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Abstract

Purpose: Genetic associations and the presence of complement components within pathological structures of
age-related macular degeneration (AMD) have generated the hypothesis that AMD is caused by chronic local
complement activation. Since the majority of activity in the common terminal pathway results from engagement
of the amplification loop, the alternative pathway has been proposed as a logical therapeutic target. We recently
generated a factor H (fH)-based complement inhibitor (CR2-fH) with the capacity to be ‘‘targeted’’ to sites of
complement C3 activation. We asked whether the human therapeutic (TT30) is effective in a mouse model of
AMD.
Methods: Choroidal neovascularization (CNV) was induced by argon laser photocoagulation of Bruch’s mem-
brane. Every other day, mice received intravenous injections of TT30 or vehicles, and after 6 days, the presence
or absence of CNV and CNV-related changes were evaluated. Area of CNV, photoreceptor cell function, gene
expression for complement components and cytokines, vascular endothelial growth factor (VEGF) protein levels,
and TT30 bioavailability were determined.
Results: CNV development, which has previously been shown to require local complement activation, could be
reduced by intravenous TT30 delivery. Specific inhibition of the alternative pathway not only reduced angio-
genesis in CNV, but also ameliorated changes in several associated disease-related biomarkers, including di-
minished retinal function and molecular events known to be involved in AMD such as VEGF production. After
intravenous injection, TT30 localized to CNV lesion sites in the retinal pigmented epithelium-choroid.
Conclusion: Systemic administration of TT30 was found to reduce CNV pathology. These data may open new
avenues for novel systemic AMD treatment strategies.

Introduction

Pathology in age-related macular degeneration

(AMD) results in progressive loss of central vision due to
damage to the photoreceptor cells in the central area of the
retina, the macula. This loss of photoreceptors occurs via 2
distinct mechanisms, which has led to the terms atrophic
(dry) AMD and neovascular or exudative (wet) AMD. The
dry form is more prevalent, accounting for up to 90% of all
cases; however, wet AMD causes the most severe acute vi-
sual loss, as it is associated with choroidal neovasculariza-
tion (CNV) in the area of the macula.1 The mechanisms by
which photoreceptors degenerate in the macula is not well
understood in dry AMD; however, in wet AMD, leakage of

the new vessels, which invade the subretinal space, leads to
fluid accumulation and retinal detachment, resulting in rapid
photoreceptor loss. Despite the differences in clinical pre-
sentation, both forms of AMD have in common one of the
primary target tissue sites, that being the retinal pigmented
epithelium (RPE)/choroid interface. Structural changes at
this site include the deposition of extracellular material be-
tween the RPE and Bruch’s membrane (designated basal
laminar sub-RPE deposits and drusen), and loss of integrity
of Bruch’s membrane as well as the blood-retina barrier.

AMD is a complex multifactorial disease (see Retnet.org for
genes associated with autosomal dominant, autosomal re-
cessive, or X-linked macular degeneration) that is influenced
by age and hormonal status as well as environmental factors
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such as smoking, dietary oxidants, and levels of sunlight
exposure.2 It is proposed that oxidative stress,3 as well as
complement activation and the resultant inflammatory re-
sponse, each play important roles as mediators of all forms of
AMD.4 Several of the main genetic risk factors are poly-
morphisms occurring in complement genes, including the
complement alternative pathway (CAP) control protein fH
[complement factor H5–8], fB (complement factor B9), C2
(complement component 29), and C39,10.

