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Phenotypes of conjunctival inflammatory cells in
sarcoidosis

A Karma, E Taskinen, H Kainulainen, M Partanen

Abstract
Phenotypes of the infiltrating mononuclear
celis of the lower fornix conjunctiva of nine
patients with sarcoidosis and six controls were
studied using monoclonal antibodies and a
modified immunoperoxidase method. Four
patients had sarcoidosis of recent onset
(duration of 2 years or less) and five patients
had a chronic disease (duration of 3 or more
years). The inflammatory celis in the sarcoid
conjunctival specimens were predominantly T
lymphocytes, the vast majority of which were
of T helper/inducer subtype expressing Leu-
3a+3b positivity. The ratio ofT helper/inducer
cells to T suppressor/cytotoxic celis was 3*9 on
average but only 0-9 in controls. Epithelioid
celi granulomas were seen in three specimens
in one case of recent onset and in two chronic
cases comprising a marked amount (more than
15 celis/visual field) of celis bearing phenotypes
of macrophages, T celis, T helper/inducer
celis and HLA-DR antigen, and in smalier
quantities ofT suppressor/cytotoxic celis. The
mean number of all immunocompetent cell
subtypes of specimens from newly diagnosed
patients exceeded that of specimens from
chronic patients. We believe that the sarcoid
immune reaction in the conjunctiva is a
dynamic process in which proliferation of
immunocompetent mononuclear celis
precedes the stage ofgranuloma formation.

Sarcoidosis is a lymphoproliferative disease of
unknown aetiology characterised by widespread
epithelioid cell granulomas in more than one
system. Bilateral hilar lymphadenopathy and/or
pulmonary infiltration are seen in nearly every
patient but any organ or tissue can be affected.'
In three large clinical series consisting altogether
of 1623 patients with sarcoidosis the frequency of
ophthalmic manifestations varied between 25
and 38%.24

Patients with active sarcoidosis often show
enhanced humoral immune activity with hyper-
reactivity of B-cells, raised immunoglobulin
levels, and circulating immune complexes.5
However sarcoidosis is above all a disease of
increased immunological activity at specific
disease sites leading to lymphocyte infiltration,
monocyte recruitment, and granuloma
formation.6 By monoclonal antibody techniques
it has become possible to differentiate the pheno-
types of the immunocompetent cell sub-
populations in sarcoid tissues. These studies
concerning mainly pulmonary67 but also extra-
pulmonary8-'2 sarcoid involvements revealed the
central role of the T helper cells in initiating
and modulating the granulomatous inflammatory
response and the close interplay between the T
helper cells and activated macrophages.63

There are only a few studies concerning the
utilisation of monoclonal antibodies in detecting
the immunocompetent cells in conjunctival
sarcoidosis.8'4 However the conjunctiva is an
integral and active participant in the immuno-
logical defence system of the eye'516 and it is
easily accessible for this kind of a study. By
conventional histological examination Karma2
found epithelioid cell granulomas in 17% of all
218 conjunctival biopsies and 33% of the chronic
cases in her unselected sarcoid population.
Furthermore Kargioglu and Brear'7 identified
granulomas in 71% of the sarcoid cases by
random bilateral biopsy techniques. The purpose
of this study was to examine with monoclonal
antibodies the infiltrating cell profile in the
conjunctiva of patients with recent onset and
chronic sarcoidosis.

