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PURPOSE. To examine the role of thioredoxin-1 (TRX-1), an
endogenous protein with a variety of redox-related roles, in the
formation of choroidal neovascularization (CNV).
METHODS. CNV was induced by laser photocoagulation of the
ocular fundus in wild-type and transgenic mice overexpressing
human TRX-1 (TRX-1 Tg). Mice were injected intraperitoneally
with TRX-1, mutant TRX, or vehicle. The incidence of CNV was
evaluated by lectin staining. Leukocyte recruitment and C3b
deposition after laser injury were determined by immunohistochemistry and Western blotting. Moreover, TRX-1–associated
proteins from human plasma were isolated by two-dimensional
gel electrophoresis with the use of a column coupled with a
mutant TRX-1 and were identified by mass spectrometry and
proteomics analysis. Complement activation was determined
by a fluid-phase method.
RESULTS. The incidence of laser-induced CNV was reduced in
TRX-1 Tg mice (56.1%) and in C57B/6 mice treated with TRX-1
(46.7%) but not in mutant TRX-1 (79.2%) compared with wildtype mice (85.7%). Furthermore, leukocyte recruitment was
prevented in TRX-1–treated mice; C3b deposition was decreased in these and TRX-1 Tg mice. In human plasma, five
proteins associated with TRX-1 were identified as apolipoprotein A-I, the CD5 antigen-like member of the scavenger receptor, cysteine-rich superfamily fibrinogen, albumin, and complement factor H (CFH). TRX-1 inhibited the alternative pathway
C3 convertase, and its effect was additive with CFH.
CONCLUSIONS. These findings show that TRX-1 interacts with
CFH, regulates complement activity, and inhibits CNV, suggesting novel preventive and interventional therapeutic strategies
for AMD. (Invest Ophthalmol Vis Sci. 2008;49:5118 –5125)
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A

ge-related macular degeneration (AMD) is the leading
cause of legal blindness in industrialized countries.1,2 Choroidal neovascularization (CNV), new vessel growth under the
retina, is one of the major causes of serious visual loss in
patients with AMD. The complex biological processes underlying the development of CNV and AMD are not completely
understood. However, a growing body of evidence has suggested that the complement system might play a critical role in
the development of CNV and that oxidative stress is widely
involved in the progression of many age-related chronic degenerative diseases, including AMD.3–5 Several studies have shown
an association between variants in the factor H (CFH) and
factor B (CFB) genes encoding major regulatory proteins in the
alternative complement pathway and the risk for AMD.6 –9
Thioredoxin (TRX-1) is a multifunctional protein with a
redox-active dithiol/disulfide bond within its conserved active
site (-Cys32-Gly-Pro-Cys35-). It catalyzes the reversible reduction
of disulfide in organisms ranging from Escherichia coli to
humans,10,11 and its biological functions range from scavenging reactive oxygen species (ROS) in cooperation with peroxiredoxin to modulating its binding proteins, such as apoptosis
signal-regulating kinase (ASK)-112 and TRX binding protein
(TBP)-2.13 We previously reported that the exogenous administration of recombinant human TRX-1 (rhTRX-1) attenuated
acute inflammation,14 acute lung injury,15 and autoimmune
myocarditis by mechanisms associated with the inhibition of
leukocyte infiltration.16
Here we investigated the effect of TRX-1 on the formation
of CNV in a commonly used mouse model of laser injury that
triggers the proliferation and migration of choroidal endothelial cells by rupture of the Bruch membrane, as previously
described.4,5 Moreover, we report here that five proteins associated with TRX-1, including factor H (identified in human
plasma and TRX-1), modulate complement activity on their
own.

METHODS
Animals
We purchased 12-week-old male C57BL/6 mice from Japan SLC (Tokyo, Japan). The TRX-1 Tg mice, in which human TRX-1 complementary DNA had been inserted between the ␤-actin promoter and the
terminator sequences, have been described previously.17 The presence
of the TRX-1 transgene was confirmed by RT-PCR analysis before the
experiments were conducted. All procedures were performed according to the ARVO Statement for the Use of Animals in Ophthalmic and
Vision Research.

