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Summary 

The immunohistopathological findings of enucleated eyes and immunological 
abnormalities in several clinical disorders which result in intraocular inftammation 
are presented. With current immunological techniques, it is possible to define the 
type and activation status of the cells infiltrating the tissues. In all eyes examined, the 

predominant cell type was of activated CD4+ T-cells suggesting that the mechanisms 
involved in the perpetuation of the inOammatory response are similar and it is the 
initiating events which are likely to determine the site of pathology. The effects of 
activated CD4+ T-cells and the lymphokines they secrete in the chronic inOamma
tory process in the ocular tissues are discussed. 

Ocular inflammation can occur in patients 
with systemic disorders such as sarcoidosis 
and Beh�et's disease or can be localised to the 
eyes as in sympathetic ophthalmia and pars 
planitis. Many of these disorders have charac
teristic features recognisable clinically but the 
causes are unknown. The patient often 
requires immunosuppressive therapy to con
trol the inflammatory response so as to limit 
the damage to the ocular tissue. Autoimmune 
mechanisms are thought to be involved in the 
initiation and/or perpetuation of the inflam
matory response although the exact role in the 
pathogenesis is unknown. With the advent of 
immunohistochemical staining with mono
clonal antibodies to cell surface markers, 
much more is now known about the cell types 
infiltrating the inflamed eyes in these 
conditions. 

Many of the inflamed eyes which have been 
examined immunohistopathologically have 
been enucleated at the end stages of the 

disease processes, after the development of 
complications and/or after systemic immuno
suppressive therapy. The findings are there
fore of one time point and may reflect 
different pathology to that seen in the acute 
phase of the disease. With that proviso in 
mind, the findings in several clinically recog
nised ocular inflammatory states will be pre
sented and discussed. 

Sympathetic Ophthalmia 
This disorder has been known about since the 
time of Hippocrates and the initiating factors 
are still not known. It is defined as a bilateral 
inflammation of the entire uveal tract which 
follows perforating injury to one eye, either in 
the form of trauma from a penetrating injury 
or following intraocular surgery. In 90% of 
cases, the inflammation occurs within one 
year of the injury with 65% occurring within 
the first two months.1 More uncommonly 
many years may elapse before the onset of the 
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inflammatory process. Clinically, there is a 
bilateral panuveitis with choroidal thickening 
and optic nerve swelling. Dalen-Fuchs nod
ules characteristically occur in the periphery 
and appear as whitish-yellow spots at the level 
of the retinal pigment epithelium (RPE). 2 The 
disease usually follows a relapsing course and 
treatment is aimed at immunosuppression 
usually with steroids in the first instance but 
other drugs such as azothiaprine, cyclophos
phamide and cyclosporin maybe useful. 3 

Histopathologically, there is a diffuse non
necrotising granulomatous inflammation of 
the uvea with marked thickening of the chor
oid and relative sparing of the retina and chor
iocapillaris with similar appearances seen in 
both the injured and the sympathising eye. 
The choroid is infiltrated by lymphocytes with 
nests of macrophages, epitheloid and giant 
cells. Dalen-Fuchs nodules, seen in 30-100% 
of cases examined depending on the series, 
consist mainly of epitheloid cells located 
between Bruch's membrane and the RPE.4 

In an American series, 32% of 28 patients 
with sympatheltic ophthalmia were found to 

Fig. 1. Sympathetic ophthalm,ia--early (a) and late stages (b). Choroid infiltrated with T-cells (arrows) of the 
CD4 + type (a) and CD8 + type (b). C=choroid RP E = retinal pigment epithelium. Frozen section. x 400 (a) x 800 
(b). 
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have the HLA-All antigen as compared to 
4% of 107 patients with ocular perforation but 
without sympathetic ophthalmia. The anti
gens HLA-DR4 and HLA-DRW53 were 
found to be highly associated with sympath
etic ophthalmia in Japanese patients. 6 Histo
logic variants related to race have been 
reported between black and white American 
patients with sympathetic ophthalmia7 but no 
difference was seen between Chinese and 
American patients. 8 

