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Abstract
In subretinal neovascularisation capiliaries
originating from the choriocapillaris must
cross Bruch's membrane to reach the subreti-
nal pigment epithelial space. Thus gaps in
Bruch's membrane have to be formed before
subretinal neovascularisation. Histological
examination of eyes with subretinal neo-
vascularisation or disciform scars has shown
macrophages adjacent to thin areas and rup-
tures in Bruch's membrane. This has been
interpreted as phagocytosis of Bruch's mem-
brane. The purpose ofthis study was to investi-
gate whether immune complex depositions can
be detected in maculae with early stages of age-
related macular degeneration and to explain
the macrophage reaction before the disciform
reaction. A series of 20 human maculae were
examined by direct immunofluorescence light
microscopy to detect the presence of immune
complexes with antibodies directed against
immunoglobulins, fibrinogen, and complement
factors. Transmission electron microscopy on
several maculae was performed to identify the
macrophages. Macrophages were observed in
close relation to the readily recognisable long
spacing collagen, which suggested that long
spacing collagen was selectively internalised
by these cells. Definite immune complex
depositions were not found in basal laminar
deposits or drusen. Linear deposits of
fibrinogen and complement were frequently
found in the outer collagenous zone of Bruch's
membrane. However, because of the absence
of immunoglobulins, it seems unlikely that
these non-specific deposits might cause
chemoattraction of macrophages and play a
role in the initial phase of the development of
subretinal neovascularisation and disciform
macular degeneration.
(BrJ Ophthalmol 1993; 77: 657461)

Age-related macular degeneration (ARMD) is
the most common cause of severe visual loss in
the elderly in the Western world.' Two end
stages are known: geographic atrophy and disci-
form macular degeneration. The exact cause still
remains unknown, but a multifactorial process is
considered most likely. '
The presence of a basal laminar deposit

(BLD), which is a subretinal pigment epitheliai
deposit of extracellular materiW,2' or numerous
large hard drusen can eventually lead to the
development of atrophy of both the retinal
pigment epithelium (RPE) and photoreceptor

cells, so-called geographic atrophy.5 Soft drusen
and BLD are often associated with subretinal
neovascularisation,j which eventually results in
the development of the exudative end stage of
ARMD and leads functionally to deterioration of
central vision.

Light microscopically, BLD has been found in
aged maculae and is often referred to as abundant
basement membrane material,2" based upon its
localisation between the RPE cell membrane and
its basement membrane. A thick layer ofBLD is
usually seen in maculae with RPE degeneration,
geographic atrophy, or disciform macular
degeneration.347

In subretinal neovascularisation, capillaries
originating from the choriocapillaris must cross
Bruch's membrane, which normally forms a firm
and continuous mechanical barrier in the
macula, to reach the sub-RPE space.5 Therefore
a passage through Bruch's membrane has to be
formed before neovascularisation. Capillaries
that pass Bruch's membrane at the disc usually
do not lead to ARMD. Histological examination
of eyes with subretinal neovascularisation or
disciform scars has shown macrophages adjacent
to the thin areas and ruptures in Bruch's mem-
brane.8 This has been interpreted as the break-
down of Bruch's membrane by these
macrophages."O

In general, macrophages are attracted by
foreign bodies or chemical substances such as
immune complexes." 12 The phagocytic action of
macrophages in eyes with ARMD results in the
digestion of the outer collagenous zone (OCZ) of
Bruch's membrane,'3 preferentially when BLD
or drusen are already present. '0 However, it is not
known why macrophages are attracted to, and
apparently digest, Bruch's membrane in patients
with early stages ofARMD.
The purpose of this study was to investigate

whether immune complex deposits can be
detected in maculae with early stages of ARMD
and to explain the assumed macrophage reaction
before the disciform reaction. We examined a
series of human maculae by direct immuno-
fluorescence light microscopy with antibodies
against immunoglobulins, fibrinogen, and com-
plement factors. Transmission electron micro-
scopy was performed to identify the
macrophages.