Patients and methods
Nine sarcoid patients (seven females and two
males) aged 27 to 67 mean 52 (SD 13) years and
six control patients aged 18 to 73 mean 46 (SD
22) years were studied. The clinical features of
the sarcoid patients are shown in Table 1. Four
patients (cases 1 to 4) had sarcoidosis of recent
onset (duration 2 years or less) and five patients
(cases 5 to 9) had chronic disease (duration 3
years or more). All individuals also had extra-
thoracic sarcoid manifestations in addition to
pulmonary changes. In six patients sarcoidosis
has been verified histologically. Four patients
had uveitis two ofwhom additionally had retinal
vasculitis (cases 6 and 7) and one patient also had
an optic disc granulomatosis (case 7). One patient
(case 2) without uveitis had a choroidal
granuloma of suspected sarcoid origin. Patient 1
presented with a huge iris node. All subjects
were assessed as having an active sarcoidosis
based on clinical symptoms and/or elevated
serum angiotensin converting enzyme (SACE).
The chronic patients had higher mean SACE
value (195 (SD 72) units/l) than the newly
diagnosed individuals (81 (SD 27) units /1,
p=0021). Four patients (cases 1, 6, 7, and 9)
were receiving systemic prednisolone therapy
and two additional individuals (cases 1 and 5)
were receiving topical dexamethasone at the time
of the conjunctival biopsy.

In two patients (cases 6 and 8) the conjunctiva
of the lower fornix looked quiet on slit-lamp
examination, but in seven patients follicles in the
lower fornix were seen and assessed as typical of
sarcoidosis (Fig 1) in four patients (cases 4, 5, 7
and 9). We either biopsied one of the follicles or
took a piece measuring 2 x 2 x 3 mm on average of
the normal looking lower fornix conjunctiva.
Forniceal conjunctival tissue was also obtained
from six non-sarcoid patients undergoing
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Table I Clinicalfindings in nine patients with sarcoidosis

Systemic
SACE (unitsll)* prednisolone

Age Duration of Site of Abnormal Other
Case (years) disease histological chest sarcoid at the time ofthe
no. sex (years) verification x rays manifestations conjunctival biopsy

1 27,M <1 Bronchial Yes Nodular iritis, 60 Yes
mucosa joint symptoms

2 67,F <1 Mediastinal Yes Choroidal 114 No
lymph node granuloma

3 41,M 1 - Yes Neurological 57 No
symptoms

4 49,F 2 - Yes Erythema nodosum 93 No
5 57,F 3 Lung Yes Uveitis, lacrimal gland 106 No

affection, peripheral
neuropathy

6 56,F 7 - Yes Uveitis, retinal vasculitis 212 Yes
7 44,F 10 Bronchial mucosa, Yes Uveitis, lacrimal gland 135 Yes

lacrimal gland, affection, optic disc and
skin, gallbladder choroidal granulomas,

retinal vasculitis,
hypophysis-hypothalamus
lesion in CT, lupus pernio,
cholecystopathia

8 66,F 11 Lung Yes Peripheral 270 No
lymphadenopathy, parotid
affection, erythema
nodosum

9 58,F 16 Mediastinal and Yes Lacrimal gland affection, 254 Yes
peripheral lymph peripheral
nodes, skin lymphadenopathy, lupus

pernio

*Serurm angiotensin-converting enzyme, range ofnormal values 35-155 units/l.

cataract (four), strabismus operation (one), or
enucleation for choroidal melanoma (one). None
of the control patients showed signs of non-
specific conjunctival inflammation but in one
patient a few follicles were seen. Consent for
the biopsy procedure was obtained from each
subject.
The biopsy specimens were snap frozen and

6 ptm thick serial sections were prepared. A
modified avidin-biotin-peroxidase technique'8
was utilised (Zymed laboratories). Dilution of

Table 2 Characterisation ofmonoclonal antibodies

Antigen
cluster Dilution

Antibody designation ofantibody Predominant reactivity

Anti-Leu-4+5b CD3, CD2 1:15 Tcells
Anti-Leu-3a+3b CD4 1:2 T helper/inducer cells
Anti-Leu-2a CD8 1:30 T suppressor/cytotoxic cells
Anti-Leu-14 CD22 1:4 B cells
Anti-Leu-7 - 1:20 NK (natural killer) cells
Anti-Leu-M5 - 1:40 Monocytes, macrophages
Anti-HLA-DR - 1:60 B cells, monocytes