Induction of CNV
CNV was induced as previously described,5 with minor modifications.
Briefly, general anesthesia was induced by intraperitoneal injection (1
mL/kg) of a mixture of ketamine hydrochloride and xylazine hydrochloride. Pupils were dilated with one drop of 0.5% tropicamide
(Santen Pharmaceutical, Osaka, Japan). Three or four burns were made
with a YAG/green laser (532 nm, 50-m spot size, 0.05-second duraInvestigative Ophthalmology & Visual Science, November 2008, Vol. 49, No. 11
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tion, 250 mW; GYC-1000; Nidek, Fremont, CA) on the retina close to
the optic disc in mice. After 7 days, the mice were perfused with 20 mL
PBS containing 50 g/mL fluorescein-labeled tomato lectin (Vector
Laboratories, Burlingame, CA) to stain the blood vessels by binding
glycoproteins. Eyes were harvested and fixed in 4% paraformaldehyde,
and flatmounts of the RPE-choroid-sclera were prepared and stained for
elastin (Sigma, St. Louis, MO) in the Bruch membrane, followed by an
Alexa-594 –labeled secondary antibody (Molecular Probes, Eugene,
OR), as previously described.18 Tissues were washed and mounted in
medium with the nuclear stain DAPI (Vector Laboratories). The incidence of CNV was determined by all-in-one-type fluorescence microscopy (BZ-8000; Keyence, Osaka, Japan).

TRX-1 Treatment
C57BL/6 mice were injected intraperitoneally with 10 or 100 g
rhTRX-1 (Redox Biosciences, Inc., Kyoto, Japan; Ajinomoto Co. Ltd.,
Kyoto, Japan), 6⫻ histidine-tagged wild-type TRX-1 (WT-TRX-1), DMTRX-1, or vehicle only simultaneously with laser photocoagulation and
daily thereafter until the end of the experiment. WT-TRX-1 and DMTRX-1 proteins were prepared as described previously.19

Leukocyte Recruitment
Three days after laser treatment, eyes were harvested and fixed in 4%
paraformaldehyde, and RPE-choroid-sclera flatmounts were prepared.
Neutrophils and monocytes/macrophages were stained using FITCconjugated mAbs against LY-6G/LY-6C (BD PharMingen, San Diego,
CA) and F4/80 (Serotec, Oxford, UK). FITC-conjugated rat IgG2b (Serotec) was used as a negative control. Tissue was treated with blocking
solution (Dako Corp., Carpinteria, CA), washed, and stained with
propidium iodide (Sigma). The margins of laser-induced lesions were
determined as the breaking of RPE by light microscope and as the
accumulation of propidium iodide staining. Leukocyte recruitment was
measured as the volume of FITC labeling in the flatmounts using
all-in-one type fluorescence microscopy (Keyence, Woodcliff Lake, NJ)
with a 20⫻ objective. Horizontal optical sections at 0.5-m intervals
were collected over 20 m, from the surface of the RPE-choroid-sclera
complex to the floor of the lesion, and stored digitally. The volume of
FITC labeling was computed using the image analysis software supplied with the microscope (Keyence).

C3b Deposition
One day after laser treatment, eyes were enucleated, and flatmounts
were prepared and stained with a mAb against C3b (Hycult Biotech,
Uden, The Netherlands). After treating with blocking solution (Dako
Corp.), FITC-conjugated anti–rat IgG (Jackson ImmunoResearch Laboratories, West Grove, PA) was used as the secondary antibody. Normal
rat serum at concentrations similar to for the primary mAb was used as
a control. In addition, controls that omitted the primary or secondary
antibodies were routinely included. C3b deposition was measured as
the volume of FITC and was assessed by Western blotting in eyes
removed 1 day after laser treatment. RPE-choroid-sclera tissue was
homogenized in radioimmunoprecipitation assay buffer. Homogenates
were centrifuged at 20,000g for 15 minutes at 4°C, and protein concentrations in the supernatants were determined using a protein assay
kit (DC; Bio-Rad Laboratories, Richmond, CA). Equal amounts of protein (10 g/lane) were separated on 10% SDS-PAGE and electrophoretically transferred to polyvinylidene difluoride membranes. Membranes
were blocked in Tris-buffered saline containing 0.1% Tween 20 and 5%
BSA and were incubated overnight at 4°C with 1:200 dilutions of
primary antibodies against C3b and then with a peroxidase-linked
secondary antibody (Amersham Pharmacia, Buckinghamshire, UK).
Chemiluminescence was detected with a Western blot kit (ECL; Amersham Pharmacia).