Materials and methods
The maculae of 20 human eyes from 13 subjects
were obtained at autopsy or after surgical
enucleation for intraocular melanoma. The ages
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Figure I (a) Immuno-
fluorescence ofa macula
with a basal laminar deposit
(BLD) between the retinal
pigment epithelium (RPE)
and Bruch's membrane.
Both the RPE and Bruch's
membrane are clearly visible
because these structures
exhibit autofluorescence.
The bright autofluorescence
oftheRPE on top is due to
the intracellular lipofuscin
granules. Specific staining
with antibodies against
fibrinogen on the outer side
ofBruch's membrane
(arrows) (magnification
x108). (b)Immuno-
fluorescence on a section ofa
macula with aBLD
between theRPE and
Bruch's membrane. Specific
staining with antibodies
against complement factors
on the outer side ofBruch's
membrane (small white
arrows). Patches of
fluorescence are present in
theBLD (large arrow)
(magnification x215).

of the subjects ranged from 41 to 96 years (mean
74, SD19 6)
The maculae were dissected from the globes

and divided into two equal halves in the direction
of the optic disc. One half was snap frozen in
isopentane (-70°C) and stored in liquid nitrogen
for immunofluorescence studies. Three series of
frozen sections (5 ,um) taken at 50 um intervals
were prepared and mounted on cleaned glass
slides. After fixation with acetone the sections
were air dried. The slides were placed in a
Sequenza immunostaining workstation (Shan-
don Scientific Ltd, Astmoor Rancorn, Cheshire,
UK). Prinmary antibodies included fluorescein
isothiocyanate conjugated (FITC) goat anti-
human IgG (dilution 1:800, De Beer Medicals
bv, Hilvarenbeek, The Netherlands), FITC-
conjugated goat anti-human IgA (dilution 1:800,
De Beer Medicals), FITC-conjugated goat anti-
human IgM (dilution 1:800, Kallestad Lab Inc,
Chaska, MN, USA), mouse anti-human IgE
(dilution 1:50, Central Lab Red Cross Blood-
transfusion Service (CLB), Amsterdam, The
Netherlands), rabbit anti-human complement
(C_,, C_d, C4; dilution 1:50, CLB), rabbit anti-
human C,q (dilution 1:50, CLB) and rabbit anti-
human fibrinogen (dilution 1:50, CLB). As
negative controls normal rabbit serum (Dako-
patts, Denmark) and sections of a macula from a
41-year-old subject, which did not exhibit any
abnormalities by conventional light microscopy,
were used. As positive controls frozen sections of
human skin and kidney from subjects with
known immune complex diseases were routinely
used at regular time intervals. After incubation
with the primary antibodies, the slides were
washed and if necessary incubated with FITC-
conjugated horse anti-rabbit secondary anti-
bodies by the indirect method (polyclonals:
complement, fibrinogen, C13, C3) or with FITC-
conjugated rabbit anti-mouse antibodies (mono-
clonal: IgE). After washing, the sections were
covered with glycerin phosphate buffer. The
sections were examined with a fluorescence
microscope (Zeiss, Oberkochen, Germany) with
epi-illumination (excitation: BP 450-490 nm;
dichroic mirror: CBS 510 nm; emission: BP
520-560 nm). The immunoreaction was con-
sidered to be positive when a bright extracellular
granular fluorescence was present in a linear or
patchy pattern. Three sections of every macula

Figure 2 Light microscopy ofa i Am plastic section ofa
macula with afibrovascular scar. Macrophages, heavily
loaded with phagolysosomes and residual bodies, can be seen
on the outer side ofBruch's membrane (arrows). The
macrophages can be seen preferentially in places where the
capillaries ofthe choriocapillaris were probably situated
before they became atrophic. However, between the
intercapillary pillars, Bruch's membrane is thinner than
normalfor that age. On the right a gap in Bruch's membrane
has almost developed. The RPE has degenerated completely
and the photoreceptors have disappeared. (Toluidine blue,
x350.)

were stained with haematoxylin and azofloxin for
normal light microscopy to detect BLD and
drusen.
To reveal the possible presence of immune

complexes, seen as dense deposits, and to con-
firm the presence ofmacrophages and ruptures in
Bruch's membrane, we fixed the opposite half of
several maculae with a mixture of 4% formal-
dehyde/1% glutaraldehyde (for 24 hours, pH
7-4). After fixation the tissue was divided into
three smaller parts and embedded in epoxy resin
(LX 112, Ladd Research Industries Inc, Bur-
lington, VT, USA) for transmission electron
microscopy, as previously described.2 Semithin
sections (1 gm thick) were cut with a glass knife
and stained with toluidine blue for light micro-
scopy. Ultrathin sections (30-40 nm thick) were
cut with a diamond knife on an ultrotome (LKB,
Stockholm, Sweden) and mounted on unfilmed
200-mesh copper grids. After staining with
uranyl acetate and lead citrate, the ultrathin
sections were examined with a transmission
electron microscope (Zeiss TEM 902,
Oberkochen, Germany), with an acceleration
voltage of 80 kV. Micrographs were made on
sheet film (Kodak SO 163, Eastman Kodak,
Rochester, NY, USA).

