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Abstract

Purpose Basal laminar and linear deposits (BLD) are
associated with the development of choroidal neovasculari-
zation (CNV). Therefore, analysis of BLD composition may
provide further information concerning the pathogenesis of
BLD and CNV in age-related macular degeneration (AMD).
Methods BLD in 25 specimens of surgically removed CNV
were examined, using histochemical and immunohisto-
chemical methods, for extracellular matrix proteins and
their modulating enzymes, and for cell markers and proteins
involved in inflammatory processes. In addition, ultrastruc-
tural electron microscopic analysis (EM) was performed.
Results The chemical and structural composition of all the
BLD was similar. Only the inner aspect of the BLD
contained laminin and collagen IV, which corresponded to
a new RPE basal lamina upon EM analysis. The extracel-
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lular matrix protein predominantly found in all layers of
BLD was vitronectin, which was seen as a homogeneous
material within the BLD upon EM analysis. The metal-
loproteinases MMP-2 and MMP-9 could only be detected
in the inner aspect, while MMP-7 and TIMP-3 were
observed predominantly in the outer aspect of BLD. In this
area, staining for phospholipids and less intensely for
neutral lipids was also visible. The labelling of complement
complexes C3 and C5b-9 was intensely positive, and
vascular endothelial growth factor (VEGF) was detected
in all BLDs.

Conclusions Diffuse deposits such as BLD appear consis-
tently with the development of CNV in AMD. They consist
of extracellular matrix components and predominantly
vitronectin. However, activated complement and VEGF
could also be detected. The results of the current study may
support the hypothesis that inflammatory processes are
involved in the pathogenesis of BLD and CNV in AMD.

Keywords Age-related macular degeneration -
AMD pathogenesis - Basal laminar and linear deposits -
Inflammation - Histology

Introduction

Exudative age-related macular degeneration (AMD) is the
leading cause of legal blindness in developed countries [8,
9, 27]. Choroidal neovascularization (CNV) represents the
most serious complication of AMD, and results in loss of
vision. Clinically, CNV is often associated with focal
deposits in Bruch’s membrane, known as drusen [12, 24].
In addition, histological studies of donor eyes and AMD
specimens revealed the presence of diffuse basal laminar
and linear deposits (BLD) between the cytoplasmic and
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basal membrane of the retinal pigment epithelium (RPE) to
be highly significantly associated with CNV development
[18, 23, 29, 34]. The formation of extracellular deposits that
are localized as drusen and diffuse as in BLD is thought to
be a consequence of RPE dysfunction [3, 50], but a chronic
inflammatory process in Bruch’s membrane and choroid
may be involved [3, 19, 20, 25]. The presence of activated
complement within drusen, and the recent molecular
genetic observation of an association between specific
complement factor H polymorphism and the development
of AMD, support this hypothesis [16, 21, 22, 28]. Despite
intensive efforts to determine the composition of the
material of drusen, only limited information about the
composition of BLD is available to date, especially with
respect to inflammatory processes [29, 35].

As a close correlation between BLD and CNV has been
reported, the aim of the present study was to analyze more
specifically the composition of BLD. These investigations
may provide new information about the influence of
inflammatory processes in the pathogenesis of BLD and
CNV in AMD.

Material and methods

During macular translocation surgery, 25 CNV specimens
were removed and collected from ten men and 15 women
with AMD, age ranging between 67 and 97 years (mean
78 years). These specimens were stored in liquid nitrogen at
—80°C. The study was conducted in accordance with the
Declaration of Helsinki, and informed consent was obtained
from the patients after explaining the nature of the study.
The local ethics committee approved the research.

For histochemical and immunohistochemical analysis,
the specimens were embedded in optimal freezing com-
pound (OCT), and cryosections (5 wm) were obtained with
a cryostat at —25°C- —30°C. Slices were mounted on Poly-
L-Lysine coated slides. The slides not stained immediately
were stored at —20°C.

