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Bruch’s membrane and the vascular intima: is there a common
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ABSTRACT
Several clinical and epidemiological studies have concurrently
illuminated established cardiovascular risk factors in agerelated macular degeneration (AMD), raising the possibility
that cardiovascular disease and AMD may share a similar
pathogenic process. The vascular intima and the Bruch’s membrane share several age-related changes and are the seat of
many common molecules. Diseases of these structures may
represent parallel responses to the tissue injury induced by
multiple intercalated factors such as genetic variations, oxidative stress, inappropriately directed immune response or
inflammatory disease complex. However, there are marked
differences in the age-related changes in these two structures.
The strategic location of the Bruch’s membrane between the
retinal pigment epithelium and the choriocapillaris can at least
partially explain the differential susceptibility of AMD to cardiovascular risk factors. Unlike the vascular wall that is
exposed to changes from the endothelium, the Bruch’s membrane is subject to changes from both the endothelium
(choriocapillaris) and epithelium (retinal pigment epithelium).
Moreover, although both the vascular wall and Bruch’s membrane become lipid laden with age, the lipid composition is
characteristically different. This review examines the morphological and biochemical alterations in the senescent Bruch’s
membrane and its analogy to the vascular wall to evaluate the
concurrence of atherosclerosis and AMD.
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INTRODUCTION
Age-related macular degeneration (AMD) is the leading
cause of severe visual loss in patients above the age of 50 in
industrialized countries.1–3 Despite the high prevalence and
public health impact, the aetiology of AMD remains largely

unknown. Several clinical and epidemiological studies have
concurrently illuminated a few cardiovascular risk factors in
AMD such as increasing age, smoking, dyslipidaemia, hypertension, obesity, impaired glucose metabolism and a sedentary lifestyle.4–6 However, advancing age and smoking are
the only proven cardiovascular risk factors for AMD. The
impact of other risk factors such as hypertension, diabetes
and hypercholestrolaemia on AMD remains inconclusive.5
The ageing processes in the Bruch’s membrane (BM) and
the vascular wall seem to be extricably bound to the pathogenesis of AMD and atherosclerosis, respectively. In his vascular model, Friedman proposed that alterations in the BM
are a key factor that explains the association of atherosclerosis and AMD.4 This review examines the morphological
and biochemical alterations in the senescent BM and its
analogy to the vascular intima to evaluate the concurrence
of atherosclerosis and AMD.

A

STRUCTURAL COMPARISON OF THE
THE VASCULAR WALL

BM

AND

The BM is a thin (2–4 mm) connective tissue interposed
between the metabolically active retinal pigment epithelium
(RPE) and its source of nutrition, the choriocapillaris. This
penta-laminar structure is classically described as consisting
of the basement membrane of the RPE, an inner collagenous
zone (ICZ), a fenestrated elastic layer, an outer collagenous
zone (OCZ) and the basement membrane of the endothelium of the choriocapillaris.7 In contrast, a healthy arterial
wall of a major blood vessel is composed of only three
histologically specific layers: the innermost layer (intima)
consists of a single layer of endothelial cells; the media is
composed of smooth muscle cells, collagen and elastic fibrils;
and the third distinct layer is a fibrous adventitia.8
In order to investigate the comorbidity of atherosclerosis
and AMD, a useful analogy of the BM is the arterial wall of
a major blood vessel such as the carotids.9 Both the fenestrated choriocapillaris and the endothelial monolayer of the
arterial wall possess a subcellular stratified extracellular
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matrix (ECM): the BM for the choriocapillaris and the media
and adventitia for the vascular intima. Although both these
structures have similar ECM, the key difference is the virtual
absence of smooth muscle cells in the BM. Moreover, unlike
the vascular ECM, the BM is strategically located between
an endothelium and an epithelium (RPE) and is therefore
subject to changes from both sides. In contrast, the vascular
wall matrix is affected by changes caused by endothelial
dysfunction only.
Although the cause for endothelial dysfunction of the
choriocapillaris is akin to that of atherosclerosis, RPE dysfunction may arise secondary to causes that do not primarily
affect its nutrition from the choricapillaris, and this includes
oxidative insults, local inflammatory processes, senescence
and genetic defects. This may further explain the susceptibility of AMD to cardiovascular risk factors.