Complement components have been found to be associ-
ated with the pathological features of AMD. Drusen, which
form at the choroid/RPE interface,4,11–13 contain complement
components, in addition to beta-amyloid, coagulation factors,
and other inflammation-associated proteins. Bruch’s mem-
brane and the RPE have been shown to be immunopositive
for complement regulatory proteins, C3 (complement com-
ponent 3) activation fragments, and the membrane attack
complex (MAC) proteins.4,11,14,15 It is worth noting that the
macula shows the highest levels of MAC deposition, and
MAC staining intensity is correlated with AMD severity and
the loss of RPE cells.4 While it is unclear whether the com-
plement components present in the eye are systemically de-
rived or locally produced, Hageman has shown that in
human AMD, local synthesis of CAP components occurs in
AMD, just as we have demonstrated local upregulation of
CAP components in mouse CNV.16,17 While drusen appear to
lack immunoglobulins (which would activate the classical
pathway),18 the involvement of the classical and/or lectin
pathway cannot be excluded.19 In the absence of an identified
ligand (or ligands) to initiate the complement cascade in
AMD, a common or essential component of the cascade
should be investigated as a potential therapeutic target in
AMD. We have investigated the alternative pathway as a
logical therapeutic target based on the observation that re-
gardless of the pathway by which the complement cascade is
initiated, the majority of C3 activated on cell surfaces appears
to be due to activity of the CAP amplification loop (i.e., 80%–
90% for CP20; for LP21).

A novel strategy of directing complement inhibitors to
sites of complement activation has been developed based on
the concept that the iC3b/C3dg/C3d fragments remain co-
valently attached to these sites for prolonged periods of
time.22 To accomplish this tissue targeting, the recombinant
iC3b/C3dg/C3d ligand binding site of complement receptor
type 2 (CR2/CD21) has been fused to regulatory domains of
complement inhibitors in an amino-to-carboxy orientation.22

One such targeted human inhibitor, designated CR2-fH or
TT30, has recently been described and shown to regulate the
CAP in vitro on red blood cells and other target surfaces.23

We have evaluated the ability of systemically administered
TT30 to block local complement activation in the retina and
ameliorate tissue damage and subsequent neovasculariza-
tion in the murine CNV model.

Methods

Animals

C57BL/6 mice were generated from breeding pairs (Har-
lan Laboratories). Animals were housed under a 12:12 h,
light:dark cycle with access to food and water ad libitum.

For CNV lesions, 3-month-old mice were anesthetized
(xylazine and ketamine, 20 and 80 mg/kg, respectively), and

pupils were dilated (2.5% phenylephrine HCl and 1% atro-
pine sulfate). Argon laser photocoagulation (532 nm, 100 mm
spot size, 0.1 s duration, 100 mW) was used to generate 4
laser spots in each eye surrounding the optic nerve, using a
handheld coverslip as a contact lens.16 Bubble formation at
the laser spot indicated the rupture of Bruch’s membrane.24

For tail-vein injections, the vein was vasodilated by heat, a
25-G needle was inserted, and a volume of 50mL was injected
[250mg of TT30 in phosphate-buffered saline (PBS), or PBS
only]. Dosing and treatment schedules are outlined in the
Results section. All experiments were approved by the Uni-
versity Animal Care and Use Committee and performed in
accordance with the Association for Research in Vision and
Ophthalmology statement for the use of animals in oph-
thalmic and vision research.

Expression and purification of TT30

A plasmid incorporating full-length TT30 cDNA was
synthesized by using sequences encoding short consensus
repeats (SCRs) 1–4 of human CR2 (fused 5¢ to the sequence
encoding SCRs 1–5 of human complement fH as previously
described.23 The production cell line was developed using
retroviral (GPEx�) technology. TT30 was expressed and se-
creted into the protein-free Hyclone culture medium con-
taining L-glutamine and 0.1% pluronic F68, and purified by
sequential gel filtration chromatography.

