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 Superficial layer (1-2 layers), wing 
cells (3 layers) 

 Basal layer (20µm) 
 Epithelial nerves (Ø <0.1μm) 
 Sub-basal epithelial nerve plexus: 

migrate centripetally (Ø 0.1-0.5µm) 
 Epithelial basal membrane (0.05µm) 
 Bowman’s layer: acellular zone, 10 
µm 

 Sub-epithelial nerve plexus: 
stationary 

The corneal epithelium (50 μm) 



Cell junctions typical of vertebrate 
epithelia: impermeability, stability 
Average lifespan: 7-10 days 
Routinely involution → apoptosis  
→ desquamation 
Complete turnover: 1 week 
Mitosis: only basal, transient 
amplifying and stem cells 

TEM, 17.000 X 

Corneal epithelial cells 



The corneal limbus 
 Basal layer: ≅30% 

epithelial stem cells 
 Stem cells: 

 In self-renewing tissues 
 Low mitotic activity, high 

proliferative potential 
Poorly differentiated 
 In protected anatomical 

sites (Vogt palisades) 
 ~ 6 Limbal Epithelial 

Crypts in the human 
limbus 

Niche: a particular subdivision of the 
environment, which supplies the needs 
of a species (Mayr E, This is Biology, 
1997)  

HS Dua et al. Br J Ophthalmol 2005;89:529–32 



Menisco lacrimale: 
~1 mm 

Epiteli della superficie oculare: fisiologia 
Congruità anatomica e funzionale di palpebre e SO 
(occlusione, entropion, ectropion, sindrome  palpebra molle) 

Tzong-Shyue Liu D et al. Tear 
dynamics in floppy eye lid 

syndrome. IOVS 2005;46:1188-94 

Film lacrimale (tear dysfunction syndrome) 
 Innervazione sensoriale efficiente (braccio 
afferente per due archi riflessi): 

 lacrimazione (fibre 
parasimpatiche, VII° 
nervo) 

 ammiccamento (fibre 
motrici, VII° nervo) 



Patologia epiteli SO: diagnosi 

Dua HS et al. The role of limbal stem cells in corneal epithelial 
maintenance Ophthalmology 2009;116:856–63 

 Identificazione comparto anatomico 
 Valutazione funzionalità del limbus 
Anamnesi (generale, oculare) 
Esame obiettivo (non solo oculare) 
Sintomi: fastidio [prurito, sensazione CE, sabbia 

negli occhi, occhio bagnato, dolore, bruciore 
(Mattina? Sera?), fotofobia] 

Valutazioni funzionali, test, citologia ad 
impressione 
Microscopia confocale 
Obbiettività / soggettività: poca correlazione 

Relatore
Note di presentazione
I’m going to present the result of a study in which we compared the performances of confocal microscopy, specular microscopy and light microscopy performed on 20 donor eyes, taken from 10 donors after death to enucleation  intervals longer than 7 hours.



Donisi PM et al. Analysis of limbal stem cell deficiency by corneal impression cytology. 
Cornea 2003;22(6):533-8 
Barbaro V et al. Evaluation of ocular surface disorders: A new diagnostic tool based on 
impression cytology and confocal laser scanning microscopy. Br J Ophthalmol 
2010;94:926-32 

Paziente A Paziente A 

Paziente B Paziente B 

Danno grave: metaplasia mucosa 
o squamosa, diagnosi clinica 
Patologia lieve / moderata: 

superficie corneale irregolare, 
difetti epiteliali persistenti o 
ricorrenti 
Difficile quantificare clinicamente il 

deficit limbare 
Utile lo studio delle cheratine 

dell’epitelio corneale 

LSCD 



Trattamento patologie della SO 

Ricostruzione 
strutture 
Terapia della 

sindrome da 
disfunzione lacrimale 
Terapia 

dell’infiammazione 
Stimolazione dei 

fenomeni riparativi 



SO: lesioni 
 Lesione epitelio, no danno MB: 

guarigione precoce 

 Lesione epitelio e danno MB: 
guarigione precoce, ritardata 
adesione epitelio-stroma 

 Riparazione epitelio corneale post-PRK: 
72 ore (fase di latenza, migrazione, 
proliferazione) 

 Ripristino adesione epiteliale: 2-3 mesi 

 Lesione epiteliale con LSCD o deficit 
di cellule staminali congiuntiva: 
metaplasia mucosa o squamosa 

Female, 43 years, 25 y post ibuprofen-induced toxic epidermal necrolysis 



Sempre preceduta da difetto epiteliale 
Centrale: eziologia infettiva 
Periferica: ipersensibilità, autoimmunità 
settore sup: palpebra, cheratocongiuntivite limbica 

settore inf: inocclusione, alterazioni gh Meibomio, dry eye 
(alterazioni congiuntivali precedono quelle corneali) 