Results
In 16 of the 20 maculae hard drusen and BLD of
varying thickness (class 1 to 33) were present in
the haematoxylin and azofloxin stained frozen
sections. All sections exhibited thickening of
Bruch's membrane (class 2 to 3). In two maculae
geographic atrophy was present and in one
macula a disciform scar was seen.
Hard drusen remained unstained with anti-

bodies against IgG, IgA, IgE, IgM, fibrinogen,
C,q, and C,. In three sections some of the drusen
exhibited partial faint granular or homogeneous
staining for complement factors. The BLD
showed a local faint granular staining for comple-
ment factors in three maculae and for fibrinogen
in two other maculae. In the negative controls no
immunofluorescence was seen in these places.

In one macula there was a combination of
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Figure 5 Electron micrograph ofa severely thinned Bruch's
membrane in a macula with a disciform scar. Notice the thin
area in Bruch's membrane on the left (open arrow), the total
gap in the middle (large arrow), which is probably a
postmortem artefact due to the thinning up to the elastic layer
and a macrophage on the right (small arrow). The RPE is
totally degenerated.

Figure 3 Electron
micrograph ofa
macrophage, filled with
phagolysosomes adjacent to
Bruch's membrane (top) on
the side of the
choriocapillaris. On the left
Bruch's membrane has
disappeared up to the elastic
layer (EL). The material
seen between the
pseudopodal extensions of
the cell is mostly long
spacing collagen (arrows),
which has come loose from
the outer collagenous zone of
Bruch's membrane.

Figure 4 Electron
micrograph of a
macrophage, which envelops
materialfrom Bruch's
membrane (top) from the
side of the choriocapillaris
(arrows).

staining of the BLD for complement factors and
fibrinogen. Bruch's membrane and the
lipofuscin granules of the RPE exhibited auto-
fluorescence, which was also seen in the negative
controls.
A linear rim of the OCZ of Bruch's membrane

adjacent to the choriocapillaris was positive for
fibrinogen (16/20 maculae) (Fig la, complement
(12/20 maculae) (Fig lb), Ciq (1/20 macula), C3C
(1/20 macula) and IgM (1/20 macula). The latter
three positive reactions were in different
maculae. In the macula with a disciform scar
light microscopic observations of semithin sec-
tions revealed several gaps and abnormally thin
areas in Bruch's membrane (Fig 2).
On electron microscopic observation, cells

with the morphological characteristics of macro-
phages were seen in the vicinity of these places.
These cells contained phagolysosomes with
digestion products. The images are suggestive of
phagocytosis of the OCZ of Bruch's membrane
by these cells (Figs 3 and 4). Bruch's membrane
was destroyed from the side of the chorio-
capillaris on, up to the elastic layer. Calcifications
in the elastic layer seemed to have stopped the
phagocytic cells, but several complete gaps were
seen (Fig 5).
Between the infoldings of the plasma mem-

branes of the phagocytic cells, material which
resembled that of the OCZ could be seen; it
consisted mainly oflong spacing collagen (Figs 3,
4, and 6). Unfortunately this macula with macro-
phages was aldehyde fixed. Therefore immuno-
reactions could not be investigated adequately.
Thus the negative results ofimmunofluorescence
found for this single macula were unreliable.

In another macula, electron microscopy
revealed a clear example of diapedesis of an
endothelial cell of the choriocapillaris. A cyto-
plasmic sprout of the cell pointed in the direction
of Bruch's membrane (see Fig 8).

Discussion
Circulating immune complexes are in general
associated with many systemic immune diseases,
such as certain types of arthritis,
glomerulonephritis, or systemic vasculitis syn-
dromes.1' Patients with ARMD usually do not
exhibit systemic manifestations ofimmune com-
plex diseases.'
Humoral immunity against BLD, drusen, or

deposits of cellular debris in Bruch's membrane
with circulating immune complexes and elevated
levels of serum IgG, IgA, IgM, IgE, or comple-
ment has, to the best of our knowledge, not been
investigated in eyes with early or advanced stages
ofARMD.
Immune complex deposits within the drusen

or BLD could not be demonstrated unequivo-'-a ., ......re

St...
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Figure 6 Electron micrograph ofa macrophage adjacent to
Bruch's membrane (top) on the side ofthe choriocapillaris.
The phagocytised material consists mainly of long spacing
collagen (arrow).
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Figure 7 Light microscopic image ofa paraffin section ofa
macula stainedfor calcium phosphates (Von Kossa). Notice
the break in the highly calcified Bruch's membrane, with
vascular ingrowthfrom the choriocapillaris into the sub-RPE
space (curved arrow) (magnification x220).