Histochemistry

For lipid analysis, Oil red O staining was used to
demonstrate the presence of neutral lipids, and acetone-
sudan black B for the presence of phospholipids, as
previously described [7, 37-39]. Amyloid was detected
with Congo red. For PAS and alcian blue staining for the
detection of heparan sulfates and collagen, the protocol
described by Scott and Dorling was used [46]. Masson
trichrome staining was carried out as follows. Slides were
thawed, dried and preserved in Bouin’s solution for 1 h at
56°C. After cooling and rinsing under running water, the
slides were washed in distilled water. The slides were then
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placed in Weigert’s iron hematoxylin solution for 10 min to
stain the nuclei, and then rinsed under running water and
washed in distilled water. This was followed by staining
with Biebrich Scarlet for 10 min. After rinsing the speci-
mens in distilled water, staining procedures using molyb-
datophosphoric acid hydrate/ tungstophosphric acid hydrate
solution for 7 to 10 min and then anilin blue for 10 min
were perfomed. Finally, the slides were rinsed in distilled
water, dehydrated in an increasing ethanol line and covered.

Transmission electron microscopy

From five of the specimens (67 y to 75 y), one half of the
sample was fixed and stored at 4°C in 2.5% glutaraldehyde
in 0.1 M sodium cacodylate buffer, ph 7.4. Then they were
washed in 0.1 M sodium cacodylate buffer and fixed in 4%
osmium tetroxide in 0.1 M sodium cacodylate buffer, pH
7.4, for 30 min. After an additional washing with 0.1 M
sodium cacodylate buffer, the specimens were dehydrated
stepwise in acetone at various concentrations (30%, 50%,
70% overnight, 80%, 90%, 100%, each 315 min) at room
temperature. Subsequently, the specimens were immersed
in Durcupan-ACM (Fluka) acetone 1:1 twice for 30 min
and Durcupan for 1 hour. The final step involved
embedding the samples in moulds for flat mounts (Agar
Scientific). For this they were immersed in fresh Durcupan
for 6 h at 40°C and then polymerized for 60 hours at 60°C.
Semi-thin sections (~1 um) were cut with glass knifes and
stained with 1% toluidine blue-borax solution (1:1) to
confirm the correct orientation of the specimen. These
sections were used to guide trimming of ultrathin sections.
Ultrathin sections (~0.6 pum) from each specimen were
prepared on an Ultramicrotome (Ultracut E, Reichert-Jung)
using a diamond knife (Delaware DDK) and then trans-
ferred to polyvinyl formal-coated (Formvar) copper slot
grids. The grids were contrasted as described by Reynolds
[41]. Briefly, the grids were stained with 10% uranylacetate
in 50% ethanol for 15 min and, after rinsing in distilled
water eight times, the grids were stained with 1% lead
citrate for 2 min; an additional eight rinses followed. The
specimens were examined under a Zeiss EM 900 electron
microscope at a magnification of 3400% to 20000x.

Immunohistochemistry

For immunohistochemistry the avidin-biotin complex
(ABC) method was used. The frozen slides were air dried
and fixed in acetone for 10 minutes at room temperature.
Sections were rehydrated in phosphate-buffered saline
(PBS) and incubated for 20 minutes in blocking solution
(5% normal sera rabbit or goat—depending on the 2nd
antibody—in PBS containing 5% fetal calf serum). The
sections were incubated, depending on individual experi-
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Table 1 Primary antibodies

Antibody Clone Source Product Number Supplier

Laminin LAM-89 Mouse monoclonal L-8271 Sigma, St. Louis, MO, USA
Collagen IV CIV 22 Mouse monoclonal M 0785 Lot 020 Dako, Denmark

Collagen VI Rabbit polyclonal AB 7821 Chemicon, Temecula, CA, USA
Fibronectin Rabbit polyclonal A 245 Lot 117 Dako

