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Individuals homozygous for the age-related macular
degeneration risk-conferring variant of complement
factor H have elevated levels of CRP in the choroid
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Polymorphisms in the complement factor H gene (CFH) are asso-
ciated with a significantly increased risk for, or protection against,
the development of age-related macular degeneration (AMD). The
most documented risk-conferring single-nucleotide polymorphism
results in a tyrosine-to-histidine substitution at position 402
(Y402H) of the CFH protein. In this work, we examined the ocular
distributions and relative abundance of CFH, several CFH-binding
proteins, and abundant serum proteins in the retinal pigmented
epithelium (RPE), Bruch’s membrane, and choroid (RPE-choroid) in
CFH homozygotes possessing either the “at-risk’” 402HH or “nor-
mal” 402YY variants. Although CFH immunoreactivity is high in the
choroid and in drusen, no differences in CFH-labeling patterns
between genotypes are apparent. In contrast, at-risk individuals
have significantly higher levels of the CFH-binding protein, C-re-
active protein (CRP), in the choroidal stroma. Immunoblots confirm
that at-risk individuals have ~2.5-fold higher levels of CRP in the
RPE-choroid; no significant differences in the levels of CFH or other
serum proteins are detected. Similarly, we find no differences in
CFH transcription levels in the RPE-choroid nor evidence for local
ocular CRP transcription. Increased levels of CRP in the choroid may
reflect a state of chronic inflammation that is a by-product of
attenuated CFH complement-inhibitory activity in those who pos-
sess the CFH at-risk allele. Because the CRP-binding site in CFH lies
within the domain containing the Y402H polymorphism, it is also
possible that the AMD risk-conferring allele alters the binding
properties of CFH, thereby leading to choroidal CRP deposition,
contributing to AMD pathogenesis.

eye | retinal pigmented epithelium (RPE) | alternative pathway

ge-related macular degeneration (AMD) is the primary

source of vision loss among the elderly, affecting >20
million individuals worldwide (1, 2). Recent research into the
cellular and molecular events that underlie AMD disease pro-
gression indicates that local inflammation and complement
activation play a central role in its pathogenesis (3). Immuno-
histochemical analyses show that ocular drusen, the hallmark
deposits associated with AMD, contain complement compo-
nents and other molecules that mediate local inflammation
(4-8); proteomic analyses have confirmed the presence of many
of these proteins (9).

Genetic-linkage analyses and candidate gene screenings have
provided dramatic additional insight into the roles of inflam-
mation and complement activation in AMD. In early 2005, four
groups reported independently that common variants in the gene
encoding complement factor H (CFH) confer major suscepti-
bility to AMD (10-13). A year later, at-risk and protective
haplotypes were identified in two other genes encoding com-
plement proteins, factor B (BF) and complement component 2
(C2) (14). The CFH polymorphism that segregates most signif-
icantly with AMD is associated with a T to C substitution at
nucleotide 1277 in exon 9 of the CFH gene. This change results
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in a tyrosine-to-histidine substitution at amino acid position 402
(Y402H) of the CFH protein.

The alternative pathway of the complement system mediates
antibody-independent recognition of, and defense against, mi-
crobial infection. CFH is an important negative regulator of the
alternative pathway, and it exhibits robust antiinflammatory
activities (15, 16). Through binding to specific polyanions found
on most vertebrate cell surfaces, CFH protects host cells from
complement-mediated damage. CFH performs this function by
binding to the activated complement component C3b, acceler-
ating the decay of the C3 convertase (C3bBb), and serving as a
cofactor for complement factor I, a serine protease that inacti-
vates C3b on host cell surfaces. Although the identification of
AMD-associated haplotypes in the CFH and BF genes repre-
sents a significant advance in our understanding of the role of
complement and local inflammation in AMD, the functional
consequences of the protein isoforms encoded by these genetic
variants remain to be established (17).

