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Although a primary role of the retinal pigment epithelium (RPE) is the phagocytosis of aged outer
segment membranes, the RPE may also phagocytize particulates via several specific receptors that are
characteristically present on mononuclear phagocytes of bone marrow origin. In recent immuno-
phenotypic studies, CD68 monoclonal antibodies (mAb) have been shown to react selectively with a
specific 110 kDa cytoplasmic glycoprotein present in mononuclear phagocytes from various sources.
Designated as anti-macrophage antibodies that react with this macrophage-associated antigen, CD68
antibodies are now widely used for immunohistochemical identification of mononuclear phagocytes.
Using a panel of CD68 mAb (KP1l, EBM11, Ki-M6, Y1/82A, and Y2/131) we performed
immunohistochemistry on three cytospin preparations of freshly isolated human RPE cells, three primary
human RPE cultures, and 12 human RPE cell lines maintained in culture for up to 40 passages. Cytospin
preparations of freshly isolated RPE cells demonstrated heavy reactivity in 5% of cells. Five- to 7-day-old
primary RPE cultures exhibited uniform, heavy staining of all cells. Strong immunohistochemical
reactivity persisted in all 12 cell lines at various passages up to and including passage 40. Stimulation
of cultured RPE cells with interferon-gamma (100 U ml—*) for 24 and 48 hr did not produce observable
differences in CD68 staining. RPE cells failed to stain when control mAb or mouse serum were substituted
for the primary antibody. The constitutive expression of CD68 by neuroectodermally-derived RPE cells
extends their immunophenotypic similarities with mesenchymally-derived mononuclear phagocytes and
provides an additional antigenic marker to identify RPE cells in vitro.

Key words: retinal pigment epithelium; CD68: monoclonal antibodies; immunohistochemistry ;

macrophage-associated antigen.

1. Introduction

A vital role of the retinal pigment epithelium (RPE) is
the ongoing phagocytosis of aged, light-damaged outer
segment material shed from the tips of photoreceptors
on a diurnal basis. The actively phagocytic RPE also
possesses many mononuclear/macrophage features,
including the presence of receptors for Fc and C3bi
(Elner et al., 1981) and mannose 6-phosphate (Mc-
Laughlin, Tarnowski and Shepherd, 1987) as well as
scavenger receptors which mediate acetylated lipo-
protein uptake and degradation (Elner, Davis and
Elner, 1984; Hayes et al., 1989). In immuno-
phenotypic studies on cultured human RPE cells, we
confirmed the presence of RPE C3bi receptors {CD-
11b/CD18; Mac 1) and reported RPE expression of
other antigens typically present on monocyte/
macrophages, including HLA-DR, CD11c, and CD14
(Nielsen et al., 1987; Elner et al., 1989; Pavilack
et al., 1990).

At the Third Workshop on Leucocyte Differentiation
Antigens, five monoclonal antibodies (mAb), EBM11,
Ki-M6, Y1/82A, Y2/131, and 24, which reacted with
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the majority of tissue macrophages in sections of
human tissue, were originally grouped together due to
their immunoreactivity with macrophages. They were
later found, with the exception of mAb 24, to react
with different antigenic sites of the same 110 kDa
glycoprotein and were designated CD68 mAb at the
Fourth International Conference on Human Leucocyte
Differentiation Antigens (Vienna, 1989). CD68 mAb
are now used as probes to detect mononuclear
phagocytes by virtue of their reactivity with the
macrophage-associated antigen (CD68 antigen) (Mick-
lem et al., 1989).

Based on receptor and immunophenotypic simi-
larities between mononuclear phagocytes and RPE
cells, we attempted to demonstrate the presence of
CD68 antigen on human RPE cells. Using a panel of
CD68 mAb, cultured RPE cells were found to express
high constitutive levels of CD68 antigen which was
also present in a small percentage of freshly isolated
RPE cells.
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TABLE |
CD68 antigen expression by human RPE cells
Immunohistochemical staining (intensity*/ % positive cells)
CD68 Cytospin Primary Passaged
antibody preparations cultures cultures
KP1 ++ 5%) + + (100%) ++ 4+ (100%)
EBM11 ++ (5%) + + (100%) ++ + (100%)
Ki-M6 NT# + + + (100%) + + + (100%)
Y1/82A NT% + (90%) + + (100%)
Y2/131 NT# + (90%) + + + (100%)
24t — — —
* Indicates intensity of majority of cells: + + +, intense; + +, moderate; +, weak; —, no observable staining.

T No longer designated CD68; reacts with antigen distinct from CD68 {Hogg and Selvendran, 1985).

i Not tested.