Macroscopic changes of the BM and
the vascular wall
The fundamental age-related change in both structures is
typified by increased thickness. The age-associated thickening of the arterial wall consists mainly of intimal thickening.10 The carotid intima-media thickness increases two- to
threefold between 20 and 90 years of age.8 Similarly, the BM
undergoes diffuse thickening, with thickness being reported
to increase by 135% in 10 decades.7,11 The maximum thickness occurs in the substrata of the OCZ.12 However, there
is marked heterogeneity in the intimal and BM thickness
among individuals at a given age.8,13
Disease risk is associated with age-related thickness of
these structures. Carotid intima-media thickness is used as a
predictive non-invasive test for atherosclerotic burden.14
Likewise, a prolonged choroidal filling phase during fluorescein angiography signals the presence of diffuse BM thickening.13,15 In addition, serial measurement of the thickness of
the BM may be a useful prognostic parameter in longitudinal
studies of AMD.
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Green and Enger defined the second type of deposits as
basal linear deposits (BLD) that form a thin layer of membranous profiles below the RPE.18 Sarks et al. termed them as
entrapment sites as these membranous bodies are thought to
be released from the basal plasma membrane of the RPE, but
are unable to enter the ICZ owing to the tight meshwork
of collagen fibrils beneath them.18–20 Curcio and Millican
demonstrated that BLD and large drusen with membranous
contents are strongly associated with early age-related maculopathy compared with basal laminar deposits.21
Basal laminar deposits are the third type of sub-RPE
deposit to be found in the BM, consisting of diffuse heterogenous material that lies internal to the RPE basal lamina.21
Ultrastructural and histochemical analyses suggest longspacing collagen to be a dominant constituent of these
deposits.16,21
As age advances, the debris accumulates and contaminates
all the collagenous layer of the BM, and is seen on both sides
of the elastic lamina, thus forming the bulk of the age-related
debris in the collagenous layers, especially in the OCZ.12
These deposits may occur simultaneously in some eyes,
which may indicate that they have different aetiologies,
although histological evidence has failed to clarify the exact
cause–effect. Depending on their proximity to the RPE,
deposits may represent incompletely digested waste material
emanating from a dysfunctional RPE,22–25 or it may be the
sequelae of dysfunctional choriocapillary endothelium.26
Experimental evidence also suggests that these deposits may
be due to altered remodelling of the membrane,27 or an
inappropriately directed immune response.28,29
Furthermore, the cell biology of the arterial intima suggests abundant granulovesicular debris in the intima, probably originating from disintegration of vascular smooth
muscle cells and dead macrophage foam cells.30 Although the
source of the deposits in both diseases may not be directly
linked, a common component may be that the cellular debris
in both structures acts as a focus for inflammation and local
immune response.

Cell biology of the vascular wall and the BM

MOLECULAR COMPOSITION OF DRUSEN AND
ATHEROSCLEROTIC DEPOSITS

The three anatomical changes that occur in the BM with age
are the progressive accumulation of debris, lipid deposition
and alteration of the ECM. A similar build-up is seen in
the arterial wall with accumulation of lipids, cellular waste
products, and fibrin and calcium deposits resulting in plaque
formation.10
The deposition of PAS-positive (periodic-acid-schiff)
granular, vesicular and filamentary deposits in the ICZ of BM
has been identified as early as the first decade of life.7 There
are three morphological forms of sub-RPE deposits.16–18 The
clinically visible deposits known as drusen are discrete extracellular deposits situated between the basal lamina of RPE
and ICZ of BM. They are further subclassified according to
their size and structure, with the soft and confluent forms
being a clinical hallmark for AMD.

The link between atherosclerosis and AMD is further substantiated by the similarity of molecular composition of
drusen and arteriosclerotic deposits.31 The proteins identified
in the drusen/BM include both locally derived (neural retina,
RPE and choroid) and extracellular non-ocular components.
The oxidative modifications of some of these components
may also be the primary catalyst in drusen formation. Most
of these components are also present in atherosclerotic
lesions.
The complement system plays a key role in the body’s
immune response. C5b-9 complexes have been isolated in
intact cells, disintegrated cells and cell debris enmeshed in
the ECM of thickened vascular intima and atherosclerotic
plaque.32 Some of these cells represent activated or dead
macrophages. They trigger inflammatory events and pro-

520

Sivaprasad et al.

gression of atherosclerotic lesions. Likewise, immunohistochemical analyses of all phenotypes of drusen and the BM
have also revealed C3, the terminal complement complex
C5 and the membrane attack complex C5b-9 terminal complexes. Although C3 and C5 mRNA are present in the neural retina, RPE and choroids,33 the source of most of the
complement factors may be from plasma. In addition, several complement inhibitors have been identified in drusen
such as clusterin, CD46 and CR1.34 The localization of
these complement proteins and their regulators provide evidence of local inflammatory response. The granulovesicular
nuclear fragments, oxidized lipoproteins and advanced glycation end-products may be potential activators of the complement cascade in both the vascular intima and BM.28,35,36
The fact that immunological injury may be an initiating
factor in the development of AMD and atherosclerosis is
further substantiated by the isolation of human leucocyte
antigen markers in drusen and atherosclerotic lesions.37,38
However, the multifactorial nature of both disease processes
makes a simple relationship with a single major histocompatibility complex determinant unlikely.