The predicted abnormality in the complement-inhibitory ac-
tivity associated with AMD (3) is consistent with the known
patterns of complement-regulatory dysfunction in other dis-
eases. Organ damage from alternative pathway dysregulation is
a prominent feature of atypical hemolytic uremic syndrome
(aHUS) and membrano-proliferative glomerulonephritis type II
(MPGNII), two rare kidney diseases that culminate in acute
renal failure. Thus far, >70 mutations in the CFH gene have
been linked to aHUS and MPGNII (18). Most of these mutations
occur in the C-terminal region of CFH, and they have significant
consequences for CFH function. A few of these mutations also
occur in N-terminal CFH domains, including the domain where
the Y402H variant is located. Whereas the binding sites for sialic
acid and C3b are far removed from this locus, C-reactive protein
(CRP), heparin, and microbial surface molecules all bind to CFH
in this region.

CRP is the prototypical acute-phase reactant, and it is con-
sidered to be a serum biomarker for chronic inflammation, heart
disease (19), and, more recently, AMD (20-23). Although high
plasma CRP levels are predictive of an increased risk for adverse
cardiovascular events (19), the evidence for elevated plasma
CRP levels in AMD patients is conflicting (24, 25), and CRP
SNPs that predispose individuals for elevated serum CRP levels
do not correlate with AMD (26). CRP immunoreactivity, how-
ever, has been identified in ocular drusen and other subretinal
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pigmented epithelium (sub-RPE) deposits (7), as well as in the
choriod, but little is known about its function in the context
of AMD.

Among the many functions ascribed to CRP are activation of
the classical complement pathway and inactivation of the alter-
native pathway (27). It has been proposed that CRP bound to the
cell surface may target CFH to injured “self” cells (28), thus
protecting them from complement attack. In the present study,
we examined the ocular distributions of CFH, CFH-binding
proteins, and other complement-related proteins in the RPE-
choroid of individuals homozygous for either the AMD at-risk
(402HH) or normal (402YY) CFH variants. The findings show
that at-risk homozygotes have elevated CRP deposition within
the choroid that cannot be attributed to local ocular transcription
or passive leakage from choroidal capillaries. These results
demonstrate that ocular abnormalities are associated with the
Y402H CFH at-risk variant, and they provide further evidence
that complement activation and inflammation play a central role
in the pathogenesis of AMD.

Results

Choroidal Distributions of CFH and C5b-9 Are Similar in Both “At-Risk"
and “Normal” CFH Homozygotes. Initially, we examined whether
the ocular distribution of CFH is altered in Y402H homozygotes
(402HH or 402YY). No significant differences in choroidal or
drusen-associated CFH immunoreactivity are detected in extra-
macular tissues from eyes homozygous for either of the CFH
isoforms. Similar results are obtained using two different poly-
clonal CFH antibodies and identical microscope PMT and gain
levels (Fig. 14, D, G, andJ). CFH immunoreactivity is observed
throughout the choroidal stroma with focal regions of more
intense immunoreactivity associated with choroidal vasculature
and the choroidal matrix. This immunoreactivity pattern is
consistent in all eyes examined (» = 15) and in those regions both
with and without drusen. CFH immunoreactivity is present
within most drusen in both HH and YY homozygotes. Focal
increases in CFH immunoreactivity in the choroid are occasion-
ally observed adjacent to drusen (Fig. 1 C and F, arrows).
Furthermore, no differences in CFH immunolabeling intensity
are apparent in donors with (Fig. 1 D and J) or without (Fig. 1
A and G) AMD in extramacular tissues. Finally, no CFH
immunoreactivity is present on the surface or in the cytoplasm
of RPE cells in either CFH genotype. In this work, we made no
attempt to compare CFH immunoreactivity in the macula
because such comparisons have been reported previously (12).

We also analyzed the tissue distribution of terminal comple-
ment pathway components in the RPE-chorid by using antibod-
ies directed against a neoepitope on the C5b-9 membrane attack
complex (MAC). Similar anti-C5b9 choroidal-labeling patterns
are observed in both 402YY and 402HH homozygotes. C5b-9
labeling is weak and sparse throughout the choroidal stroma,
with intense focal deposition often surrounding choroidal vas-
culature and in drusen [Fig. 1 B, C (red), E, F (red), M (red), and
N (red)]. The majority of drusen in all eyes examined (of both
genotypes) exhibit regions of intense immunoreactivity for
C5b-9. MAC immunoreactivity in the choroid is observed prox-
imal to most drusen; some C5b-9 deposition is also observed in
“normal” choroidal regions far from drusen in both CFH
genotypes.