2. Materials and Methods

Human RPE Cell Cultures and Primary RPE Cell
Preparations

Human RPE cells were isolated from donor eyes
within 24 hr of death using a modification of the
method of Edwards (1982) as previously described
{(Elner et al., 1990). In brief, the sensory retina was
gently separated from the RPE monolayer which was
then trypsinized (0-25%) for 30 to 40 min from
Bruch’s membrane into serum-free DMEM containing
0-02 mg ml~! DNase I (Sigma Chemical Co., St Louis,
MO). Following centrifugation and resuspension in
Dulbecco’s Modified Essential Medium (DMEM) con-
taining 15% fetal bovine serum (FBS), penicillin G
{100 U ml™), streptomycin sulfate (100 g ml™), and
amphotericin B (2-5 ug ml™') (Gibco Inc., Grand Is-
land, NY), the RPE cells were seeded into 25 cm?
Falcon Primaria flasks (Becton-Dickinson Inc., Lincoln
Park, NJ) to inhibit fibroblast growth. Cells were
passaged by trypsinization. For immunohistochemical
staining, 5 x 10* RPE cells were plated onto sterile
glass coverslips, allowed to adhere to the coverslips for
2 hr, and flooded with complete media. After 5 days,
media covering each coverslip was exchanged for
identical media containing either interferon-gamma
(IFN-y) or no stimulant.

To insure that RPE staining for CD68 was repro-
ducible, experiments were repeated using 12 human
RPE cell lines each of which displayed distinctive
morphologic features typical for RPE cells. To exclude
the possibility of contaminating cell types, the RPE
cultures were examined using various markers. The
RPE monolayers exhibited uniform immunohisto-
chemical staining for fibronectin, laminin, and type IV
collagen in a chickenwire distribution, characteristic
for these epithelial cells (Campochiaro, Jerdan and
Glaser, 1986). The RPE cells also showed avid and
uniform incorporation of fluorescently-labeled acetyl-
ated-low density lipoproteins (Elner et al., 1984 ; Elner.

1986), and failed to stain for factor VIII antigen or
with Ulex europaeus lectin (Vector Laboratories,
Burlingame, CA). Furthermore, RPE cells derived from
three of the passaged cell lines produced IL-8 when
exposed to IL-14 and TNF-«, but failed to do so in
response to lipopolysaccharide (Elner et al., 1990), a
known stimulant of IL-8 in vascular endothelial cells
(Strieter et al., 1989) and mononuclear phagocytes
{Strieter et al., 1990). Taken together these studies
indicate that our RPE cell cultures were pure and
uniform and that the results obtained were not due to
contaminating cell types such as macrophages, vas-
cular endothelium, or fibroblasts.

Three primary human RPE cell cultures from three
separate donors were used for CD68 immuno-
histochemical staining. The RPE cell lines established
from these cultures were subsequently stained at
sequential passages 2, 4, 8, and 12 for CD68 antigen
expression. At least three different passages of each of
nine other RPE cell lines passaged 2, 4, 5, 6, 8, 12, 20,
25, or 40 times were also used for CD68 immuno-
staining. To determine the effect of IFN-y on CD68
expression, three separate experiments on each of
three RPE cell lines (passages 2, 4, 5) were performed.
In these experiments, RPE cells exposed to human
rIFN-y (100 U ml™*; Collaborative Research Inc., Bed-
ford, MA) or left unstimulated for 24 or 48 hr were
stained simultaneously for CD68 antigen expression.
In all experiments, sister cultures containing near
confluent cells that had been seeded at the same
time and density from the same parent culture were
used.

To confirm CD68 immunostaining of freshly-iso-
lated RPE cells, cytospin preparations were used. RPE
cells were gently scraped from Bruch’s membrane into
DMEM, immediately placed in a cytospin centrifuge
(Shandon, Cytospin II, Sewickley, PA) for 5 min at
1000 rpm, fixed for 5 min in ice-cold acetone or
49, buffered paraformaldehyde, and permeabilized
for 10 min in phosphate-buffered saline containing
0-01 % Triton X-100 to yield glass slides with adherent,
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F16. 1. CD68 staining of primary human RPE cell cultures. A, RPE cells in primary cultures stained with Y2/131 CD68 mAb.
All cells contain heavy granular cytoplasmic reaction product, predominantly in a perinuclear pattern. Some of the RPFE cells
contained visible melanin granules. Original magnification: x 1000; immunoalkaline phosphatase-hematoxylin. B, Cultured
human foreskin fibroblasts incubated using same primary antibody fail to show any visible stain. Original magnification :

x 400; immunoalkaline phosphatase-hematoxylin.

intact, densely pigmented RPE cells containing charac-
teristic and easily recognizable pigment granules.

