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Interferon-y and tumour necrosis factor induce
expression ofmajor histocompatibility complex
antigen on rat retinal astrocytes

Ahmed M Abu El-Asrar, Davide Maimone, Peter H Morse, Chris Lascola, Anthony T Reder

Abstract
Cultured rat retinal astrocytes were tested by
indirect immunofluorescence staining for their
ability to express class I and II major histo-
compatibility complex (MHC) antigens under
basal culture conditions and after three days of
stimulation with two recombinant cytokines,
rat interferon-y (IFN-y) and human tumour
necrosis factor (TNFa). Under basal culture
conditions low levels of class I antigens were
detected on a small percentage of cells, but
there was no visible class II. IFN-y and TNFa
stimulation enhanced class I expression.
TNFa had no effect on class II expression,
whereas IFN-y induced the expression of class
II in a dose dependent manner. These findings
suggest that retinal astrocytes might play a part
in immunological events occurring in the
retina.
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The retina, like the central nervous system, is
considered immunologically privileged because
of the presence of a blood-retina barrier and the
lack of lymphatic drainage. Nevertheless, it can
be the target of immune mediated reactions such
as diabetic retinopathy, retinal vasculitis,'
experimental autoimmune uveoretinitis,A viral
infections such as herpes simplex, varicella
zoster, cytomegalovirus, and toxoplasmic
retinitis. Recent work has demonstrated that
brain astrocytes are involved in immunological
events occurring in the central nervous system.5"8
The immune functions of retinal astrocytes,
however, have not been studied. Some authors
suggest that they are not essential for any retinal
function.9
Major histocompatibility complex (MHC)

antigens play an important part in the initiation
of immune responses, and their expression on
retinal astrocytes could trigger or facilitate
immune functions in the retina. Class II MHC
antigens, recognised by CD4 helper and CD4
cytotoxic T cells, are necessary for antigen
presentation and for limited cytotoxic cell func-
tions. Class I MHC antigens are recognised on

target cells by CD8 cytotoxic cells, which con-
stitute the majority of cytotoxic T cells in
vivo. 10-3

Cytokines, secreted by lymphocytes and
macrophages, serve as soluble mediators of
immune cell activity and can regulate their
expression of MHC molecules. Among these
cytokines, interferon-y (IFN-y)" I'l6 and tumour
necrosis factorct (TNFa)'7 20 induce class I and
II MHC antigens on a variety of cell types in
vitro.

In order to understand the pathogenesis of
retinal immune-mediated diseases, it is neces-

sary to identify factors that enhanceMHC antigen
expression on retinal cells. We examined the
effect of the cytokines IFN-y and TNFa in
inducing the expression of MHC antigens on
cultured rat retinal astrocytes.

Materials and Methods

RECOMBINANT PROTEINS AND ANTIBODIES
Rat recombinant IFN-y was purchased from
Amgen Biologicals (Thousand Oaks, CA, USA),
and recombinant human TNFa was obtained
from Knoll Pharmaceuticals (Whippany, New
Jersey, USA). Rabbit monoclonal antibody to
human glial fibrillary acidic protein (GFAP) was
obtained from Chemicon International
(Temecula, CA, USA), and mouse monoclonal
antibodies to rat class I and II MHC (poly-
morphic) antigens were purchased from Serotec
(Oxford, UK). Secondary antibodies were
fluorescein-conjugated goat anti-mouse IgG
from Cappel Laboratories (Malvern, PA, USA),
and fluorescein-conjugated goat anti-rabbit IgG
from Tago (Burlingame, CA, USA).

CULTURE CONDITIONS
Retinas were dissected from the eyes of postnatal
day 1 Holtzman rats under sterile conditions
with the aid of a stereomicroscope, placed in
culture medium, and mechanically dissociated
by trituration through progressively smaller
needles. A suspension of approximately 2 x 106
cells in 1-5 ml of culture medium was added to
each poly-L-lysine (50 mg/l)-coated 35 mm Petri
dish (Falcon). The culture medium was Dul-
becco's modified Eagle's medium (DME) (Sigma
Chemical Company, St Louis, MO, USA)
supplemented with 10% heat inactivated calf
serum, penicillin (20 units/ml), and streptomycin
(20 mg/ml). Cultures were incubated at 370C in a
humidified atmosphere of 5% carbon dioxide-
95% air. The growth medium was changed twice
weekly. Three-week-old cultures were used
throughout this study.

Astrocytes were identified by the presence of
cytoplasmic glial fibrillary acidic protein, an
intracellular antigen unique to astrocytes.2' The
cells were fixed for 5 min in 5% acetic acid/
ethanol on ice. A rabbit monoclonal antibody to
human GFAP (1:50) was incubated with retinal
cells for 30 min on ice, followed by a 30 min
incubation with fluorescein-conjugated goat
anti-rabbit IgG (1:20). The cells were then
mounted with 60% glycerol in trometamol (tris)
buffered saline, and visualised by fluorescent
microscopy. Astrocyte cultures were >95% posi-
tive for GFAP (Fig 1).
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Figure I A GFAP+
retinal astrocyte. Cultures
were >95% GFAP+.
(Indirect
immunofluorescence
staining, x800.)