cally because of the faint and only local staining.
Almost all sections, including those from
younger subjects, revealed linear deposits of
complement and fibrinogen in the OCZ of
Bruch's membrane, adjacent to the chorio-
capillaris, suggesting deposition derived from
the choriocapillaris, possibly as a result of leak-
age through the fenestrated endothelium. The
presence of complement and fibrinogen without
immunoglobulins is not considered to be a sign of
immune complex disease.
Human vascular endothelial cells synthesise

and secrete complement factors. Both activators
(C3) and inhibitors (factor H) are produced and
regulated by cytokines (interleukin 1, y inter-
feron.101' Therefore the observed deposits of C3
probably originated from the circulation. This
explains the linear deposition of complement
along the choriocapillaris. The fibrinogen was
probably derived from leakage of the capillaries.
Lysosomal destruction of complement and

immunoglobulins has been described. Lyso-
somal enzymes, such as elastase and collagenase
from neutrophilic granulocytes and maybe also
from macrophages,' may cause tissue destruction

Figure 8 Electron as well as removal of the immune complexes.'2
micrograph ofan endothelial Hence, these complexes cannot be detected with
cell of the choriocapillaris immunofluorescence techniques. Only the rem-(bottom), which has
penetrated its basement (B) nants of the deposits, such as tissue bound C3
and projects a cytoplasmic fragments and precipitated fibrinogen, can be
sprout towards the OCZ of
Bruch's membrane (top).

..t
a .. Il

0.6 /m

Figure 9 Light microscopic image ofaparaJfln section ofa
human macula. Notice the RPE cell, which seems to have
penetrated Bruch's membrane and is now located halfway to
the choriocapillaris (arrows). (Mallory stain, magnification
x220.)

observed, as was found in our study. However, to
remove all of this material more macrophages or
neutrophilic granulocytes should be present in
this tissue. Moreover, in the macula of the 41-
year-old subject similar deposits of complement
and fibrinogen were found. This is an argument
against the theory of immune complexes as a
causal factor in the development ofARMD.
Our electron micrographs show phagocytic

cells close to perforations in Bruch's membrane
in a macula with a fibrovascular scar, as has
previously been described by others.8 These cells
exhibited the morphological characteristics of
macrophages, with numerous phagolysosomes
and residual bodies.8 The electron micrographs
clearly suggest that these cells participate in the
digestion of Bruch's membrane from the side of
the OCZ. Thus, a pathway for subretinal neo-
vascularisation, which is the initial phase in the
formation of a fibrovascular scar, is formed.
There appeared to be a preference for phago-
cytosis of the long spacing collagen, which is
often seen in the outer collagenous zone of
Bruch's membrane.214 However, the presence of
this material in a high percentage of the maculae2
compared with the low prevalence of disciform
macular degeneration3 makes it questionable
whether this is the only causal factor involved in
the formation of gaps in Bruch's membrane.
Proteins changed because ofinteraction with free
radicals, which are formed under the influence of
ultraviolet radiation, cannot be recognised as
autologous material. This might be another
explanation for this phagocytic action.
Other factors for macrophage attraction, such

as immune complex deposits or foreign sub-
stances in Bruch's membrane, such as the deposi-
tion of phospholipids and neutral fats containing
PVC plasticisers with advancing age, could also
be involved.' 16 With electron microscopy,
immune complexes can be identified'2 but were
not seen in this study. Moreover, the presence of
macrophages is not a consistent finding in early
and advanced ARMD.
Other causes ofgaps in Bruch's membrane are

mechanical breaks in a highly calcified Bruch's
membrane (Fig 7) or perforation of the basement
membrane of the choriocapillaris by endothelial
cells (Fig 8), as described previously.8 17-l' Even
single RPE cells have been shown to be able to
penetrate Bruch's membrane (Fig 9).1020 The
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initial cause of this endothelial outgrowth could
be the absence of vascular inhibiting factors,
which are normally produced by the RPE
cells,2 22 the presence of angiogenic stimulating
factors from macrophages,'71823 or a reaction to
ischaemia in the outer retina or choroid.
From our study we can conclude that definite

immune complex deposits cannot be found in
maculae with BLD or drusen. Linear deposition
of fibrinogen and complement was found on the
choriocapillaris side of the outer collagenous
zone of Bruch's membrane. These deposits are
considered to be non-specific and not typical for
immune complex diseases. Accumulation of
unknown or changed proteins in the outer col-
lagenous zone of Bruch's membrane might be a
cause ofactivation ofmacrophages, as seen in the
vicinity of perforations in Bruch's membrane.
However, the presence ofmacrophages was not a
consistent finding in early and late stages of
ARMD and thus they are not likely to be the sole
factor in the development ofARMD.
We thank N Stouten, C J Vissers, and A Timmermans for their
technical assistance.
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