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Abstract

Early stage of the disease is characterized
by drusen and retinal pigmentary changes
and in this article it is termed as agerelated maculopathy (ARM). Fifteen percent
of the affected individuals experience
profound loss of central vision owing to the
development of choroidal neovascularization
(CNV).4
The data-linking aberrations in extracellular
matrix (ECM) biology and AMD are
mounting.5,6 Numerous histopathological
studies have shown that ECM components such
as the collagen and elastic layers in Bruch’s
membrane undergoes substantial changes in
AMD.7,8
Matrix metalloproteinases (MMPs) are a
family of zinc-dependent endopeptidases that
degrade substrates such as elastin, gelatine and
collagen I, IV and V. These enzymes are
expressed constitutively but under pathological
states their expression can be increased. An
accumulation of MMP-2 and MMP-9 has been
identified in the Bruch’s membrane of AMD
eyes, suggesting the presence of a pathologic
local enzymatic process.9,10 In addition, cellculture studies have documented the effect of
MMP-2 and MMP-9 in the development of
CNV. 11,12
Compositional similarity between drusen and
atherosclerotic plaques lend support to the
theory that AMD and atherosclerosis may be
parallel tissue responses to abnormal ECM
turnover.13 MMPs have been implicated in
atherosclerosis. Among them, increased
circulating MMP-9 (gelatinase-B) has been
identified as a predictor of cardiovascular
mortality in patients with coronary artery
disease.14 Likewise, MMP-2 (gelatinase-A) plays
a pivotal role in oxidized low-density

Background Several studies indicate that agerelated macular degeneration (AMD) and
atherosclerosis may share common
pathogenetic pathways. The aim of this study
was to determine the role of systemic matrix
metalloproteinases (MMPs) in AMD, given
that MMPs are implicated in the pathogenesis
of atherosclerosis.
Methods This study determined the plasma
matrix metalloproteinases (MMP-2 and MMP9) levels in three groups of subjects: group 1
included subjects with age-related
maculopathy (ARM), group 2 included
subjects with choroidal neovascularization
(CNV) owing to AMD and group 3 consisted
of age-matched controls.
Results The mean plasma levels of MMP-2
were not significantly different in the three
groups. In contrast, the mean plasma MMP-9
levels were significantly higher in ARM and CNV
groups compared to that of the control group.
However, there was no significant difference in
MMP-9 levels between ARM and CNV groups.
Conclusion This is the first study that reveals
a link between raised plasma MMP-9 levels
with AMD. Further studies are required to
identify the factors that contribute to this
association.
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Introduction
Age-related macular degeneration (AMD) is a
leading cause of blindness in the elderly. 1–3
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lipoproteins (oxLDL) induced smooth muscle cell
proliferation involved in atherosclerosis.15
Since systemic MMP-9 and MMP-2 are associated with
atherosclerosis and localized MMP-2 and MMP-9 are
associated with CNV secondary to AMD, we hypothesize
that if atherosclerosis and AMD share a common
mechanism, systemic MMP-9 and MMP-2 may be
increased in patients with AMD.

Materials and methods

Briefly, we classified the subjects into three groups:
(a) control group consisted of subjects with no evidence
of drusen, retinal pigmentary abnormalities or late AMD;
(b) ARM group included subjects with the presence of
either large (X63 mm) soft distinct drusen with
pigmentary abnormalities, or indistinct drusen
(X125 mm) or reticular drusen); and (c) CNV group
included subjects with fluorescein angiographic evidence
of CNV. If the grades in the two eyes were different, the
subject was categorized according to the severity of
changes in the worse eye.