IFN-Y AND TNFa TREATMENTS
Cultures were treated with IFN-y (2-200 U/ml)
or TNFa (50 [tg/l) for three days before they
were stained. For control purposes parallel cul-
tures were maintained in the culture medium
alone.

INDIRECT IMMUNOFLUORESCENCE STAINING FOR
CLASS I AND II MHC ANTIGENS
The cells were incubated for 20 min with 5% goat
serum, followed by a 60 min incubation with
monoclonal antibodies to rat class I (1:50) or
class II (undiluted) determinants at 4°C. The
cells were then washed three times with phos-
phate buffered saline (PBS) containing 1%
bovine serum albumin and 0-02% sodium azide,
followed by a 30 min incubation with fluorescein
conjugated goat anti-mouse IgG (1:20) on ice.
After being washed three times the cells were
fixed for 10 min in 4% paraformaldehyde,
mounted in 60% glycerol in trometamol buffered
saline, and examined by inverted fluorescent
microscopy (Leitz) x 1000. As controls some
cultures were incubated with the washing solu-
tion in place of first antibody or with an irrele-
vant monoclonal antibody of the same isotype.
Neither control displayed positive staining.

Figure 2 MHC class II surface antigen detection on a retinal
astrocyte following treatment with INF-y (10 U/ml).
(Indirect immunofluorescence staining, x 800.)

Results
Untreated cultured rat retinal astrocytes
expressed low levels of class I MHC antigens in a
small percentage of cells (<10%), whereas class
II MHC antigens were not detected.
Recombinant IFN-y treatment enhanced class

I expression. The percentage of cells expressing
class I increased from a baseline of< 10 to >95%.
Following exposure to IFN-y at 2-200 U/ml.
IFN-y at 2 or 5 U/ml induced low levels ofclass II
antigen synthesis by a few cells (<10%). Maxi-
mum expression by most of the cells (>95%)
followed exposure to IFN-y at 10-200 U/ml
(Fig 2).
Recombinant TNFa at 50 [tg/l induced high

levels of class I antigens on most of the cells
(>95%). On the other hand, TNFa had no
stimulatory effect on class II antigen expression.

Discussion
These data show that in rat retinal astrocytes
under basal culture conditions low levels of class
I MHC antigens are expressed by a few cells, but
class II antigens are not expressed. IFN-y
enhances the expression of class I antigens and
induces the expression of class II antigens. In
addition, TNFa induces class I expression on
the surface of retinal astrocytes, whereas class II
expression is not affected by TNFa treatment.

Surface expression of MHC antigens is the
molecular basis for antigen presentation.'4 Class
II antigens are found on cells involved in
immune responses, including B cells, activated
human and rat T cells, and antigen presenting
cells such as macrophages. The presence of class
II antigens on these cells is associated with
antigen recognition and presentation to T cells
and the initiation of specific B and T cell
responses.2223 IFN-y from activated T cells is a
potent inducer of both class I and II antigens on
cells; brain astrocytes treated with IFN-y also
express class II antigens.5 Brain astrocytes, on
expression of class II antigens, can function as
antigen presenting cells and present antigens
such as myelin basic protein to specifically
sensitised T cells.6 By analogy with the brain,
IFN-y-induced expression of class II MHC
antigens on retinal astrocytes could allow these
cells to act as antigen presenting cells and in turn
play a part in immunological events occurring in
the retina.

Several studies have demonstrated close con-
tact between retinal astrocytes and retinal vas-
cular tissue.2F26 Accordingly, active contact
between the immune system and the retina may
directly depend on astrocyte function and makes
the astrocytes one of the first cells encountered
by intruding T cells.
TNFa is produced by mononuclear phago-

cytes27 and astrocytes28 in response to inflam-
matory stimuli. It increases expression of class I
MHC antigens on brain astrocytes,2913" but it has
no effect on induction ofclass 1IMHC molecules.
TNFa, however, augments class II induction on
brain astrocytes in conjunction with virus infec-
tion3' or IFN-y.'9 Class I MHC antigens are
particularly important for T cell recognition of
virus antigens expressed on the surface of
infected cells.32 Brain astrocytes can be suscept-
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ible targets in vitro for class-I-specific cytotoxic
T lymphocytes.33 Accordingly, class I enhance-
ment on retinal astrocytes induced by IFN-y or
TNFa may render these cells susceptible targets
for class-I-restricted cytotoxic lymphocytes.

In conclusion, our data show that IFN-y and
TNFa induce MHC antigens on rat retinal
astrocytes in culture. These cytokines could be
released by activated immune cells recruited to
the retina in response to a viral infection or
during immune mediated diseases that cause
breakdown of the blood-retina barrier. Class I
enhancement could render retinal astrocytes
susceptible targets for class-I-restricted cyto-
toxic T lymphocytes. In addition, once astro-
cytes express class II, they may function as
antigen presenting cells and induce further
expansion of T lymphocyte clones within the
retina.
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