Epiteliopatia puntata diffusa: tossicità da farmaci 

Coinvolgimento primitivo stroma: cheratite interstiziale 

Ulcera corneale 



Presenza di cellule staminali sane 
Ripristino di una membrana basale 
normale 
Fattori di crescita 
Normale fisiologia film lacrimale e annessi 
Funzionalità cellule staminali: limitata 
dall'infiammazione 

SO: rigenerazione epiteli 

Pre Post 

Epithelial and topographic 
alterations in chronic 

blepharitis 



OS epithelia and growth factors 
Fibronectin: 
Expressed at the site of corneal epithelial defects 
Provisional matrix for the migration of epithelial cells 
Stimulates epithelial wound healing in vitro and in vivo 
Autologous plasma fibronectin eyedrops treat corneal PED 
Substance P, insulin-like GF-1: 
Stimulate corneal epithelial repair in vitro and in vivo 
Substance P (FGLM-amide) and insulin-like growth factor-
1 (SSSR)-derived peptides eyedrops: treat corneal PED 

Nishida T. Translational research in corneal epithelial wound healing. Eye 
Contact Lens 2010;36(5):300-4 

Nishida T, Yanai R. Advances in treatment for neurotrophic keratopathy. Curr 
Opin Ophthalmol 2009;20(4):276-81 



OS epithelia and growth factors 

Agonist and antagonist drugs of epidermal growth factor 
receptors (EGFR): possible treatment of some skin and 
corneal disorders 
EGFR activation: promote corneal reepithelialization 
EGFR inhibition: delays epithelial cell proliferation and 
stratification during corneal regeneration 
hrEGF eye drops: could be a treatment for promoting 
regeneration in epithelial defects 

Márquez EB et al. Epidermal growth factor receptor in corneal damage: update 
and new insights from recent reports. Cutan Ocul Toxicol 2011;30(1):7-14 



Family of polypeptides derived from neuron’s target cells 
Promote survival of peripheral and central neurons by 
protecting them from apoptosis 
Possess a range of biological effects in non-neural cells 
Autocrine or paracrine action on stem cells outside CNS  

Qi H et al. Patterned expression 
of neurotrophic factors and 

receptors in human limbal and 
corneal regions. Mol Vis 2007;16 

(13):1934-41 

Neurotrophic factors (NTF) 



Qi H et al. Patterned expression of neurotrophic factors and receptors in 
human limbal and corneal regions. Mol Vis 2007;16 (13):1934-41 

1.Neurotrophins (best characterized family): 
 nerve growth factor (NGF) 
 brain-derived neurotrophic factor (BDNF) 
 neurotrophin (NT)-3 
NT-4/5 
NT-6 

2.Glial cell line-derived neurotrophic factor (GDNF)-family 
3.Ciliary neurotrophic factor (CNTF)-family 

Neurotrophic factors (NTF) 



Qi H et al. Patterned expression of neurotrophic factors and receptors in human 
limbal and corneal regions. Mol Vis 2007;16 (13):1934-41 

Neurotrophins 

Same low-affinity receptor, p75NTR 
Different Trk receptor tyrosine kinase for high-affinity 
binding and signal transduction 

NGF →  TrkA 
BDNF, NT-4/5 →  TrkB 
NT-3 →   TrkC 



OS epithelia and NTF 

Three patterns of NTF 
expression potentially involved 
in epithelial-mesenchymal 
interaction on the OS: 
1. epithelial type: NGF, GDNF 
2. paracrine type: neurotrophin 

(NT)-3, NT-4/5 
3. reciprocal type: BDNF 

Qi H et al. Patterned expression of 
neurotrophic factors and receptors in 

human limbal and corneal regions. Mol Vis 
2007;16 (13):1934-41 



OS epithelia and NTF 
Limbal basal cells express 
three staining patterns for 
NTFs: 
1.positive for NGF, GDNF, 

and their receptors, TrkA 
and GDNF family receptor 
alpha (GFRalpha)-1 

2. relatively high levels of 
BDNF 

3.negative for NT-3 and NT-4 



OS epithelia and neurotrophic factors (NTF) 

p75NTR: expressed by the basal layer of the entire corneal 
and limbal epithelia 
TrkB, TrkC: expressed by corneal and limbal epithelia 
BDNF, p75NTR, TrkB, and TrkC: expressed by limbal 
stroma cells 
No immunoreactivity to ciliary neurotrophic factor (CNTF) 
and its receptor, CNTFRalpha in cornea tissue in situ 
NTFs and their receptors may play a vital role in 
maintaining corneal epithelial stem cells in the limbus 
NGF, GDNF, GFRalpha-1, TrkA, BDNF: may define the 
corneal epithelial stem cell phenotype 

Qi H et al. Patterned expression of neurotrophic factors and receptors in human 
limbal and corneal regions. Mol Vis 2007;16 (13):1934-41 





Invest Ophthalmol Vis Sci. 2005; 46: 803–7 

Br J Opthalmol, 2010 







Amniotic membrane extract 
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