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Sub-lytic C5b-9
induces functional
changes in retinal
pigment epithelial
cells consistent with
age-related macular
degeneration

Abstract

Purpose There is evidence for complement
dysfunction in age-related macular
degeneration (AMD). Complement activation
leads to formation of the membrane attack
complex (MAC), known to assemble on
retinal pigment epithelial (RPE) cells.
Therefore, the effect of sub-lytic MAC on
RPE cells was examined with regard to
pro-inflammatory or pro-angiogenic mediators
relevant in AMD.

Methods For sub-lytic MAC induction, RPE
cells were incubated with an antiserum to
complement regulatory protein CD59,
followed by normal human serum (NHS) to
induce 5% cell death, measured by a viability
assay. MAC formation was evaluated by
immunofluorescence and FACS analysis.
Interleukin (IL)-6, -8, monocytic
chemoattractant protein-1 (MCP-1), and
vascular endothelial growth factor (VEGF)
were quantified by enzyme-linked
immunosorbent assay (ELISA). Intracellular
MCP-1 was analysed by immunofluorescence,
vitronectin by western blotting, and
gelatinolytic matrix metalloproteinases
(MMPs) by zymography.

Results Incubation of RPE cells with the
CD59 antiserum followed by 5% NHS induced
sub-lytic amounts of MAC, verified by FACS
and immunofluorescence. This treatment
stimulated the cells to release IL-6, -8,
MCP-1, and VEGE. MCP-1 staining,
production of vitronectin, and gelatinolytic
MMPs were also elevated in response to
sub-lytic MAC.

Conclusions MAC assembly on RPE cells
increases the IL-6, -8, and MCP-1 production.

K Lueck’, S Wasmuth', J Williams?, TR Hughes?,
BP Morgan?®, A Lommatzsch?, J Greenwood?,
SE Moss? and D Pauleikhoff'#

Therefore, sub-lytic MAC might have

a significant role in generating a
pro-inflammatory microenvironment,
contributing to the development of AMD.
Enhanced vitronectin might be a protective
mechanism against MAC deposition. In
addition, the increased expression of
gelatinolytic MMPs and pro-angiogenic VEGF
may be associated with neovascular processes
and late AMD.
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Introduction

Age-related macular degeneration (AMD) is the
leading cause of blindness in developed
countries amongst the elderly. There is
compelling evidence for a significant role of
complement in AMD, particularly with regard
to the complement factor H gene variant Y402H,
which was demonstrated to have less
complement-inhibitory activity.' The altered
complement factor H molecule was shown to be
correlated with more than half of the diagnosed
AMD cases,”* which highlights the importance
of Y402H as a major genetic risk factor in the
disease. Additionally, several proteins and their
activation products involved in the complement
cascade, including the membrane attack
complex (MAC), were found in drusen, which
are sub-retinal deposits and a hallmark of early
stage AMD.”
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The complement system, as part of the innate immune
system, provides a first line of defence against infection
through activation of leukocytes, opsonisation, and
assembly of MAC, the terminal complex of the
complement cascade. Upon complement activation, its
individual components C5b, C6, C7, C8, and C9
combine to form a lytic pore on the surface of target
cell membranes in response to activated complement,
capable of inducing cell lysis and inflammatory
processes, as well as activating various cell signalling
pathways.*” The formation of MAC is regulated
by the membrane bound complement regulatory protein
CD59, which controls activation of complement by
inhibiting the incorporation of C9 into the forming
complex, and thereby preventing assembly of a
functional pore.*® CD59 is strongly expressed in the
normal human retina and in cultured retinal pigment
epithelial (RPE) cells.'