Subjects
This research adhered to the tenets of the Declaration of
Helsinki. Institutional Ethics Committee approval was
obtained and all subjects gave their full informed
consent. The subjects in this study were recruited as part
of a Medical Research Council (UK) funded project on
AMD.
Thirty-three subjects with varying grades of AMD
were recruited for the study from the Macula Clinic of
King’s College Hospital, London. Participants of the
control group (n ¼ 17) were selected among subjects
awaiting pre-assessment for cataract surgery who were
50 years or older and fundus examination revealed the
absence of drusen, pigmentary abnormalities and late
AMD. Subjects with coexistent fundus pathology and
subjects with ungradable photographs were excluded.
The study did not include any subject with a history of
neoplastic, hepatic, infectious or autoimmune disease; or
any surgical procedure in the preceding 6 months.
All enrolled subjects underwent a complete
ophthalmic examination by the recruiting retinal
specialist (NVC): visual acuity, slit lamp examination and
retinal examination after pupil dilation were
documented. Each subject had 351 colour stereo fundus
photographs of both eyes taken (Topcon TRC 50IX,
Topcon Ltd, Tokyo, Japan). Fluorescein angiography was
performed if there was a clinical suspicion of CNV. A
detailed medical history of each patient was taken with
particular care taken to note history of cardiovascular
disease including coronary artery disease, stroke and
peripheral arterial disease.

Plasma collection
Venous samples were collected into Heparin tubes
(Vacutainer, BD Diagnostics, Oxford, UK), centrifuged at
1000 g for 15 min at room temperature and plasma was
transferred to a fresh tube within an hour of collection
and kept frozen at 801C. Plasma samples were thawed
on ice and used for MMP measurements. The samples
were randomized so that the scientist who analysed the
samples was blinded of the clinical history of the
subjects.

Measurement of total plasma protein concentration
The Coomassie Blue Protein Assay reagent (Pierce,
Rockford, IL, USA) was used to determine the total
protein level of each plasma sample. Any sample with
reading that was significantly different from the average
value was excluded.

Measurement of total plasma MMP-2 concentration
Plasma MMP-2 levels were quantified with a sandwich
enzyme-linked immunosorbent assay (ELISA) using the
Quantikine total human MMP-2 kit (R&D Systems Inc.,
Minneapolis, MN, USA). The kit assayed the proactive
and active forms of the MMP-2. The assays were
processed according to the manufacturer’s instruction.
All samples were measured in duplicate and in three
serial dilutions and the results were averaged as
mean7s.e.m.

Grading of AMD
Fundus photographs of these subjects were randomized
and graded by two retinal specialists (NP, SS) using the
nomenclature and classification recommended by the
International ARM Epidemiological Study Group.16 The
graders were masked of the age and clinical history of
the participants. Double grading for intra-observer and
inter-observer variability was performed. Discrepancies
were resolved by discussion.

Eye

Measurement of total plasma MMP-9 concentration
Plasma MMP-9 levels were also quantified with a
sandwich ELISA using the Quantikine total human
MMP-9 kit (R&D Systems Inc.). The kit assayed the
proactive and active forms of the MMP-9. The assays
were processed according to the manufacturer’s
instructions.
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All samples were measured in duplicate and in three
serial dilutions and the results were averaged as
mean7s.e.m.

(7407494 ng/ml) compared to that of control patients
(2657134 ng/ml, P ¼ 0.008), as demonstrated by
Figure 2.

Statistical methods

Results
Characteristics of the subjects
Plasma was analysed from 50 subjects consisting of 15
with ARM, 18 with CNV and 17 controls. There were no
significant differences in average age, gender distribution
or prevalence of major risk factors among the three
groups (Table 1).
Quality of plasma samples
Total protein measurements were performed as a
preliminary test for the quality of plasma samples
collected. Statistical analysis showed that there was no
significant difference (P40.05) in the protein level of the
samples between subjects in the three identified groups.
The average measurement is 3.370.3 mg/ml.

Discussion
In this study, plasma MMP-9 levels in AMD subjects
were found to be approximately threefold higher than
controls. However, there was no significant difference in
MMP-9 levels between the ARM and CNV groups.
Plasma MMP-2 levels were noted to be similar in the
three groups.
There is growing evidence that MMPs play important
roles in many disease processes, but most of these
enzymes are likely to be active at a local tissue level.
Plasma MMP-2 in the three groups
Plasma MMP-2 ng/ml

MMP-2 and MMP-9 levels in the three groups were
analysed using Student’s t-test. The one-way ANOVA
was also used to identify the relationship between
patient parameters. Statistical significance was set as
Po0.05.
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Figure 1 Mean plasma MMP-2 levels in the three groups.

