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Cells perpetuating the inflammatory response in
scieritis

Wolfgang Bernauer, Peter G Watson, Basil Daicker, Susan Lightman

Abstract
Scieritis can be a destructive disease fre-
quently associated with autoimmune dis-
orders. It is believed that primary vasculitis
plays an important role in its pathogenesis, but
little is known about the cellular effector mech-
anisms. The purpose of this study was to
analyse the inflammatory cellular infiltrate in
scleritis. Six episcleral biopsies and two
enucleated eyes were studied. The episcleral
biopsies were taken from patients with nodular
scleritis. In one patient enucleation was done
after perforation in anterior necrotising
scleritis and, in the other after misdiagnosis of
posterior scleritis as intraocular tumour. Mor-
phological criteria and immunohistochemical
methods were used to characterise the inflam-
matory cellular infiltrate. The inflammatory
cells infiltrating the episcleral tissue were

mainly T lymphocytes and macrophages.
There was a predominance of CD4 positive
cells, but only few lymphocytes were activated
(expressed IL-2 receptor). The cells infiltrating
the scleral fibres in the enucleated eyes consis-
ted in both cases predominantly of T cells.

Clusters of B cells were found in perivascular
areas. In circumscribed areas neutrophils,
macrophages, and plasma cells were part ofthe
scleral infiltrate. Signs of a granulomatous
process with activated macrophages (epithe-
loid and giant cells) were present in necrotising
scleritis. Expression of major histocom-
patibility class II molecules (MHC II) was

found on lymphocytes and rarely on macro-

phages. Signs of primary vasculitis were not
found in any of the specimens. The cellular
infiltrate in scleritis shows, at least at certain
stages, features compatible with a T cell

mediated (autoimmune) disorder, which may
have major therapeutic implications.
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Scleritis can be a destructive disease, leading to
the loss of the affected eye from severe pain,
secondary destruction of uveal and retinal tissue,
or even perforation of the globe. It can be
classified clinically as anterior or posterior, and
anterior scleritis subdivided as diffuse, nodular,
or necrotising type of disease.'

Scleritis is occasionally caused directly by an
infective agent, but the vast majority occur de
novo without any obvious inciting agent (endo-
genous). Non-infectious scleritis is frequently
associated with autoimmune disorders. 2 Closure
ofepiscleral and scleral vessels is seen clinically in
necrotising scleritis, and abnormal vascular fill-
ing patterns were shown by fluorescein angio-
graphy in different forms of anterior scleritis.3 It
is therefore likely that vascular or perivascular

disease plays a role in the pathogenesis of scleral
inflammation. Based on immunohistochemical
findings45 there is a hypothesis that endogenous
scleritis represents a local primary vasculitis
initiated by circulating immune complexes (type
III reaction of hypersensitivity).
The purpose of this study was to elucidate

immune mechanisms in non-infectious scleritis
by analysing the composition of the inflamma-
tory cellular infiltrate in episcleral and/or scleral
tissue. With an increased understanding of the
mechanisms causing scleral disease, it will be
possible to develop the rationale for the use of
more specific immunosuppressive agents.

Patients and methods

PATIENTS
Six episcleral biopsies were studied in compari-
son with normal episclera, taken from 12 patients
undergoing cataract surgery; furthermore, two
enucleated eyes were examined.

Cases 1-6
The episcleral biopsies were taken after written
consent from six patients (one man and five
women) with nodular scleritis. They ranged in
age from 41 to 61 years (mean 50 years). All
patients underwent a clinical and immunological
evaluation, revealing no underlying disease in
five patients and rheumatoid arthritis in one
patient. All the patients had active disease, three
patients were untreated, two were on non-steroid
anti-inflammatory agents (flurbiprofen) and the
patient suffering from rheumatoid arthritis was
taking 10 mg of oral prednisone.

