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Summary 
Immuno-histopathological studies of conjunctival 
tissue biopsied from patients with non-sight- 
threatening allergic conjunctivitis or with sight- 
threatening allergic keratoconjunctivitis should lead 
to more effective management of these eye condi- 
tions, based on the specific cellular involvement. The 
major difference between these two categories of eye 
disease was the occurrence of T-lymphocytes, which 
were absent in the former but prominent in the sight- 
threatening disorders. Seasonal and perennial aller- 
gic conjunctivitis both showed a heavy mast cell 
increase, due to infiltration of mucosal type mast 
cells, and allergen challenge studies linked mast cell 
histamine release to the early phase reaction occur- 
ring within 20 minutes. A second histamine peak at 
six hours after challenge might implicate basophils 
(or refractory mast cells) and was accompanied by 
a rise in eosinophil cationic protein. In sight- 
threatening, chronic allergic keratoconjunctivitis the 
responses were clearly directed by T-cells, them- 
selves the primary effector cell in atopic keratocon- 
junctivitis, whereas vernal keratoconjunctivitis dis- 
played a T-cell driven eosinophilia, with increased 
expression of the adhesion molecules involved in 
tissue invasion by these cells. Appropriate therapies 
for each different category of conjunctivitis should 
be based on the specific immunopathology, and di- 
rected at the activated cell types that are primarily 
responsible for the disease process. 

Introduction 
I n  considering the most effective therapies for aller- 
gic eye diseases, these can be classed as either non- 
sight-threatening or sight-threatening. Work under- 
taken at Moorfields (and in collaboration with 
Stephen Holgate in Southampton) on non-sight- 
threatening disorders arose from findings in the lung 
which had led to changes in clinical practice in the 
treatment of asthma patients. Examination of the 

cells and mediators involved in the pathology of sea- 
sonal (SAC) and perennial (PAC) allergic conjunc- 
tivitis showed fundamental differences from allergic 
asthma, but nevertheless gave clear indications of 
the likely therapeutic potential of the treatments 
available. A similar detailed investigation into im- 
munopathology of the sight-threatening disorders, 
vernal (VKC) and atopic (AKC) keratoconjunctivi- 
tis, has opened the path to an improved, immuno- 
therapeutic approach to treatment, directed by the 
types of cells involved rather than the overt signs and 
symptoms of disease. 

Non-sight-threatening allergic eye disease 
Sensonai arid perennial allergic conjunctivitis 

The typical ocular pathology of patients with rela- 
tively severe seasonal allergic conjunctivitis shows 
increased numbers of mast cells in the conjunctiva 
and, particularly, moving into the epithelium, where 
they are not normally found'. Eosinophils and neu- 
trophils also increase but, unlike the findings in the 
allergic asthmatic lung which led to a change in man- 
agement of asthma ' , there are no T-cells to be 
found, and no fibrous tissue. 