Assessment of CNV lesions

Relative CNV size was determined in flat-mount prepa-
rations of RPE-choroid stained with isolectin B (which binds
to terminal b-D-galactose residues on endothelial cells and
selectively labels the murine vasculature).24 In brief, eyes
were collected and immersion fixed in 4% paraformaldehyde
(PFA) for 2 h at 4�C, after which the anterior chamber, lens,
and retina were removed. The eyecups were incubated in
blocking solution (3% bovine serum albumin, 10% normal
goat serum, and 0.4% Triton-X in tris-buffered saline) for 1 h.
Isolectin B (1:100 of 1 mg/mL solution; Sigma-Aldrich) was
applied to eyecups overnight at 4�C in blocking solution.
After extensive washing, eyecups were flattened using 4 re-
laxing cuts, cover-slipped using Fluoromount (Southern
Biotechnology Associates, Inc.), and examined by confocal
microscopy (Leica TCS SP2 AOBS, Leica Bannockburn).
Fluorescence measurements, taken from 2mm sections using
confocal microscopy (40 · oil lens), were used for size de-
termination. A Z-stack of images through the entire depth of
the CNV lesion was obtained using the same laser intensity
setting for all experiments. For each slice, the overall fluo-
rescence was determined to obtain pixel intensity against
depth, from which the area under the curve (indirect volume
measurement) was calculated.16 Data are expressed as
mean – standard error of the mean (SEM) per eye. Individual
CNV lesions were also photographed using a microscope
(Zeiss) equipped for fluorescence and digital microscopy
(Spot camera; Diagnostic Instruments).

Electroretinography

ERG recordings and data analyses were performed as
previously detailed16 using the EPIC-2000 system (LKC
Technologies, Inc.). Stimuli to determine overall retinal re-
sponsiveness consisted of 10msec single flashes at a fixed
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intensity (2.48 cd–s/m2) under scotopic conditions. Measure-
ments were performed before performing the CNV lesion
(baseline ERG) and after the CNV lesion period. Peak a-wave
amplitude was measured from baseline to the initial negative-
going voltage, whereas peak b-wave amplitude was measured
from the trough of the a-wave to the peak of the positive b-
wave. ERG responses were found to decline with increasing
size of the CNV lesion, affecting a- and b-waves equally.

Quantitative RT-PCR

RPE-choroid fractions were isolated from control and
CNV eyes and stored at - 80�C until they were used.
Quantitative RT-PCR analyses were performed as previously
described in detail.25 The primers used were b-actin, for-
ward: 5¢-AGCTGAGAGGGAAATCGTGC-3¢ and reverse:
5¢-ACCAGACAGCACTGTGTTG-3¢; C3 forward: 5¢-GGAAA
CGGTGGAGAAAGC-3¢ and reverse: 5¢-CTCTTGACAGGA
ATGCCATCGG-3¢; fH forward: 5¢-TGGACTTCCTTGTGGA
CCTC-3¢ and reverse: 5¢-CCATCAATTCCAAAGCCTGT-3¢;
CD55 forward: 5¢-TAATGCGAGGGGAAAGTGAC-3¢ and
reverse: 5¢-GTGGACTGCTCCATTGTCCT-3¢; CD59 forward:
5¢-CTGCTTCTGGCTGTGTTCTG-3¢ and reverse: 5¢-TCCTG
GTCAGGAGAGCAAGT-3¢; VEGF forward: 5¢-CAGGCTGC
TGTAACGATGAA-3¢ and reverse: 5¢-GCATTCACATCTG
CTGTGCT-3¢; PEDF forward: 5¢-CCTCAGCATCCTTCTCC
TTG-3¢ and reverse: 5¢-TGACATCATGGGGACTCTCA-3¢.
Real-time PCR analyses were performed in triplicate in a
GeneAmp� 5700 Sequence Detection System (Applied Bio-
systems) using standard cycling conditions. Quantitative
values were obtained by the cycle number.

ELISA for VEGF measurement

To measure production of vascular endothelial growth
factor (VEGF), we utilized our previously published proto-
col.26 In short, eyecups were solubilized in CellLytic MT
(mammalian tissue lysis/extraction reagent; Sigma) and
centrifuged at 20,000g for 5 min. Microplates were coated with
the VEGF capture antibody (Antigenix America, Inc.), and
100 mL of the concentrated supernatant was added. The cap-
tured proteins were detected with the same VEGF-specific
antibody conjugated to horseradish peroxidase, followed by
development with chromogenic substrate OPD (Sigma).
Product development was assayed by measuring absorbance
at 492 nm. Aliquots were assayed in duplicate, and values
were compared with a VEGF dose-response curve.