Isolation and Proteomic Analysis of
TRX-1–Associated Proteins in Human Plasma
C35S-TRX-1 was coupled to CNBr-activated Sepharose 4B (Amersham
Pharmacia) according to the manufacturer’s instructions. Human
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plasma, collected by centrifuging heparinized venous whole blood,
was applied to the C35S-TRX-1– coupled column. As a control, human
plasma preincubated with rhTRX-1 was applied to the same column.
The column was extensively washed with 50 mM Tris-HCl, 1 mM EDTA
buffer containing 0.5 M NaCl, and 1 mM EDTA buffer containing 1 M
NaCl to remove noncovalently bound proteins. Subsequently, the potential target proteins were eluted with buffer containing 10 mM
dithiothreitol (DTT). Eluted proteins were precipitated by the addition
of 5 volumes of cold methanol and incubated at ⫺20°C overnight. To
separate the proteins by two-dimensional gel electrophoresis, the precipitates were dissolved in isoelectric focusing buffer (9 M urea, 65 mM
DTT, 2% CHAPS, and 0.5% ampholyte; Amersham Pharmacia) and
separated on immobilized pH gradient (IPG) strips (7-cm long, pH
3–10; Amersham Pharmacia). After isoelectric focusing, the IPG strips
were equilibrated in SDS-equilibration buffer (6 M urea, 2% SDS, 20%
glycerol, 50 mM Tris-HCl buffer, pH 6.8) and separated in the second
dimension on 12.5% SDS polyacrylamide gels and stained (SyproRuby;
Invitrogen, Carlsbad, CA).
Spots that decreased in intensity when rhTRX-1 was added to
human plasma were excised, digested with trypsin, and identified by
capillary liquid chromatography-tandem mass spectrometry, as described previously.20 Mass spectra and tandem mass spectra were
submitted to the MASCOT search software (Matrix Science, London,
UK), and the National Center for Biotechnology Information Nonredundant Protein Database (NCBI nr) was used to identify the proteins.

Western Blot Analysis of TRX-1 and
Factor H Interactions
We confirmed the interaction between TRX-1 and factor H by Western
blotting. Mixtures of TRX-1 plus human plasma or TRX-1 plus purified
factor H (Calbiochem, San Diego, CA), at varying concentrations, were
incubated at 37°C for 60 minutes. Equal volumes were separated on
10% SDS-polyacrylamide gels and then were silver stained or transferred for Western blotting using anti–factor H (Abcam, Cambridge,
UK) or anti–TRX-1 mAbs.

C3 Convertase Measurement
C3 convertase activity was measured as described previously, with
some modifications.21 Briefly, the C3 convertase was assembled by
adding 10 g C3 (Sigma), 50 ng C3i, and 2 g factor B (Calbiochem)
in the presence of Mg2⫹. C3i, also known as C3(H2O), was generated
by five freeze/thawing cycles of purified C3. Varying concentrations of
TRX-1, WT-TRX-1, DM-TRX-1, and factor H were added, followed by
200 ng factor D (Calbiochem), and the mixture was incubated at 37°C
for 30 minutes. The generation of C3a was measured by ELISA (Quidel,
San Diego, CA). All experiments included a positive control (C3, C3i,
factor B, and factor D) and a negative control (C3, C3i, and factor B).

Statistical Analysis
Data are presented as mean ⫾ SD for at least four independent experiments. Statistical comparisons of multiple groups used one-way analysis of variance (ANOVA) followed by Scheffé post hoc test. Comparisons of two groups used 2 test, Student’s t-test, or Mann-Whitney U
test. P ⬍ 0.05 was considered significant.

RESULTS
Suppression of CNV by Administration or
Overexpression of TRX-1
As shown in Figures 1A and 1B, 7 days after laser injury,
neovascular complexes characteristic of CNV were observed in
the subretinal spaces. In wild-type C57B/6 mice, the incidence
of CNV was 85.7%, whereas in Tg mice overexpressing human
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FIGURE 1. Effects of TRX-1 on laserinduced CNV in mice. Seven days
after laser injury, the incidence of
CNV was determined (A). The statistical significance of differences between groups was calculated by a 2
test. *P ⬍ 0.05. Representative micrographs of CNV lesions 7 days after
laser injury, stained with FITC-lectin
for vessels, elastin, and DAPI in wildtype C57BL/6 mice (B, upper) and in
TRX-1 Tg mice (B, lower) or in mice
treated with vehicle, rhTRX-1, WTTRX-1, and DM-TRX-1 (C). Scale bars,
50 m.