Mast cells can be divided into different sub-types 
and it is the connective tissue type which normally 
predominates in the conjunctiva. By staining 1 pm 
thick glycol-methacrylate serial sections, it is pos- 
sible to work out exactly what type of proteases are 
present in these mast cells. One perplexing finding 
has been resolved by this study. It was known that 
in vim connective tissue type cells are relatively re- 
sistant to sodium cromoglycate, whereas clinically, 
cromoglycate is very useful for the management of 
SAC. This study demonstrated an influx of mucosal 
mast cells into the conjunctiva in SAC and it is these 
that are sensitive to cromoglycate in vivo. When the 
effects of ocular allergen challenge were examined, 
the total number of mast cells remained the same but 
their distribution was different: tryptase, common to 
all mast cells, was detected but without the chymase 
characteristic of connective tissue mast cells, show- 
ing a predominance of mucosal type cells. PAC was 
very similar in many ways to SAC but interestingly 
these patients had no epithelial mast cells. 
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Patients known to be sensitive to various aller- 
gens, particularly to mixed grass pollen in the ma- 
jority of cases, but in some to house dust mite, were 
challenged with these antigens into the conjunctival 
sac. To determine whether this was a reliable model 
of allergic conjunctivitis, patients were challenged 
out of season, giving undiluted allergen into the lower 
fornix of one eye and a control solution into the 
other eye. Predictably, there was an early phase and 
a later stage reaction, during which serial tear samples 
were taken, followed by a conjunctival biopsy at six 
hours. Two histamine peaks were found - one at 20 
minutes and one six hours after challenge - but only 
one tryptase peak occurred, during the early phase, 
whilst the only significant elevation of eosinophil cat- 
ionic protein (ECP) was seen at six hours. These 
findings agree with reported events following nasal 
allergen challenge in patients with allergic rhinitis, 
which linked the early phase reaction to mast cell- 
derived histamine, whilst eosinophils and non-mast 
cell (basophil) histamine release were associated with 
the later stage reaction3, '. However, it is not yet 
clear in the ocular late phase reaction if the presence 
of histamine without mast cell tryptase indicates ba- 
sophil involvement, or merely that the mast cells are 
refractory and need time to recover. 

Conjunctival biopsies were carried out by everting 
the upper lid and with a 3 mm trephine under local 
anaesthetic. The findings were very similar to those 
seen in SAC patients in-season, with increased neu- 
trophils, mast cells (particularly the mucosal type), 
eosinophils and macrophages. Again, no change was 
seen in the T-cells, and although increased adhesion 
molecules were detected there was no change in 
VCAM-1 - which may just reflect the fact that this 
was only six hours and not 24 hours after allergen 
challenge . No 24-hour data are available as it is 
difficult to re-biopsy the patients, but the lack of any 
significant increase in T-cells at six hours after ocu- 
lar allergen challenge is an extremely important dif- 
ference from findings in the asthmatic lung. Also, 
there were no signs of collagen deposition, such as 
occurs in the lung, and in general the conjunctiva 
appears to have a much greater similarity to the skin 
than to the airways mucosa. 

Applying this knowledge to the treatment of SAC 
and PAC, there are a variety of drugs that can be 
used to good effect. Among mast cell stabilisers, 
nedocromil sodium has the advantage over sodium 
cromoglycate in its effectiveness against both sub- 
types of mast cell to be found in the allergic eye 6 3  '. 
Lodoxamide is another mast cell stabiliser which is 
useful in treating allergic eye diseases 8 2  and new 
generation antihistamines include levocabastine for 
topical use in the eye lo. Topical steroids can be used 
to dampen down inflammation generally, but the 
major problem with using them in disorders such as 

SAC and PAC is that they have potentially sight- 
threatening consequences which the diseases them- 
selves do not. Nedocromil sodium has a variety of 
advantages: it does stabilise both mast cell subsets, 
but in addition it reduces leukotriene secretion by 
activated eosinophils and it inhibits eosinophil and 
neutrophil chemotaxis - all of which are features of 
the early allergic response l 1  (Fig. 1). One of its major 
advantages is a twice-daily dosage, because trying to 
remember to take anything four times a day is often 
impractical. The fact that nedocromil sodium also 
has effects on both eosinophil migration and adhe- 
sion molecules would suggest that it has a major role 
to play in the future '*. 
Sight-threatening allergic eye disease 
Vernal and atopic keratoconjunctivitis 

The sight-threatening allergic eye diseases are more 
difficult to manage, yet if not treated adequately the 
early signs may have blinding sequelae. In severe 
VKC the problem lies in the development of corneal 
scars, initially with epithelial defects, which then go 
on to form macro-erosions. Even worse is AKC, a 
life-long condition for which the range of drugs avail- 
able to date is really not satisfactory. Understand- 
ing the immunopathology of these diseases may lead 
to better immuno-therapeutic approaches to their 
treatment in the future. 