Immunohistochemistry

Immunohistochemistry was performed as previously de-
scribed with minor modifications.27 For localization of TT30,
the CR2-portion of the fusion protein was identified using a
specific mAb against human CR2 (10mg/mL; anti-CD21; BD
Pharmigen) that does not cross-react with mouse CR2, and
visualized by using Alexa 488-conjugated goat anti-mouse
secondary antibody (1:400; Invitrogen). A no-primary anti-
body condition was used as the negative staining control.
Localization was performed in either flat mounts of RPE-
choroid lightly fixed in 2% PFA, or fresh-frozen sections
postfixed in ice-cold acetone. Staining was performed on
more than 3 eyes per condition, and examined by fluores-
cence microscopy (Zeiss) equipped with a digital black and
white camera, using a fixed exposure time per experimental

condition (i.e., CR2 staining after CR2-fH or PBS injection
and negative control). Images were false-colored using
Adobe� Photoshop (Adobe Systems).

Statistics

For data consisting of multiple groups, Repeated Mea-
sures analysis of variance (ANOVA) followed by Fisher post
hoc test (P < 0.05) was used; single comparisons were ana-
lyzed by t-test analysis (P < 0.05; Statview; SAS Institute Inc.).

Results

Effect of alternative pathway inhibition
using TT30 on CNV development

Mouse CR2-fH, a murine targeted inhibitor that specifically
inhibits CAP, has previously been found to effectively reduce
CNV in a mouse model of laser photocoagulation.16 Here, we
investigated the development of CNV as well as retina func-
tion in mice intravenously treated with human TT30 or ve-
hicle (PBS). Since a dose of 250 mg of mouse CR2-fH had been
found to be effective in our previous publication, the same
dose of TT30 was tested herein; animals received tail-vein
injections on day 0 immediately after laser photocoagulation
and on days 2 and 4. On day 6, mice were dark-adapted,
followed by ERG analysis, after which they were sacrificed.
The isolectin B4 staining of RPE-choroid flatmounts revealed
that TT30 significantly reduced the size of the CNV lesions
(*50%; Fig. 1B) when compared with PBS injections (Fig. 1A;
P < 0.01). The effects were compared with those previously
obtained from mice injected with murine CR2-fH and mice in
which the alternative pathway16 had been completely elimi-
nated (fB - / - ; Fig. 1C). There was no difference in CNV
between TT30- and CR2-fH-treated mice (P = 0.1). CNV de-
velopment was significantly different after mouse CR2-fH-
treatment when compared with CFB - / - mice (P < 0.001);
however, that difference was eliminated when compared with
TT30-treatment and CFB - / - mice (P > 0.05).

Retina function was assessed using ERG recordings as
previously described.16 Impairment of retina function is
presumed to be due to photoreceptor cell death in the region
of the CNV lesion,28 as well as reduced oxygen supply to the
outer retina resulting from the disrupted structure of
the RPE/choroid (e.g.,29,30). We have previously shown that
the extent of the reduction in ERG amplitudes, and in par-
ticular that of the a-wave amplitudes (direct reflection of the
photoreceptor currents generated by the absorption of light;
reviewed by31), correlates very well with the extent of the
lesion.16 Here, we found partial reversal using TT30 of
the impairment of a-wave amplitudes. As previously shown,
the a-wave amplitudes were reduced by *50% in response
to the 4 lesions (Fig. 2), whereas blocking AP activation by
TT30 significantly preserved retinal function (P < 0.05).