Case 7
This 83-year-old woman had a 2 year history of a
painful left eye. When referred to an ophthal-
mologist, anterior necrotising scleritis was pre-
sent and there was a scleral perforation. The eye
was subsequently removed. Clinical and
immunological examinations gave no evidence
for rheumatoid arthritis or another underlying
disease, and she was on no immunosuppressive
treatment when the eye perforated.

Case 8
This 28-year-old woman had an 8 month history
of a painful left eye, visual loss, and proptosis.
Computed tomography of the orbit revealed
thickening of the posterior sclera and the adja-
cent tissue. Therapy with systemic steroids was
unsuccessful and stopped after 2 months. It was
assumed that malignant neoplasia could be the
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cause of the 'tumour'. The blind eye, showing
further increase of volume, signs of intraocular
inflammation, and a totally detached retina, was
removed 3 months later. No systemic disorder
was detected.

SPECIMENS
The biopsy specimens were obtained after topical
instillation of 1% tetracaine (Amethocaine) and
perilesional subconjunctival injection of 2%
lignocaine. The diseased tissue was taken from
the clinically most inflamed area over the scleral
nodule. Normal episclera was taken, after
written consent, during cataract surgery. The
specimens were immediately fixed in acetone
plus inhibitors (2 mM phenylmethyl-
sulphonyliuoride and 20 mM iodoacetamide)
overnight at -20°C. They were then embedded
in glycol methacrylate and stored at -200C.
The two enucleated eyes were fixed in 4%

buffered formalin and embedded in paraffin.

HISTOPATHOLOGY
Episcleral specimens (1I5 [im sections) and 3 gm
sections of the enucleated eyes were studied, all
stained with haematoxylin and eosin.

IMMUNOHISTOCHEMICAL STAINING
The glycol methacrylate embedded tissue was
cut into 1-5 pm serial sections and immuno-
histochemical staining performed using the
avidin biotin complex (ABC) method, as pre-
viously described by us.' In brief, after blocking
of endogenous peroxide activity, slides were
washed in TRIS buffered saline (TBS) and
incubated for 30 minutes with culture medium
(20% fetal calf serum, 1% bovine albumin).
Appropriately diluted anti-human antibody was

placed on each tissue section. These were then
incubated overnight in a moist chamber. Slides
were washed in TBS and biotinylated secondary
antibodies applied. After washing in TBS, ABC
was applied for 2 hours. After washing in TBS,
aminoethylcarbazole was used to give a red final
reaction product, and slides were counterstained
with haematoxylin.

Serial sections ofthe paraffin embedded globes
were cut, 3 gim thick, they were dewaxed with
toluene and graded alcohols, and a slight
modification (shorter incubation time) of the
above mentioned immunohistochemical staining
technique was applied.
The following primary antibodies were used

on the glycol methacrylate embedded sections:
Anti-CD3 (Dako, High Wycombe, Bucks, UK)
for T lymphocytes; anti-CD4 (Becton Dickin-
son, Oxford, UK) for CD4-positive lymphocytes
('helper/inducer'); anti-CD8 (Dako) for CD8-
positive lymphocytes ('cytotoxic'); anti-IL2R
(Dako) for activated T lymphocytes bearing
interleukin 2 receptors; anti-CD20 (Dako) for B
lymphocytes; HLA-DR (Dako) for the expres-
sion of class II major histocompatibility
molecules; anti-CD68 (Dako) for monocytes/
macrophages; anti-IgG (Hoechst-Boehring,
92500 Reuil-Malmaison, France); and anti-C3
(Hoechst-Boehring) to study immunoglobulins

and complement components in the vessel walls.
On the formalin fixed (paraffin embedded)

sections the following antibodies were used:
anti-CD3 (Dako) for T lymphocytes; OPD4
(Dako) for the CD4 positive T lymphocyte
subset; anti-CD20 (Dako) for B lymphocytes;
MT-2 (Dako) for the expression of class II major
histocompatibility molecules; MAC387 (Dako)
for mnonocytes/macrophages; anti-IgG (Hoechst-
Boehring) and anti-C3 (Hoechst-Boehring) to
study immunoglobulins and complement com-
ponents in the vesssel walls; and
BMA-120/QBend 10 (Hoechst-Boehring) to
assess endothelial integrity.