AMD pathogenesis was shown to be associated with
several inflammatory indicators, like an increase in white
blood cell count, C-reactive protein levels, and
intercellular adhesion molecule-1 amongst others.
Specifically, RPE cells are thought to have a significant
role in intraocular inflammation by secreting cytokines
and chemokines.'*'* Interleukins (IL)-6 and -8 have
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regulatory functions in the immune response,'® whereas
monocytic chemoattractant protein (MCP)-1 attracts
monocytes to inflammation sites, and drives their
maturation towards macrophages.’” Augmented
production of the pro-angiogenic vascular endothelial
growth factor (VEGF) by the RPE has also been
described.'®

In addition, RPE cells also have the ability to produce
vitronectin, another important constituent of drusen,'**
which interferes in complement-mediated cell lysis by
preventing MAC formation.”" Gelatinolytic matrix
metalloproteinases (MMP)-2 and -9 are also elevated in
areas of new vessel formation, and are therefore
associated with the development of choroidal
neovascularisation.??

Currently, little is known about the molecular effects of
MAC on RPE cells, and how these may contribute to the
pathogenesis of AMD through the recruitment of
monocytes and the modulation of subsequent
macrophage function. In AMD, it is known that MAC
assembles on RPE cells,?® and in early disease, the RPE
may also be subject to sub-lytic assembly of MAC, which
in other cell types has been shown to modulate
intracellular signalling pathways, and thus alter normal
cellular function.*** This study, therefore, investigates
whether sub-lytic MAC alters the ability of RPE cells to
influence the local environment through cytokine and
growth factor production, deposition of vitronectin or
altered secretion of MMPs.
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Methods
Cell culture and reagents

The human RPE cell line ARPE-19%° (ATCC number
CRL-2302) was cultured in DMEM/F12 (1:1; Gibco,
Paisley, UK) supplemented with 100 U/ml penicillin/
streptomycin (PAA Laboratories GmbH, Pasching,
Austria) and 10% foetal bovine serum (Gibco) at 37 °C,
with a carbon dioxide content of 5%. The medium was
changed twice a week. All reagents were obtained from
Sigma (Steinheim, Germany), unless stated otherwise.

MAC deposition assay

Confluent ARPE-19 cells were serum-starved for 2 days,
and incubated with a rabbit polyclonal anti-human CD59
antiserum (raised in house by Prof BP Morgan, Cardiff
University, Cardiff, UK) for 1h at 37 °C. Cells were
washed and exposed to complement-containing normal
human serum (NHS) or heat-inactivated (HI) NHS

(45 min at 56 °C) as a complement deficient control at
37 °C for another hour. Afterwards, the cells were
washed thoroughly, and incubated with serum-free
media for 24 h. The amount of NHS selected for the MAC
deposition assay was defined by calibration in a
3-(4,5-Dimethylthiazol-2-y])-2,5-diphenyltetrazolium
bromide (MTT) viability assay, where sub-lytic doses of
MAC were characterised by 5% cell death.”” Further,
MAC formation was determined by FACS and
immunofluorescence analysis.

MTT viability assay

After the aforementioned treatments of RPE cells, 100 ul/ml
MTT (5 mg/ml thiazolyl blue in phosphate buffered
saline (PBS) sterile filtered) was added to the media and
incubated at 37 °C for about 3h until formazan crystals
appear. The reaction was stopped with 0.02M SDS, and
50% dimethyl formamide. The optical density of the
supernatants was measured photometrically at a
wavelength of 570 nm after crystal dissolving. A positive
control was created from cells treated with anti-CD59
and HI-NHS; a negative control for 100% cell death was
performed by addition of 1% Triton X-100, 10 min before
adding MTT.

Flow cytometry

RPE cells were washed and incubated in PBS and 1%
bovine serum albumin for 30 min. A monoclonal mouse
anti-C5b-9 antibody (clone «E11, Dako, Hamburg,
Germany; 1:50) was applied for 1h at 4 °C. The cells
were washed three times, and incubated with a FITC-
labelled secondary donkey anti-mouse IgG (Dako; 1:200)
for 30min at RT in the dark. The stained cells were
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washed again and detached with pre-warmed PBS and
15nM EDTA at 37 °C. The cell suspension was then
analysed by FACSCalibur (Becton Dickinson, Heidelberg,
Germany), and the data were analysed with WinMDI 2.9
(http:/ /facs.scripps.edu/software.html), and expressed
as mean fluorescence intensity in a histogram.

