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THE ADULT CORNEAL 

EPITHELIUM IS 

MAINTAINED BY STEM 

CELLS IN THE LIMBUS, AT 

THE JUNCTION BETWEEN 

THE CORNEA AND 

CONJUNCTIVA. HUMANS 

AND MICE WITH REDUCED 

PAX6 LEVELS SHOW 

PROGRESSIVE CORNEAL 

DETERIORATION. THIS MAY 

BE PARTLY DUE TO LIMBAL 

STEM CELL DEFICIENCY BUT 

OTHER FACTORS ARE LIKELY 

TO BE INVOLVED. WE ARE 

INVESTIGATING THE 

CAUSES OF CORNEAL 

ABNORMALITIES IN PAX6-

DEFICIENT MICE. 

 

MAINTENANCE OF THE CORNEAL 

EPITHELIUM BY LIMBAL STEM CELLS 

The adult cornea comprises an outer 

epithelium, which is about 5 cells thick, a 

thick stroma and a single layer of 

endothelial cells (Fig 1A). In the adult, 

new corneal epithelial cells are produced 

by stem cells in the ‘limbus’ between the 

cornea and conjunctiva. The limbal stem 

cells produce transient amplifying cells 

which enter the basal layer of the corneal 

epithelium, replicate, migrate centrally and 

produce more differentiated cells in the 

outer layers, which are eventually lost by 

desquamation (Fig 1B). Clinical evidence 

suggests that limbal stem cells are 

deficient in an inherited eye disease called 

aniridia.  

CORNEAL DEFECTS IN ANIRIDIA 

PATIENTS AND PAX6+/- MICE 

Aniridia patients have defects in a gene 

called PAX6, which result in low levels of 

PAX6 protein. This causes abnormal 

eye development and progressive 

corneal deterioration, which leads to 

corneal opacity and may cause 

blindness. Heterozygous Pax6+/- mice 

provide an excellent model of both the 

developmental eye defects seen in 

aniridia and the progressive corneal 

changes. It is clear that low levels of 

Pax6 expression in Pax6+/- mice are 

inadequate for normal maintenance of 

the adult cornea in both mice and 

humans but the mechanisms are not 

understood. Although corneal 

deterioration may be partly due to 

deficiency of limbal stem cells that 

maintain the corneal epithelium in the 

adult, other factors are likely to be 

involved. 

 

EFFECTS OF AGE AND PAX6 

GENOTYPE ON LIMBAL STEM CELL 

FUNCTION 

There are no markers for limbal stem 
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Fig 1. (A) The cornea comprises an outer 
epithelium, stroma and endothelium.  
(B) Limbal stem cells (LSCs) in the limbus 
(between the cornea & conjunctiva) produce 
transient amplifying (TA) cells. These 
replicate, migrate centrally in the basal 
layer of corneal epithelium and produce 
differentiated cells in the outer layers, which 
are desquamated.  
 



 

 

 

 

cells so we have been evaluating 

limbal stem cell function by indirect 

methods. We have used mouse X-

inactivation mosaics labelled with a 

LacZ transgenic marker to identify 

striking radial stripes in the normal 

adult corneal epithelium (Fig 2). The 

stripes emerge around 5 weeks after 

birth and probably reflect clones of 

cells derived from the stem cells at 

the periphery. We believe that this  

provides a novel assay for stem cell 

function so the time that the stripes 

emerge reflects the time when stem 

cells become active in maintaining the 

corneal epithelium. Quantitative 

analysis of stripe numbers suggested 

that limbal stem cell function declines 

with age. The stripe patterns in 

Pax6+/- X-inactivation mosaics are 

abnormal and may reflect both 

reduced stem cell function and 

abnormal transient amplifying cell 

migration. We are using alternative 

methods to test the hypotheses that 

stem cell function is (1) reduced in the 

Pax6+/- mouse model of aniridia and 

(2) declines with age. 

 
CAUSES OF CORNEAL 

DETERIORATION IN PAX6+/- MICE 

AND ANIRIDIA PATIENTS 

Although it is likely that corneal 

deterioration in Pax6+/- mice and 

aniridia patients is partly caused by 

the failure of stem cells to maintain  

the corneal epithelium adequately it is 

likely that other factors are also important. 

We are planning to use special stocks of 

transgenic mice (Cre-loxP conditional 
transgenics) to manipulate the time and 

place when Pax6 deficiency occurs in order 

to identify the causes of corneal 

abnormalities. By analysing the spectrum 

of abnormalities produced by each 

treatment we will deduce whether Pax6 

has postnatal roles for maintaining the 

cornea and which tissues mediate these 

roles. Knowledge gained from studies of 

mouse models should contribute to our 

understanding of the deleterious effects of 

PAX6-depletion in human aniridia and may 

eventually help design improved therapy 

for aniridia patients. 
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Fig. 2: X-inactivation mosaic patterns in the mouse corneal epithelium. (A) 3 
week old wild-type: Randomly orientated ß-gal positive and β-gal negative 
patches (B) Adult wild-type: Radial stripes. (C) Adult Pax6+/-: Irregular stripes 
indicate disrupted migration. 

 