Sections without the primary antibodies (nega-
tive controls) and tissue sections of lymphoid
tissue (positive controls) served as experimental
controls.

ANALYSIS
Morphological criteria and immunohistochemi-
cal methods were used to characterise the inflam-
matory cellular infiltrate and to assess the
presence of vasculitis. Primary vasculitis was
defined as neutrophil invasion of the vessel wall,
with fibrinoid necrosis revealed by light micro-
scopy.7 Sections of normal episclera (taken from
patients undergoing cataract surgery, embedded
into glycol methacrylate, and processed as out-
lined above) were compared with diseases
episcleral tissue. The differences in the cellular
infiltrate between normal and diseased episclera
were quantified by cell counts in three represen-
tative high power fields (x400) in the deep
conjunctival substantia propria. Unaffected
sclera and episclera of a formalin fixed and
paraffin embedded enucleated eye (control) were
compared with the globes affected by scleritis.

Results

CONTROLS
The cell counts in deep normal conjunctival
substantia propria are listed in Table 1. Studies
of normal, extravascular sclera showed very
occasional T cells, and no other cell types were
detected by the monoclonal antibodies.

THE EPISCLERA IN NODULAR SCLERITIS
(CASES 1-6)
The density of the cellular infiltrate varied
greatly among the specimens. Significant
changes in the distribution ofcells infiltrating the
deep conjunctival lamina propria were found in
the number of macrophages (CD68) (Fig 1),
T lymphocytes (CD3), and MHC II molecule
(HLA-DR) expressing cells. The results are
shown in detail in Table 1.
The increase in the mean number ofT cells was

14 times higher in the episclera of scleritis
patients over normal controls. There were sig-
nificantly increased numbers of CD4 and CD8
positive T cells. The CD4/CD8 ratio was 1-3.
The number of activate T cells was small and not
significantly increased over normal controls.
Cells expressing MHC II molecules (HLA-DR)
were lymphocytes and some macrophages. No
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Table I Enumeration ofmononuclear cell populations in the deep conjunctival substantia
propria ofnodular scleritis and normal controls (mean cell countlmm2 (SEM))

Antibody Specificity Normals (n=12) Nodular sckeritis (n=6)

Lymphocytes:
Anti-CD3 Pan T cell marker 2-4(2-9) 32-9 (18 7)*
Anti-CD4 CD4 positive lymphocytes 0 8 (0 8) 17 2 (12-2)*
Anti-CD8 CD8 positive lymphocytes 0 9 (0 9) 12-9 (10-4)
Anti-IL-2R IL-2 receptor expressing cells 0-1 (0-1) 22 (2-1)
Anti-CD20 B cells 0 (0) 0-7 (0 7)

Others:
Anti-CD68 Macrophages 2-5 (2 2) 26-6 (16-0)*
Anti HLA-DR MHC II molecules 5-1 (2-9) 65-6 (41-1)*

* p<005, by the Mann-Whitney U test in comparison with normal controls.

significant differences were found in the number
ofB cells (CD20) between patients with scleritis
and normal controls. Neutrophils, as identified
by morphological criteria, were only found
occasionally.
No signs of granulomatous inflammation or

signs of primary vasculitis were found in these
specimens. There was widespread staining for
IgG and C3, but there were no deposits of these
immunoreactants (complement fragments) in the
vessel wall.