Immunofluorescence

After assembly of sub-lytic MAC in glass-bottom dishes
(MatTek, Ashland, MA, USA), cells were fixed with 4%
paraformaldehyde in PBS at 4 °C for 20 min. Cells were
blocked in PBS and 1% bovine serum albumin for 1 h and
incubated with the anti-C5b-9 antibody, or a monoclonal
anti-MCP-1 antibody (Dako; 1:50) at 4 °C overnight. The
dishes were washed three times in PBS, and incubated
with a FITC-conjugated rabbit anti-mouse IgG1
secondary antibody (Dako; 1:200) in PBS and 1% bovine
serum albumin for 1h at RT in the dark, and washed as
described above. The nuclei were counterstained with
Hoechst (1 mg/ml). The cells were washed, coated with
mounting media, covered, and analysed by a Leica
TSC-SP2 laser scanning confocal microscope (Leica
Microsystems GmbH, Wetzlar, Germany).

Enzyme-linked immunosorbent assay (ELISA)

After MAC deposition, the serum-free media were
harvested after 24 h, stored at —20 °C, and analysed for
IL-6, -8, MCP-1 (human IL-6, -8, and MCP-1 OptEIA
ELISA Sets; BD Bioscience, Heidelberg, Germany), and
VEGF (human VEGF DuoSet; R&D Systems, Wiesbaden,
Germany) by sandwich-ELISA.

SDS-PAGE and western blotting

Cells were lysed with 200 ul of 2% SDS, 25% glycerol,
12.5% 0.5M Tris, 0.02% DTT, and 0.2% bromophenol
blue, at 95 °C for 5min. The cell lysate was homogenised
and subjected to SDS-PAGE using a 10% acrylamide gel.
The electrophoresis was performed at 120V for 2h at
4°C. A kaleidoscope protein standard (Bio-Rad
Laboratories, Munich, Germany) enabled the estimation
of the molecular weights. The proteins were transferred
onto a nitrocellulose membrane at 350 mA for 50 min.
The membrane was then blocked with 5% bovine serum
albumin in PBS and 0.05% Tween overnight at 4 °C, and
stained with a monoclonal mouse anti-vitronectin
antibody (TaKaRa Bio Inc., Otsu, Japan; 1:2000) for 3 h.
The membrane was then incubated with a monoclonal
rabbit anti-mouse Immunoglobulin/Biotin Rabbit F(ab’),
(Dako, 1:3000) for 1h, and with HRP (1:4000) for

20 min. Each step was followed by three washes with
PBS-Tween. The bands on the membrane were visualised
by a chemiluminescent reaction (Western Blotting
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Luminol Reagent Kit, Santa Cruz Biotechnology,
Heidelberg, Germany), and exposed to x-ray film. The
membrane was then stripped and re-probed with a
monoclonal mouse a-tubulin antibody (clone TU-01;
Exbio, Vestec, Czech Republic; 1:500). Densitometric
analysis of obtained bands was performed by Image]J
(NIH freeware, Bethesda, MD, USA), and the data were
normalised to a-tubulin.

Zymography

The protein concentration of the supernatants was
measured with a DC Protein Assay Kit (Bio-Rad
Laboratories) to load equal amounts of protein. For the
detection of gelatinolytic active MMP, a resolving gel was
used containing 0.1% gelatine. The media was diluted in
2% SDS, 25% glycerol, 12.5% 0.5M Tris, and 0.2%
bromophenol blue, and applied to the gel. A
kaleidoscope protein standard and a human recombinant
MMP-2 (R&D Systems) as a positive control were also
loaded onto the gel. The enzymes were separated at 120V
for about 2 h. The gel was then incubated in 2.5% Triton
X-100 for 1h, washed and incubated in 50 mM Tris,
10mM calcium chloride, 0.02% sodium azide, and 1%
Triton X-100, at 37 °C over night. The following day, the
gel was washed and stained in 0.25% Coomassie brilliant
blue, 10% acetic acid, 40% methanol in distilled water for
2h, and destained in 10% acetic acid, and 40% methanol
until white bands appeared. Image] and Microsoft Excel
were used to analyse and plot the grey values of the
different band sizes.