Choroidal CRP Levels Are Elevated in CFH 402HH Homozygotes. In
contrast to the data obtained for CFH and the MAC C5b-9,
marked differences in choroidal CRP immunolabeling are iden-
tified in CFH 402HH homozygotes compared with 402YY
homozygotes [compare Fig. 1 H (red) and I with K (red) and L].
402HH eyes consistently demonstrate more intense CRP immu-
noreactivity throughout the choroid and in association with
extracellular deposits along the inner portion of Bruch’s mem-
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Table 1. Fixed donor eye data and immunolabeling intensities

Labeling

intensity
Donor Age Sex Y402H AMD CRP CFH
1 47 M YY No + ++
2 49 M YY No + ++
3 75 M YY No + ++
4 78 F YY No + ++
5 82 F YY No + ++
6 83 M YY No + ++
7 84 M YY No + ++
8 87 F YY Yes + ++
9 88 F YY Yes + ++
10 70 M HH Yes +++ ++
11 82 F HH Yes +++ +4+
12 89 M HH Yes +4++ ++
13 84 M HH Yes ++ ++
14 71 F HH No +++ +4+
15 91 F HH No ++ ++

brane. In these eyes, intense CRP immunolabeling is present in
the choroidal stroma, both in the matrix and associated with
fibroblasts and endothelial cells [Fig. 1 K (red) and L]. Drusen,
especially small drusen-associated vesicles, are also immunore-
active for CRP (Fig. 1 H and K); however, overall drusen
immunoreactivity is faint compared with that of the choroid.
Conversely, 402YY eyes, including 402YY eyes diagnosed with
AMD, exhibit relatively weak CRP immunoreactivity in the
choroidal stroma, drusen, and basal deposits using identical
microscope settings (Fig. 1 H and I). The CRP labeling that is
detectable in 402YY homozygotes is most often associated with
choroidal fibroblasts, choroidal vasculature, and drusen vesicles
(Fig. 1 H and I). Both 402HH and 402YY donors show similar
levels of CRP immunoreactivity in the lumen of vessels contain-
ing residual plasma (data not shown). When tissue sections
derived from both 402YY and 402HH eyes are scored for
CRP-immunolabeling intensity, 402HH eyes consistently show
more intense labeling than 402YY eyes regardless of AMD
disease status (Table 1). Interestingly, RPE cells are rarely
immunoreactive for CRP in either CFH genotype, but occasional
labeling of RPE cells overlying drusen is observed (Fig. 1H,
arrow). Others have shown that the presence of minor alleles in
the triallelic CRP SNP —286 C > T > A is associated with high
plasma levels of CRP (29). However, we were unable to find any
correlation between CRP genotype and CRP levels in the
RPE-choroids from our donor eyes.

Immunohistochemical analysis of acute-phase reactant and
CRP family member SAP, as well as the abundant serum
proteins albumin and haptoglobin, demonstrates intense immu-
nolabeling throughout the choroidal stroma but no detectable
differences in labeling between Y402H CFH genotypes [SAP,
Fig. 1 M and N (green); albumin, Fig. 1 P and Q; haptoglobin,
data not shown].

The immunohistochemical distributions of two additional
CFH-binding molecules, the heparan sulfate proteoglycan per-
lecan (HSPG-per) and adrenomedullin, were also examined.
HSPG-per immunoreactivity is faint within Bruch’s membrane,
but it is consistently present within drusen vesicles (Fig. 10).
Weak labeling is observed within the RPE and choroid; no
differences in tissue distribution or abundance are observed
between CFH genotypes. Immunolabeling for adrenomedullin is
consistently negative in both CFH genotypes (data not shown).