LIPID

ACCUMULATION

An important age-related change that forms the base for
atherosclerosis is lipid accumulation in the thickened intima.
In the arterial intima, plasma lipoproteins are transported
across the endothelium and trapped among fibrils of ECM.39
These initial lesions are characterized by microscopically
visible lipid droplets that coalesce to form fatty streaks,
and finally stratified pools of lipid are found in the intimal
thickening.
A similar age-related exponential accumulation of lipids
occurs in the BM. The BM becomes sudanophilic and exhibits increased staining with Oil red O.40–44 In eyes of patients
less than 60 years old, these lipid-containing small round
solid particles are scarcely scattered in both collagen layers.
In older eyes, the lipid droplets occupy up to one-third of
the ICZ and also form a thin lipid layer external to the RPE
basement membrane.45
There is circumstantial evidence that ultrastuctural
changes of the BM, especially the lipid deposition and thickening and reduced basal convolutions of the RPE basal lamina,45,46 result in an exponential decline in hydraulic
conductivity of the BM with age.47,48 The combination of
greater volume of intervening material together with the
greater separation of the choriocapillaris from RPE contributes to the decrease in exchange efficiency between these
structures and aids deposition of material in the BM.49
Although both the BM and the arterial intima become
lipid laden with age, the lipid composition is dissimilar.
Moreover, there is a wide variation of the nature and proportion of lipids deposited in the BM. Unlike the plasmaderived low-density lipoproteins infiltration in the vascular
intima, the predominant lipids in the BM consist of phospholipids and fatty acids.40–44 Approximately 50% of the
phospholipids are phosphatidylcholine, suggesting that the

lipids in the BM are more likely of a cellular origin (a potential source being the photoreceptor outer segment membranes) than from plasma. However, recent studies using
filipin histochemistry and hot stage polarizing microscopy
revealed that lipid contents of BM consist of both esterified
and unesterified cholesterol. This suggests a vascular origin
akin to atherosclerosis.8,45,50 Both polyunsaturated and
monounsaturated cholesterol esters were found distributed
throughout BM and localized to drusen. However, saturated
fatty acids were not seen in the BM.50 This further substantiates the fact that unlike the vascular intima, the BM is
subjected to noxious agents from both the epithelial and
endothelial sides.
The cholesterol transporters, apolipoprotein E (ApoE)
and ApoB, are components of drusen and ApoE has also been
identified in atherosclerotic plaque.51–53 The inheritance of
ApoE4 alleles is linked to the age of onset in atherosclerosis
with ApoE4 carriers being highly susceptible to atherosclerosis. In contrast, the allele E4 has a protective effect on
AMD.54 In addition to plasma ApoE, the RPE is a source of
ApoE mRNA and it could be involved in local lipid homeostasis and a local disruption could result in an lipid accumulation in the BM.55