Statistical analysis

The obtained data were represented as mean and
standard deviation. A two-tailed Student t-test was used
to analyse differences between distinct groups.
Significant differences were defined as P <0.05, and
marked with an asterisk (*).

Results
Sub-lytic MAC formation on RPE cells

For the deposition of MAC, RPE cells were incubated
with a polyclonal rabbit CD59 antiserum to permit
complement activation and the assembly of MAC. The
amount of NHS required to induce 5% cell death,
reflecting sub-lytic amounts of MAC, was measured by
an MTT viability assay. CD59 antiserum and increasing
amounts of NHS led to a concentration-dependent
increase in cell death, whereas treatment with anti-CD59
and HI-NHS had no effect on the cell viability. After
pre-incubation with the antiserum, 5% NHS was used to
provoke 5% cell death (Figure 1a).
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Figure 1 Verification of sub-lytic MAC assembly. (a) MTT viability assay measuring the amount of cell death after treating ARPE-19
cells with anti-CD59, and ascending concentrations of NHS for 1 h at 37 °C. For negative controls, cells were treated with anti-CD59/
HI-NHS, and for positive controls with 1% Triton X-100. Data are plotted as means * s.d. (n =5). (b) The mean fluorescence intensity of
C5b-9 using flow cytometry presented as a histogram in control (anti-CD59/HI-NHS; open histogram), and anti-CD59/NHS-treated
cells (grey histogram) (n =4 for each treatment). (c) Representative images (1 =4) from immunofluorescence staining for C5b-9 after
MAC assembly on ARPE-19 cells. 1=HI-NHS alone, 2=NHS alone, 3 =anti-CD59/HI-NHS, 4 =anti-CD59/NHS. The scale bar

indicates 10 ym.

The presence of MAC on ARPE-19 cells in vitro after
sub-lytic MAC induction was determined by flow
cytometry and immunofluorescence. Flow cytometry
analysis revealed a significant increase in the mean
fluorescence intensity for MAC, compared with the
control anti-CD59/HI-NHS-treated cells. MAC
formation was confirmed by the increase observed in the
geometric mean from 10.99 in control cells to 24.31 in
MAC-induced cells (Figure 1b). Immunofluorescence
also revealed positive staining for C5b-9 after induction
of sub-lytic MAC, whereas control treatments were
negative for MAC staining (Figure 1c).

Sub-lytic MAC formation induces cytokine production
in RPE cells

The media assayed by ELISA revealing that HI-NHS-
treated control cells produced IL-8 (1522 + 11 pg/ml) and
MCP-1 (11312 £ 365 pg/ml) constitutively, and to a minor
degree IL-6 (42 £ 8 pg/ml). After anti-CD59/HI-NHS
treatment, the amount produced approximately doubled
to 4018 + 106 pg/ml, 26 711 £ 838 pg/ml, and 107 £ 13 pg/ml
for IL-8, MCP-1, and IL-6, respectively. NHS led to

significant increases in the release of cytokines compared
with HI-NHS. However, in response to MAC assembly
(anti-CD59/NHS), the detected cytokine concentration
was significantly higher with 6019 +176 pg/ml for IL-8
(P<0.05), 35367 + 923 pg/ml for MCP-1 (P <0.05), and
326 £ 15 pg/ml for IL-6 (P <0.01; Figures 2a—c), when
compared with all HI controls. Immunofluorescence
analysis showed a punctate distribution of MCP-1 after
MAC induction with anti-CD59/NHS, and to a much
lesser extent with NHS alone. No staining was observed
after treatment with anti-CD59/HI-NHS, or HI-NHS
alone (Figures 2d).