TRX-1, under the control of a ␤-actin promoter, the incidence
was significantly lower, 56.1% (Figs. 1A, 1B). The incidence of
CNV was also significantly reduced in wild-type C57B/6 mice
treated with 100 g recombinant human TRX-1 (rhTRX-1;
46.7%) but not in mice treated with a double-mutant form of
TRX-1 (DM-TRX-1; 79.2%) in which the cysteine in the active
site had been replaced by serines (Figs. 1A, 1C). Thus, TRX-1
effectively inhibited the development of CNV, and a functionally active site was critical for its effect.

Inhibition of Leukocyte Recruitment and
Complement Activation by TRX-1
To further investigate the anti-inflammatory effects of TRX-1,
we examined the recruitment of leukocytes to sites of CNV, 3
days after laser injury, by fluorescence microscopy (Fig. 2A).
Although the infiltration of neutrophils and monocytes/macro-
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phages was clearly observed in vehicle-treated wild-type mice,
their recruitment was markedly inhibited in the rhTRX-1–
treated mice (Figs. 2B, 2C). Because complement activation
plays a crucial role in the development of laser-induced choroidal neovascularization,18 we also looked at the deposition of
C3b, which was expected to occur as the result of complement
activation. In flatmounts of the laser injury lesions, staining for
C3b was clearly observed around the lesion in wild-type and
vehicle-treated mice 1 day after laser injury, but C3b labeling
was weak in TRX-1 Tg- and rhTRX-1–treated wild-type mice
(Figs. 2D, 2E). Similar results were observed when C3b deposition was analyzed by Western blotting analysis (Fig. 2F). We
concluded that TRX-1 inhibited the complement activation and
leukocyte infiltration induced by laser injury and suppressed
CNV development and that the active site was critical for its
effects.
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FIGURE 2. TRX-1 prevents leukocyte recruitment and C3b deposition
within laser-induced lesions. A representative three-dimensional image of
a lesion 3 days after laser injury (A)
showing infiltrating neutrophils
stained with FITC-anti-LY6G/6C
mAb. Infiltrating neutrophils and
macrophages in a flatmount of eyes
treated with vehicle or rhTRX-1,
stained with FITC–anti-LY6G/6C and
FITC–anti-F4/80 mAbs (B). Reduced
infiltration of neutrophils and macrophages in rhTRX-1–treated mice
compared with vehicle-treated mice,
evaluated as fluorescence volume
within the laser-induced lesions, labeled with anti–LY6G/6C and anti–
F4/80 mAbs (C). Data are mean ⫾ SD
(n ⫽ 9; *P ⬍ 0.05). Representative
flatmounts from C57B/6 mice treated
with vehicle or rhTRX-1 or from
TRX-1 Tg mice, stained with an anti–
C3b mAb and an FITC-conjugated
secondary antibody, 1 day after laser
injury (D). Reduced deposition of
C3b in rhTRX-1–treated C57B/6 mice
or TRX-1 Tg mice compared with vehicle-treated mice, evaluated as fluorescence volume within the laser-induced lesions, labeled with anti-C3b
mAb (E). Data are mean ⫾ SD (n ⫽ 9;
*P ⬍ 0.05). Western blot analysis
showed C3b in wild-type mice
treated with vehicle or rhTRX-1 and
in TRX-1 Tg mice 1 day after laser
injury (F). Scale bars, (A, B, D) 50
m.