Immunohistopathologic studies of sym
pathetic ophthalmia demonstrate that the 
choroid is infiltrated mainly by T-Iymphoctes 
with a small number of B-cells and plasma 
cells. 9-11 In the eyes enucleated early in the 
disease process, the T-cells were mainly of the 
CD4+ type12 (Fig. la) and of the CD8+ type 
in later stages (Fig. Ib). In most series, there 
was no alteration of the T-cell populations in 
the patient's blood.9,1l,13 The epithelioid cells 
in Dalen-Fuchs nodules express class II MHC 
antigens (HLA-DR) and have the staining 
characteristics of bone-marrow derived his
tiocytes. 9,1O,1l,14 They may be involved in pres
enting ocular antigens to T-cells. The T-cell 
infiltration suggests that it is the cellular 
rather than the humoral arm of the immune 
response which is predominately activated. 
This was suggested previously by the demon
stration of lymphocyte transformation to 
crude extracts of uveoretinal tissue15 in 
patients with this disease. 

The inciting antigen in sympathetic oph
thalmia is still not known. Neither uveal mel
anin or uveal homogenates are im
munogenic16 but retinal extracts and in 
particular retinal S-antigen17 and interphoto
receptor binding protein (IRBP)18 are highly 
antigenic and are able to induce uveoretinitis 
in experimental animals,19 which can mimic 
several features of sympathetic ophthalmia, 
when given with adjuvants.2o Exactly how 
relevant these antigens are in man is 
unknown. It is possible that penetrating 
trauma, however, caused, may result in the 
exposure of uveoretinal antigens to conjunc
tival lymphatics,21 with infectious agents such 
as bacteria and viruses in genetically suscep
tible individuals acting as adjuvants for induc
tion of the disease. 22,23 

Vogt-Koyanagi-Harada's (V KH) Syndrome 
This syndrome occurs more frequently in 

Orientals where it accounts for 8% of uveitis 
patients24 but in Americans only 1-4% of 
uveitis patients were diagnosed as having the 
VKH syndrome. 25 The panuveitis may be pre
ceded by a prodromal phase characterised by 
headaches, orbital pain, meningism, nausea 
and examination of the CSF may show a 'pleo
cytosis. Ocular involvement is usually bilat
eral, although one eye may present first, and 
is associated with a panuveitis, optic nerve 
swelling, serous detachment of the retina and 
infiltration of both the choroid and RPE. Pol
iosis, vitiligo, alopecia, dysacousia may also 
occur. The retina reattaches with a mottled 
appearance and there may be chorioretinal 
scarring.25,26 Systemic involvement is not asso
ciated with a worse visual prognosis. 25 

In Japan, a study of 185 patients with VKH 
were reported to express the HLA-DRW53 
antigen and there was increased expression of 
HLA-DR4 and HLA-DQWa as compared to 
controls. 27 HLA typing of 17 American 
patients with VKH did not reveal any strong 
associations.28 

Histopathological examination demon
strates many features of sympathetic ophthal
mia but also obliteration of the 
choriocapillaris, focal active chorioretinitis 
and marked involvement of the RPE. 29,30 In a 
patient with longstanding disease, T-lympho
cyte infiltration was seen in the uvea and ret
ina but in contrast to sympathetic ophthalmia, 
foci of aggregated B-lymphocytes were also 
seen. 31 An increase in serum IgD has also 
been reportedY Limbal biopsies in patients 
with VKH demonstrated an increase in 
CD4+ T-cells in early stages of the disease 
and an increase in CD8+ cells at a later 
stage. 33 T-cells have also been found in the 
CSF and in skin lesions33 and an increase in 
interferon-y has been demonstrated in the 
serum and CSF of patients with VKH.27 Anti
bodies to ganglioside,z8 outer segments of the 
photoreceptors and Muller cells34 have all 
been detected as has evidence for cell
mediated immunity to myelin basic protein35 
and melanin. 36 It is postulated that an 
unknown agent such as a virus may trigger an 
autoimmune reaction to the melanocytes 
and/or neuronal elements. 