The involvement of T-lymphocytes in these dis- 
orders was obvious when tissue samples were stained 
for the cell surface markers CD3 and CD4, showing 
many T-cells to be present. It was clear too that 
activated T-cells, having increased expression of 
CD25 (interleukin IL-2 receptor), were predominant 
in VKC and AKC, whereas there were very few to 
be found in normal ocular tissue. The presence of 
macrophages, staining for MAC- 1, was again sta- 
tistically elevated in VKC, AKC, and also GPC 
(giant papillary conjunctivitis), which shares many 
of the immunopathological features of VKC. This 
combination of CD4' (helper) T-cells, in an acti- 
vated state as evidenced by increased IL-2 receptor 
expression, and macrophages showing MHC class-I1 
expression, sets the scene for a T-cell mediated re- 
sponse. 

One of the major features of chronic allergic eye 
disease is cicatrisation, and whatever collagen anti- 
body may be used for staining, that type of collagen 
(3, 4, 5,  etc.) will be found in the diseased conjunc- 
tiva, whilst proline hydroxylase activity reveals the 
involvement of activated fibroblasts. The end result 
is that the patient with VKC may develop tarsal 
scarring despite the inflammation being quiescent. 

Widespread expression of ICAM-1, VCAM-1 and 
E-selectin in the conjunctiva was found in all aller- 
gic eye diseases. To investigate the lymphokines po- 
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I ELAM histamine (+) - - 
Fig. 1. Schematic representation of the possible events taking place during allergic ocular reactions. 

tentially secreted by the activated T-cells, in siru hy- 
bridisation histochemistry with ribo-probes specific 
for human lymphokine (messenger) mRNA was 
used. Large amounts of IL-3 mRNA and IL-4 
mRNA, and even greater amounts of IL-5 mRNA, 
were present in both VKC and AKC, whereas IL-2 
mRNA production was associated only with AKC 
and was not a feature of VKC. 

Potential treatments for VKC include a variety of 
different therapeutic approaches. Typically, most of 
these patients remain on sodium cromoglycate dur- 
ing the inactive stage, with topical steroids playing a 
major role during exacerbations. Cyclosporin eye 
drops have also shown benefits 13. Cyclosporin not 
only has a suppressive effect on T-cells but also on 
eosinophils, which should make it a useful drug for 
VKC. Major basic protein (MBP) secreted by the 
activated eosinophils has a direct effect on the cor- 
neal epithelium and may be one cause of the corneal 
problems that are seen; in addition, it causes mast 
cell degranulation and can potentially perpetuate the 
inflammatory cycle. One theoretical problem to bear 
in mind is that cyclosporin has been shown to 
upregulate (transforming growth factor) TGF-P 
mRNA" and, in disorders which have a scarring 

tendency anyway, it is important not to control the 
inflammation at the cost of increasing scarring: that 
may be too high a price to pay. The mast cell sta- 
bilising drugs sodium cr~moglycate'~, nedocromil 
sodium" and lodoxamidet6 can also inhibit acti- 
vated eosinophils, and the two more recent com- 
pounds have shown better clinical activity than so- 
dium cromoglycate in patients with VKC '', '*, 
perhaps due to greater activity against eosinophils 
and mast cells. 

The cellular mechanisms involved in allergic eye 
disorders in general are summarised in Fig. 1. Sight- 
threatening, chronic allergic keratoconjunctivitis may 
involve two different types of mechanism. In AKC, 
the T-cell is almost certainly the primary effector cell, 
and ongoing studies will provide more information 
about this. In VKC, the T-cells may drive the eosi- 
nophils, which then cause the major pathological 
changes. Taking into account all the other cell types 
that are present, these are the factors that should 
direct the approach to therapy for the future. In 
collaboration with Stephen Holgate from Southamp- 
ton, these two groups hope to find better ways of 
managing the patients with these sight-threatening 
disorders. 
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