In our previous publication, we showed that delayed CR2-
fH treatment after injury (treatments on days 3, 5, and 7 after
laser injury; representing time points coincident with and
beyond the peak of C3 deposition and VEGF expression) still
slowed CNV progression.16 Here, we have asked an addi-
tional question: is a single dose of TT30 on day 3 (the peak of
C3 deposition and VEGF expression) sufficient to reduce the
size of CNV. While a single dose of 250 mg TT30 did not reach
statistical significance, a trend toward being effective was
noted (Fig. 3).
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Effect of AP inhibition on CNV-associated changes
in markers of complement activation
and angiogenesis

We have previously investigated the local expression of
mRNA encoding C3, the complement inhibitors CFH, CD55,

and CD59 as well as the angiogenic protein VEGF and the
anti-angiogenic protein pigment epithelial derived factor
(PEDF).17 In that study, which analyzed wild-type mice with
CNV, we found that C3 and VEGF mRNA levels were sig-
nificantly upregulated, PEDF was downregulated, whereas
levels of the complement inhibitors were minimally affected.
The control mice in the current study, which received PBS
injections only after the induction of CNV, showed the same
gene expression profile for the markers of complement acti-
vation and angiogenesis - that is, an increase in VEGF and a
concomitant decrease in PEDF as well as an increase in C3
without alterations in complement inhibitors. Conversely,
TT30 treatment reversed the laser treatment-induced changes
(Fig. 4A). We verified that the levels of VEGF protein were
increased in control CNV mice whether they received PBS
injections or not (Fig. 4B). Notably, TT30 treatment also re-
duced VEGF protein levels in CNV animals to levels indis-
tinguishable to mice without lesions (P > 0.05).

Tissue localization of TT30

Mouse CR2-fH has previously been shown to localize to
sites of C3d deposition (i.e., at the edge of the CNV lesion)
when injected at a therapeutically relevant dose (250mg) on
day 3 (the peak of C3d deposition in the lesion) and imaged
within 24 h.16 Here, we visualized the tissue localization of
TT30 by anti-human CR2 immunofluorescence (Fig. 5). Simi-
lar to the analysis of CR2-fH, some staining was localized to
the CNV lesion in the PBS-treated animals (Fig. 5A); however,
human CR2 staining was significantly higher in TT30-treated
mice, in particular at the edge of the lesion (Fig. 5B).

FIG. 2. Retina function in TT30-treated mice. ERG re-
cordings were performed before laser photocoagulation
(baseline) and at the end of the experiment (after 6 days of
CNV) using single-flash ERG recordings at a single light
intensity of 2.48 photopic cd–s/m2. ERG data are expressed
as a percentage of baseline a-wave amplitude for the 2
treatment groups. PBS-treated mice exhibited a significant
loss of ERG amplitudes after CNV, whereas ERG amplitudes
were relatively preserved in TT30-treated mice.

FIG. 1. Choroidal neovascularization
in TT30-treated mice. CNV devel-
opment was evaluated 6 days post laser
photocoagulation using isolectin–B4
staining. Representative images of TT30
and PBS-treated mice are shown in (A,
B), with corresponding quantification
of data (size of the lesion; integrated
pixel intensity) in (C). C57BL/6 mice
(n = 8 per group) treated with intrave-
nous tail-vein injections of (A) PBS or
(B) TT-30 (250mg) on days 0, 2, and 4
post laser photocoagulation. Isolectin–
B4 staining intensity is reduced in
TT30-treated mice compared with PBS-
treated controls. (C) The size of the le-
sions were compared with published
results of animals in which the com-
plement alternative pathway (CAP)
was removed (CFB - / - ; equivalent to
maximal attainable effect) or that were
treated with CR2-fH.16 CR2-fH and TT-
30 reduced CNV size by 40% and 50%,
respectively, whereas eliminating CAP
reduced CNV by *65%, when com-
pared with the PBS controls. CNV,
choroidal neovascularization; PBS,
phosphate-buffered saline.
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Discussion

