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METHODS AND REAGENTS FOR 
TREATMENT OFAGE-RELATED MACULAR 

DEGENERATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/479,716, issued as U.S. Pat. No. 
8,497,350 on Jul. 30, 2013, which was a division of U.S. 
patent application Ser. No. 1 1/354,559, filed Feb. 14, 2006 
and issued as U.S. Pat. No. 7,745,389 on Jun. 29, 2010, which 
claims benefit of U.S. Provisional Application Nos. 60/653, 
078 (filed Feb. 14, 2005), 60/717,861 (filed Sep. 16, 2005), 
60/715,503 (filed Sep. 9, 2005), and 60/735,697 (filed Nov. 9, 
2005), the entire contents of which are incorporated herein by 
reference. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

0002 This invention was made with government support 
under NIH Eye Institute grant EY 11515 awarded by the 
National Institutes of Health. The government has certain 
rights in the invention. 

REFERENCE TO A “SEQUENCE LISTING. A 
TABLE, ORACOMPUTER PROGRAM LISTING 
APPENDIX SUBMITTED AS ANASCII TEXT 

FILE 

0003. The Sequence Listing written in file 86085-881590 
ST25.TXT, created on Jul. 16, 2013, 135,454 bytes, machine 
format IBM-PC, MS-Windows operating system, is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

0004 Age-related macular degeneration (AMD) is the 
leading cause of irreversible vision loss in the developed 
world (for reviews see Zarbin, 1998, 2004; Klein et al., 2004; 
Ambati et al., 2003; de Jong, 2004; van Leeuwen et al., 2003) 
affecting approximately 15% of individuals over the age of 
60. An estimated 600 million individuals are in this age demo 
graphic. The prevalence of AMD increases with age; mild, or 
early forms occur in nearly 30%, and advanced forms in about 
7%, of the population that is 75 years and older (Klein et al., 
1992; Vingerling et al., 1995a, 1995b). Clinically, AMD is 
characterized by a progressive loss of central vision attribut 
able to degenerative changes that occur in the macula, a 
specialized region of the neural retina and underlying tissues. 
In the most severe, or exudative, form of the disease neovas 
cular fronds derived from the choroidal vasculature breach 
Bruch's membrane and the retinal pigment epithelium (RPE) 
typically leading to detachment and Subsequent degeneration 
of the retina. AMD, a late-onset complex disorder, appears to 
be caused and/or modulated by a combination of genetic and 
environmental factors (Seddon and Chen, 2004; Tuo et al., 
2004; Klein and Francis, 2003). Familial aggregation studies 
have estimated the genetic component to be primarily 
involved in as much as 25% of the disorder (Klaver et al., 
1998a). According to the prevailing hypothesis, the majority 
of AMD cases is not a collection of multiple single-gene 
disorders, but instead represents a quantitative phenotype, an 
expression of interaction of multiple susceptibility loci. The 
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number of loci involved, the attributable risk conferred, and 
the interactions between various loci remain obscure. 
0005 Linkage and candidate gene Screening analyses 
have provided limited insight into the genetics of AMD. Reli 
able association of one gene with increased risk, ABCA4 
(Allikmets et al., 1997) and one gene with decreased risk, 
ApoE4 (Klaver et al., 1998b, Souied et al., 1998) for AMD 
have been reported. In addition, several groups have reported 
results of genome-wide linkage analyses (reviewed in Tuo et 
al., 2004: Weeks et al., 2004). Linkage of one family with 
AMD phenotype to a specific chromosomal region, 1 q25-q31 
(ARMD1) has been documented (Klein et al., 1998). HEMI 
CENTIN-1 has been suggested to be the causal gene (Schultz 
et al., 2003) although its role has not been reliably confirmed. 
The identification of overlapping loci on chromosome 1 q in 
several studies (Weeks et al., 2001; Iyengar et al., 2003; 
Weeks et al., 2004) suggests that this locus may harbor AMD 
associated gene(s). 
0006 Recent studies of drusen, the hallmark ocular 
lesions associated with the onset of AMD, have implicated a 
role for inflammation and other immune-mediated processes, 
in particular complement activation, in the etiology of early 
and late forms of AMD (Hageman et al., 1999, 2001; Mullins 
et al., 2000, 2001: Russell et al., 2000; Anderson et al., 2002, 
2004; Johnson et al., 2000, 2001; Crabb et al., 2002: Ambati 
et al., 2003; Penfold et al., 2001; Espinosa-Heidman et al., 
2003). These studies have revealed the terminal pathway 
complement components (C5, C6, C7, C8 and C9) and acti 
Vation-specific complement protein fragments of the terminal 
pathway (C3b, iC3b, C3dg and C5b-9) as well as various 
complement pathway regulators and inhibitors (including 
Factor H, Factor I, Factor D, CD55 and CD59) within drusen, 
along Bruch's membrane (an extracellular layer comprised of 
elastin and collagen that separates the RPE and the choroid) 
and within RPE cells overlying drusen (Johnson et al., 2000, 
2001; Mullins et al. 2000, 2001; Crabb et al., 2002). Many of 
these drusen-associated molecules are circulating plasma 
proteins previously thought to be synthesized primarily by 
the liver. Interestingly, many also appear to be synthesized 
locally by RPE and/or choroidal cells. 
0007 Activation of the complement system plays a key 
role in normal host defense and in the response to injury 
(Kinoshita, 1991). Inappropriate activation and/or control of 
this system, often caused by mutations in specific comple 
ment-associated genes, can contribute to autoimmune 
sequelae and local tissue destruction (Holers, 2003: Lisze 
wski and Atkinson, 1991; Morgan and Walport, 1991; Shen 
and Meri, 2003), as has been shown in atherosclerosis (Torze 
wski et al., 1997; Niculescu et al., 1999), Alzheimer's disease 
(Akiyama et al., 2000) and glomerulonephritis (Schwertz et 
al., 2001). 
0008 Membranoproliferative glomerulonephritis type 2 
(MPGN II) is a rare disease that is associated with uncon 
trolled systemic activation of the alternative pathway of the 
complement cascade. The disease is characterized by the 
deposition of abnormal electron-dense material comprised of 
C3 and C3c, proteins involved in the alternative pathway of 
complement, within the renal glomerular basement mem 
brane, which eventually leads to renal failure. Interestingly, 
many patients with MPGNII develop macular drusen, RPE 
detachments and choroidal neovascular membranes that are 
clinically and compositionally indistinguishable from those 
that form in AMD, although they are often detected in the 
second decade of life (Mullins et al., 2001; O'Brien et al., 
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1993; Huang et al., 2003: Colville et al., 2003; Duvall-Young 
et al., 1989a, 1989b; Raines et al., 1989; Leys et al., 1990; 
McAvoy and Silvestri, 2004; Bennett et al., 1989; Orth and 
Ritz, 1998: Habib et al., 1975). 
0009. In most patients with MPGNII, the inability to regu 
late the complement cascade is mediated by an autoantibody 
directed against C3bBb. Other MPGN II patients, however, 
harbor mutations in Factor H (Ault et al., 1997: Dragon 
Durey et al., 2004) a major inhibitor of the alternative comple 
ment pathway. A point mutation in Factor H (I1166R) causes 
MPGNII in the Yorkshire pig (Jansen et al., 1998) and Factor 
H deficient mice develop severe glomerulonephritis (Picker 
ing et al., 2002). Moreover, affected individuals within some 
extended families with MPGNIII, a related disorder, show 
linkage to chromosome 1 q31-32 (Neary et al., 2002) a region 
that overlaps a locus that has been identified in genome-wide 
linkage studies for AMD (see above). This particular locus 
contains a number of complement pathway-associated genes. 
One group of these genes, referred to as the regulators of 
complement activation (RCA) gene cluster, contains the 
genes that encode Factor H, five Factor H-related genes 
(CFHR1, CFHR2, CFHR3, CFHR4 and CFHR5), and the 
beta subunit of coagulation factor XIII. A second cluster of 
complement pathway-associated genes, including C4BPA, 
C4BPB, C4BPAL2, DAF (CD55) CR1, CR2, CR1L and 
MCP(CD46) lies immediately adjacent to the 1d25-31 locus. 