Immunohistochemical Staining for RPE Cell CD68
Antigen

To detect CD68 antigen in human RPE cells, two
immunohistochemical techniques were employed. Im-
munoperoxidase staining was performed on cultured
RPE cells and freshly-isolated RPE cytospin prep-
arations that were fixed in ice-cold 4% buffered
paraformaldehyde for 5 min and permeabilized for
10 min. Endogenous peroxidase activity was blocked
with 50% methanol containing 1-5% H,0, for 20 min

and RPE cells were overlaid with 10% normal rabbit
serum to block non-specific staining. Primary incu-
bations were then performed using one of the following
CD68 mAb: KP1, EBM11 (both 1:500 dilution of
ascites, Dako Corp., Carpinteria, CA), Ki-M6, Y1/82A,
and Y2/131 (all 1:100 dilution of ascites from the
Third Workshop on Leucocyte Differentiation Anti-
gens, Oxford, 1986) (McMichael, 1986). The cell
preparations were then incubated sequentially with
secondary biotinylated rabbit anti-mouse antibody
(1:250 dilution; Dako), streptavidin-biotinylated
horseradish peroxidase complexes (Dako), and a sub-
strate solution containing 3-amino-3-ethyl-carbazole
(0-5 mg ml™!; Sigma) and 0-01% hydrogen peroxide
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Fia. 2. For legend see facing page.

in 0-1 M acetate buffer, pH 5-2. Positive staining
resulted in a red-brown, reaction product.

For immunoalkaline phosphatase staining, cyto-
spun and cultured RPE cells were fixed in ice-cold
acetone for 10 min. After the same blocking, primary,
and secondary antibody incubations used for im-
munoperoxidase staining, RPE cells were overlaid
with streptavidin-biotinylated alkaline phosphatase
complexes (Dako) and developed with a substrate
solution containing fast red TR salt (3 mgm]!;
Sigma), levamisole (0-3 mgml™!; Sigma), and o«-
naphthol-AS-MX-phosphate (0-2 mg ml~!; Sigma) to
yield a red, granular reaction product.

Negative controls included substitution of primary
CD68 mAb with normal mouse serum (1:2000;
Dako) or mAb 24 (1:100 dilution of ascites from the
Third Workshop on Leucocyte Differentiation Anti-

gens, Oxford, 1986) (Hogg and Selvendran, 1985)
and To5 (CD35; 1:100; Dako) to unrelated antigens.
Simultaneous immunohistochemical incubations of
cultured human foreskin fibroblasts and human
splenic macrophages using CD68 mAb served as
negative and positive controls, respectively. Each
antibody incubation was performed for 1 hr at 37°C.
All preparations were counterstained with hema-
toxylin and mounted in Gel/Mount (Biomeda Corp.,
Foster City, CA).

To ascertain RPE CD68 immunoreactivity in situ,
immunohistochemical staining was performed on
6 pm frozen sections of surgically removed human
eyes that were fixed for 10 min in either icé-cold
acetone or 4% buffered formaldehyde and on de-
paraffinized, rehydrated 6 um sections of surgically
removed eyes fixed in 4% buffered formaldehyde.
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Fi6. 2. Passaged human RPE cells stained with CD68 mAb. A, RPE cells in culture after 40 passages stain heavily with EBM11
CD68 mADb. Positive stain, seen in 100% of cells, is predominantly perinuclear. Original magnification: x 200;
immunoperoxidase-hematoxylin. B, Granular, perinuclear reaction product of similar intensity is present in fourth passage RPE
cells stained using EBM11 CD68 mAb. Original magnification: x 400; immunoperoxidase-hematoxylin. C, RPE cells in sister
cultures did not stain when normal mouse serum was substituted for primary antibody. Original magnification: x 400;

immunoperoxidase-hematoxylin.

Using KP1 and EMB11 mAb over concentrations
ranging from 1:500 to 1:10, immunoperoxidase and
immunoalkaline phosphatase staining were performed
as described above. Positive controls included sections
of normal human spleen prepared and stained in the
same fashion.

Analysis of Immunohistochemical Staining

The stained cell preparations and tissue sections
were examined by light microscopy and graded by
three independent, masked observers. The degree of
positive immunohistochemical staining was graded
from O to ++ + and the percentages of cells
demonstrating positive immunohistochemical stain-
ing were noted for each preparation.