Quantitative Immunoblot Analysis Confirms That CRP Levels Are

Elevated in 402HH CFH Homozygotes. To determine whether the
abundance of CRP is consistent with immunohistochemical
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Fig. 1. Confocal immunofluorescence images from CFH 402YY and 402HH donor eyes. (A-F) CFH immunoreactivity is similar within the choroid and in drusen

(Dr) of 402YY [A and C(green)] and 402HH [D and F (green)] individuals. Arrows in Cand F highlight focal regions of intense CFH immunoreactivity in the choroid
adjacent to drusen. Focal C5b-9 immunoreactivity in drusen and in the choroid is also similar between 402YY [B and C (red)] and 402HH [E and F (red)] donor
eyes. (G and J) CFH immunoreactivity in normal choroidal regions (not associated with drusen) is similar between 402YY [G (green)] and 402HH [J (green)]
individuals. (H, /, K, and L) Antibodies to CRP only faintly label the choroid, drusen, and drusen vesicles in two different 402YY donor eyes [H (red) and /] but
intensely label drusen vesicles, the extracellular matrix, endothelial cells, fibroblasts, and perivasculature regions of the choroid in two different 402HH donor
eyes [K (red) and L]. RPE cells over drusen are only occasionally labeled with antibodies to CRP [H (arrow)] in both 402YY and 402HH genotypes. In the same
sections, antibodies to CFH label the choroidal stroma and drusen [H and K (blue)]. (M, N, P, and Q) SAPimmunoreactivity [M (402YY, green) and N (402HH, green)]
and albumin immunoreactivity [P (402YY, green) and Q (402HH, green)] are similar in the choroid and in drusen of donor eyes with either CFH genotype. (O)
Antibodies to the heparan sulfate proteoglycan perlecan only faintly label drusen vesicles and Bruch’s membrane in tissue from both genotypes (402YY, green;
402HH, not shown). Lipofuscin autofluorescence demarcates the RPE [C, F, G, and J (blue); and M-Q (red/yellow)]. The RPE is identified with an asterisk () in

each panel. (Scale bars: A-N, 20 um; O, 20 um; P and Q, 20 um.)

results and CFH genotype, quantitative immunoblot analysis was
performed by using protein extracted from the RPE—-choroids of
402YY (n = 2) and 402HH (n = 2) homozygotes. The results
confirm that CRP levels are elevated ~2.5-fold in the RPE-
choroid of 402HH eyes compared with 402YY eyes (Fig. 2).
When the relative amounts of CFH and C5 proteins are similarly
quantified, no significant genotype-associated differences are
observed (Fig. 2).

Local Transcription of CRP Is Not Detectable in the RPE-Choroid.
Quantitative real-time PCR analyses using RNA extracted from
isolated RPE cells and RPE-choroid tissue homogenates show
no evidence of CRP gene transcription, whereas high levels of

17458 | www.pnas.org/cgi/doi/10.1073/pnas.0606234103

transcription are detected in samples of control human liver.
When transcriptional data are analyzed using low-stringency
PCR baseline levels, small quantities of CRP message are
detected in RPE—choroids; however, these levels are calculated
to be >6,000-fold lower than those detected in liver (Fig. 3), and
they are indistinguishable from nonspecific background ampli-
fication. In contrast, transcripts for CFH are relatively abundant
in the RPE-choroids from both 402YY and 402HH homozy-
gotes, and they are not significantly different from levels de-
tected in liver (Fig. 3). When transcriptional levels are compared
between 402YY and 402HH homozygotes (P = 0.15; Fig. 3) or
between AMD and non-AMD donors (P = 0.16; Fig. 3), no
significant differences are detected.

Johnson et al.
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Fig. 2. Quantitative immunoblot analysis of CRP (Left), CFH (Center), and C5 (Right) in the RPE-choroid of 402YY and 402HH donors. Individual lanes were
loaded with 20 ng of total protein, and relative concentrations were calculated by extrapolating against a standard curve generated from lanes loaded with 1
ng, 5ng, and 25 ng of CRP, CFH, or C5 control protein. Histograms represent the average of two donors from each genotype. Both HH donors used in this analysis
were diagnosed with AMD, and one of the two YY donors had been diagnosed with AMD.