Identification of Five Proteins That Interact with
TRX-1 in Human Plasma
To investigate the molecular mechanisms underlying the
anti-inflammatory effects shown by TRX-1 in the eye, we
identified the molecules in plasma that interacted with it. A
column coupled with a mutant TRX-1, in which the cysteine
at position 35 was replaced with serine (C35S-TRX-1), was
used to isolate TRX-1–associated proteins from human
plasma. This method using C35S-mutant thioredoxin was
previously reported to identify the target proteins for plant
thioredoxin.22 Analysis of the bound proteins by two-dimensional gel electrophoresis identified five spots, the intensities of which were reduced when the human plasma had
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been preincubated with rhTRX-1 (Fig. 3A). These spots were
excised, digested with trypsin, and identified by mass spectrometry and proteomics analysis (Fig. 3B) as apolipoprotein
A-I (the CD5 antigen-like member of the scavenger receptor
cysteine-rich superfamily), fibrinogen, gamma polypeptide,
and complement factor H. The last of these has crucial roles
as a negative regulator of the alternative complement pathway, as a direct inhibitor of the cleavage of C3 to C3a and
C3b, and as a competitor for factor B binding to C3b to form
C3 convertase.23 Given that recent work has indicated an
association between variants of the CFH gene and AMD,6 – 8
we focused our studies on the interaction between TRX-1
and factor H.
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FIGURE 3. Five human plasma proteins that interact with TRX-1. Representative fluorescence-stained twodimensional gels showing human
plasma proteins bound to aC35STRX-1-coupled column (A, left) and
after preincubation of human plasma
with rhTRX-1 (A, right). The circled
spots were reduced in intensity by
preincubation with rhTRX-1. Five
protein spots from two-dimensional
gels identified by mass spectrometry
and their NCBI accession numbers
(B).

Regulation of Complement Activation by TRX-1
To confirm the interaction between TRX-1 and factor H,
Western blotting was performed with human plasma to
which TRX-1 had been added (Fig. 4A) and with mixtures of
purified factor H and TRX-1 (Fig. 4B). In the mixtures of
human plasma plus TRX-1, no changes were observed by
silver staining (Fig. 4A). However, the anti–TRX-1 mAb labeled several bands, in addition to the TRX-1 band (12 kDa),
especially when 1 M TRX-1 was added. One of these bands
had the same molecular weight as the single band labeled by
the anti–factor H mAb in Western blots (Fig. 4A). In addition, careful superimposition of the blots showed that this
band, detected by the anti–factor H mAb, shifted up in
molecular weight at the highest dose (1 M) of TRX-1. This
increase in molecular weight was confirmed in blots using
purified factor H (139 kDa), by silver staining, and anti–
factor H mAb, and by anti–TRX-1 mAb, when more equimolar TRX-1 (1 and 10 M) was added (Fig. 4B). Silver staining
showed the apparent shift up of the bands when factor H
was incubated with 1 and 10 M TRX-1. Moreover, Western
blotting using anti–factor H mAb showed that factor H was
not recognized by this anti–factor H mAb when it was
incubated with an excess amount (10 M) of TRX-1. These
provided further evidence of the interaction between TRX-1
and factor H.
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Finally, we examined the effect of TRX-1 on the function of
factor H, as a major regulator of the alternative complement
pathway, inhibiting the conversion of C3 to C3a and C3b.
Using a fluid-phase method (Fig. 4C),21 the generation of C3a
from C3 was detected by adding factor B and factor D and
increasing concentrations of factor H to inhibit this enzyme
reaction. Surprisingly, we found that TRX-1 alone inhibited C3
cleavage dose dependently and that its effect was additive
when factor H was also present. No effect on C3 cleavage was
seen when DM-TRX-1 was used. These results indicated that
TRX-1 acts as a regulator of the complement pathway not only
in association with factor H but also on its own and that its
active site must function in this process.

DISCUSSION
The clinical diagnostic characteristic of AMD at an early
stage is the appearance of drusen that deposit between RPE
and Bruch membrane. Earlier studies demonstrate that the
presence of complement component in drusen has the possibility of complement activation in AMD.4,5 Moreover, polymorphisms in the CFH are associated with a significantly
increased risk for the development of AMD.6 –9 Factor H is
present abundantly in plasma (roughly 500 g/mL) and is
composed of 20 repetitive units of 60 amino acids, named
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FIGURE 4. TRX-1 interacts with factor H and regulates complement activation. Silver staining and Western
blot analysis showed TRX-1 and factor H in human serum plasma incubated with increasing concentrations
of TRX-1 (A) and with the addition of
purified factor H and various concentrations of TRX-1 (B). ELISA for C3a
showing the inhibition of C3 convertase by TRX-1 and factor H, in mixtures of purified C3, C3i, factor B,
and factor D in the presence of
Mg⫹⫹ (C). Data are mean ⫾ SD (n ⫽
3; *P ⬍ 0.05; **P ⬍ 0.01 vs. positive
control; 多P ⬍ 0.05 TRX-1 or factor H
alone vs. both).