3. Results

All five CD68 mAbs stained 90-100% of the cells
in the three primary human RPE cultures [Table I,
Fig. 1(A)]. The majority of RPE cells in these
preparations exhibited moderate or intense granular,
cytoplasmic immunoalkaline phosphatase and im-
munoperoxidase staining using four of the five CD-
68 mAbs (Table I). Positive, albeit weaker, immuno-
reactivity was also present in the remaining RPE cells
in all three primary cultures. No staining was observed
when non-immune mouse serum or control mouse
mAb were used as primary antibody. Simultaneous
immunohistochemical assays on cultured primary
and passaged human fibroblasts failed to demonstrate

any staining with any of the CD68 mAbs [Fig. 1(B)],
whereas virtually 100% of freshly isolated human
splenic macrophages stained intensely using all CD-
68 mAbs (not shown).

As early as second passage, increased intensity of
CD68 immunostaining was noted in all three RPE cell
lines followed sequentially for passages 1, 2, 4, 8, and
12. The degree of increased intensity seen at early
passages was maintained through all subsequent
passages. Similar degrees of intense immunostaining
were also observed and maintained in nine other
passaged human RPE cell lines, regardless of passage,
up to passage 40. All of the passaged RPE cultures
exhibited immunostaining of 1009%, of cells with each
of the five CD68 mAbs (Table I). Intense immuno-
histochemical staining was observed in the majority of
RPE cells with all remaining RPE cells in each
preparation exhibiting lesser degrees of positive stain-
ing [Figs 2(A) and (B)]. The granular reaction product
was located within the cytoplasm, primarily in a
perinuclear distribution [Fig. 2(B)]. No observable
increase in CD68 immunoreactivity was noted in any
of three RPE cultures at either 4th, 12th, or 40th
passage after stimulation with IFN-y (100 U ml™!) for
either 24 or 48 hr. In all studies, no observable
staining was present when sister cultures of human
RPE cells were incubated with non-immune mouse
serum [Fig. 2(C)] or CD35 mAb (not shown) as
primary antibody. Of note, 24 mAb, now known to
react with an antigen distinct from CD68, also failed to
react with either the primary or passaged RPE cells
(Table I).
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FiG. 3. Cytospin preparation of freshly isolated, pigmented human RPE cells. A, RPE cells demonstrate heavy positive reaction
product after immunohistochemical staining using KP1 CD68 mAb. Original magnification: x 400; immunoalkaline
phosphatase-hematoxylin. B, Sister RPE preparation shows no positive stain when normal mouse serum was used as primary
antibody. Original magnification: x 400: immunoalkaline phosphatase-hematoxylin.

KP1 and EBM11 mAbs were also used for in situ
immunohistochemical staining of acetone- and para-
formaldehyde-fixed frozen sections of human eyes
using immunoalkaline phosphatase and immuno-
peroxidase techniques. Immunoperoxidase staining
was also performed on deparaffinized sections of
formalin-fixed human eyes. No detectable staining of
the RPE monolayer was present in any of the in situ
preparations, but was present in macrophages of
normal human spleen which was fixed, sectioned, and
stained under the same conditions.

In view of the lack of RPE staining in sections of
human eyes, cytospin preparations of freshly isolated
human RPE cells were using the immunoalkaline
phosphatase technique to yield a red reaction product.
Acetone- and paraformaldehyde-fixed RPE cytospin
preparation demonstrated intense staining of 5% of
morphologically-intact, melanin-laden RPE cells using
CD68 mAbs, KP1 and EBM11 [TableI: Fig. 3(A)].
The remaining RPE cells did not contain visible
reaction product. Under the same conditions, RPE
cytospin preparations incubated using non-immune
mouse serum [Fig. 3 (B)] or control mAb as primary
antibody did not yield detectable stain.

4. Discussion

CD68 consists of a cluster of six mAb that selectively
bind different epitopes of a 110 kDa glycoprotein that
was designated as the CD68 antigen at the Fourth
Workshop on Human Leucocyte Differentiation Anti-
gens (Vienna, 1989) (Micklem et al., 1989). Only
weakly, if at all, expressed on the surface of cells, CD68
antigen is primarily a cytoplasmic protein composed of
40 and 70 kDa subunits {Micklem et al., 1989) that is
concentrated in lysosomes (Kreipe et al., 1987:
Parwaresch et al., 1986). The function of CD68
antigen, however, remains unknown.