macrophages, activated T cells

the primary monoclonal antibodies (Becton
Dickinson Monoclonal Center) and their specifi-
cities are shown in Table 2. The secondary
antibody was biotinylated horse anti-mouse IgG.
Human lymph node served as a positive control.
Two sections ofeach cell surface marker (primary
antibodies) were prepared. One section was
counterstained with Harris haematoxylin and
the other was left unstained.
We scanned through all the specimens and

depending on the size data were collected from
10 to 90 different consecutive x40 high power
visual fields. The average number of positive
cells/visual field for each primary antibody was
obtained by dividing the total number of
positively stained cells by the total number of
visual fields counted. In addition the areas of
granulomas and follicles were evaluated separ-
ately. The total number ofpositively stained cells
in the area of granuloma/follicle was divided by
the number of visual fields covering the
granulomatous/follicular structure. The number
of positively stained cells/visual fields was semi-
quantitatively determined in the area of the
granuloma/follicle with the positivity being
graded as follows: negative zero cells; mild from
one to six cells; moderate from seven to 15 cells;
and marked more than 15 cells. Statistical
analyses were performed using the one-way
analysis of variance.

Results
The phenotypic profile of the infiltrating
mononuclear cells in the conjunctival specimens
and that in the granulomatous/follicular areas of
the sarcoid patients are shown in Tables 3 and 4.
The inflammatory cells in the sarcoid conjunc-
tival specimens were predominantly T lympho-
cytes identified by staining with anti Leu-4+5b
antibody. The vast majority of the T cells were,
in all specimens except one (case 6), ofT helper/
inducer subtype expressing Leu-3a+3b

Figure I Yellowish nodes
typical ofsarcoidosis in the
lowerfomnix conjunctiva
(arrows).
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Table 3 Phenotypic profile ofthe inflammatory cells in the conjunctiva ofthe sarcoid patients

Leu-3a+b
Case
No Leu4+5b Leu-3a+3b Leu-2a Leu-2a Leu-14 Leu-7 Leu-M5 HLA-DR

1 15-8 15-3 2-8 5-5 15-7 1-4 1-0 16-6
2 23-0 77-9 25.9 3-0 15-2 0-7 7-7 22-2
3 65 1 40 4 6-6 6-1 80-6 1i5 9 7 80-0
4 25.4* 56 6 17-0 3-3 19-3 0 24-4 140-8
5 42-9 40-8 3-1 13-2 6-2 0-2 5 9 11*8
6 8-3 3-8 2-5 1-5 0 0 0.1 2 7
7 20-1* 15-1* 4-1* 3.9 1*4 0 12-7 26.6*
8 7-8 8-7 1-9 4-6 1-1 ND 2-4 55
9 20-6* 15-6* 3-7* 4-2 05 ND 4 2 3-7*

Mean (SD) no ofpositively stained cells in
All 25 4 (16-9) 30 5 (18-0) 7-5 (6 4) 3-9 15-6 (19-7) 0 5 (05) 7-6 (6-9) 34-4 (36 3)
Cases 1-4 32 3(22-2) 47 6(24 4) 13-1(10-4) 3-7 32 7(32-0) 0 9(0 7) 10-7(9-9) 64 9(58 2)
Cases5-9 19-9(26-5) 16-8(14-3) 3-1(0-9) 5-7 1-8(2-3) 0-1(0-1) 5-1(4-8) 10-1(9-9)
Ratio
(cases 1-4/
cases5-9) 1-6 2-8 4-2 0-6 18-2 90 2 1 64
p valuet 0-269 0-067 0 039 0-994 0-002 0 099 0-391 0-024

* Indicates specimen in which epithelioid cells were identified.
t Using one-way analysis of variance after logarithmic transformation of data.
ND=no data.