BRIEF SUMMARY OF THE INVENTION 

0010. The invention relates to polymorphisms and haplo 
types in the complement Factor H gene that are associated 
with development of age-related macular degeneration 
(AMD) and membranoproliferative glomerulonephritis type 
2 (MPGNII). The invention also relates to polymorphisms 
and haplotypes in the complement Factor H-related 5 
(CFHR5) genes that are associated with development of 
AMD and MPGNII. The invention provides methods of diag 
nosing, monitoring, and treating these and other diseases. 
0011. In one aspect, the invention provides a diagnostic 
method for determining a subject’s propensity to develop 
age-related macular degeneration (AMD), comprising 
detecting the presence or absence of a variation or variations 
at polymorphic site or polymorphic sites of the Factor Hgene. 
In one embodiment, the invention provides methods of diag 
nosing an increased susceptibility to developing AMD 
involving detecting the presence or absence of a polymor 
phism in the Factor Hgene of an individual. The methods may 
include obtaining the DNA from an individual and analyzing 
the DNA from the individual to determine whether the DNA 
contains a polymorphism in the Factor H gene. Certain poly 
morphisms indicate the individual has an increased suscepti 
bility to developing AMD relative to a control population. 
Certain polymorphisms indicate the individual has a reduced 
likelihood of developing AMD. Certain polymorphisms indi 
cate the individual has neither an increased nor a reduced 
likelihood of developing AMD. 
0012. In one embodiment, a method of diagnosing a pro 
pensity to develop age-related macular degeneration (AMD) 
in a subject involves obtaining a sample of DNA from the 
subject and detecting in the DNA of the patient the presence 
or absence of a polymorphism associated with development 
of AMD, the presence of the polymorphism being an indica 
tion that the Subject has an increased propensity to develop 
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AMD and the absence of the polymorphism being an indica 
tion that the Subject has a reduced propensity to develop 
AMD 
0013. In a related aspect, the invention provides methods 
of diagnosing Susceptibility to developing AMD involving 
determining an individual's Factor H haplotype. The methods 
include obtaining the DNA from an individual and analyzing 
the DNA of the individual to determine their Factor H haplo 
type. Certain haplotypes (risk haplotypes) indicate the indi 
vidual has an increased susceptibility to develop AMD. Cer 
tain haplotypes (protective haplotypes) indicate the 
individual has a decreased susceptibility to develop AMD. 
Certain haplotypes (neutral haplotypes) indicate the indi 
vidual has neither an increased nor a reduced likelihood of 
developing AMD. 
0014. In a related embodiment the presence or absence of 
a variation at a polymorphic site of the Factor H gene is 
determined by analysis of a gene product, Such as an RNA or 
a Factor H protein (e.g., protein isoform) encoded by the 
gene. Expression of a variant protein is an indication of a 
variation in the Factor H gene and can indicate an increased or 
reduced propensity to develop AMD. Proteins can be detected 
using immunoassays and other methods. 
0015. In another related aspect, the invention provides 
methods of diagnosing Susceptibility to developing AMD or 
other diseases by detecting a variant Factor H polypeptide in 
a biological sample of an individual. In one embodiment, an 
antibody-based assay is used to diagnose AMD or other dis 
eases in an individual by contacting a biological sample, e.g., 
a serum sample, of the individual with the antibody and 
detecting the presence or absence of the variant Factor H 
polypeptide. In an embodiment, the antibody specifically 
interacts with an epitope specific to a variant Factor H 
polypeptide (i.e., not found in the wild-type Factor H 
polypeptide). In an embodiment, a separation-based assay 
(e.g., PAGE) is used to diagnose AMD or other diseases in an 
individual by detecting the presence or absence of the variant 
Factor H polypeptide in a biological sample, e.g., a serum 
sample, of the individual. 
0016. In one aspect, the invention provides methods of 
treating an individual with AMD (e.g., an individual in whom 
a polymorphism or haplotype indicative of elevated risk of 
developing symptomatic AMD is detected) or other disease 
involving a variant Factor H gene by modulating the type 
and/or amount of systemic and/or ocular levels of Factor H. 
The Factor H polypeptide may be a wild-type Factor H 
polypeptide or a variant Factor H polypeptide. The Factor H 
polypeptide may be a Factor H polypeptide with a sequence 
encoded by neutral or protective alleles rather than alleles 
associated with a risk haplotype. In one embodiment, the 
method includes administering to the individual a Factor H 
polypeptide in an amount effective to reduce a symptom of 
the disease. In one embodiment, the method includes admin 
istering to an individuala Factor Hpolypeptide in an amount 
effective to reduce the propensity to develop symptoms of the 
disease and delay development or progression of the disease. 
In one embodiment, the method includes administering blood 
that contains Factor H. In one embodiment, the methods 
include administering a nucleic acid (e.g., transgene) includ 
ing a nucleotide sequence encoding a Factor H polypeptide. 
In one embodiment, the methods include administering cells 
that express a Factor H polypeptide. 
0017. In one aspect, the invention provides methods of 
treating an individual with AMD (e.g., an individual in whom 
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a polymorphism or haplotype indicative of elevated risk of 
developing symptomatic AMD is detected) or other disease 
involving a variant Factor H gene. In one embodiment, the 
method includes administering to the patient an agent that 
decreases the amount of a variant Factor H or expression of a 
gene encoding Factor H in an amount effective to reduce a 
symptom of the disease in the patient. In a related embodi 
mentatherapeutic amount of an inhibitor (e.g., inactivator) of 
the variant Factor H polypeptide in the individual is admin 
istered. 

0018. In one embodiment an inhibitory nucleic acid (e.g., 
an RNA complementary to at least a portion of the nucleotide 
sequence of the variant Factor H polypeptide) in the indi 
vidual is administered. In one embodiment, purified anti 
sense RNA complementary to RNA encoding a variant Factor 
H polypeptide is administered. 
0019. In another embodiment a therapeutic amount of an 
anti-CFH antibody sufficient to partially inactivate the variant 
Factor H polypeptide in the individual is administered. 
0020. In another embodiment, the individual is treated to 
remove deleterious forms of Factor H from blood (e.g., by 
plasmaphoresis, antibody-directed plasmaphoresis, or com 
plexing with a Factor H binding moiety, e.g., heparin). 
0021. In one aspect, the invention provides purified DNA 
encoding a variant Factor H polypeptide, purified RNA 
encoding a variant Factor H polypeptide, purified anti-sense 
RNA complementary to the RNA encoding a variant Factor H 
polypeptide, and purified variant Factor H polypeptide. In a 
related aspect, the invention provides nucleic acids for 
expressing wild-type or variant Factor H polypeptides or 
biologically active fragments of Factor H. 
0022. In one aspect, the invention provides gene therapy 
vectors comprising nucleic acid encoding the Factor H 
polypeptide. The vector may include a promoter that drives 
expression of the Factor H gene in multiple cell types. Alter 
natively, the vector may include a promoter that drives 
expression of the Factor Hgene only in specific cell types, for 
example, in cells of the retina or in cells of the kidney. In an 
aspect, pharmaceutical compositions are provided containing 
a gene therapy vector encoding a Factor H protein and a 
pharmaceutically acceptable excipient, where the composi 
tion is free of pathogens and Suitable for administration to a 
human patient. In one embodiment the encoded Factor H 
polypeptide is a protective variant. 
0023. In one aspect, the invention provides a composition 
containing recombinant or purified Factor H polypeptide, 
where the polypeptide is a protective variant. 
0024. In a related aspect, the invention provides a pharma 
ceutical composition containing recombinant or purified Fac 
tor H polypeptide and a pharmaceutically acceptable excipi 
ent, where the composition is free of pathogens and Suitable 
for administration to a human patient. In one embodiment the 
encoded Factor Hpolypeptide has the wild-type sequence. In 
one embodiment the encoded Factor H polypeptide is a pro 
tective variant. 