MATRIX

DISREGULATION

The matrix changes associated with age-related arterial
changes include: increased collagen content, increased collagen cross-linking, increased fibronectin, decreased elastin
associated with calcification and fragmentation of the elastic
lamina, and increased glycosaminoglycans (GAG).56 Similar
changes are observed in the ageing BM.
Collagen synthesis increases with age in both structures.57,58 Types I and III collagens form the bulk of the total
plaque protein in atherosclerosis.57 Likewise, Newsome et al.
found an age-related increase in collagen I in the BM with
age.27 Other collagens noted in the BM include types III, IV
and V.58 In addition, atypical banding periodicity has been
observed in the collagen produced. The ICZ consists more
of 640A type collagen and the OCZ contains more 1000A
type collagen with age.7 The meshes formed by the tightly
interwoven collagen fibres in the ICZ also become irregular
and coarse with age.59 The long-spacing collagen is a material with periodicity ranging between 100 and 140 nm found
mainly in the OCZ and extends as intercapillary pegs to
areas where the choriocapillaris has undergone age-related
atrophy.60 This material has also been isolated in the aortic
media.61 Moreover, increased cross-linking results in a linear
decline of solubility of the collagens with age.57,58 In both
structures, the increased insoluble collagen may contribute
to debris accumulation and serve as a depot for lipoproteins,
growth factors and cytokines.
The amount of non-collagen protein in BM also increases
significantly with age as suggested by an increase in deposition of non-collagen amino acids in the macular area.58 The
elastic layer becomes basophilic; the elastic fibres increase in
number and become more electron dense. Needle-like crys-
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tals are deposited within the fibres.7 The BM also undergoes
calcification and fragmentation, rendering the membrane to
loose its elasticity and become more brittle. The degree of
calcification and fragmentation of BM correlates with the
severity of wet AMD, although it is seen in both types of
AMD.62
Similar changes occur in the elastic layer of the arterial
wall. The exact mechanism of calcification of the elastic
fibres is not known, but it may be the result of production
of abnormal elastic fibres, degeneration of elastic fibres or
other alterations in the ECM.63 Degradation of the arterial
wall elastin is a characteristic feature in atherogenesis. Serum
concentration of elastin-derived peptides is elevated in atherosclerotic patients and reflects elastin turnover.64 Increased
serum concentration of elastin-derived peptides is a potential
indicator of advanced atherosclerosis such as plaque instability and is also a predictor of rupture in atherosclerotic aortic
aneurysms.65
Changes in GAG also occur in the ECM of both the
vascular intima and BM. Sulphated GAG, which are components of the vascular matrix, increase during the early stages
of atherosclerosis.66 Binding of dermatan sulphates to lowdensity lipoproteins correlates positively with lipid accumulation in the intima and progression of atherosclerotic
lesions, respectively. Chondroitin sulphate normally retards
the passage of plasma particles and maintains the viscoelastic
property of the vessel wall that is structurally altered in
advanced lesions.67 In contrast, heparan sulphate, a major
component of basement membrane, decreases with the
severity of atherosclerotic lesions.68 These changes do not
correspond with changes in the BM. An increase in the
content and structure of GAG in BM has been identified.69
The increased volume of GAG may partially be responsible
for the altered metabolism of the collagens and the resultant
increased negative field may also contribute to the deceased
filtration across the BM.70 An increased proportion of heparan sulphate in the basement membranes of the BM and
simultaneous decrease in proteoglycan filaments containing
chondroitin sulphate and dermatan sulphate associated with
the collagen fibrils have been noted.70,71 It may be that the
main source of dermatan sulphate in the intima is the smooth
muscle cells and the absence of these cells in the BM correlates with its decrease. In addition, there may be differences
in macrophage recruitment and accumulation in the two
structures and proteolytic degradation by the macrophages
may account for the significant differences in changes in
proteoglycan subtypes. The difference in the proteoglycan
subtypes may partially be responsible for the altered lipid
content in these structures.

Matrix metalloproteinases
Matrix metalloproteinases (MMPs) are required by both BM
and arterial intima for ECM remodelling, protein processing
and angiogenesis.72 The age-related increased collagen content, the release of reactive oxygen radicals by the lipidladen BM and intima, and the presence of inflammatory
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cytokines, cellular transformation and growth hormones in
both the structures may upregulate these enzymes, especially
MMP-2 and MMP-9.73,74 Both MMP-2 and MMP-9 are
gelatinases and readily digest denatured collagen. In addition, MMP-2 digest types I, II and III collagens.72 Localization of MMP-2 and MMP-9 expression to areas of new vessel
formation in the BM and to areas of adventitial vasovasorum
suggests their role in the growth of neovascular complexes
in both AMD and atherosclerosis.74,75
One of the endogenous tissue inhibitors of MMPs
(TIMPs) regulates the activation of MMPs and also has
other independent actions.74 Of the four TIMPs characterized to date, TIMP-3 is the only member found exclusively
in ECM explaining the presence of TIMP-3 in both the
intima and BM.74 In addition, it binds tightly to sulphated
GAG. Western blotting and quantitative reverse zymography have demonstrated an age-related increase in TIMP-3 in
BM and its concentration is shown to correlate with the
amount of ECM and the quantity of drusen.76 In BM, TIMP3 controls ECM turnover, limits neovascularization77 and
may play a role in apoptosis.78 Mutations of TIMP-3 associated with Sorsby’s fundus dystrophy suggest that TIMP-3
may result in aberrant protein interaction and increased cell
adhesiveness, which may cause defective turnover of the
BM.79 A similar upregulation of TIMP-3 in atherosclerotic
aorta has been noted.80

CONCLUSION
It is clear that the vascular intima and the BM share several
age-related changes with the involvement of several common molecules. This may be because they are exposed to
similar genetic variations, oxidative stress, or immune or
inflammatory disease complexes. On the basis of this
review, one may argue that atherosclerosis and AMD may
share some aspects in a response to the resultant tissue
damage.
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