positivity. The mean number ofT helper/inducer
cells outnumbered the T suppressor/cytotoxic
(Leu-2a positive) cells by 3-9 times on average
being 3-7 in the newly onset patients and 5 7 in
the chronic patients. In only one specimen (case
3) did the mean number of the B cells (Leu-14
positive) outnumber the T cells. On the other
hand in four of the five chronic cases B cells were
nearly or totally non-existent.
The positively stained cells in the conjunctival

specimens were mainly located subepithelially
(Figs 2 and 3) and scattered less frequently in
substantia propria (Fig 3). A few scattered
lymphoctyes and HLA-DR positive cells were
also seen intraepithelially (Fig 3). Among diffuse
infiltrations aggregates of diverse cell subtypes
arranged more or less follicularly could be seen
in nearly every section (Figs 4-7 and Table 4).
True granulomas (Figs 5-7) were observed in

only three specimens, in one newly-onset case
(no 4), and in two chronic cases (nos 7 and 9)
(Tables 3 and 4). However epithelioid cells could
not be identified in all sections in these specimens
(Fig 5). The granulomas were composed pre-
dominantly of cells bearing monocyte (Leu-M5,
Fig 5), T cell (Leu-4+5b, Figs 6 and 7), and T
helper/inducer cell (Leu-3a+b) phenotypes. In
two cases a moderate number of T suppressor/
cytotoxic cells were identified in the granulomas
(cases 4 and 7, Table 4), but in one case (no 9)
only a very few suppressor cells were detected. In
two specimens the suppressor T cells were seen
in the periphery of the granulomas but in the
third they were seen in the middle of the

granulomas as well. All sarcoid granulomas
showed a marked positivity with anti HLA-DR
antibodies.
There was a large difference in the number of

all immunocompetent cells and their subtypes
between the newly diagnosed and chronic cases

(Table 3). The mean total numbers ofT lympho-
cytes, T helper/inducer cells, T suppressor/
cytotoxic cells, and macrophages in the patients
with newly onset sarcoidosis were 1-6-4S2 times
greater than the corresponding number of the
cells in chronic sarcoidosis. The difference was

statistically significant for T suppressor cells
(p=0067).

Furthermore the mean total number of HLA-
DR positive cells and Leu-14 positive cells (B
lymphocytes) in the newly onset cases exceeded
the corresponding number of the chronic cases

by 6-4 (p_0 024) and 18-2 (p=0 002) times
respectively.

In one control specimen taken from an evident
follicle a marked positivity (>15 cells/visual
field) of T lymphocytes and their subtypes was

seen and in another specimen from a melanoma
patient the HLA-DR positivity was marked. In
the rest of the control specimens the number of
immunocompetent cells was scanty. The ratio of
T helper/inducer cells to T suppressor/cytotoxic
cells of the control specimens ranged between
0 5 and 1 7, the mean ratio being 0 9.

Discussion
Sacks and coworkers'9 studied, using monoclonal

Table 4 Phenotypic profile ofthe inflammatory cells in the conjunctival lymphoidfollicles and granulomas

Case Leu4+5b Leu-3a+3b Leu-2a Leu-14 Leu-7 Leu-M5 HLA-DR

I +++ ++ + +++ + 0 ++
2 ++ + + ++ 0 ++ ++
3 +++ +++ ++ +++ + + +++
4 +++* +++ ++ +++ 0 +++ +++
5 0 + + ++ 0 ++ +
6 ++ ++ + 0 0 0 ++
7 ++* +++* ++* + 0 +++ +++*
8 ++ +++ + + ND + ++
9 +++* ++* +* 0 ND +++ +++*

Grading of positivity (mean number of positively stained cells/visual field): 0 (negative, zero cells), +(mild, from one to six cells),
+ + (moderate, from seven to 15 cells), + + +(marked, more than 15 cells).
* Indicates specimen in which epithelioid cells were identified.
ND=no data.
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Figure 2 Case 6. Inflammatory subepithelial cells in the Figure 3 Case 2. Diffuse infiltration ofT cells
conjunctiva stained with anti T cell antibody (Leu-4+5b). (Leu-4+5b positive) subepithelially and in the substantia
E indicates epithelium and arrows indicate demarcation propria. A few positive cells are seen also intraepithelially.
between epithelium and substantia propria. Counterstained E indicates epithelium and arrows indicate demarcation
with Harris haematoxylin (x310). between epithelium and substantia propria. Counterstained

with Harris haematoxylin (x260).