0025. In one aspect, the invention provides antibodies that 
specifically interact with a variant Factor H polypeptide but 
not with a wild-type Factor H polypeptide. These antibodies 
may be polyclonal or monoclonal and may be obtained by 
subtractive techniques. These antibodies may be sufficient to 
inactivate a variant Factor H polypeptide. In a related aspect, 
the invention provides pharmaceutical compositions contain 
ing an anti-Factor Hantibody and a pharmaceutically accept 
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able excipient, where the composition is free of pathogens 
and suitable for administration to a human patient. 
0026. In one aspect, the invention provides methods for 
identifying variant Factor H proteins associated with 
increased or reduced risk of developing AMD. In one embodi 
ment, the invention provides a method of identifying a pro 
tective Factor H protein by (a) identifying an individual as 
having a protective haplotype and (b) determining the amino 
acid sequence(s) of Factor H encoded in the genome of the 
individual, where a protective Factor H protein is encoded by 
an allele having a protective haplotype. In one embodiment, 
the invention provides a method of identifying a neutral Fac 
tor H protein by (a) identifying an individual as having a 
neutral haplotype and (b) determining the amino acid 
sequence(s) of Factor H encoded in the genome of the indi 
vidual, where a neutral Factor H protein is encoded by an 
allele having a neutral haplotype. In a related embodiment, 
the invention provides a method of identifying a variant form 
of Factor H associated with decreased risk of developing 
AMD comprising (a) identifying an individual as having a 
haplotype or diplotype associated with a decreased risk of 
developing AMD; (b) obtaining genomic DNA or RNA from 
the individual; and (c) determining the amino acid sequence 
(s) of the Factor Hencoded in the individuals genome, where 
a protective Factor H protein is encoded by an allele having a 
haplotype associated with a decreased risk of developing 
AMD. In an embodiment, the protective or neutral Factor H 
proteins do not have the amino acid sequence of the wild-type 
Factor H polypeptide. 
0027. In a related method, a form of Factor Hassociated 
with increased risk of developing AMD is identified by (a) 
identifying an individual as having a risk haplotype and (b) 
determining the amino acid sequence(s) of Factor Hencoded 
in the genome of the individual, where a risk Factor H protein 
is encoded by an allele having a risk haplotype. In a related 
embodiment, the invention provides as method of identifying 
a variant form of Factor Hassociated with increased risk of 
developing AMD comprising (a) identifying an individual as 
having a haplotype or diplotype associated with an increased 
risk of developing AMD; (b) obtaining genomic DNA or 
RNA from the individual; and (c) determining the amino acid 
sequence(s) of the Factor H encoded in the individuals 
genome, where a risk Factor H protein is encoded by an allele 
having a haplotype associated with an increased risk of devel 
oping AMD. In an embodiment, the risk Factor H proteins do 
not have the amino acid sequence of the wild-type Factor H 
polypeptide. 
0028. In one aspect, the invention provides methods of 
diagnosing a propensity or Susceptibility to develop AMD or 
other diseases by detecting the ratio of full-length Factor H to 
truncated Factor H in a biological sample of a patient. In one 
embodiment, a method of diagnosing a propensity or Suscep 
tibility to develop AMD in a subject involves obtaining a 
sample of RNA from the subject and detecting in the RNA of 
the patient the ratio of expression of exon 10 (i.e., full-length 
Factor H) to exon 10A (i.e., truncated Factor H), the increase 
in ratio being an indication that the Subject has an increased 
propensity or susceptibility to develop AMD and the decrease 
in ratio being an indication that the Subject has a reduced 
propensity or susceptibility to develop AMD. In one embodi 
ment, a method of diagnosing a propensity or Susceptibility to 
develop AMD in a subject involves obtaining a sample of 
protein from the subject and detecting in the protein of the 
patient the ratio of expression of full-length Factor H to 
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truncated Factor H, the increase in ratio being an indication 
that the Subject has an increased propensity or Susceptibility 
to develop AMD and the decrease in ratio being an indication 
that the Subject has a reduced propensity or Susceptibility to 
develop AMD. 
0029. In one aspect, the invention provides cells contain 
ing recombinant or purified nucleic acid encoding a Factor H 
protein or fragment thereof, e.g., a nucleic acid derived from 
the Factor H gene. The cells may be bacterial or yeast, or any 
other cell useful for research and drug development. Thus, the 
invention provides an isolated host cell or cell line expressing 
a recombinant variant human Factor H. In an embodiment, 
the variant is a risk variant and has a histidine at amino acid 
position 402. In an embodiment, the variant is a protective 
variant and has isoleucine at amino acid position 62. In an 
embodiment, the variant is a neutral variant. In an embodi 
ment, the risk, protective or neutral variant Factor H proteins 
do not have the amino acid sequence of the wild-type Factor 
H polypeptide. 
0030. In one aspect, the invention provides transgenic 
non-human animals whose Somatic and germ cells contain a 
transgene encoding a human variant Factor H polypeptide. 
Transgenic animals of the invention are used as models for 
AMD and for screening for agents useful in treating AMD. 
The animal may be a mouse, a worm, or any other animal 
useful for research and drug development (such as recombi 
nant production of Factor H). In an embodiment, the Factor H 
is a variant human Factor H, wherein said variant has isoleu 
cine amino acid 62 or has histidine at amino acid 402. 
0031. In one aspect, the invention provides methods of 
screening for polymorphic sites linked to polymorphic sites 
in the Factor H gene described in TABLES 1A, 1B and 1C. 
These methods involve identifying a polymorphic site in a 
gene that is linked to a polymorphic site in the Factor Hgene, 
wherein the polymorphic form of the polymorphic site in the 
Factor H gene is associated AMD, and determining haplo 
types in a population of individuals to indicate whether the 
linked polymorphic site has a polymorphic form in equilib 
rium disequilibrium with the polymorphic form of the Factor 
H gene that associates with the AMD phenotype. 
0032. In one aspect, the invention provides diagnostic, 
therapeutic and screening methods for MPGNII, carried out 
as described above for AMD. 
0033. In one aspect, the invention provides a diagnostic 
method for determining a subject’s propensity to develop 
AMD or MPGNII, comprising detecting the presence or 
absence of a variation or variations at polymorphic site or 
polymorphic sites of the CFHR5 gene. In one embodiment, 
the invention provides methods of diagnosing an increased 
susceptibility to developing AMD or MPGNII involving 
detecting the presence or absence of a polymorphism in the 
CFHR5 gene of an individual. The methods may include 
obtaining the DNA from an individual and analyzing the 
DNA from the individual to determine whether the DNA 
contains a polymorphism in the CFHR5 gene. Certain poly 
morphisms indicate the individual has an increased suscepti 
bility to developing AMD or MPGNII. Certain polymor 
phisms indicate the individual has a reduced likelihood of 
developing AMD or MPGNII. Certain polymorphisms indi 
cate the individual has neither an increased nor a reduced 
likelihood of developing AMD or MPGNII. 
0034. In one embodiment, a method of diagnosing a pro 
pensity to develop AMD or MPGNII in a subject involves 
obtaining a sample of DNA from the subject and detecting in 
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the DNA of the patient the presence or absence of a polymor 
phism associated with development of AMD or MPGNII, the 
presence of the polymorphism being an indication that the 
subject has an increased propensity to develop AMD or MPG 
NII and the absence of the polymorphism being an indication 
that the subject has a reduced propensity to develop AMD or 
MPGNII. 