CD68 antigen has been designated as a macro-
phage-associated antigen (Micklem et al., 1989) by
virtue of its wide distribution in mononuclear phago-
cytes, including circulating monocytes (Pulford et al.,
1990) and macrophages of bone, liver, lung, and
spleen (Athanasou et al., 1986; Athanasou and
Quinn., 1990; Pulford et al.. 1989). The consistent,
high reactivity of CD68 mAb with cells of the
mononuclear phagocyte system, has led to their use as
selective probes for the identification of circulating
monocytes and resident tissue macrophages (Kelly
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et al., 1988). CD68 mAb also react with specialized,
tissue-based phagocytic cells considered to be part of
the mononuclear phagocyte system, namely microglia
of the central nervous system (Kelly et al., 1988) and
epidermal Langerhans’ cells (Sterry et al., 1991).

Nevertheless, recent studies indicate that CD-
68 mADb react, albeit less intensely and less con-
sistently, with cells that are not of mononuclear
phagocyte lineage (Pulford et al., 1990). Hemato-
genous cells such as neutrophils, basophils, mast cells
(Horny et al., 1990), megakaryocytes (Athanasou
et al., 1986), and lymphocytes as well as certain non-
hematogenous cells including hepatocytes and renal
glomerular and proximal convoluted tubular cells
(Pulford et al., 1990; Franklin et al., 1986) show
variable reactivity with the different mAb in the CD68
cluster. Cultured and propagated umbilical vascular
endothelial, cutaneous melanoma, and vulvar cari-
noma cell lines also may display different degrees of
CD68 immunoreactivity (Pulford et al., 1990). Of
these, only hepatocytes, large lymphocytes, and
cultured melanoma and vulvar carcinoma cells appear
to express strong, consistent immunoreactivity with
all CD68 antibodies comparable to that routinely
detected in mononuclear phagocytes (Pulford et al.,
1990).

We observed moderate or intense RPE CD68 im-
munoreactivity in virtually all of the cells in 4-day-old
primary cultures with four of the five CD68 mAb used.
Marked increases in staining intensity with all five
mADb occurred by first passage and were maintained in
these three cell lines and nine other passaged cell lines
tested, regardless of passage or degree of confluency.
The increased CD68 immunoreactivity we observed in
passaged RPE cells may reflect enhanced, culture-
induced RPE phagocytic properties similar to the
increased CD68 reactivity of monocytes which dif-
ferentiate into macrophages in vitro (Parwaresch
et al., 1986). Moreover, the granular, perinuclear
CD68 staining of RPE cells mimicked the patterns
reported for CD68 mAb staining of mononuclear
phagocytes (Kreipe et al., 1987; Parwaresch et al.,
1986) and those we observed in cultured RPE cells
and macrophages following scavenger receptor-
mediated uptake and lysosomal incorporation of
fluorescently-labeled, modified low density lipoprotein
(Elner et al., 1984; Elner, 1986). Our findings of
intense, consistent RPE cell CD68 immunoreactivity,
comparable to that seen in mononuclear phagocytes,
supports the proposition that RPE cells, like microglia
of the brain and Langerhans’ cells of the skin, may be
specialized, resident macrophage-like cells in the eye at
the blood-retina barrier.

In contrast to cultured human RPE cells, intense,
constitutive RPE staining with CD68 mAb was present
in only a small percentage (5%) of freshly-isolated,
fixed RPE cells in our cytospin preparations (Table [;
Fig. 3). Our inability to detect CD68 antigen in frozen
or paraffin sections of human eyes may be due to the
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difficulty in detecting small numbers of positively
stained, but thinly-sectioned cells, the small cross-
sectional area of RPE cells in tissue sections, or the loss
of CD68 antigen upon sectioning RPE cells. The lack of
RPE cell reactivity with 24 mAb (Table I), a mAb that
had been originally included in the CD68 cluster,
provided an excellent negative control since 24 mAb is
now known to react with a protein unrelated to CD68
antigen (Hogg and Selvendran, 1985).

Previous studies have demonstrated several other
immunophenotypic and functional similarities be-
tween RPE cells and mononuclear phagocytes. Among
these are immunoreactive and functional RPE ex-
pression of Fc and C3bi receptors (Elner et al., 1981),
intercellular adhesion molecule-1 (ICAM-1) receptors,
and HLA-DR antigens which may be augmented by
IFN-y stimulation (Detrick et al., 1985, 1986; Chan
et al., 1986). In spite of the fact that these ligands may
be upregulated by IFN-y (Elner et al., 1989 Pavilack
et al., 1990; Detrick et al., 1985), we did not observe
similar induction of CD68 expression in RPE cells
exposed to physiologic doses of rIFN-y for up to 48 hr.

The consistent, strong expression of CD68 antigen
by cultured human RPE cells may provide an
important marker for identification of RPE cells in
vitro and to insure purity and uniformity of cultured
human RPE cells.
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