CNV induced by argon laser photocoagulation has been
the most studied animal model for wet AMD. The laser
damage ruptures Bruch’s membrane and damages the RPE,
which triggers CNV and results in the loss of underlying
photoreceptors. This injury model is particularly useful to
evaluate particular pathways using pharmacological inter-
ventions, as it rapidly reproduces some of the pathology seen
in human AMD. In particular, in the mouse model of CNV,
the involvement of the complement system has been well
documented (e.g.,16,17,24,32–34). In addition, VEGF levels have
been found to correlate with pathology,17 and VEGF inhibi-
tion decreases CNV size.35 In a previous study, we examined
which pathway is essential in mouse laser-induced CNV17; in
particular, we asked whether the CAP is required or suffi-
cient in CNV. To answer this question, CNV was analyzed in
fB - / - mice (no CAP) and in double-knockout mice in which
the CP and LP are disabled (C1q - / - MBL - / - ). Interestingly,
while single-knockout mice for the CP or LP (C1q - / - or
MBL - / - ) did develop CNV similar to WT mice, C1q - / -

MBL - / - were as protected as the fB - / - mice. This would
suggest that in mouse CNV, multiple independent ligands
can initiate the complement cascade in AMD, and that the
CAP amplification loop is also required whatever the initi-
ating pathway. Therefore, we have argued that the CAP, as a
common or essential component of the cascade, should be
investigated as a potential therapeutic target in AMD. The
logical targets are either increasing inhibition (by supplying
exogenous fH) or decreasing activation (by blocking fB or
fD). Here, we have continued our investigation by using our
novel complement therapeutic that has the capacity to be

‘‘targeted’’ to sites of complement activation,36 thus inhibit-
ing the progression of mouse CNV16 as well as other com-
plement-related processes.22,26 This therapeutic inhibitor
consists of the CR2 domain (which encodes the iC3b/C3dg/
C3d binding-site from CR2), followed by a linker and the
5 amino-terminal SCRs of fH (which contain the CAP-
inhibitory domain of fH). Herein, we have evaluated the
effectiveness of the human version of mouse CR2-fH, TT30,
in reducing CNV and ameliorating CNV-related pathological
changes.

The main results of the current study are as follows: (1)
TT30 significantly reduces CNV as well as the detrimental
changes to retinal function; (2) the molecular changes asso-
ciated with CNV (i.e., the imbalance between the angiogenic

FIG. 4. Analysis of biomarker mRNA and protein ex-
pression in CNV. (A) Quantitative RT-PCR was performed
on RPE-choroid samples removed after visual function
analysis. Quantitative values were obtained by cycle number
(Ct value), determining the difference between the mean
experimental (e.g., VEGF) and control (b-actin) DCt values.
VEGF and C3 mRNA expression was significantly increased
in animals treated with PBS, PEDF was downregulated,
whereas complement regulatory protein mRNA expression
showed marginal changes without a consistent trend. Fold
differences for QRT-PCR on RPE-choroid samples removed
from TT-30 treated animals were normalized (VEGF, C3) or
reversed (PEDF). Eyes from 4 animals were evaluated per
group. (B) Quantitative ELISA assays were performed on
RPE-choroid samples removed post-laser photocoagulation
from PBS- and TT30-treated mice. Quantitative values were
obtained by using a standard curve of purified mouse pro-
tein (VEGF). Protein levels for VEGF followed the mRNA
levels; they were normalized in TT30-treated mice when
compared with the control. Tissues from 3 animals per group
were evaluated. PEDF, pigment epithelial derived factor;
RPE, retinal pigmented epithelium.

FIG. 3. Effect of treatment frequency on CNV progres-
sion. Two treatment frequencies of TT30 treatment were
compared for efficacy in reducing CNV size. All animals
were exposed to laser photocoagulation on day 0. For re-
peated treatments, the animals were injected at the time of
laser injury, followed by two more treatments every 48 h; for
the single treatment, the treatment with TT30 was adminis-
tered on day 3 (the peak of VEGF and C3 expression16) post
laser injury. CNV size measurements were normalized to the
maximum size obtained with PBS treatment using the 3-
treatment paradigm. While the single treatment provided
some protection, the effect was not significant, suggesting
that repeated treatments are required for optimal protection.
Eight animals per treatment group were evaluated. VEGF,
vascular endothelial growth factor.
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and anti-angiogenic factors) as well as the increase in com-
plement activation products was found to be normalized by
use of TT30; and (3) the therapeutic effect of TT30 was
achieved with intravenous injections and did not require
intraocular applications.