Figure 4 Case 8. Aggregates ofT helperlinducer cells
(Leu-3a+3b positive) in the connective tissue ofsubstantia
propria (x 100).

FigureS Case 7. Sarcoid granulomas in substantia propria
showing marked positivity with antimacrophage antibody
(Leu M5) (x 100).

Figure 6 Case 4. Sarcoid granuloma in substantia propria Figure 7 Case 4. Enlargement ofFig 6. There were many
showing marked positivity with anti T cell antibody fewer T cells among the central core ofepithelioid cells.
(Leu-4+5b). A vast majority of Tcells were of Thelperl Counterstained with Harris haematoxylin (x310).
inducer subtype. Counterstained with Harris haematoxylin
(X JUt).

antibodies, the lymphocytic subpopulations of
normal human conjunctiva and found that the T
cells were the preponderant cell type with the
greatest density in the substantia propria of the
forniceal region and with a slight excess of T
suppressor cells over the T helper cells there.
Bhan and coworkers20 on the other hand stated
that in diseased conjunctiva such as in ocular
pemphigoid, vernal conjunctivitis, and Mooren's
ulcer the helper/inducer cells formed a major
component of the T cell population and only in
graft-vs-host disease did the T suppressor/cyto-
toxic cells outnumber the T helper cells in the
cellular infiltrate of the conjunctival specimen.
We did not have conventional histological

sections of the conjunctival specimens to be

compared with the frozen sections and not all the
sections and stainings were fully successful.
Epithelioid cell granulomas were found in only
three specimens which could definitely be
regarded as being of sarcoid origin. However
because all patients had an active multisystem
sarcoidosis we presume that the composition of
the immunocompetent conjunctival cell popu-
lation of all specimens had been modified by the
sarcoid reaction.

In the present nine sarcoid conjunctival
specimens the T cells represented the main cell
type, and among them the mean ratio of the T
helper/inducer to T suppressor/cytotoxic cells
was nearly fourfold. This finding indicates that
the T helper cells are actively involved in the
local cell-mediated immune reaction in the con-
junctiva in sarcoidosis, and this is in agreement
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with the findings of others concerning pul-
monary,7'8 skin,'0' peripheral lymphonodal,9 12 21
intrabulbar,22 and conjunctival' '4 sarcoidosis. It
can be suggested that in active sarcoidosis the
conjunctiva like any other tissue can be a target
site for the T helper cells to be compart-
mentalised. Agni and coworkers'4 in their series
of 26 sarcoid conjunctival specimens from
patients with a duration of sarcoidosis from 6
months to 18 years counted a much higher excess
of T helper cells over T suppressor cells ranging
from seven to 36-fold. This indicates that their
patients had a more active sarcoidosis than our
patients at least at the conjunctival level. How-
ever their method ofcounting the positive cells as
well as their selection of patients may have
differed from ours.

Bronchoalveolar lavage studies have shown
that lungT lymphocytes mainlyT helper/inducer
cells release lymphokines such as macrophage
migration inhibitory and various macrophage
activating factors that interact with monocytes/
macrophages to assist in the formation of a
granuloma.68 The same cascade of events can be
supposed to occur in the affected conjunctiva in
active sarcoidosis. In our sarcoid conjunctival
specimens the number of macrophages was only
a third ofthat ofT cells. Apparently macrophages
do not belong to the normal cellular population
of the conjunctiva,'9 and they are only second-
arily drawn to the site of the conjunctival
immune reaction. In contrast the pulmonary
alveolar spaces of healthy non-smoking persons
harbour mainly macrophages (more than 90% of
cells in bronchoalveolar washings).8 Thus it is
conceivable that in the alveolar tissue there is
readiness to initiate the formation ofgranulomas.
In the conjunctivae the granulomas possibly
develop slowly under the influence of the
continuous presence ofantigen(s). Ifthe assumed
antigen exposure at the conjunctival level does
not last long enough the local cell-mediated
immune reaction may be extinguished before full
evolution of granulomas takes place. This
hypothesis is supported by the study ofAgni and
coworkers'4 who have shown the evolution
pattern of the sarcoid conjunctival reaction from
a small collection ofmacrophages surrounded by
a few T helper lymphocytes to multiple aggre-
gates of epithelioid and giant cells and a varying
number of lymphocytes constituting dense
cellular infiltrates.