Increased vitronectin expression in response to sub-lytic
MAC

Proteins separated by SDS-PAGE, and western blot
analysis from RPE cell lysates following the different
treatments revealed a distinct band at ~75kDa
corresponding to vitronectin. In ARPE-19 cells, in which
sub-lytic MAC formation was induced, vitronectin was
significantly elevated in comparison with HI-NHS alone,
or anti-CD59/HI-NHS-treated control cells. NHS
treatment on its own also led to a slightly higher
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Figure 2 Cytokine production by RPE. Representative (a) IL-6, (b) IL-8, and (c) MCP-1 production after various treatments as
measured in the cell culture supernatant by ELISA. Duplicate data are shown as meanz*s.d. (n=3). (d) Representative
immunofluorescent staining of MCP-1 following treatment with HI-NHS (1), NHS (2), anti-CD59/HI-NHS (3), and anti-CD59/
NHS (4) out of 4 separate experiments. The scale bar indicates 10 um. *P <0.05, **P <0.01.

production of vitronectin than the complement depleted
controls, but still less than the effect of MAC assembly
(Figures 3a and b).

Sub-lytic MAC assembly on RPE cells induces
VEGEF secretion

No differences in VEGF secretion from confluent
ARPE-19 cells were detected following the various
treatments. In contrast, sub-confluent RPE cells produced
805+ 17 pg/ml of VEGF following activation of

MAC assembly, revealing a significant increase (P <0.05).
VEGEF secretion in response to the control treatments
only resulted in values between 330 and 415 pg/ml
(Figure 4).

Increased MMP activity after inducing sub-lytic MAC

Secreted levels of the gelatinases MMP-2 and MMP-9
over 24 h into serum-free media were examined by
zymography. Two bands at 72 and 92 kDa corresponding
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Figure 3 (a) Representative western blot for vitronectin using
cell lysates of ARPE-19 cells after various treatments. (b) Semi-
quantitative analysis of vitronectin western blots (7 =4) normal-
ised to a-tubulin. *P <0.05.
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confluent ARPE-19 cells after treatment with anti-CD59/NHS,
anti-CD59/HI-NHS, NHS alone, or HI-NHS alone. Duplicates
are shown as mean + s.d., whereas the experiment was repeated
two more times with comparable results. *P <0.05.
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Figure 5 (a) Representative zymography for gelatinolytic MMP
following different treatments (1 =5). Data of semi-quantitative
analysis of (b) MMP-2 and (c) MMP-9 from zymographs
after different treatments were presented as meanzs.d.
*P<0.05, *P <0.01.
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to MMP-2 and MMP-9 activity, respectively, were
observed (Figure 5a). The constitutive activities of both
MMP-2 and MMP-9 in supernatants of HI-NHS-treated
control cells were low. In supernatants harvested from
RPE cells treated with either NHS alone, or antiCD59/
HI-NHS, the amount of both MMPs increased. However,
when treated with anti-CD59/NHS to elicit MAC
formation, there was a significant increase in both MMP-2
(Figure 5b; P <0.05) and MMP-9 (Figure 5c; P <0.01).

Discussion

The assembly of MAC on cell surfaces and the
subsequent induction of cytolysis®® is a recognised
feature of the innate immune response. However, in
many nucleated cell types, assembly of MAC occurs
without cell lysis due to the presence of complement
regulatory proteins on the cell surface and active
recovery processes, which remove the MAC before lysis
can take place. In such cases, numerous non-lethal effects
have been documented, many of which remain poorly
understood. Previous studies have suggested that
sub-lytic MAC formation can activate various signalling
pathways, such as mobilisation of Ca®>", activation of
receptor tyrosine kinases, phospholipase C, protein
kinase C, phospholipase 2¢, and extracellular signal-
regulated kinases.***” On endothelial cells, MAC has
been shown to promote the expression of pro-
inflammatory mediators®® and may thus function in
mediating leukocyte recruitment.®’ The functional
consequences of sub-lytic MAC formation on RPE cells,
however, have not been clearly defined, despite their
potential importance in AMD. Furthermore, C-reactive
protein, which is elevated in the choroid of AMD patients
harbouring a risk-conferring variant of complement
factor H, can bind to phospholipids exposed on MAC-
activated cells,*” and impact further on RPE cell function.
To address this issue, we have investigated the effect

of sub-lytic MAC on RPE cells in vitro, with particular
regard to the production of pro-inflammatory and pro-
angiogenic mediators, as well as vitronectin and MMPs
known to be relevant in the development and
progression of AMD.