Pars Planitis 
This chronic ocular inflammatory disorder is 
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Fig. 2. Pars planitis. Immunohistochemical examination showed the main component (star) staining positively 
for GFAP monoclonal antibody. R-retina. Frozen section xiOO. 

characterised by 'snowbanks' overlying the 
pars plana, occurring particularly in children 
and young adults.37 There is often optic nerve 
swelling and macular oedema with patchy 
leakage from the retinal veins demonstrable 
on fluorescein angiography. 38 Neovascularisa
tion may occur in the region of the snow bank 
which can result in pre-retinal membrane for
mation and subsequently to traction retinal 
detachment. No genetic linkage to HLA loci 
has been identified although there have been 
reports of the disease occurring in siblings. 39 

Enucleated eyes have demonstrated 
detachment and collapse of the vitreous body 
with fibrous organisation of the vitreous 
base.40 Either no significant choroiditis or 
small focal areas of peripheral choroiditis 
were seen with low grade lymphocytic infil
tration of the pars plana.41 Examination of the 
snow bank showed that it contained vascular
ised condensed vitreous collagen with inter
spersed chronic inflammatory cells and 
hyperplastic non-pigmented ciliary epithe
lium together with fibroglial tissue. It was sug
gested that the snowbank arose from a 

common inflammatory process involving both 
the peripheral retina and the vitreous base.42 

An immunohistopathological study of an 
eye with end-stage pars planitis demonstrated 
an influx of CD4+ T-cells into the pars plana, 
snowbank and around the retinal vessels. 43 
Few of the T-cells had demonstrable IL-2 
receptors. Normal peripheral blood T-cell 
populations were found. B-cells were seen in 
the iris and ciliary body but not in the snow
bank or pars plana. The snowbank stained 
heavily with antibodies against glial fibrillary 
acid protein (GFAP) and Mi.iller cells (Fig. 2) 
suggesting that glial elements are involved in 
the snowbank. Type IV collagen and laminin 
were the major collagen glycoproteins in the 
snowbank and these are known to be formed 
by glial cells rather than fibroblasts.42 This 
suggests that the snowbank may be formed 
from glial elements in the peripheral retina. 

Mi.iller cells are known to proliferate in 
vitro in response to factors produced by acti
vated T-cells44 suggesting that the snowbank 
formation might be stimulated by the inflam
matory process. These cells can also present 
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antigens to T-celIs45 and therefore can contrib
ute themselves to the inflammatory process. 
Why this type of ocular inflammation stimu
lates a glial response whereas it is uncommon 
in other types is completely unknown. 

Sarcoidosis 
Sarcoidosis is a systemic granulomatous dis
order of unknown aetiology. 46 Hilar lympha
denopathy and pulmonary infiltration are 
common findings but many organ systems can 
become involved including skin, joints, liver 
and central nervous system. In the eye there is 
usually an anterior uveitis classically with 
mutton-fat keratic precipitates, vitritis and 
retinal vasculitis.47 The retinal vessels may be 
sheathed and show patchy leakage of dye on 
fluorescein angiography. Branch vein occlu
sions can occur. Retinal and macular oedema 
may occur and retinal granulomas may extend 
into and involve the choroid.48.49 The optic 
nerves can be involved by extension from the 
retinal inflammatory process, by granulomas 
primarly affecting the nerve itself or from 
raised intracranial pressure due to CNS 
involvement. 

In the peripheral blood, there is a general
ised lymphopenia with a marked reduction in 
the number of T-helper cells, a decreased 
response to mitogens and depressed B-cell 
function. 50 Histopathologically, sarcoidosis is 
characterised by non-caseating granulomas 
mainly composed of macrophages, epithe
lioid cells and giant cells surrounded by a rim 
of lymphocytes. 46 An infiltrate of CD4+ 
T-cells was found in the lungs, liver, skin, 
lymph nodes and conjunctiva of patients with 
active sarcoidosis. 51 

An eye from a patient with active sarcoido
sis was enucleated as it had become blind and 
painful as a result of severe intraocular inflam
mation and underwent immunohistopatho
logical examination. 52 Within the granulomas 
found in the retina and uvea, 90% of the 
T-cells were of the CD4+ phenotype (Fig. 3). 
Less than 10% of the total T-cells were CD8+ 
and these were confined to the lymphocyte 
cuff and were not within the granulomas. 
Lymphocytes both within and around the 
granuloma had demonstrable IL-2 receptors 
as did the epithelioid and giant cells. Class II 
MHC antigens were diffusely distributed over 

the granuloma. T-cells and activated macro
phages were closely associated within the 
granuloma and binding of anti-interferon-y 
antibody was found in the granuloma. Very 
few B-cells were seen and those were at the 
periphery of the granulomas. These findings 
suggest that the T-cells seen in the granulomas 
are activated and secreting both IL-2 and 
interferon-y. The macrophages were found to 
express class II MHC antigens suggesting that 
they are involved in antigen presentation to 
the T-cells. 

