared to supply 0,15 ng/eye/day 
Epidermal Growth Factor and administered for one month in a 
one-day-dose dispensing. 
 



Methods  

V0  V1 (15day) V2 (30day) tests 

         Subjective symptoms (OSDI-VAS score) 

         Corneal damage (mm2) image 

        Test Schirmer test  

        Break up time (BUT) 

        Tear osmolarity 

        Corneal esthesiometry -Cochet Bonnet 

       Imprint Conj cytology 

        
Scraping Conj cytology 

 

         Tolerability and satisfaction to treatment  





Updated Nov 2019 

dilution AS  eyedrops CBS eyedrops 

20% 2.27 3.0 

Estimated costs ( € / day treatment ) 

4 cycles / year 
 



Sistema di analisi machine-learning 

Controllo sano 

1) Densità nervi (n/mm2) 

2) Ramificazione nervi (n/mm2) 

3) Lunghezza nervi (mm/mm2) 

4) Ramificazioni tot nervi (n/mm2) 

5) Area nervi (mm2/mm2) 

6) Larghezza nervi (mm/mm2) 

7) Dimensione frattale 

Dry eye 



Pre Post 2M 

 Densità 

 Tortuosità 

Pre Post 2M 

Giannaccare G et al. Cornea. 2017 

CBS e microscopia confocale in vivo 



Comparison of growth factors and interleukin content of adult peripheral blood and  
cord blood serum eye drops for corneal and ocular surface diseases.  
Buzzi M et al. Transfus Apher Sci 2018 



CB-S eye drops were more effective  
in decreasing symptoms and keratoepitheliopathy in severe  
dry eye syndrome (including SS and oGVHD)  
as compared to PB-S eye drops. 

Buzzi M et al, Transfus Apher Sci. 2018; 57: 549-555 
Giannaccare G et al. Transfus Apher Sci. 2017; 56:595-604. 
Giannaccare G et al. Cornea. 2017; 36: 915-921 
Versura P et al. Blood Transfus. 2016; 14: 145-51. 
Versura P et al. Blood Transfus. 2014 Jan;12 Suppl 1:s44-50 
Versura P et al. Cornea. 2013; 32: 412-8. 



PBS 

CBS 

pre post 









product name Product type Method of 
production 

storage/dosage 
recommendation 

FDA regulated action/applications 

Genesis: 
Amniotic 
Cytokine Extract 
(ACE)™;  

AME - Ocular 
Science, Inc. 
Palm Beach, CA, 
USA 
 

Proprietary 
cryopreservatio
n to extract 
cytokines from 
AM; titrated to 
10,000 pg/mL 

Arrives on dry 
ice; store in 
freezer; 30-day 
treatment; twice 
daily drops 

NO dry eye disease;  
active cytokines, growth 
factors and anti-
inflammatory molecules; 
prostaglandin E2 promotes 
wound healing 

Keera 
Lyophilized 
AME;  

AME - Veneto 
Tissue Bank; 
Treviso, Italy 
 

Amnion-derived 
eye drops; 
reconstituted 
with saline 

Non-preserved; 
refrigerate and 
use within 72 
hours 

NO 
Internationally 
available 

Use in place of, or 
following AMT; use in PED 
secondary to herpes 
simplex or zoster, 
trigeminal nerve defect or 
diabetes (multicenter 
European clinical trials) 

Barcelona 
Tissue Bank 

AME - (Banc de 
Sang i Teixits); 
Catalonia, Spain 
 

Freeze-dried 
product from 
AM; vial is 
reconstituted in 
4 mL of 
sterilized water 

Treatment is 30 
days (6 vials of 
extract) 

NO 
internationally 
available 

dry eye disease, epithelial 
defects of the cornea, dry 
eye secondary to 
autoimmune syndrome, 
corneal ulcers, adjuvant in 
cornea transplant, 
pterygium and 
symblepharon excision 
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product name Product type Method of 
production 

storage/dosage 
recommendation 

FDA regulated action/applications 

Amnion-derived 
Cellular 
Cytokine 
Solution (ACCS)  

AME - Noveome 
Biotherapeutics 
 

Proteins 
secreted by 
amnion-derived 
multipotent 
progenitor cells 

Four times a day 
dosage 

Clinical trial 
ongoing 

wound healing, dry eye 
disease 

Regener-Eyes™; 
Regenerative 
Processing Plant 

AF - Palm Beach, 
FL, USA 
 

Amniocleanse 
patent pending 
process 
(placental-
derived 
biomaterials); 
sterile and 
acellular 
amniotic fluid 
drops 

Cooler packed 
box; 30-day 
supply droppers; 
apply 1–4 times 
per day 

N; under Section 
361 of Public 
Health Service 
Act; no 
clearance, or 
pre-market 
approval needed 

Increases cytokines, 
growth factors, hyaluronic 
acid; no human studies; 
multiple animal studies 

PDA-AF™; 
Cryoactiv 
Regenerative 
Processing Plant 

AF - Palm 
Harbor, FL, USA 
 

Fluid harvested 
close to 40 
weeks 
gestation; 
hyaluronic acid 
mainly 

AF eye drops N; under Section 
361 of Public 
Health Service 
Act 

Use for dry eye 

Optiserum™  UC only - Next 
Biosciences; 
Johannesburg, 
South Africa 

Umbilical cord 
blood serum; 
non-preserved; 
frozen to −80°C 

5 mL eye dropper 
bottles; use 
within 7 days 

N; 
internationally 
available 

severe dry eye syndromes, 
chemical burns, corneal 
ulcers and erosions, 
neurotrophic keratitis, post 
LASEK surgery, and post 
corneal transplant 
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Visita oculistica 
Prescrizione  

Visita filtro presso 
UO Oftalmologia 
Aziende ospedaliere   

Immunoematologia e  
Trasfusionale 

Centro di produzione 
 Richiesta SSN 
 Consenso informato 
 Moduli di erogazione interni 
del servizio 
 
Codice tariffario  
 

Preparazione-fialettatura 
etichettatura-erogazione 

Il paziente si reca al servizio 
e viene istruito alla  
somministrazione 

Per quanto? 
E quanto? 
E poi? 
 



J. Clin. Med. 2019, 8, 1478; doi:10.3390/jcm8091478 

The 5 Ws (and 2Hs) for blood-based eye drops 

Can pain relief be included as a target indication ? 



piera.versura@unibo.it 

grazie 