0035. In a related embodiment the presence or absence of 
a variation at a polymorphic site of the CFHR5 gene is deter 
mined by analysis of a gene product, Such as an RNA or a 
CFHR5 protein (e.g., protein isoform) encoded by the gene. 
Expression of a variant protein is an indication of a variation 
in the CFHR5 gene and can indicate an increased or reduced 
propensity to develop AMD or MPGNII. Proteins can be 
detected using immunoassays and other methods. 
0036. In a related, aspect, the invention provides methods 
of diagnosing susceptibility to developing AMD or MPGNII 
involving determining an individual’s CFHR5 haplotype. 
The methods include obtaining the DNA from an individual 
and analyzing the DNA of the individual to determine their 
CFHR5 haplotype. Certain haplotypes (risk haplotypes) indi 
cate the individual has an increased susceptibility to develop 
AMD or MPGNII relative to a control population. Certain 
haplotypes (protective haplotypes) indicate the individual has 
an decreased susceptibility to develop AMD or MPGNII. 
Certain haplotypes (neutral haplotypes) indicate the indi 
vidual has neither an increased nor a reduced likelihood of 
developing AMD or MPGNII. 
0037. In another related, aspect, the invention provides 
methods of diagnosing Susceptibility to developing AMD or 
MPGNII or other diseases by detecting a variant CFHR5 
polypeptide in a biological sample of an individual. In one 
embodiment, an antibody-based assay is used to diagnose 
AMD or MPGNII or other diseases in an individual by con 
tacting a biological sample, e.g., a serum sample, of the 
individual with the antibody and detecting the presence or 
absence of the variant CFHR5 polypeptide. In an embodi 
ment, the antibody specifically interacts with an epitope spe 
cific to a variant CFHR5 polypeptide (i.e., not found in the 
wild-type CFHR5 polypeptide). In an embodiment, a separa 
tion-based assay (e.g., PAGE) is used to diagnose MPGNII or 
other diseases in an individual by detecting the presence or 
absence of the variant CFHR5 polypeptide in a biological 
sample, e.g., a serum sample, of the individual. Various types 
of immunoassay formats can be used to assay CFH or CFHR5 
polypeptide or protein in a sample. These include Sandwich 
ELISA, radioimmunoassay, fluoroimmunoassay, immuno 
histochemistry assay, dot-blot, dip-stick and Western Blot. 
0038. In one aspect, the invention provides methods of 
treating an individual with or at risk for AMD or MPGNII 
(e.g., an individual in whom a polymorphism or haplotype 
indicative of elevated risk of developing symptomatic AMD 
or MPGNII is detected) or other disease involving a variant 
CFHR5 gene by modulating the type and/or amount of sys 
temic and/or renal levels of CFHR5.The CFHR5 polypeptide 
may be a CFHR5 polypeptide encoded by neutral or protec 
tive alleles rather than alleles associated with a risk haplotype. 
In one embodiment, the method includes administering to the 
individual a CFHR5 polypeptide in an amount effective to 
reduce a symptom of the disease. In one embodiment, the 
method includes administering to an individual a CFHR5 
polypeptide in an amount effective to reduce the propensity to 
develop symptoms of the disease and delay development or 
progression of the disease. In one embodiment, the method 
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includes administering blood, which contains CFHR5. In one 
embodiment, the methods include administering a nucleic 
acid (e.g., transgene) including a nucleotide sequence encod 
ing a CFHR5 polypeptide. 
0039. In one aspect, the invention provides methods of 
treating an individual with AMD or MPGNII (e.g., an indi 
vidual in whom a polymorphism or haplotype indicative of 
elevated risk of developing symptomatic AMD or MPGNII is 
detected) or other disease involving a variant CFHR5 gene. In 
one embodiment, the method includes administering to the 
patient an agent that decreases the amount of a variant 
CFHR5 or expression of a gene encoding CFHR5 in an 
amount effective to reduce a symptom of the disease in the 
patient. The CFHR5 polypeptide may be a wild-type CFHR5 
polypeptide or a variant CFHR5 polypeptide. 
0040. In one embodiment an inhibitory nucleic acid (e.g., 
an RNA complementary to at least a portion of the nucleotide 
sequence of the variant CFHR5 polypeptide) in the individual 
is administered. In one embodiment, purified anti-sense RNA 
complementary to RNA encoding a variant CFHR5 polypep 
tide is administered. 
0041. In another embodiment a therapeutic amount of an 
anti-CFHR5 antibody sufficient to partially inactivate the 
variant CFHR5 polypeptide in the individual is administered. 
0042. In a related embodimentatherapeutic amount of an 
inhibitor (e.g., inactivator) of the variant CFHR5 polypeptide 
in the individual is administered. 
0043. In another embodiment, the individual is treated to 
remove deleterious forms of CFHR5 from blood (e.g., by 
plasmaphoresis, antibody-directed plasmaphoresis, or com 
plexing with a CFHR5 binding moiety, e.g., heparin). 
0044. In one aspect, the invention provides purified DNA 
encoding a variant CFHR5 polypeptide, purified RNA encod 
ing a variant CFHR5 polypeptide, purified anti-sense RNA 
complementary to the RNA encoding a variant CFHR5 
polypeptide, and purified variant CFHR5 polypeptide. In a 
related aspect, the invention provides nucleic acids for 
expressing wild-type or variant CFHR5 polypeptides or bio 
logically active fragments of CFHR5. 
0045. In one aspect, the invention provides gene therapy 
vectors comprising nucleic acid encoding the CFHR5 
polypeptide. The vector may include a promoter that drives 
expression of the CFHR5 gene in multiple cell types. Alter 
natively, the vector may include a promoter that drives 
expression of the CFHR5 gene only in specific cell types, for 
example, in cells of the retina or cells of the kidney (e.g., 
endothelial cells, mesangial cells, podocytes). In an aspect, 
pharmaceutical compositions are provided containing a gene 
therapy vector encoding a CFHR5 protein and a pharmaceu 
tically acceptable excipient, where the composition is free of 
pathogens and Suitable for administration to a human patient. 
In one embodiment the encoded CFHR5 polypeptide is a 
protective variant. 
0046. In one aspect, the invention provides a composition 
containing recombinant or purified CFHR5 polypeptide, 
where the polypeptide is a protective variant. 
0047. In a related aspect, the invention provides a pharma 
ceutical composition containing recombinant or purified 
CFHR5 polypeptide and a pharmaceutically acceptable 
excipient, where the composition is free of pathogens and 
Suitable for administration to a human patient. In one embodi 
ment the encoded CFHR5 polypeptide has the wild-type 
sequence. In one embodiment the encoded CFHR5 polypep 
tide is a protective variant. 
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0048. In one aspect, the invention provides antibodies that 
specifically interact with a variant CFHR5 polypeptide but 
not with a wild-type CFHR5 polypeptide. These antibodies 
may be polyclonal or monoclonal and may be obtained by 
subtractive techniques. These antibodies may be sufficient to 
inactivate a variant CFHR5 polypeptide. In a related aspect, 
the invention provides pharmaceutical compositions contain 
ing an anti-CFHR5 antibody and a pharmaceutically accept 
able excipient, where the composition is free of pathogens 
and suitable for administration to a human patient. 
0049. In one aspect, the invention provides methods for 
identifying variant CFHR5 proteins associated with 
increased or reduced risk of developing AMD or MPGNII. In 
one embodiment, the invention provides a method of identi 
fying a protective CFHR5 protein by (a) identifying an indi 
vidual as having a protective haplotype and (b) determining 
the amino acid sequence(s) of CFHR5 encoded in the genome 
of the individual, where a protective CFHR5 protein is 
encoded by an allele having a protective haplotype. In one 
embodiment, the invention provides a method of identifying 
a neutral CFHR5 protein by (a) identifying an individual as 
having a neutral haplotype and (b) determining the amino 
acid sequence(s) of CFHR5 encoded in the genome of the 
individual, where a neutral CFHR5 protein is encoded by an 
allele having a neutral haplotype. In a related embodiment, 
the invention provides as method of identifying a variant form 
of CFHR5 associated with decreased risk of developing AMD 
or MPGNII comprising (a) identifying an individual as hav 
ing a haplotype or diplotype associated with a decreased risk 
of developing AMD or MPGNII; (b) obtaining genomic 
DNA, or RNA, from the individual; and (c) determining the 
amino acid sequence(s) of the CFHR5 encoded in the indi 
viduals genome, where a protective CFHR5 protein is 
encoded by an allele having a haplotype associated with a 
decreased risk of developing AMD or MPGNII. In an 
embodiment, the protective or neutral CFHR5 proteins do not 
have the amino acid sequence of the wild-type CFHR5 
polypeptide. 
0050. In a related method, a form of CFHR5 associated 
with increased risk of developing AMD or MPGNII is iden 
tified by (a) identifying an individual as having a risk haplo 
type and (b) determining the amino acid sequence(s) of 
CFHR5 encoded in the genome of the individual, where a risk 
CFHR5 protein is encoded by an allele having a risk haplo 
type. In a related embodiment, the invention provides as 
method of identifying a variant form of CFHR5 associated 
with increased risk of developing AMD or MPGNII compris 
ing (a) identifying an individual as having a haplotype or 
diplotype associated with an increased risk of developing 
AMD or MPGNII; (b) obtaining genomic DNA or RNA from 
the individual; and (c) determining the amino acid sequence 
(s) of the CFHR5 encoded in the individual’s genome, where 
a risk CFHR5 protein is encoded by an allele having a hap 
lotype associated with an increased risk of developing AMD 
or MPGNII. In an embodiment, the risk CFHR5 proteins do 
not have the amino acid sequence of the wild-type CFHR5 
polypeptide. 
0051. In one aspect, the invention provides cells contain 
ing recombinant or purified nucleic acid derived from the 
CFHR5 gene. The cells may be bacterial or yeast, or any other 
cell useful for research and drug development. Thus, the 
invention provides an isolated host cell or cell line expressing 
a recombinant variant human CFHR5. In an embodiment, the 
CFHR5 variant is a risk variant and has a serine atamino acid 
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position 46. In an embodiment, the CFHR5 variant is a neutral 
variant. In an embodiment, the risk, protective or neutral 
variant CFHR5 proteins does not have the amino acid 
sequence of the wild-type CFHR5 polypeptide. 
0052. In one aspect, the invention provides transgenic 
non-human animals whose Somatic and germ cells contain a 
transgene encoding a human variant CFHR5 polypeptide. 
Transgenic animals of the invention are used as models for 
AMD or MPGNII and for screening for agents useful in 
treating AMD or MPGNII. The animal may be a mouse, a 
worm, or any other animal useful for research and drug devel 
opment (such as recombinant production of CFHR5). In an 
embodiment, the CFHR5 is a variant human CFHR5, wherein 
said CFHR5 variant has serine at amino acid 46. 