A ring of CD8+ cells was present surround
ing the granuloma and it is tempting to think 
that these cells are acting to restrict the cell
mediated immune response. 53.54 The tissue 
findings including those described in the eye, 
suggest that sarcoidosis is a disease of height
ened cell-mediated immune activity in 
affected tissues. This results in massive 
recruitment of CD4+ T-cells from the periph
eral blood and the cutaneous energy seen on 
PPD testing in patients previously immunised 
with BCG.55 

Beh"ets Disease 
This disorder is characterised by an occlusive 
vasculitis and can affect many different organ 
systems. There are several forms of this 
disease which can overlap. The type of disease 
with mainly ocular features is said to be asso
ciated with HLA B51, a sub-type of B5.56 
HLA-B12 is associated with the type which 
affects mainly the skin and mucous mem
branes. 57 All forms may be associated with 
mouth ulceration which is a classic diagnostic 
feature. The ocular disease is characterised by 
a panuveitis and occlusive retinal vasculitis, 
classically with hypopyon.58 A viral cause, 
particularly a herpes virus, has been impli
cated many times as the causative agent in 
Beh<;ets disease. 59/)() but this remains unpro
ven. However, whether the disease process is 
initially triggered by infection with herpes 
simplex or another virus is unknown. 

More recently, streptococcal antigens have 
been found in the lesions (aphthous ulcer and 
skin lesion) of Beh<;ets disease and lympho
cytes from these patients proliferated in vitro 
when cultured with the streptococcal antigen. 
It was suggested that in Beh<;ets disease, 
insufficient anti-streptococcal antibodies 
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Fig. 3 Sarcoid. Ciliary body infiltrated with CD4+ T-cells (arrows). Frozen section x 400. 

were formed so that there was not adequate 
neutralisation of the streptococcal antigens. 
Other groups have found increased circu
lating IgA reacting to streptococcus pyogenes 
antigen, and a significantly higher level of IgA 
in the circulating immune complexes in serum 
from patients with Beh�ets disease. Although 
skin testing with streptococcus antigen was 
unhelpful, lymphocytes from patients with 
Beh�ets disease showed a higher stimulation 
index to the same antigen when co-cultured in 
vitro, suggesting sensitisation of the lympho
cytes to this antigen.61 The significance of 
these findings is uncertain. Some features of 
the ocular disease seen in Beh�ets disease 
were seen in rats after immunisation with 
polysaccharides extracted from the cell walls 
of S. Pyogenes. 62 

Complexes of IgG and the complement 
components C3 and C5 have been found in 
the aqueous humour63 which are thought to be 
chemotactic for polymorphonuclear leuco
cytes. Circulating immune complexes and 
altered levels of C3 may be found in the serum 
of patients with Beh�ets disease.64 Shimada65 
found an acute reduction in complement 

levels immediately prior to an attack and sug
gested it was being taken up by tissue bound 
immune complexes. It has been shown that 
there is enhanced neutrophil migration as a 
result of immune complex mediated damage 
to the endothelial cells of the blood vessels 
and in vitro, colchicine can block the 
enhanced migration of lymphocytes induced 
by serum from Beh�et's patients. This may 
account, in part, for the therapeutic effects of 
colchicine seen in some of these patients.66 

No impairment of cell-mediated immunity 
was detected in patients with Beh�ets disease 
as determined by skin testing with PPD and 
mumps although a decrease in total numbers 
of T-cells has been reported. A lower T4:T8 
ratio was seen in the peripheral" blood in 
patients with one or more of the major mani
festations of Beh�ets disease including uvei
tis. Abnormal B-cell function with increased 
amounts of circulating IgG, IgA, IgM, 
reduced natural killer cell activity and a 
decreased ability of their T-Iymphocytes to 
produce and respond to IL-2 have also been 
reportedY 