Vitronectin Mouse monoclonal MAB 1945 Chemicon

MMP-2 Goat polyclonal Sc-6838 Santa Cruz Biotechnology, Santa Cruz, CA, USA
MMP-7 Goat polyclonal Sc-8832 Santa Cruz Biotechnology
MMP-9 Goat polyclonal Sc-6841 Santa Cruz Biotechnology
TIMP-2 Goat polyclonal Sc-6835 Santa Cruz Biotechnology
TIMP-3 Goat polyclonal Sc-9906 Santa Cruz Biotechnology

C-3 HAV 3-4 Mouse monoclonal M 0836 Lot 040 Dako

C5b-9 AE 11 Mouse monoclonal M 0777 Lot 030 Dako

CD14 TUK 4 Mouse monoclonal M 0825 Lot 036 Dako

CD68 EBM 11 Mouse monoclonal M 0718 Lot 059 Dako

HLA-DR, beta chain DK22 Mouse monoclonal M 0704 Lot 077 Dako

VEGF

Mouse monoclonal

IgM Rabbit
IgA Rabbit
IegG Rabbit
IgE Rabbit

555036

F 0203 Lot 050
F 0204 Lot 051
F 0202 Lot 111
F 0352 Lot 098

BD Pharmingen, San Diego, CA, USA
Dako
Dako
Dako
Dako

ence with primary unconjugated antibodies, between 20 to
60 minutes or overnight at room temperature in a wet
chamber (for a summary of the antibodies used, see
Table 1). After washing with PBS three times for 5 minutes
each time, endogenous peroxidase activity was blocked by
incubation in 3% hydrogen peroxide for 5 minutes. After
washing three times for 5 minutes with PBS, the specimens
were incubated with a second biotinylated antibody (Rb x
Ms or Gt x Rb, Dako, Denmark) for 20 to 60 minutes,
and then washed three times for 5 minutes with PBS.
The specimens were then incubated with a horseradish
peroxidase streptavidin complex (Dako, Denmark) for
20 minutes, and washed three times for 5 minutes with

L o e .o N
Fig. 1 TEM of BLD. At 3000x magnification the extension of BLD
(double arrow) is shown in a; scale bar=2 pum. The internal aspect of
the BLD has a homogeneous, cloudy-like appearance, while the
external part contains vesicles and long spacing collagen (arrow-

heads). At a higher magnification (20000%, scale bar=0.6 pum) a

PBS; the staining reaction was processed by adding the
substrate (3-amino-9-ethylcarbazol solution). The reaction
was observed under the microscope and stopped after 10 to
20 minutes by fixing the slices in 4% formalin in acetate
buffer. They were then incubated in 1% acetic acid and
counterstained with hematoxylin Gill No. 3 (Sigma
Diagnostics, St. Louis, MO, USA) for 10 to 15 seconds.
The slides were washed in water and mounted with aquatex
(Merck, Darmstadt, Germany). This method was used for
the extracellular matrix protein antibodies laminin (mono-
clonal anti-laminin, Sigma Immunochemicals, epitope not
exactly characterised), collagen IV (monoclonal Mouse anti
Human antibodies (Ms x Hu) from Dako, Denmark,

basement membrane like structure (arrow) was observed (b) between
retinal pigment epithelial cells (RPE) and BLD. No further fine
structure was observed in the homogeneous material of BLD showing
the same electron density as basement membrane
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Fig. 2 Histochemical staining
of frozen sections. a BLD (star)
stained pink with alcian blue,
indicating the presence of
heparan sulfate. b Positive Oil
red O staining in the external
part of BLD (arrowheads),
indicating the presence of
neutral lipids. Original magnifi-
cation a and b: 200x