The application of the CD59 antiserum with HI-NHS
had a discrete effect on RPE cells to produce the
aforementioned cytokines, when compared with
HI-NHS alone. However, this cytokine increase in
response to anti-CD59 and HI-NHS was negligible,
compared with HI-NHS alone, whereas the combination
of anti-CD59 and NHS to induce sub-lytic MAC was
highly significant, compared with all control treatments.

According to the immunofluorescence staining for
MAC in this study, MAC induction could not be achieved
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by sole NHS. Still, NHS led to an increased release of IL-6,
-8 and VEGF to a minor degree when compared with HI
controls. These effects might be the outcome of heat-labile
proteins, or specifically activation of Cba. This
anaphylatoxin is another potent inflammatory factor of the
complement cascade, and was shown earlier to stimulate
ARPE-19 cells to produce IL-6, -8,** and VEGF in vitro.*
We also discovered an augmented vitronectin production
due to NHS in this regard. Nevertheless, the effects
derived by MAC induction were always higher concerning
IL-8 and VEGF secretion, or significantly higher when it
came to produce IL-6, MCP-1, and vitronectin compared
with NHS treatment alone, which may account for MAC-
specific effects.

It has previously been reported that sub-lytic MAC on
the surface of human umbilical vein endothelial cells
promotes the expression and secretion of IL-8, MCP-1,
and tumour necrosis factor-, and thereby inducing a
pro-inflammatory phenotype.*® On dendritic cells, it was
shown to increase pro-inflammatory mediators such as
IL-1B, IL-12, and tumour necrosis factor-o.® The
upregulated production of IL-6, -8, and MCP-1, which we
observed in RPE cells following sub-lytic MAC
induction, is therefore similar to that reported for other
cell types. Moreover, these data are consistent with the
development of a pro-inflammatory microenvironment
in early AMD.*” The cytokines analysed in this study are
locally produced by RPE cells in a variety of ocular
inflammatory diseases,®®*? and were also found
increased in response to pro-inflammatory triggers like
IL-81 in vitro.*® Therefore, dysfunction of the alternative
pathway of the complement cascade in AMD may result
in enhanced deposition of sub-lytic MAC on RPE cells,”
and subsequent induction of a pro-inflammatory
phenotype.

The increase in vitronectin production in response to
both MAC assembly and NHS is consistent with an earlier
study where we reported that RPE cells produced elevated
amounts of vitronectin after incubation with human
complement-competent sera.*! Moreover, this finding is
relevant to dry AMD, as vitronectin is a major component
of drusen, a feature which correlates significantly with the
early stage of AMD.?® As vitronectin regulates complement
activation by inhibiting the formation of MAGC,* an
increased amount of the protein suggests that a negative
feed-back loop is activated to protect against uncontrolled
complement activation.

Our observation that RPE-derived VEGF was
increased after assembly of MAC has relevance to wet
AMD. Interestingly, only sub-confluent cells produced
elevated amounts of the growth factor, suggesting that
when contact-inhibited and quiescent, they are refractory
to triggers of enhanced VEGF expression. VEGF has been
found to be produced constitutively by RPE cells,*® and
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was increased in response to MAC formation on primary
RPE cells.** Sustained low level secretion of VEGF is
believed to be necessary for the normal development and
maintenance of the Choriocapillaris,45 whereas on the
other hand, pathological increases in VEGF contribute to
several ocular diseases including neovascularisation in
wet AMD.* Given that RPE cell-cell contacts may
become disrupted in AMD, our findings therefore
potentially link complement activation and sub-lytic
MAC formation to increased VEGF secretion, and the
neovascular processes observed in late stage disease.