Histological examination of the retina 
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reveals numerous areas of vascular occlusion 
affecting both the arteries and veins. The 
superficial layers of the retina may undergo 
necrosis and there is atrophy of the nerve fibre 
layer secondary to the progressive ischaemia 
and loss of blood-supply. The affected retinal 
vessels show thickened basement membranes 
with mucopolysaccharide deposition. Throm
bus is present in the vessel lumen and the area 
around the vessel is infiltrated with polymor
phonuclear leucocytes and lymphocytes. 68 

Although no eyes have to date been exam
ined immunohistopathologically, biopsies of 
erythema nodosum-like skin lesions have 
been taken.69 Early lesions were characterised 
by large numbers of infiltrating lymphocytes 
and macrophages particularly in the perivas
cular areas. Sixty to eighty per cent of the lym
phocytes were found to be T-cells of the 
CD4+ type with 20-40% of the T-cells being 
of the CD8+ type. NK cells were found in the 
infiltrate in 50% of biopsies examined and 
only constituted 5% of the total cellular infil
trate. B-cells were not present. In older 
lesions, the pathological picture was much 
more varied and the infiltrate consisted 
mainly of neutrophils rather than lympho
cytes. Similar examination of oral ulcers 
within three days of development, also 
showed a predominance of T-Iymphocytes in 
the infiltrate with less than 15% of the total 
cells being B-cells. Equal numbers of CD4+ 
and CD8+ cells were seen in this study.70 

Discussion 
Although these studies give no information 
on the aetiology of these inflammatory dis
orders, they do implicate the CD4+ T-cell as 
playing a major role in the active inflamma
tory lesion. Few B-cells are seen in the tissues 
apart from in the study of the eye with VKH 
syndrome but even in this eye, T-cells still 
greatly outnumber the B-cells. Class II MHC 
antigens were demonstrated to be present in 
some resident cells of the eyes suggesting that 
there is active presentation of antigen to the 
infiltrating T-cells. 

CD4+ T-cells have been shown in vitro to 
be functionally heterogeneous and recently, 
murine CD4+ T-cells have been divided into 
two groups (ThJ and Thz) based on which lym
phokines they are able to secrete since the 

latter determine the function of each T-cell. 
ThJ cells secrete IL-2, interferon-y and lyln
photoxin whereas Thz cells secrete IL-4. IL-2 
production is important as it has many func
tions including the maturation of class I MHC 
restricted cytotoxic T-cells. Interferon-y 
induces class II MHC expression and thereby 
enhances local antigen presentation. ThJ 
CD4+ T-cells may also be cytotoxic but will 
only kill target cells expressing class II MHC 
antigens. Lymphotoxin is thought to be one of 
the cytotoxic lymphokines secreted by these 
cells although it is not the only one.71 IL-4 is a 
B-cell maturation lymphokine and 'helps' in 
antibody production by B-cells. The situation 
in man appears not so clear cut, at least in vit
ro as CD4+ T-cell clones have been found 
which secrete both IL-2 and IL-4.72 The in 
vivo situation requires further clarification 
and it is not known whether the CD4+ T-cell 
is itself an effector cell or whether its main 
function is to recruit into the tissues other cell 
types which actually do the damage. 

Current theories of autoimmune diseases, 
suggest that their aetiology is likely to be a 
complicated mixture of genetic, immunologic 
and viral factors. These factors may deter
mine the site of the disease process and there
fore its clinical features. If the means by which 
these diseases are perpetuated in the tissues 
can be elucidated, it may be possible in the 
future pharmacologically to switch off lym
phokine production by these activated CD4+ 
cells and prevent further damage occurring. 
Cyclosporine is a start in that direction as it 
prevents IL-2 production and release. Until 
that time, these patients are given intensive 
immunosuppressive therapy with all its 
accompanying problems and many will still 
lose their vision. 

Copyright permission obtained for this article from 
Kluwer Academic Press Ltd. 
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