Discussion

The identification of CFH and BF as major AMD susceptibility
genes provides definitive evidence for involvement of the alter-
native pathway of complement in the pathobiology of AMD
(10-14, 30, 31). Although multiple CFH SNPs and haplotypes
associate with AMD, the implications of AMD risk-conferring
CFH polymorphisms on CFH protein function remain to be
elucidated. In this work, we examined the distributions and
relative concentrations of CFH and CFH-binding proteins in the
RPE-choroid complex in individuals homozygous for the two
Y402H CFH isoforms (402YY vs. 402HH). Neither the immu-
nolocalization pattern nor the relative abundance of CFH pro-
tein showed a CFH genotype-associated difference. However,
further analysis revealed that CRP, a CFH-binding protein and
acute-phase reactant, is significantly more abundant in the
choroidal stroma of 402HH compared with 402YY homozy-
gotes, independent of AMD disease status. Similar analyses of
other abundant plasma constituents such as albumin and hap-
toglobin revealed no differences in choroidal concentration,
supporting the likelihood of CRP-specific deposition rather than
nonspecific extravasation from leaky choroidal capillaries.

As the primary inhibitor of the alternative pathway of com-
plement, it is likely that CFH performs many of the same
functions in the RPE—-choroid that it fulfills elsewhere. Based on
the genetic data, it has been predicted that the protein encoded
by the Y402H AMD at-risk variant may have altered ligand-
binding properties that lead to altered functionality of the CFH
protein (10-13). The Y402H amino acid substitution occurs
within the SCR7 region of CFH, one of two loci identified as
CRP-binding sites (28, 32). Thus, binding interactions between
CFH and CRP could be affected by the tyrosine-to-histidine

substitution in the Y402H CFH at-risk variant. The interaction
of CFH with heparin, which is also mediated at least in part by
the SCR7 domain, has recently been reported to be enhanced by
this amino acid substitution (17). A similar increase in the
affinity of CFH for CRP could explain our observation of
elevated choroidal CRP levels in individuals homozygous for the
402HH CFH isoform.

CRP is a multifunctional protein that can activate the classical
pathway through its interaction with Clq (33). Studies implicat-
ing CRP in the classical pathway suggest that activation entails
C2 and C4 consumption that is only rarely accompanied by
terminal pathway activation or generation of the MAC (34). In
this scenario, the primary role of CRP may be to promote a
cellular immune response rather than complement attack. CRP
could perform this function by binding to apoptotic cellular
debris [such as membrane components (35) and histones (36)]
and recruit phagocytic cells through Fc receptor-mediated in-
teractions (37-39). In bacteria, CRP binds phosphocholine on
the pathogen surface and elicits a complement response, result-
ing in MAC generation, membrane insertion, and pathogen lysis
(35). In the host, CRP is hypothesized to mark damaged tissues
by binding cell membrane and nuclear constituents such as
phosphocholine, histones, and DNA that may be exposed in
injured cells (28, 40). The inability of tissues to clear apoptotic
and necrotic cellular debris properly has been linked to the
progression of autoimmune diseases and their inflammatory
sequelae (41). Drusen contain cell fragments and membranous
debris that is thought to be derived from degenerate RPE cells
(42), and CRP is a known constituent of drusen (7, 8). The
accumulation of drusen and other sub-RPE deposits in early
AMD is now regarded as a biomarker of chronic local inflam-
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Fig. 3. Quantitative real-time PCR analysis of mRNA levels in the RPE-choroid of 402YY vs. 402HH donors. CRP (Left) transcript levels in the RPE-choroid of

402YY and 402HH homozygotes are not significantly greater than background (>6,000-fold lower than CRP transcript levels detected in liver; n/d, not
detectable). No significant differences in CFH transcript levels are detected between 402YY and 402HH donors (Center; P = 0.15) and transcript levels in the
RPE-choroid are similar to those detected in liver. When donors are segregated into AMD vs. non-AMD (irrespective of CFH Y402H genotype), no significant
differences in transcript abundance are detected (Right; P = 0.16). Histograms represent the averages of normalized data from five 402YY donors, four 402HH
donors, five AMD donors, and four non-AMD donors.
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mation at the RPE—-choroid interface (4, 8). Thus, in this context,
the elevated levels of CRP in CFH 402HH individuals may be
interpreted as evidence for chronic local inflammation and
cellular injury in the RPE-choroid, perhaps as a consequence of
aberrant regulation of complement by risk-conferring CFH
variants.