MMP-2 and -9 were both augmented after inducing
MAC assembly on ARPE-19 cells. An increased content
of MMPs was shown to correlate with an increased
appearance of choroidal neovascularisation in humans.*
Pathological angiogenesis was almost completely
prevented in MMP-2/MMP-9 double-deficient mice,*®
demonstrating the importance of these proteases in
ocular angiogenesis. Furthermore, MMP-2 mRNA has
been shown to be upregulated in experimental choroidal
neovascularisation, and in MMP-2-deficient mice, such
neovascularisation was attenuated.*” Thus, the increased
MMP secretion we observed in response to sub-lytic
MAC reveals another potential mechanism through
which activated complement contributes to the
development and progression of choroidal
neovascularisation in wet AMD.

As for the essential role of these MMPs in the
extracellular matrix (ECM) turnover,’® an increase in
metalloproteinases may lead to a shift in ECM composition.
Quantitative alterations in ECM components have
previously been demonstrated to have a role in AMD.”!
Lower expression of MCP-1 and intercellular adhesion
molecule-1 as pro-inflammatory proteins led to reduced
infiltration of inflammatory cells, and an accompanying
reduction in ECM accumulation.? Moreover, cytokines are
known to be sequestered in the ECM and can be released
by MMPs.> The correlation between ECM and
inflammatory proteins may be of importance in thickened
BM as observed in both types of AMD.

These data demonstrate a number of functional
consequences of sub-lytic MAC assembly on a cultured
RPE cell line. MAC has been identified before in AMD
patients within drusen, in Bruch’s membrane,** and on
RPE overlying drusen in vivo.”® Therefore, this in vitro
study may reflect the assembly of MAC, as it occurs in
the human system, and increased secretion of pro-
inflammatory and chemo-attractant cytokines by RPE
cells, as well as the elevated amounts of vitronectin, may
promote a role for sub-lytic MAC in the early stage of
AMD. Further, the elevated growth factor VEGE, and
raised production of gelatinolytic MMP is also consistent
with a role for MAC assembly in the development of
neovascularisation and late-stage AMD.



Summary

What was known before
® The assembly of sub-lytic membrane attack complex

(MAC) was accomplished before by other investigators on
human umbilical vein endothelial cells, dendritic cells,
and glomerular epithelial cells. In response to the
treatment, they investigated an increased release of
interleukin (IL)-6 and -8, and monocyte chemoattractant
protein-1 (MCP-1). The retinal pigment epithelial (RPE)
cell line ARPE-19 produce the aforementioned cytokines
constitutively, and increased amounts were found after
adding pro-inflammatory cytokines like IL-18 to the cell
culture. On primary RPE cells, sub-lytic MAC was already
shown to increase the production of vascular endothelial
growth factor (VEGF).

What this study adds

® In this study, the effect of sub-lytic MAC on ARPE-19 cells
was examined. Our experiments revealed an increased
production of the cytokines interleukin-6, -8, and
monocytic chemoattractant protein-1 in response to
sub-lytic assembly of MAC on RPE cells. Therefore,
sub-lytic MAC on ARPE-19 generates a pro-inflammatory
environment, and might contribute to early age-related
macular degeneration (AMD). Further, vitronectin, an
important constituent of AMD drusen, was found
significantly elevated in response to the treatment.
This might support the hypothesis that sub-lytic MAC
contributes to the biogenesis of drusen. In addition, we
detected an increased expression of gelatinolytic matrix
metalloproteinases and VEGF in response to sub-lytic
MAC. These factors are elevated in areas of new vessel
formation and occur in choroidal neovascularisation. This
might correlate sub-lytic MAC assembly on RPE cells and
neovascular processes accompanying late stage wet AMD.
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