0053. In one aspect, the invention provides methods of 
screening for polymorphic sites linked to polymorphic sites 
in the CFHR5 gene described in TABLE 14 or TABLE 15. 
These methods involve identifying a polymorphic site in a 
gene that is linked to a polymorphic site in the CFHR5 gene, 
wherein the polymorphic form of the polymorphic site in the 
CFHR5 gene is associated with AMD or MPGNII, and deter 
mining haplotypes in a population of individuals to indicate 
whether the linked polymorphic site has a polymorphic form 
in equilibrium disequilibrium with the polymorphic form of 
the CFHR5 gene that associates with the AMD or MPGNII 
phenotype. 
0054. In one aspect, the invention provides kits for analy 
sis of a Factor H haplotype. The kits may be used for diag 
nosis of AMD in a patient. The kits may include one or more 
Factor H Factor H allele-specific oligonucleotides (e.g., 
allele-specific primers or probes), or antibodies that specifi 
cally recognize the Factor Hpolypeptide. The Factor Hallele 
specific oligonucleotides may include sequences derived 
from the coding (exons) or non-coding (promoter, 5' untrans 
lated, introns or 3' untranslated) region of the Factor H gene. 
The Factor H-specific antibodies may recognize the normal 
or wild-type H polypeptide or variant Factor H polypeptides 
in which one or more non-synonymous single nucleotide 
polymorphisms (SNPs) are present in the Factor H coding 
region. The kits may be used to diagnose AMD, as well as 
other diseases associated with SNPs in the Factor H gene, 
such as MPGNII. The kits may include instead, or in addition, 
one or more Factor H-Related 5 (CFHR5) allele-specific oli 
gonucleotides (e.g., primers and probes), or antibodies that 
specifically recognize the CFHR5 polypeptide. The CFHR5 
allele-specific primers and Factor H-related 5 allele-specific 
oligonucleotides may include sequences derived from the 
coding (exons) or non-coding (promoter, 5' untranslated, 
introns or 3' untranslated) region of the Factor H-related 5 
gene. The Factor H-related 5-specific antibodies may recog 
nize the normal or wild-type H polypeptide or variant Factor 
H-related 5 polypeptides in which one or more non-synony 
mous single nucleotide polymorphisms (SNPs) are present in 
the Factor H-related 5 coding region. 
0055. In one embodiment the kit contains probes or prim 
ers that distinguish alleles at a polymorphic site listed in 
TABLE 1A, TABLE 1B and/or TABLE 1C.. In an embodi 
ment the probes are primers for nucleic acid amplification of 
a region spanning a Factor H gene polymorphic site listed in 
TABLE 1A, TABLE 1B and/or TABLE 1C.. In an embodi 
ment the kit has probes or primers that distinguish alleles at 
more than one polymorphic site listed in TABLE 1A, TABLE 
1B and/or TABLE 1C.. In an embodiment the kit has probes or 
primers that distinguishalleles at more than one polymorphic 
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site, where the polymorphic site includes: (a) rs529825; (b) 
rs800292; (c) rs3766404; (d) rs1061147; (e) rs1061170; (f) 
rs203674; (g) at least one of rs529825 and rs3.00292: (h) at 
least one of rs1061147, rs1061170 and rs203674: (i) at least 
one of rs529825 and rs3.00292; and rs3766404; and at least 
one of rs1061147, rs1061170 and rs203674; or () at least 
rs529825, rs3.00292, rs3766404, rs1061170 and rs203674. 
0056. In a related embodiment the kit has probes or prim 
ers that distinguishalleles at more than one polymorphic site, 
where the polymorphic site includes: (a) rs529825; (b) 
rs800292; (c) intron 2 (IVS2 or insTT) (d) rs3766404; (e) 
rs 1061147: (f) rs1061170; (g) exon 10A: (h) rs203674: (i) 
rs375046; () rs529825 and rs3.00292; (k) at least two or three 
of rs1061147, rs1061170 and rs203674; (1) at least one of 
rs529825 and rs3.00292; and intron 2; and rs3766404; and at 
least one of rs1061147, rs1061170 and rs203674; and exon 
10A; and, rs375046; (m) at least rs529825: rs800292; intron 
2: rs3766404: rs1061170; exon 10A, rs203674; and 
rs375046; (n) at least two, or at least three, or at least four of 
rs529825, rs3.00292, intron 2: rs3766404, rs1061170, exon 
10A, rs203674, and rs375046; (o) exon 22 (1210); or (p) exon 
22 (1210) in combination with any aforementioned variation 
or set of variations (a-o). In an embodiment the kit has probes 
or primers that distinguish alleles at one or both of rS460897 
and rs460184. In an embodiment the kit has probes or primers 
that distinguish alleles at more than one polymorphic site, 
where the polymorphic sites are selected from: (a) 
rs3753394; (b) rs529825; (c) rs800292; (d) intron 2 (IVS2 or 
insTT); (e) rs3766404: (f) rs1061147; (g) rs1061 170: (h) 
rs2274700: (i) rs203674; (ii) rs3753396; and (k) rs1065489. 
0057. In one embodiment the kit contains, instead of, or in 
addition to, the probes described above, probes, primers, anti 
bodies and the like that distinguish polymorphic sites in the 
CFHR5 gene. In a one aspect, the invention provides kits for 
the diagnosis of AMD or MPGNII in a patient based on 
variation in the CFHR5 gene. The kits may include one or 
more CFHR5-specific probes or CFHR5 allele-specific oli 
gonucleotides, or antibodies that specifically recognize the 
CFHR5 polypeptide. The CFHR5-specific primers and 
CFHR5 allele-specific oligonucleotides may include 
sequences derived from the coding (exons) or non-coding 
(promoter, 5' untranslated, introns or 3' untranslated) region 
of the CFHR5 gene. The CFHR5-specific antibodies may 
recognize the normal or wild-type CFHR5 polypeptide or 
variant CFHR5 polypeptides in which one or more non-syn 
onymous single nucleotide polymorphisms (SNPs) are 
present in the CFHR5 coding region. The kits may be used to 
diagnose AMD or MPGNII, as well as other diseases associ 
ated with SNPs in the CFHR5 gene. 
0058. In one embodiment the kit contains probes or prim 
ers that distinguish alleles at a polymorphic site listed in 
TABLE 14 or TABLE 15. In an embodiment the probes are 
primers for nucleic acid amplification of a region spanning a 
CFHR5 gene polymorphic site listed in TABLE 14 or TABLE 
15. In an embodiment the kit has probes or primers that 
distinguishalleles at more than one polymorphic site listed in 
TABLE 14 or TABLE 15. In an embodiment the kit comprises 
probes or primers that distinguishalleles one, two or all of the 
following polymorphic sites: rs9427661 (-249T>C); 
rs9427662 (-20TDC); and rs12097.550 (P46S). 
0059. In one embodiment the kit contains probes or prim 
ers that distinguish alleles at a polymorphic site in the CFH 
gene and at a polymorphic site in a CFHR gene. Such as 
CFHR5. 
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0060. In one aspect, the invention provides devices for 
determining a Subjects haplotype. The devices are useful for, 
for example, the diagnosis of AMD or other diseases in a 
patient. In one embodiment the device contains probes or 
primers that distinguishalleles at a polymorphic site listed in 
TABLE 1A, 1B and/or 1C. In an embodiment the probes are 
primers for nucleic acid amplification of a region spanning a 
Factor H gene polymorphic site listed in TABLE 1A, 1B 
and/or 1C.. In an embodiment the device has probes or primers 
that distinguish alleles at more than one polymorphic site 
listed in TABLE 1A, 1B and/or 1C.. In an embodiment the 
device has probes or primers that distinguish alleles at more 
than one polymorphic site, where the polymorphic site 
includes (a) rs529825; (b) rs800292; (c) rs3766404; (d) 
rs1061147; (e) rs1061170; (f) rs203674; (g) at least one of 
rs529825 and rs3.00292: (h) at least one of rs1061147, 
rs1061170 and rs203674: (i) at least one of rs529825 and 
rs800292; and rs3766404; and at least one of rs1061147, 
rs1061170 and rs203674; or () at least rs529825, rs800292, 
rs3766404, rs1061 170 and rs203674. 
0061 The kits described above and their contents may also 
be used to identity a propensity to develop MPGNII or to 
determine a Factor H haplotype for any purpose. 
0062. In a related embodiment the device has probes or 
primers that distinguishalleles at more than one polymorphic 
site, where the polymorphic site includes: (a) rs529825; (b) 
rs800292; (c) intron 2 (IVS2 or insTT) (d) rs3766404; (e) 
rs 1061147: (f) rs1061170; (g) exon 10A: (h) rs203674: (i) 
rs375046; ()rs529825 and rs3.00292; (k) at least two or three 
of rs1061147, rs1061170 and rs203674; (1) at least one of 
rs529825 and rs3.00292; and intron 2; and rs3766404; and at 
least one of rs1061147, rs1061170 and rs203674; and exon 
10A; and rs375046; (m) at least rs529825: rs3.00292; intron2: 
rs3766404: rs1061170; exon 10A, rs203674; and rs375046: 
(n) at least two, or at least three, or at least four of rs529825; 
rs800292; intron 2: rs3766404: rs1061170; exon 10A: 
rs203674; and rs375046; (o) exon 22 (1210); or (p) exon 22 
(1210) in combination with any aforementioned variation or 
set of variations (a-o). In an embodiment the device has 
probes or primers that distinguish alleles at one or both of 
rs460897 and rS460184. In an embodiment the device has 
probes or primers that distinguish alleles at more than one 
polymorphic site, where the polymorphic sites are selected 
from: (a) rs3753394; (b) rs529825; (c) rs800292; (d) intron 2 
(IVS2 or insTT); (e) rs3766404: (f) rs1061147; (g) 
rs 1061170: (h) rs2274700: (i) rs203674; (ii) rs3753396; and 
(k) rs1065489. In an embodiment the device has probes or 
primers that distinguishalleles at more than one polymorphic 
site, where the polymorphic sites are selected from: (a) 
rs3753394; (b) rs529825; (c) rs800292; (d) intron 2 (IVS2 or 
insTT); (e) rs3766404: (f) rs1061147; (g) rs1061 170: (h) 
rs2274700: (i) rs203674; (ii) rs3753396; and (k) rs1065489. 
0063. In a one aspect, the invention provides devices for 
the diagnosis of AMD or MPGNII in a patient. In one embodi 
ment the device contains probes or primers that distinguish 
alleles at a polymorphic site listed in TABLE 14 or TABLE 
15. In an embodiment the probes are primers for nucleic acid 
amplification of a region spanning a CFHR5 gene polymor 
phic site listed in TABLE 14 or TABLE 15. In an embodiment 
the device has probes or primers that distinguish alleles at 
more than one polymorphic site listed in TABLE 14 or 
TABLE 15. Devices of the invention may contain probes or 
primers that distinguish between both Factor H and CHFR5 
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variants, including any combination of the sites described 
above and elsewhere in this disclosure. 
0064. The devices described above and their contents may 
also be used to identity a propensity to develop MPGNII or to 
determine a Factor H haplotype for any purpose. 
0065. In one embodiment the device contains, instead of, 
or in addition to, the probes or primers described above, 
probes, primers, antibodies and the like that distinguish poly 
morphic sites in the CFHR5 gene. In a one aspect, the inven 
tion provides devices for the diagnosis of AMD or MPGNII in 
a patient based on variation in the CFHR5 gene. The devices 
may include one or more CFHR5-specific probes or CFHR5 
allele-specific oligonucleotides, or antibodies that specifi 
cally recognize the CFHR5 polypeptide. The CFHR5-spe 
cific primers and CFHR5 allele-specific oligonucleotides 
may include sequences derived from the coding (exons) or 
non-coding (promoter, 5' untranslated, introns or 3' untrans 
lated) region of the CFHR5 gene. The CFHR5-specific anti 
bodies may recognize the normal or wild-type CFHR5 
polypeptide or variant CFHR5 polypeptides in which one or 
more non-synonymous single nucleotide polymorphisms 
(SNPs) are present in the CFHR5 coding region. The devices 
may be used to diagnose AMD or MPGNII, as well as other 
diseases associated with SNPs in the CFHR5 gene. 
0066. In one embodiment the device contains probes or 
primers that distinguishalleles at a polymorphic site listed in 
TABLE 14 or TABLE 15. In an embodiment the probes are 
primers for nucleic acid amplification of a region spanning a 
CFHR5 gene polymorphic site listed in TABLE 14 or TABLE 
15. In an embodiment the device has probes or primers that 
distinguishalleles at more than one polymorphic site listed in 
TABLE 14 or TABLE 15. In an embodiment the kit comprises 
probes or primers that distinguishalleles one, two or all of the 
following polymorphic sites: rs9427661 (-249T>C); 
rs9427662 (-20TDC); and rs12097.550 (P46S). 
0067. In one embodiment the device contains probes or 
primers that distinguish alleles at a polymorphic site in the 
CFH gene and at a polymorphic site in a CFHR gene, such as 
CFHR5. 
0068 Additional aspects of the invention will be apparent 
upon reading the entire disclosure. 