The functional implications of elevated choroidal CRP dep-
osition remain to be determined, but similar disease-associated
CRP deposition has been identified within atherosclerotic le-
sions (43) and Alzheimer’s disease plaques (44). Although
controversy exists surrounding the role of CRP SNPs (that result
in high plasma CRP levels) in AMD disease progression, one
recent study shows that specific CRP SNPs increase the risk of
developing AMD in individuals homozygous for the at-risk CFH
variant (402HH; ref. 45). Increasing evidence suggests a major
role for complement activation and inflammation in many
devastating and highly prevalent human diseases of aging (46).
Although the cell types and molecular events involved in the
development of these diseases are diverse, engagement of sim-
ilar, proinflammatory pathways appears to be an integral part of
disease manifestation and progression. In AMD, it is highly
likely that the age-related accumulation of drusen and basal
deposits on the distal side of Bruch’s membrane acts as a chronic
local inflammatory stimulus in an anatomical compartment to
which the immune system has limited access. Because CRP can
up-regulate the expression of proinflammatory molecules (47)
and matrix metalloproteinases in cells in vitro (48, 49), significant
CRP deposition within the choroid may exacerbate this inflam-
matory response in local cells. Functionally defective variants of
key proteins such as CFH and BF that activate and regulate the
complement cascade may further enhance this chronic inflam-
matory process, with the eventual outcome recognized clinically
as AMD. The results described here raise the possibility that the
association between CFH polymorphisms and AMD may also
involve CRP, an additional molecule with complement-
regulatory and inflammatory functions.

Materials and Methods

Genotype Analysis. Fresh-frozen and paraformaldehyde-fixed hu-
man donor eyes were obtained from the Oregon Lions Eye Bank
and the Iowa Lions Eye Bank within 6 h portmortem. SNP
analysis of the T to C polymorphism at nucleotide 1277 of the
CFH gene was performed by using a PCR-based allelic discrim-
ination assay (12). The primers and probes used in this assay
were: forward, GGATGGCAGGCAACGTCTATAGAT; re-
verse, CTTTATTTATTTATCATTGTTATGGTCCTTAG-
GAAA; and minor groove-binding probes VIC-TTTCTTC-
CATgATTTTG and FAM-TTCTTCCATaATTTTG (Applied
Biosystems, Foster City, CA). SNP analysis was also conducted
for the —286 C > T > A CRP triallelic polymorphism that is
associated with elevated serum CRP levels (29). Primers and
probes used in this assay were: forward, TTTGGGCTGAAG-
TAGGTGTTGG; reverse, CAGGGCTCCACTTTGGCTATC;
and minor groove-binding probes FAM-ATATTAAACgAGT-
GGCCAT, VIC-ATATTAAACtAGTGGCCAT, and VIC-
ATATTAAACaAGTGGCCAT (Applied Biosystems). Because
of the triallelic nature of this SNP, genotype determinations were
made by using both FAM/VIC probe combinations.

Genomic DNA was purified from 15 paraformaldehyde-fixed
and 13 fresh-frozen eyes by using the DNeasy kit (Qiagen,
Valencia, CA). DNA (>30 ng per reaction) was amplified by
using multiplex PCR on an ABI Prism 7200 PCR detection
system (Applied Biosystems). Nine fixed eyes, 2 fresh frozen
eyes, and 5 frozen eyes stored in RNA later (Ambion, Austin,
TX) that are homozygous for CFH 1277T (402YY), and 6 fixed
eyes, 2 fresh frozen eyes, and 4 frozen eyes stored in RNA
later (Ambion) that are homozygous for CFH 1277C (402HH)
were used in these works. Four of the 6 fixed 402HH eyes were

17460 | www.pnas.org/cgi/doi/10.1073/pnas.0606234103

diagnosed with AMD, and 4 of the 6 frozen 402HH eyes were
diagnosed with AMD. Of the eyes characterized by the 402YY
isotype, 2 of the 9 fixed eyes were diagnosed with AMD, and 5
of the 7 frozen eyes were diagnosed with AMD (for information
regarding fixed eyes, see Table 1).