epitope not exactly characterised) and collagen VI (poly-
clonal Rb x collagen VI antibody from Chemicon,
Temecula, CA, USA), fibronectin (Rb x Hu, Dako, Den-
mark) and vitronectin (monoclonal Ms x Hu vitronectin
antibody from Chemicon, Table 1), and for the extracellular
matrix-modulating metalloproteinases MMP-2, MMP-7,
MMP-9 and their inhibitors TIMP-2 and TIMP-3 (all
goat polyclonal antibodies, Santa Cruz Biotechnology,
Santa Cruz, USA, Table 1). The distribution of C3 and
C5b-9 as components of the complement system was
analyzed. Additionally, the occurrence of the macrophage-
markers CD14 and CD68 was examined (all antibodies, see
Table 1). The monoclonal Ms x Hu HLA-DR antibody
recognizes the beta chain and was purchased from DAKO,
Denmark, the monoclonal mouse anti-human vascular
endothelial growth factor (VEGF) antibody from BD
PharMingen (San Diego, CA, USA, Table 1).

In order to investigate the possible presence of immuno-
globulins, IgM, IgA, IgG, IgE fluorescein thiocyanate
(FITC) conjugated Ms x Hu Ig’s (Dako, Table 1) were
used. Slides were air dried, rehydrated in PBS three times
for 5 minutes, and incubated with the FITC-conjugated
antibody for 20 minutes in a dark wet chamber. After
rinsing in PBS the slides were mounted with Fluoprep
(bioM¢érieux, Marcy I'Etoile, France). Negative controls
were prepared by omitting the first antibody.

To describe the results clearly, we use the term “inner
aspect of BLD” for the position next to RPE and the term
“outer aspect of BLD” for positions next to Bruch’s
membrane.

As a marker of reactive oxygen species mediated protein
oxidation and oxidative stress, protein carbonyls were
detected by the DNPH method using Oxyblot Protein

Table 2 Lipids and potential extracellular components in BLDs

N -

)
-

g o ) ¢ 2

Oxidation Detection Kit (Qbiogene, Heidelberg, Germany).
Carbonyl residues were detected by reaction with 2,4-
dinitrophenylhydrazine (DNPH) generating dinitrophenyl-
hydrazones. The visualization was processesed with an
anti-dinitrophenylhydrazone antibody followed by the
immunohistochemical ABC method. Immunoreactivity was
resolved with horseradish peroxidase-aminoethylcarbazole,
which produces a magenta reaction product. Two different
negative controls were performed using a control derivati-
zation solution instead of DNPH solution or buffer samples
to replace the primary antibody.

Results
General appearance

The excised CNV membranes contained predominantly
fibrovascular tissue and RPE cells as monolayer. Between
the RPE and the fibrovascular tissue, the material showed a
cell-free layer of extracellular material. These BLD were
seen in all specimens.

Electron microscopy

The results of the five investigated BLD were very similar.
Ultrastructural analysis of the specimens showed thick BLD
at the basal side of the RPE cells, with a heterogeneous
composition. At the inner aspect of BLD, a fine homoge-
neous electron-dense line was visible. Furthermore, homo-
geneous accumulations with the same electron density were
found in the inner aspect of BLD. The outer aspect of BLD
was less homogeneous, and contained several droplets and

Table 3 Extracellular matrix proteins in BLDs

BLD positive

BLD positive

Neutral lipids 25/25
Polar lipids 25/25
Oxidized proteins 1/25
Amyloid beta 0/25

Laminin 25/25
Collagen IV 22/25
Fibronectin 0/25

Vitronectin 25/25
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Fig. 3 Immunostaining of fro-
zen sections of BLD for extra-
cellular matrix proteins and
inflammatory markers (original
magnification a—d, 200x). a
BLD (star) was immunoreactive
for laminin at the internal border
of BLD (arrowheads), indicat-
ing basement membrane
production by retinal pigment
epithelium cells (arrow). b BLD
(star) was strongly immunore-
active for vitronectin (arrow
RPE cells). ¢ The external part
of BLD (star) was immunore-
active for the complement factor
c5b-9 (membrane-attacking
complex) (arrowheads),

(arrow RPE cells). d The
macrophage marker CD68
reacted with the retinal pigment
epithelium (arrow) and cells at
the external border of BLD

vesicles of different size and varying electron density, as
well as long spacing material (LSC) (Fig. 1a,b).