BRIEF DESCRIPTION OF THE FIGURES 

0069 FIGS. 1A-1L show the immunolocalization of Fac 
tor H (FIGS. 1A-1H) and the terminal complement complex 
(C5b-9) (FIGS. 1 I-1L) in the human retinal pigmented epi 
thelium. Abbreviations: (RPE)-choroid (Chor) complex: 
Bruch's membrane (BM); Retina (Ret); Drusen (Dr). 
(0070 FIG. 2 shows RT-PCR analysis of Factor H gene 
expression (CFH and the truncated form HFL1) using RNA 
extracted from the human eye. 
0071 FIG. 3 is a diagram of the human Factor H gene 
showing the approximate locations of 12 SNPs used in the 
analysis, the 22 exons of the Factor H gene, the 20 short 
consensus repeats (SCRs), the binding sites for pathogens and 
other substrates, and the linkage disequilibrium (LD) blocks. 
The diagram, showing all 22 exons of CFH (but not introns) 
is not drawn to scale. 
0072 FIG. 4 is a haplotype network diagram of human 
Factor H gene SNPs showing the relationship between the 
risk (filled-in circles), protective (lined circles), neutral (open 
circles) and ancestral (indicated) haplotypes and the relative 
frequency of the haplotypes, as indicated by the sizes and 
positions of the circles. 
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0073 FIG. 5 shows an association analysis of human Fac 
tor H gene haplotypes and diplotypes. Eight informative 
SNPs were analyzed for pairwise linkage disequilibrium in 
AMD cases and controls. The nucleotide on the coding strand 
at the indicated polymorphic sites is shown, except for IVS1, 
where the nucleotide on the non-coding strand is shown. 
0074 FIG. 6 shows marked glomerular hypercellularity 
with dense intramembranous deposits that cause capillary 
wall thickening in a patient with MPGNII, as viewed by (A) 
light microscopy and (B) electron microscopy. The deposits 
can form a segmental, discontinuous or diffuse pattern in the 
lamina densa of the glomerular basement membrane (GBM). 
By light microscopy, they are eosinophilic and refractile, 
stain brightly with periodic acid-Schiff and are highly osmo 
philic, which explains their electron-dense appearance (A). 
Even by electron microscopy the deposits lack substructure 
and appear as very dark homogeneous Smudges (B). The 
exact composition of dense deposits remains unknown (bar, 5 
Lm). 
0075 FIG. 7 is a diagram showing the activation and regu 
lation of the alternative pathway of the complement cascade, 
which is systematically activated at a high level in patients 
with AMD and MPGNII. The alternative pathway of the 
complement cascade is systematically activated at a high 
level in patients with MPGNII/DDD. Normally, continuous 
low-level activation of C3 occurs by a process of spontaneous 
hydrolysis known as tick-over. C3 hydrolysis is associated 
with a large conformational protein change shown at the top 
of the diagram. The conformational change makes C3(H2O) 
similar to C3b, a C3 cleavage product. The initial convertase, 
C3(H2O)Bb, activates C3 to form C3b. Although C3b has a 
fleeting half-life, if it binds to IgG, cells or basement mem 
branes, it is protected from immediate inactivation. (C3b) - 
IgG complexes form in the fluid phase and bind properdin (P), 
which facilitates factor B binding and the generation of 
C3bBb, the convertase of the alternative pathway, shown here 
as a Bb(C3b)-IgG-properdin complex. The amplification 
loop is depicted by the arrows. C3NeF prolongs the half-life 
of C3 convertase and is shown in the inset. One mechanism to 
degrade C3 convertase is through its interaction with comple 
ment Factor H(CFH), shown at the bottom right as fH. Defi 
ciency of and mutations in Factor H are associated with 
MPGN IIADDD. 

0076 FIG. 8 is a diagram showing the organization of the 
regulators-of-complement-activation (RCA) gene cluster on 
chromosome 1 q32 and the arrangement of approximately 
60-amino acid domains known as short consensus repeats 
(SCRs) in complement Factor H(CH-1), Factor H-Like 1 
(CFHL1) and Factor H-Related 1, 2, 3, 4 and 5 (CFHR1, 
CFHR2, CFHR3, CFHR4 and CFHR5). CFH has 20 SCRs. 
The interacting partners with some of these SCRs has been 
determined and is shown on the top right (CRPC reactive 
protein; Hep, heparin). Complement factor H-like 1 (CFHL1) 
is a splice isoform of CFH, while complement factor H-re 
lated proteins 1-5 (CFHR1-5) are each encoded by a unique 
gene (CFHR1-5). The SCRs of CFHR1-5 are similar to some 
of the SCRs in CFH, as denoted by the numbers in the ovals. 
For example, CFHR5 has 9 SCRs, with the first two being 
similar to SCRs 6 and 7 of Factor Hand therefore having CRP 
and heparin binding properties. SCRs5-7 of CFHR5 have the 
numbers 12-14 within the corresponding ovals because these 
SCRS are similar to SCRs 12-14 of Factor Hand have C3b and 
heparin binding properties. 
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0077 FIG. 9 shows a linkage disequilibrium plot indicat 
ing that A307A and Y402H are in linkage disequilibrium in 
Factor H and -249T>C and -20T-C are in linkage disequi 
librium in CFHR5. 
0078 FIG.10 shows genomic duplications in the genes for 
CFH and the Factor H-related proteins. Exons are indicated as 
Vertical lines. Regions labeled with the same letter (e.g., A. A. 
and A") have Substantially identical sequences. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Introduction 

007.9 The invention provides a collection of polymor 
phisms and haplotypes comprised of multiple variations in 
the Factor H gene, and in Factor H-related genes Such as 
Factor H-Related 5 gene. These polymorphisms and haplo 
types are associated with age related macular degeneration 
(AMD) and other Factor H-related conditions. Certain of 
these polymorphisms and haplotypes result in variant Factor 
H polypeptides. Detection of these and other polymorphisms 
and sets of polymorphisms (e.g., haplotypes) is useful in 
designing and performing diagnostic assays for AMD. Poly 
morphisms and sets of polymorphisms can be detected by 
analysis of nucleic acids, by analysis of polypeptides encoded 
by Factor H coding sequences (including polypeptides 
encoded by splice variants), or by other means known in the 
art. Analysis of Such polymorphisms and haplotypes is also 
useful in designing prophylactic and therapeutic regimes for 
AMD 

0080 Factor H is a multifunctional protein that functions 
as a key regulator of the complement system. See Zipfel, 
2001, “Factor Hand disease: a complement regulator affects 
vital body functions' Semin Thromb Hemost. 27:191-9. The 
Factor H protein activities include: (1) binding to C-reactive 
protein (CRP), (2) binding to C3b, (3) binding to heparin, (4) 
binding to sialic acid; (5) binding to endothelial cell Surfaces, 
(6) binding to cellular integrin receptors (7) binding to patho 
gens, including microbes (see FIG. 3), and (8) C3b co-factor 
activity. The Factor H gene, known as HF1, CFH and HF, is 
located on human chromosome 1, at position 1 q32. The 1 q32 
particular locus contains a number of complement pathway 
associated genes. One group of these genes, referred to as the 
regulators of complement activation (RCA) gene cluster, con 
tains the genes that encode Factor H, five Factor H-related 
genes (FHR-1, FHR-2, FHR-3, FHR-4 and FHR-5 or 
CFHR1, CFHR2, CFHR3, CFHR4 and CFHR5, respec 
tively), and the gene encoding the beta Subunit of coagulation 
factor XIII. The Factor H and Factor H related genes is com 
posed almost entirely of short consensus repeats (SCRs). 
Factor H and FHL1 are composed of SCRs 1-20 and 1-7, 
respectively. FHR-1, FHR-2, FHR-3, FHR-4 and FHR-5 are 
composed of 5, 4, 5, 5 and 8 SCRs, respectively (see FIG. 14). 
The order of genes, from centromere to telomere is FH/FHL1, 
FHR-3, FHR-1, FHR-4, FHR-2 and FHR-5. 