Immunohistochemistry. RPE—choroid tissue was dissected from
the midperiphery of paraformaldehyde-fixed eyes, and immu-
nohistochemistry was performed as described previously (50).
Tissue sections were examined on a Fluoview 500 laser scanning
confocal microscope (Olympus America, Melville, NY). Opti-
mal iris and gain functions were determined for each primary
antibody (for a list of primary antibodies, see Table 2, which is
published as supporting information on the PNAS web site), and
they were maintained constant during the examination of all
sections labeled with that probe. CRP and CFH immunohisto-
chemical staining intensities in the choroid were ranked from low
to high (+, ++, or +++). Ten random fields of ~1 mm each
were scored from each of four tissue sections derived from two
locations in each eye (Table 1).

Immunoblotting. RPE-choroid tissue was dissected from frozen
specimens by removing the vitreous and retina and then peeling
the RPE-choroid from the sclera. Tissue was homogenized in
PBS and Complete protease inhibitor mixture (Roche, Palo
Alto, CA). Tissue lysates were centrifuged at 13,000 X g for 20
min at 4°C; soluble supernatant fractions were collected, and
protein concentrations were determined by using the DC protein
assay kit (Bio-Rad Laboratories, Richmond, CA).

Equal amounts of soluble protein were loaded onto precast
polyacrylamide gels (Invitrogen, Carlsbad, CA) and run at 90 V
for 90 min. Proteins were electrophoretically transferred to
nitrocellulose in sodium bicarbonate buffer, blocked in PBS +
5% nonfat dry milk (blocking buffer), and immunostained
overnight at 4°C with primary antibody diluted in blocking buffer
+ 0.1% Tween 20 (Sigma, St. Louis, MO; for a list of primary
antibodies, see Table 2). Blots were then rinsed in PBS contain-
ing 0.1% Tween 20 (rinse buffer) and incubated in donkey
anti-mouse, anti-goat, or anti-rabbit Alexa Fluor 680-conjugated
secondary antibodies (Molecular Probes, Eugene, OR) in block-
ing buffer containing 0.1% Tween 20 for 1 h at room temper-
ature. After rinsing, blots were imaged on an Odyssey scanner
(Licor, Lincoln, NE). SeeBlue Plus Two prestained molecular
weight standards (Invitrogen) were used as reference for mass
determinations. Band densities (intensity/mm?) were quantified
by using Quantity One software (Bio-Rad), and protein con-
centrations were calculated based on a standard curve extrap-
olated from three concentrations (1 ng, 5 ng, and 25 ng) of
purified protein (CRP, Sigma; CFH, Complement Technologies
Inc., Tyler, TX and Sigma; C5, Quidel, San Diego, CA). Because
we were unable to resolve C5b-9 complexes on immunoblots by
using monoclonal antibodies to C5b-9, a polyclonal antibody to
C5 was used.

Quantitative PCR. RNA was purified from RPE-choroid tissue
punches by using an RNeasy kit, and it was and reverse tran-
scribed by using Bio-Rad iScript reverse transcriptase. PCR
primer sets were designed by using Molecular Beacon 5.0
software package (Premier Biosoft International, Palo Alto,
CA) and the sequences were subsequently BLASTed against the
NCBI gene sequence database to confirm specificity. Real-time
quantitative PCR was conducted by using iCycler 1Q thermal
cyclers (Bio-Rad) as previously published (50). Melting temper-
atures for individual amplicons were determined, and proper
PCR product sizes were confirmed using agarose gel electro-
phoresis. PCR assays were run in triplicate, and expression data
were averaged. Data for each experiment were normalized to the
geometric mean of four housekeeping genes (51). Reference
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human liver RNA (Stratagene, La Jolla, CA) was purchased for
relative comparisons of gene expression. Fold changes in gene
expression were averaged across experiments, and the standard
error of the mean was calculated. ¢ tests were performed to
determine significance.
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