Figure I Nodular scleritis.
Abundance ofmacrophages
in the conjunctival
substantia propria.
(Glycol methacrylate
embedded section;
anti-CD68 antibody,
immunoperoxidase reaction,
magnification x300.)
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Histological observations
The episcleral tissue and the anterior sclera
adjacent to the lesion showed increased thickness
and an intense inflammatory reaction. Granu-
lomatous inflammation (Fig 2) but no vasculitis
was found in the affected sclera. The area of
scleral perforation was filled with vitreous, con-
taining a nixed cellular infiltrate.
The composition ofthe cellular infiltrate in the

episclera was similar to that found in nodular
scleritis (,ases 1-6). The scleral cellular infiltrate
consisted of a mixture of inflammatory cells:
plasma cells and macrophages dominated near to
the scleral defect. Debris with activated macro-
phages (epitheloid cells), giant cells, and
lymphocytes formed granulomata. The lympho-
cytes involved in granuloma formation and the
cells infiltrating the scleral fibres distal to the
lesion wereT cells (CD3) (Fig 2). T cells together
with few B lymphocytes (CD20) were found
densely packed around episcleral and scleral
vessels, but not in the vessel walls. CD4 cells
were observed only occasionally. MHC class II
expression was frequently found on lympho-
cytes, and to a lesser extent on macrophages or
fibroblasts. Fibroblasts were a frequent finding
distal to the advancing lesion.

RA IN NECROTISING
;E 7)
n of the globe showed THE EPISCLERA AND SCLERA IN POSTERIOR
era and a scleral perfora- SCLERITIS (CASE 8)
I zone at 11 o'clock. The Pathological examination of the globe showed
ched, and there was a moderate and excessive thickening of the
ith haemorrhage. episclera and sclera (up to 6 mm), respectively.

There was a serous detachment of the retina.
Microscopy revealed that the thickening of the

sclera was caused mainly by newly formed sclera
collagen and the cellular infiltrate. The posterior
episclera and thickened sclera were infiltrated by
mononuclear inflammatory cells. No signs of
granulomatous inflammation were present. Pri-
mary vasculitis, as defined above, was absent. No
immunoreactant deposits (immunoglobulin,
complemented fragments) in the vessel wall or
disrupted endothelium (as identified with the
antibodies BMA-120 and QBend 10), both signs

4' t' ; ofvasculitic disease, were seen.
The cellular infiltrate in the posterior episclera

and sclera consisted mainly of T lymphocytes
QA (CD3) and fibroblasts, to a lesser extent ofplasma
s cells and macrophages (as identified with
e MAC387). The predominant cells infiltrating the
; / ^*,@: > scleral fibres were T lymphocytes (Fig 3). Many

t St !v of them were CD4 cells, as identified by the
antibody OPD4 (Fig 4). More prominent than in

.t - necrotising scleritis (case 7) was the finding of
perivascular accumulations of lymphocytes in

s both the sclera and episclera. These accumula-

In the perivascular area there was also a marked
^sv * ^ expression of MHC class II molecules on

,4 *e0 ^( lymphocytes and occasionally on macrophages
(Fig 5).

Discussion
*w,rThis study investigated the spectrum of inflam-

'PTt 5 ss 5i matory cells in episcleral and/or scleral tissue
using morphological criteria and immuno-
histochemical methods. By analysing ocular tis-

383

II,

.1.1



Bernauer, Watson, Daicker, Lightman384

sue ofpatients with uncontrolled disease we hoped
to determine some of the immune mechanisms
involved in non-infectious scleritis.,A 4IA
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Figure 2 Granulomatous inflammation in necrotising scleritis. Epithelioid and giant cells are

surrounded by a dense infiltrate ofT cells. (Fotnalin fixed tissue; anti-CD3 antibody,
immunoperoxidase reaction, magnification x47.)
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Figure 3 Posterior scleritis. The scleralfibres are predominantly infiltrated by T cells.
(Formalin fixed tissue; anti-CD3 antibody, immunoperoxidase reaction, magnification x47.)
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Figure 4 Posterior scleritis. Perivascular accumulation ofCD4 positive lymphocytes.
(Formalinfixed tissue; OPD4 antibody, immunoperoxidase reaction, magnification x47.)