Interestingly all inflammatory cell subtypes in
the specimens from our newly diagnosed patients
were more numerous on average than those in
the specimens from our chronic patients. The
increase of all immunocompetent cell subtypes
may belong to the initial and active phase of
sarcoid conjunctival reaction. The same pheno-
menon has been demonstrated in early and active
intraocular22 and extraocular" sarcoidosis as well
as other active cell mediated immune disorders,
for example sympathetic ophthalmia,23 and has
been suggested to be a by-product ofthe complex
chemotactic factors liberated at the reaction site.
Marked HLA-DR positivity in the conjunctival
specimens ofour newly diagnosed patients is also
in keeping with this idea. HLA-DR is a marker
considered vital in initiating immune response
and is found in macrophages, B lymphocytes,

and activated T lymphocytes.24 The excess of B
cells in the conjunctival specimens from our
newly diagnosed patients was especially high -
18-fold. This may result from the polyclonal
activation of the B cells at the conjunctival level.
A phenomenon comparable with this is demon-
strated in active pulmonary sarcoidosis.5

In our chronic specimens there were mainly
T cells with a mean excess of the T helper/
inducer cells 5-7-fold over the T suppressor/
cytotoxic cells in addition to macrophages and
epithelioid cells concentrating in two cases in the
granuloma areas. Consequently T helper cells
seem to be essential both in the early and in the
chronic conjunctival sarcoid reaction. We have
shown previously25 that conjunctival granulomas
confirmed by a conventional histological method
may remain at the same site for years. In those
cases an equilibrium between T helper cells and
T suppressor cells evidently has been achieved.
Such an equilibrium possibly had been achieved
in our patient 7 and 9. This steady state in
chronic cases may also result in extinguishing the
assumed initial polyclonal B cell activation with a
consequent decrease of the conjunctival B cells.
Long-term treatment with corticosteroids in
three of five chronic cases may also have had a
decreasing effect on all subtypes of conjunctival
immunocompetent cells.

In conclusion our study demonstrates
variations in the cellular components in the
conjunctiva in recent onset and chronic
sarcoidosis. We believe that sarcoid reaction in
the conjunctiva is a dynamic process in which
proliferation' of the immunocompetent mono-
nuclear cells precedes the stage of granuloma
formation.
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FIFTY YEARS AGO
The Education of an Ophthalmic Surgeon

Many ophthalmic surgeons in Britain in the past
have slipped into their particular niches for-
tuitously; and not only ophthalmic surgeons, for
we remember the story of a young man waiting for
an ophthalmic vacancy becoming eventually a
distinguished obstetrician. This was a good many
years ago; but when Brudenell Carter was
appointed ophthalmic surgeon at St George's
Hospital in 1870 it was settled that part of his
hospital duties was to undertake the responsibility
of the obstetrician's holiday work. This was no
particular hardship, for as Carter had been in
general practice until he was 40 years old he was
quite competent to deal with straightforward or
difficult cases of labour. Times have changed since
then but we feel quite sure that those who have
entered specialists' work without any experience of
general practice first have missed a great deal. The
converse, when an elderly general practitioner
gives up general practice for ophthalmology, is not
at all common; but has occurred in a few instances.
BrJ7 Ophthalmol 1942; 26: 75.
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