The mean plasma levels of MMP-2 in control
(4957124 ng/ml), ARM (5077145 ng/ml) and CNV
patients (5237100 ng/ml) were not significantly different
(P ¼ 0.8), as shown in Figure 1.
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Figure 2 Mean serum plasma MMP-9 levels in the three
groups.

Table 1 Characteristics of subjects in the three groups

Age (years with range)
Gender M:F
Smoker (%)
Hypertension (%)
Myocardial infarction (%)
Angina pectoris (%)
Stroke (%)
Hypercholesterolemia (%)

ARM (n ¼ 15)

CNV (n ¼ 18)

Controls (n ¼ 17)

P-value

74 (61–81)
5:10
6.6
33.3
6.6
0
6.6
13.3

75 (62–91)
7:11
5.5
27.7
11.11
0
0
11.11

76 (61–81)
6:11
0
35.3
5.9
5.9
0
17.6

0.5
0.5
0.7
0.7
0.6
0.3
0.3
0.6

Abbreviations: ARM, age-related maculopathy; CNV, choroidal neovascularization.
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Nonetheless, raised plasma MMP-9 levels have been
documented in cancer, hepatic and lung diseases and
rheumatoid arthritis.17–20 Subjects with history of these
conditions were excluded from this study. The level of
circulating MMP-9 is raised in atherosclerosis.21 No
statistically significant differences in clinical data related
to atherosclerosis were observed between subjects in the
three groups in this study. The levels of plasma MMP-9
also vary in different ethnic groups but all the patients in
this cohort were Caucasians.22 Therefore, these findings
of raised plasma MMP-9 in this study is most probably
associated with AMD. There may be other unknown
confounding factors body mass index that may influence
the results. However, they should be highly associated
with MMP-9 to explain these results.
The weakness of this study is that total MMP-2 and
MMP-9 (pro and active forms) were measured. All
MMPs require activation from precursors to attain
enzymatic activity. The antibodies used did not
distinguish the active form of these enzymes from their
proenzyme forms. Gelatin zymography is a more
sensitive assay for detection of both latent and active
forms of MMP-2 and MMP-9. In addition, tissue
inhibitors of metalloproteinases (TIMPs) dissociate from
MMPs during electrophoresis thus preventing TIMPs
from inhibiting enzymatic activity.23 Therefore, increased
MMP-9 immunoreactivity in this study does not
necessarily correspond to its augmented enzymatic
activity.
Nevertheless, the source of increased MMP-9 in the
circulation in AMD patients remains unclear. The
contribution of the RPE-BM complex to the circulating
MMP-9 is presumably negligible, it is not thought likely
that increased MMP-9 occurs as a result of AMD in the
first instance. Other important sources of MMPs include
astrocytes, neurons, microglia, leukocytes and
macrophages.24 It is therefore possible that circulating
leukocytes may contribute to the increased levels of
MMP-9. The recent evidence of raised C-reactive protein
(CRP) in intermediate and advanced AMD suggests a
state of low-grade inflammation.25 Proinflammatory
cytokines may also account for macrophage activation
and subsequent release of MMP-9.26 Furthermore,
oxidative stress can result in enhanced expression and
activation of MMPs.27 Further investigations are needed
to address these issues.
The lack of an increase in MMP-2 levels may reflect its
more constitutive expression, whereas MMP-9 levels are
more responsive to reactive oxygen species and
inflammatory cytokines.28
In summary, this is the first study that reveals an
association of circulating MMP-9 with AMD. It is difficult
to make wide-ranging conclusions/assumptions based
on these observations in view of the small sample size.
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However, this is an important starting point. Larger scale
future studies will be required to clarify these findings
including the link with systemic inflammatory markers.
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