Factor H Gene 

I0081. The reference form of human Factor H cDNA (SEQ 
ID NO: 1) (see Ripoche et al., 1988, Biochem J249:593-602) 
and genomic sequences have been determined. The Factor H 
cDNA encodes a polypeptide 1231 amino acids in length 
(SEQID NO:2) having an apparent molecular weight of 155 
kDa. There is an alternatively spliced form of Factor H is 
known as FHL-1 (and also has been referred to as HFL1 or 
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CFHT). FHL-1 (SEQ ID NO:3) corresponds essentially to 
exons 1 through 9 of Factor H (see Ripoche et al., 1988, 
Biochem J 249:593-602). The FHL1 cDNA encodes a 
polypeptide 449 amino acids in length (SEQID NO:4) having 
an apparent molecular weight of 45-50 kDA. The first 445 
amino acids of FH1 and FHL1 are identical, with FHL1 
having a unique C-terminal 4 amino acids (exon 10A). The 
alternative exon 10A is located in the intron between exon 9 
and exon 10. cDNA and amino acid sequence data for human 
Factor H and FHL1 are found in the EMBL/GenBank Data 
Libraries under accession numbers Y00716 and X07523, 
respectively. The 3926 base nucleotide sequence of the ref 
erence form of human Factor H clNA (GenBank accession 
numberY00716 SEQID NO: 1) is shown in FIG. 6, and the 
polypeptide sequence encoded by SEQID NO:1 (GenBank 
accession numberY00716 SEQID NO:2) is shown in FIG. 
7. The 1658 base nucleotide sequence of the reference form of 
HFL1, the truncated form of the human Factor H (GenBank 
accession number X07523 SEQID NO:3) is shown in FIG. 
8, and the polypeptide sequence encoded by SEQID NO:3 
(GenBank accession number X07523 SEQ ID NO:4) is 
shown in FIG.9. The Factor H gene sequence (150626 bases 
in length) is found under GenBank accession number 
AL049744. The Factor H promoter is located 5' to the coding 
region of the Factor H gene. 

FHR-1 Gene 

I0082. The FHR-1 gene is also known as CHFR1, CFHL1, 
CFHL, FHR1 and HFL1. The reference form of human 
HFR-1 cDNA (see Estaller et al., 1991, J. Immunol. 146: 
3190-3196) and genomic sequences have been determined. 
The FHR-1 clNA encodes a polypeptide 330 amino acids in 
length having an predicted molecular weight of 39 kDa. 
cDNA and amino acid sequence data for human FHR-1 are 
found in the EMBL/GenBank Data Libraries under accession 
number M65292. The FHR-1 gene sequence is found under 
GenBank accession number AL049741. 

I0083 SEQ ID NO:1 shows the 3926 base nucleotide 
sequence of the reference form of human Factor H clNA 
(GenBank accession number Y00716). The ATG initiation 
codon begins at nucleotide position 74 and the TAG termina 
tion codon ends at nucleotide position 3769. SEQ ID NO:2 
shows the polypeptide sequence encoded by SEQID NO:1 
(GenBank accession number Y00716). The 1231 amino acid 
Factor H polypeptide includes an 18 amino acid N-terminal 
signal peptide. SEQID NO:3 shows the 1658 base nucleotide 
sequence of the reference form of HFL1, the truncated form 
of the human Factor H (GenBank accession number 
X07523). The ATG initiation codon begins at nucleotideposi 
tion 74 and the TGA termination codon ends at nucleotide 
position 1423. SEQID NO:4 shows the polypeptide sequence 
of the reference form of HFL1 (GenBank accession number 
X0752). The 449 amino acid HFL1 polypeptide includes an 
18 amino acid N-terminal signal peptide. SEQ ID NO:5 
shows the polypeptide sequence of an exemplary protective 
variant of human Factor H. This protective variant Factor H 
polypeptide has a isoleucine at amino acid position 62 and a 
tyrosine at amino acid position 402. SEQID NO:6 shows the 
polypeptide sequence of an exemplary protective variant of 
HFL1, the truncated form of human Factor H. This protective 
variant truncated Factor H polypeptide has a isoleucine at 
amino acid position 62 and tyrosine at amino acid position 
402. SEQID NO:7 shows the 2821 base nucleotide sequence 
of the reference form of human CFHR5 (GenBank accession 
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number AF295327. The ATG initiation codon begins at 
nucleotide position 94 and the TGA termination codon ends 
at nucleotide position 1803. SEQ ID NO:8 shows the 
polypeptide sequence encoded by SEQID NO:7 (GenBank 
accession number AAK15619. The 569 amino acid CFHR5 
polypeptide includes an 18 amino acid N-terminal signal 
peptide. 

FHR-2 Gene 

I0084. The FHR-2 gene is also known as CHFR2, CFHL2, 
FHR2 and HFL3. The reference form of human HFR-2 cDNA 
(see Strausberg et al., Proc. Natl. Acad. Sci. USA 99:16899 
16903) and genomic sequences have been determined. The 
FHR-2 cl DNA encodes a polypeptide 270 amino acids in 
length having a predicted molecular weight of 31 kDa. cDNA 
and amino acid sequence data for human FHR-2 are found in 
the EMBL/GenBank Data Libraries under accession number 
BC022283. The FHR-2 gene sequence is found under Gen 
Bank accession number AL 139418. 

FHR-3 Gene 

I0085. The FHR-3 gene is also known as CFHR3, CFHL3, 
FHR3 and HLF4. The reference form of human HFR-3 cDNA 
(see Strausberg et al., Proc. Natl. Acad. Sci. USA 99:16899 
16903) and genomic sequences have been determined. The 
FHR-3 clNA encodes a polypeptide 330 amino acids in 
length having a predicted molecular weight of 38 kDa. cDNA 
and amino acid sequence data for human FHR-3 are found in 
the EMBL/GenBank Data Libraries under accession number 
BC058009. The FHR-3 gene sequence is found under Gen 
Bank accession number AL049741. 

FHR-4 Gene 

I0086. The FHR-4 gene is also known as CFHR4, CFHL4 
and FHR4. The reference form of human HFR-4 cDNA (see 
Skerka et al., 1991, J. Biol. Chem. 272:5627-5634) and 
genomic sequences have been determined. The FHR-4 cDNA 
encodes a polypeptide 331 amino acids in length having a 
predicted molecular weight of 38kDa. cDNA and amino acid 
sequence data for human FHR-4 are found in the EMBL/ 
GenBank Data Libraries under accession number X98337. 
The FHR-4 gene sequence is found under GenBank accession 
numbers AF190816 (5' end), AL 139418 (3' end) and 
BX248415. 

FHR-5 Gene 

I0087. The FHR-5 gene is also known as CFHR5, CFHL5 
and FHR5. The reference form of human CFHR5 cDNA 
(SEQ ID NO:7) (see McRae et al., 2001, J. Biol. Chem. 
276:6747-6754) and genomic sequences have been deter 
mined. The CFHR5 cDNA encodes a polypeptide 569 amino 
acids in length (SEQID NO:8) having an apparent molecular 
weight of 65 kDa. cDNA and amino acid sequence data for 
human CFHR5 are found in the EMBL/GenBank Data 
Libraries under accession number AF295327. The 2821 base 
nucleotide sequence of the reference form of human CFHR5 
(GenBank accession number AF295327 SEQ ID NO:7 is 
shown in FIG. 16, and the polypeptide sequence encoded by 
SEQ ID NO:7 (GenBank accession number AAK15619 
SEQ ID NO:8) is shown in FIG. 17. The CFHR5 gene 
sequence is found under GenBank accession numbers 
AL139418 (5' end) and AL3538.09 (3' end). The FHR-5 pro 
moter is located 5' to the coding region of the CFHR5 gene. 
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II. Definitions 