General stainings and lipids

PAS (not shown) and alcian blue (Fig. 2a) stained BLD
bright pink, and with Masson trichrome (not shown) BLD
stained blue and violet. The outer aspect of BLD stained
for phospholipids and less intensely for neutral lipids
(Fig. 2b).

ECM proteins and regulators

In immunohistological analysis, laminin and collagen IV, but
not collagen VI, were detected in the inner aspect of BLD.
Vitronectin was visible throughout BLD, but fibronectin
seems to be absent in BLD (Tables 2 and 3, Fig. 3a,b).

The ECM-modulating metalloproteinases MMP-2 and
MMP-9 were visible at the inner aspect of BLD, whereas
MMP-7 was visibly dispersed both in BLD and the
inhibitors TIMP-2 and TIMP-3, which were found more
often in the outer aspect of the BLDs (Table 4, Fig. 4a—c).

Inflammatory processes

In addition, the presence of activated complement com-
plexes C3 and C5b-9 was readily detected at the outer
aspect of BLD. CD68-positive cells were found at the outer
aspect of BLD in four of 25 investigated specimens
(Fig. 3c,d), but neither CD14- nor HLA-DR-positive cells

were seen in BLD. Immunoglobulins were not detected in
any BLD either. (Table 5)

Growth factor

The investigated growth factor VEGF was detected at the
basal surface of the RPE in all samples (Fig. 4d).

Discussion

Linear thickening in the inner aspect of Bruch’s membrane
was first described by Sarks et al. [42] as an accumulation
of amorphous material. This material was initially termed
basal linear deposits [35, 43, 44]; however, this term was
later replaced by BLD [42, 43], which describes material
deposited with age between the outer plasma membrane
and the basement membrane of RPE cells. Within the BLD,
extracellular matrix proteins were detected [35, 44], which
was confirmed by PAS, alcian blue, and Masson trichrome

Table 4 Metalloproteinases (MMP) and their inhibitors (TIMP) in
BLDs

BLD positive

MMP-2 0/25

MMP-7 15/25
MMP-9 17/25
TIMP-2 13/25
TIMP-3 25/25
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Fig. 4 Immunostaining of fro-
zen sections of BLD (stars) for
MMP-2, MMP-9, TIMP-3, and
VEGF( Original magnification
a—d, 200%, arrow at the RPE). a
Immunoreactivity for MMP-2
(arrowheads) was visible at the
basolateral surface of RPE at the
internal aspect of BLD (star). b
MMP-9 stained RPE and the
internal aspect of BLD (star),
too. ¢ TIMP-3 antibody was
detectable in BLD (star), with
continuous staining in the exter-
nal part of BLD (arrowheads). d
Immunoreactivity for VEGF an-
tibody (arrowheads) was seen at
the basolateral surface of the
RPE at the internal aspect of
BLD (star), similar to the ap-
pearance of MMP-2

staining for the basement membrane ground matrix com-
ponents heparan sulfate and collagen. Our data showed that
oil red O staining could be found at the outer aspect of the
BlamD, and this was similar to the finding of a previous
study showing that esterified cholesterol was present at the
same site [45].

In addition, laminin and collagen IV were demonstrated
within the inner aspect of BLD. This is in contrast to the
basement membrane of the RPE in age-matched macular
specimens, where no immunoreactivity was detected [22].
This immunoreactivity of ECM proteins may therefore be
an indicator for a newly formed RPE basement membrane.
The results of the EM analysis showing a basement
membrane-like structure immediately adjacent to the RPE
cells support this interpretation.

EM analysis also demonstrated the homogeneous inner
structure of BLD, in which vitronectin was a prominent
component based on the immunohistochemical study. This

Table 5 Macrophages, immunoglobulins and proteins of the comple-
ment cascade in BLDs

BLD positive

CD 68 0/25
CD 14 0/25
HLA-DR 0/25
IeG 0/25
IgM 0/25
C3 25/25
C5b-9 25/25
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ECM protein is present in many human structures as an
important response for activated complement. Indeed,
fibronectin and vibronectin have become highly relevant
for understanding the pathogenesis not only of vascular
eye diseases but also of coronary artery diseases and
Alzheimer’s disease [1, 17].