As highlighted in the introduction, the complement cas-
cade, and, in particular, the alternative pathway, is a logical
target for intervention in AMD. Testing of this hypothesis is
highly dependent on the availability of an appropriate ani-
mal model and relevant biomarkers or biological readouts.
Laser-induced CNV, the mouse model of wet AMD, despite
relying on physical injury for the triggering of the response,
is an extensively utilized animal model for wet AMD. In
murine CNV, VEGF expression in the RPE/choroid is high
after CNV induction, but can be reduced by blocking com-
plement activation.16,24,32 Histopathological studies of CNV
membranes from patients with AMD have demonstrated the
presence of VEGF and its receptors (e.g.,37). Most impor-
tantly, CNV progression is responsive to anti-VEGF-based
therapy; that is, monoclonal antibodies against VEGF are
successful in reducing the amount of damage in both
mouse35 and man (e.g.,38). Since complement dysregulation
is a hallmark of both mouse and human CNV, complement-
based therapy could also succeed as a novel therapy for
human wet AMD.39

Relevant clinical readouts to determine the amount of
damage or recovery in wet AMD include measures of leak-
age or CNV area, and visual function. We have confirmed
that TT30 reduces the area of CNV in RPE/choroid flat-
mounts stained with a marker that identifies newly formed
blood vessels,24 and improves retinal function as measured
by full-field electroretinography. In the clinic, the most
commonly used electrophysiological tests are the full-field
ERG such as we employed and multifocal ERG. Most studies
analyzing wet AMD patients have used multifocal ERG40

presumably due to its ability to examine local areas on the
retina. However, it is particularly intriguing that Skaat and
coworkers41 have reported that patients treated with in-
travitreal bevacizumab have significantly improved a-wave
amplitudes in full-field ERGs, similar to the findings re-

ported here for TT30. Biomarkers for AMD include elevated
levels of VEGF (e.g.,37) as well as activated complement
components in RPE/choroid4 and serum (e.g., 42,43), although
alterations in response to treatment have not yet been re-
ported. Here, we report that VEGF and complement C3 are
significantly elevated in mouse CNV tissues, an effect that is
blunted by TT30 therapy. Imaging techniques that monitor
VEGF and levels of complement activation in vivo are likely
to provide a sensitive readout for future clinical trials ex-
amining therapeutics for AMD.

Finally, when designing potential therapeutics for AMD, 2
additional important considerations are the route of appli-
cation and the frequency of dosing. For intravitreal injec-
tions, molecules that target the RPE/Bruch’s membrane/
choroid need to be small to diffuse through the retina, or to
be administered at a higher dose (e.g.,44), and in diseases that
do not impair the internal limiting membrane, macromole-
cules may not penetrate.45 Here, we provide an example of a
systemic approach that circumvents the problem of the blood
retinal barrier, as the blood vessels in the choroid are fen-
estrated, allowing passage of large plasma-derived proteins.
Systemic administration for ocular delivery, however, has to
deliver the active compound to the eye, while overcoming
the challenges of rapid washout and potential systemic tox-
icity. Although both TT30 and its mouse version CR2-fH
have a short circulatory half-life,22,23 both of them are present
in the target organ, the eye, 24 hours after tail-vein injection
(see16 and Fig. 5). Importantly, the CR2 targeting strategy has
been confirmed to inhibit complement activation locally,
while maintaining host resistance to infection.46 Finally, in
mouse CNV, which grows rapidly and linearly for *14 days
before leveling off,47 frequent dosing is required. Additional
experiments are required to examine models with slower
growth rates to determine the feasibility of systemic ad-
ministration. In summary, we have demonstrated for the first
time proof-of-concept for the use of human TT30 as a treat-
ment strategy for AMD.
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