the short consensus repeat (SCR) or the complement control protein module.24,25 The SCRs include four cysteines
that form two disulfide bonds in Cys1-Cys3 and Cys2-Cys4.
Factor H has three C3b-binding sites in SCR1– 4, SCR12–14,
and SCR19 –20, and the binding to C3b by factor H promotes
the factor I– dependent inactivation of C3b. In this study, we
confirmed that TRX-1 interacted with factor H and that
TRX-1 acted additively to the function of factor H in the
alternative complement pathway. These data suggest that
the interacting site with TRX-1 may overlap with the C3b
binding site in factor H. Moreover, the disulfide/dithiol ex-
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change between TRX-1 and factor H may not interfere with
the C3b binding of factor H. In fact, adrenomedullin also
binds to factor H and enhances the complement regulatory
function of factor H.26 Factor H reciprocally enhances the
function of adrenomedullin through their interaction. TRX-1
and factor H may have a similar interaction. Furthermore,
we confirmed that TRX-1 regulated the alternative complement pathway. The alternative pathway convertase is
formed by an interaction between C3b and factor B, followed by the cleavage of factor B by factor D into Ba and Bb,
to form an active enzymatic complex, C3bBb. This conver-
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tase is then able to generate more C3b molecules, initiating
a positive feedback loop in which Ba consists of three SCRs.
The present data suggested the disulfide/dithiol exchange
between TRX-1 and SCRs of factor B may inhibit the production of C3bBb through the interaction between C3b and
factor B or the cleavage of factor B by factor D.
Expression of TRX is reported in the nerve and photoreceptor cells in rat retina,27 and is upregulated by oxidative stresses
such as photooxidative stress.28 TRX-1 Tg mice were C57BL/6
mice that carried the human TRX-1 transgene under the control of the ␤-actin promoter and expressed human TRX
throughout the body, including the retina and RPE, in our
previous studies.17,29 The expression level of human TRX-1 at
various tissues in TRX-1 Tg mice were roughly threefold to
sixfold higher than those of mouse endogenous TRX-1 in wildtype mice.17 We also investigated anti-inflammatory effects of
TRX-1 in suppressing the activation of p38 MAPK, L-selectin
shedding, the adhesion of neutrophils to endothelial cells and
neutrophil extravasation.14 –16 However, the precise molecular
mechanisms by which extracellular TRX-1 exerts these effects
are not fully understood.
The complement system is a highly conserved component of the mammalian host defense system and has been
intensively studied. The terminal complement cascade can
be activated through three distinct pathways: the classical,
alternative, and lectin pathways. Although all three pathways involve the activation of C3 convertase and the production of C3a and C3b, followed by the terminal C5b-9
complex, they are regulated independently.30 We have demonstrated that the redox protein TRX-1 can itself activate C3
convertase. Factor H—which inhibits the conversion of C3
to C3a and C3b and inactivates C3b on cells and in the
circulation—is recognized as the main regulator of this enzyme. This alternative pathway is critical in the development of CNV.18 C5a, which is produced as a result of C3
activation, is a potent activator of neutrophils. Here we have
shown that TRX-1 can suppress the activation of C3 and the
infiltration of neutrophils into inflammatory sites. We previously reported that TRX-1 suppresses neutrophil infiltration
by downregulating the expression of chemokines in autoimmune myocarditis in mice.16 Therefore, we measured the
inflammatory chemokines, such as macrophage inflammatory protein (MIP-2) and KC, by using an ELISA kit (R&D
Systems, Minneapolis, MN) to confirm the further mechanism of neutrophil infiltration. However, the levels of MIP-2
and KC were not significantly different between wild-type
and TRX-1 Tg mice 2 days after laser (MIP-2, 58.1 ⫾ 17.8
ng/mL vs. 49.1 ⫾ 14.7 ng/mL; n ⫽ 6; KC, 34.4 ⫾ 14.9 ng/mL
vs. 29.9 ⫾ 8.8 ng/mL; n ⫽ 6). Our data suggest that the
anti-inflammatory effects of TRX-1 can be explained, at least
in part, by its ability to regulate the complement system.
Although further studies will clarify the significance of
TRX-1 as a redox regulator of the complement system in
host defense, the results presented here suggest novel approaches to the development of new therapies for AMD.
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