This study agrees with previous investiga-
tors4"'0 who found that the cellular infiltrate in
scleritis consists largely of lymphocytes and to a
lesser extent macrophages, plasma, and giant
cells.8"' In addition to conventional histopath-
ology, a phenotypical analysis of the lympho-
cytes, using monoclonal antibodies, was
performed to allow conclusions on the role of
these cells in scleral disease. An earlier immuno-
pathological study in treated patients with nec-
rotising scleritis' had shown increased numbers
of T cells and macrophages in the sclera and
immune complex mediated vasculitis in the large
majority of specimens.
The abundance of lymphocytes was confirmed

by our study, and immunohistochemical analysis
revealed that more than 90% of them were
T cells. T lymphocytes were the predominant cells
in the episclera of nodular scleritis, and infil-
trated the scleral fibres distal to the lesion in
necrotising scleritis. They were also the predomi-
nant cells infiltrating the thickened sclera and
episclera in posterior scleritis. Of the T cell
subsets, CD4 positive cells were numerous in the
episclera of nodular scleritis and posterior
scleritis. The presence of MHC class II expres-
sing cells indicates the potential to present local
antigens to these infiltrating CD4 positive cells.
Activated lymphocytes (expressing the inter-
leukin 2 receptor) were only found in a small
number in nodular scleritis. Owing to the tissue
fixation in formalin the anti-IL-2R antibody was
not used in the enucleated eyes.

Since scleritis is associated with altered
vascular filling patterns,3 special attention was
given to the vascular and perivascular findings.
We were unable to identify fibrinoid necrosis and
neutrophil invasion of the vessel wall as signs of
primary vascultis in any of our specimens. As
did other authors8' we found perivasculitis in
some specimens. These perivascular infiltrates
were most marked in posterior scleritis and
consisted mainly of T and B cells. There was a
marked perivascular expression of MHC class II
molecules. It might, therefore, be that a peri-
vascular delayed type hypersensitivity reaction
plays a role in the pathogenesis of some forms of
scleritis. That T cell dependent immune mech-
anisms are involved in scleritis is supported by
the finding of granulomatous reactions in which
activated macrophages (epithelioid and giant
cells) play a major role. Further evidence for the
involvement of T cell mediated mechanisms is
provided by reports of successful treatment of
active scleritis with cyclosporin A. 12-14
Although there is evidence of aT cell mediated

(autoimmune) disorder at some stage of scleritis,
our study does not allow conclusions on the
initiating mechanisms of non-infectious scleritis.
This is due to the fact that when biopsy speci-
mens are investigated, the disease has already
existed for some time, and it is likely that primary
events are masked by secondary phenomena.
The T cell response shown in this study, there-
fore, may represent only a perpetuation mech-
anism, similar to the T cell involvement in some
forms of systemic vasculitis.'"" However, our
findings and the greatly varying frequencies of
leucocytoclastic vasculitis in previous studies on
scleritis tissue (ranging from 0%X to 75%')
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Figure 5 Posterior
scleritis, similar area to
Figure 4. Notice the
perivascular expression of
MHC class molecules on
lymphocytes and
occasionally on
macrophages. (Formalin
fixed tissue; antibody MT-2,
immunoperoxidase reaction,
magnification x 117.)

suggest that different pathomechanisms are in-
volved in scieral inflammation. 8 Non-necrotising
disease may represent a delayed type of hyper-
sensitivity reaction, whereas some forms of
necrotising disease are probably initiated by a

primary vasculitis.
In summary, we have shown that the cellular

infiltrate in non-infectious scleritis shows fea-
tures of a T cell mediated (autoimmune) dis-
order. Despite the uncertainty as to whether the
T cell response is restricted to the perpetuation of
this inflammation or whether autoreactive T cells
are involved in its initiation, our findings offer
justification for involvingT cell specific immuno-
suppressive agents, such as cyclosporin A or
FK506, in the treatment of scleral inflammation.
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Foundation, the Foundation Florian Verrey, the Swiss Founda-
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scheme from Moorfields Eye Hospital.
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