In the outer aspect of BLD, we found a strong staining
for phospholipids and to a lesser extent for neutral lipids,
while no oxidatively damaged proteins or amyloid 8 were
detected, unlike Alzheimer’s disease plaques [4]. The
histochemical results indicate that the vesicles and droplets
seen by TEM are in part lipid droplets. It is supposed that
the LSC seen by TEM in the outer aspect of BLD is a type
of collagen VI [30]. However, the present and earlier
studies have failed to confirm immunologically that
collagen type VI is present in LSC [14, 36, 49].

In accord with the findings of other authors, the present
study also shows that the ECM-modulating metallopro-
teinases MMP-2 and MMP-9 are present at the basal RPE
cell surface [31, 33, 48]. In contrast to the results from a
study of Kadonosono et al. [26], we found only the
vitronectin-degrading MMP-7 in 60% of the specimens. In
addition, the immunoreactivity was patchier throughout the
BLD. Furthermore, the degrading enzymes MMP-2 and
MMP-9 are restricted to the RPE basolateral surface. TIMP-
2 and TIMP-3 are predominantly detectable in the outer
aspect of BLD. Kamei and Hollyfield [6] found an
increased expression of TIMP-3 with age in Bruch’s
membrane. Consistent with that finding, our staining results
demonstrated that TIMP-3 was also detected in BLD. This
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might imply an imbalance between synthesis, degradation,
and inhibition of degradation of the ECM proteins that was
observed in Sorsby’s fundus dystrophy [10].

In all specimens, complement components C3 and C5b-9
(membrane attack complex, MAC) were shown throughout
BLD. In contrast, immunoglobulins were not detected. This
negative result might be due to the lower sensitivity of
direct immunofluorescence. These results may suggest
complement activation in the absence of immunoglobulin.
Recently, an association was shown between a genetic
polymorphism of the complement factor H (CFH) and
AMD [16, 21, 22, 28], implying that some kind of
dysregulation of complement activation plays a role in the
pathogenesis of AMD. The MAC may threaten survival of
the overlying RPE cells, and the observed deposition of
vitronectin in BLD may be protective [15, 20]. The
histological appearance is very similar to that in the
glomeruli from patients affected by type II membranopro-
liferative glomerulonephritis, which is also associated with
mutations in the CFH gene. The observation that dysregu-
lation of the complement cascade caused by failure of
complement factor H leads to uncontrolled C3 activation [2,
5, 40] also supports this hypothesis.

Macrophages may be involved in this chronic inflam-
matory process. Cui et al. [11] have shown that macro-
phages are involved only in very early phases of CNV
development. The fact that we investigated established
CNV complexes may explain the absence of macrophages
in our study. The antibody we used reacts with the
lysosomal compartment of phagocytosing cells; therefore,
the RPE shows strong immunoreactivity. As a result, we
cannot exclude the possibility that the positive reaction with
CD68 at the basal border of BLD involves remnants of
RPE cells.

The presence of VEGF at the basolateral side of the RPE
indicates a high expression or accumulation of this growth
factor, which is known to have angiogenic properties and is
involved in the pathogenesis of CNV [47].

Summary

Diffuse deposits, such as BLD, appear consistently when
CNV develops secondary to AMD [23, 29]. They are
composed of new basement membrane material and
excessive extracellular matrix proteins, predominantly
vitronectin. In addition, extracellular matrix-modulating
metalloproteinases such as MMP-2, MMP-7, and MMP-9
and their inhibitors TIMP-2 and TIMP-3 were present.
However, activated complement and VEGF were also
detected. The results of our present analysis support the
hypothesis that inflammatory processes are involved in the
pathogenesis of BLD and CNV in AMD.
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