0088. The following definitions are provided to aid in 
understanding the invention. Unless otherwise defined, all 
terms of art, notations and other scientific or medical terms or 
terminology used herein are intended to have the meanings 
commonly understood by those of skill in the arts of medicine 
and molecular biology. In some cases, terms with commonly 
understood meanings are defined herein for clarity and/or for 
ready reference, and the inclusion of such definitions herein 
should not be assumed to represent a substantial difference 
over what is generally understood in the art. 
I0089. A “nucleic acid”, “polynucleotide' or “oligonucle 
otide' is a polymeric form of nucleotides of any length, may 
be DNA or RNA, and may be single- or double-stranded. 
Nucleic acids may include promoters or other regulatory 
sequences. Oligonucleotides are usually prepared by Syn 
thetic means. Nucleic acids include segments of DNA, or 
their complements spanning or flanking any one of the poly 
morphic sites shown in TABLE 1A, TABLE 1B and/or 
TABLE 1C or otherwise known in the Factor H gene. The 
segments are usually between 5 and 100 contiguous bases, 
and often range from a lower limit of 5, 10, 12, 15, 20, or 25 
nucleotides to an upper limit of 10, 15, 20, 25, 30, 50 or 100 
nucleotides (where the upper limit is greater than the lower 
limit). Nucleic acids between 5-10, 5-20, 10-20, 12-30, 
15-30, 10-50, 20-50 or 20-100 bases are common. The poly 
morphic site can occur within any position of the segment. A 
reference to the sequence of one strand of a double-stranded 
nucleic acid defines the complementary sequence and except 
where otherwise clear from context, a reference to one strand 
of a nucleic acid also refers to its complement. For certain 
applications, nucleic acid (e.g., RNA) molecules may be 
modified to increase intracellular stability and half-life. Pos 
sible modifications include, but are not limited to, the use of 
phosphorothioate or 2'-3-methyl rather than phosphodi 
esterase linkages within the backbone of the molecule. Modi 
fied nucleic acids include peptide nucleic acids (PNAS) and 
nucleic acids with nontraditional bases such as inosine, que 
osine and Wybutosine and acetyl-, methyl-, thio- and similarly 
modified forms of adenine, cytidine, guanine, thymine, and 
uridine which are not as easily recognized by endogenous 
endonucleases. 
0090 “Hybridization probes’ are nucleic acids capable of 
binding in a base-specific manner to a complementary strand 
of nucleic acid. Such probes include nucleic acids and peptide 
nucleic acids (Nielsen et al., 1991). Hybridization may be 
performed under stringent conditions which are known in the 
art. For example, see, e.g., Berger and Kimmel (1987) Meth 
ods In Enzymology, Vol. 152: Guide To Molecular Cloning 
Techniques, San Diego: Academic Press, Inc.; Sambrook et 
al. (1989) Molecular Cloning: A Laboratory Manual, 2nd Ed., 
Vols. 1-3, Cold Spring Harbor Laboratory; Sambook (2001) 
3rd Edition; Rychlik, W. and Rhoads, R. E., 1989, Nucl. Acids 
Res. 17,8543; Mueller, P. R. et al. (1993) In: Current Proto 
cols in Molecular Biology 15.5, Greene Publishing Associ 
ates, Inc. and John Wiley and Sons, New York; and Anderson 
and Young, Quantitative Filter Hybridization in Nucleic Acid 
Hybridization (1985)). As used herein, the term “probe' 
includes primers. Probes and primers are sometimes referred 
to as "oligonucleotides.” 
0091. The term “primer' refers to a single-stranded oligo 
nucleotide capable of acting as a point of initiation of tem 
plate-directed DNA synthesis under appropriate conditions, 
in an appropriate buffer and at a suitable temperature. The 
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appropriate length of a primer depends on the intended use of 
the primer but typically ranges from 15 to 30 nucleotides. A 
primer sequence need not be exactly complementary to a 
template but must be sufficiently complementary to hybridize 
with a template. The term “primer site' refers to the area of 
the target DNA to which a primer hybridizes. The term 
“primer pair’ means a set of primers including a 5' upstream 
primer, which hybridizes to the 5' end of the DNA sequence to 
be amplified and a 3’ downstream primer, which hybridizes to 
the complement of the 3' end of the sequence to be amplified. 
0092 Exemplary hybridization conditions for short 
probes and primers is about 5 to 12 degrees C. below the 
calculated Tm. Formulas for calculating Tm are known and 
include: Tm=4°C.x(number of G’s and C’s in the primer)+2 
C.x(number of As and Ts in the primer) for oligos.<14 bases 
and assumes a reaction is carried out in the presence of 50 mM 
monovalent cations. For longer oligos, the following formula 
can be used: T-64.9°C.+41° C.x(number of G’s and Cs in 
the primer-16.4)/N, where N is the length of the primer. 
Another commonly used formula takes into account the salt 
concentration of the reaction (Rychlik, Supra, Sambrook, 
supra, Mueller, supra.): T81.5° C.+16.6° C.x(log 
10Na++K+I)+0.41° C.x(% GC)-675/N, where N is the 
number of nucleotides in the oligo. The aforementioned for 
mulae provide a starting point for certain applications; how 
ever, the design of particular probes and primers may take into 
account additional or different factors. Methods for design of 
probes and primers for use in the methods of the invention are 
well known in the art. 

(0093. The terms “risk.” “protective,” and “neutral” are 
used to describe variations, SNPS, haplotypes, diplotypes, 
and proteins in a population encoded by genes characterized 
by Such patterns of variations. A risk haplotype is an allelic 
form of a gene, herein Factor H or a Factor H-related gene, 
comprising at least one variant polymorphism, and preferably 
a set of variant polymorphisms, associated with increased risk 
for developing AMD. The term “variant' when used in refer 
ence to a Factor H or Factor H-related gene, refers to a 
nucleotide sequence in which the sequence differs from the 
sequence most prevalent in a population, herein humans of 
European-American descent. The variant polymorphisms can 
be in the coding or non-coding portions of the gene. An 
example of a risk Factor H haplotype is the allele of the Factor 
H gene encoding histidine at amino acid 402 and/or cysteine 
at amino acid 1210. The risk haplotype can be naturally 
occurring or can be synthesized by recombinant techniques. 
A protective haplotype is an allelic form of a gene, herein 
Factor H or a Factor H-related gene, comprising at least one 
variant polymorphism, and preferably a set of variant poly 
morphisms, associated with decreased risk of developing 
AMD. For example, one protective Factor H haplotype has an 
allele of the Factor H gene encoding isoleucine at amino acid 
62. The protective haplotype can be naturally occurring or 
synthesized by recombinant techniques. A neutral haplotype 
is an allelic form of a gene, herein Factor H or a Factor 
H-related gene, that does not contain a variant polymorphism 
associated in a population or ethnic group with either 
increased or decreased risk of developing AMD. It will be 
clear from the following discussion that a protein encoded in 
a “neutral haplotype may be protective when administered to 
a patient in need of treatment or prophylaxis for AMDorother 
conditions. That is, both “neutral' and “protective” forms of 
CFH or CFHR5 can provide therapeutic benefit when admin 
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istered to, for example, a subject with AMD or risk for devel 
oping AMD, and thus can “protect the subject from disease. 
0094. The term “wild-type” refers to a nucleic acid or 
polypeptide in which the sequence is a form prevalent in a 
population, herein humans of European-American descent 
(approximately 40% prevalence; see FIG. 5). For purposes of 
this disclosure, a “wild-type' Factor H protein has the 
sequence of SEQ ID NO:2 (FIG. 7), except that the amino 
acid at position 402 is tyrosine (Y: SEQ ID NO:337). For 
purposes of this disclosure, a Factor H gene encoding a wild 
type Factor H protein has the sequence of SEQID NO:1 (FIG. 
6), except that the codon beginning at base 1277, correspond 
ing to the amino acid at position 402 encodes tyrosine (TAT 
SEQID NO:336). 
0095. The term “variant' when used in reference to a 
Factor Hor Factor H-related polypeptide, refers to a polypep 
tide in which the sequence differs from the normal or wild 
type sequence at a position that changes the amino acid 
sequence of the encoded polypeptide. For example, some 
variations or Substitutions in the nucleotide sequence of Fac 
tor H gene alter a codon so that a different amino acid is 
encoded (for example and not for limitation, having an alter 
native allele at one or more of 162V.Y402H, D936E) result 
ing in a variant polypeptide. Variant polypeptides can be 
associated with risk (e.g., having histidine at position 402), 
associated with protection (e.g., having isoleucine at position 
62), or can be encoded by a neutral haplotype (e.g., having 
aspartic acid at position 936). Variant CFHR5 polypeptides 
can be associated with risk (e.g., having serine at position 46), 
associated with protection, or can be neutral. 
0096. The term “reference” when referring to a Factor H 
polypeptide means a polypeptide in which the amino acid 
sequence is identical to the sequence described by Ripoche et 
al., 1988, Biochem J. 249:593-602) for full-length (FH1, SEQ 
ID NO:2) or truncated (FHL1, SEQID NO:4) human Factor 
H. The term “reference' when referring to a CFHR5 polypep 
tide means a polypeptide in which the amino acid sequence is 
identical to the sequence described by McRae et al., 2001, J. 
Biol. Chem. 276:6747-6754) for full-length human CFHR5 
(SEQ ID NO:8). The first identified allelic form is arbitrarily 
designated the reference form orallele; otherallelic forms are 
designated as alternative or variant alleles. Wild-type and 
variant forms may have substantial sequence identity with the 
reference form (e.g., the wild-type or variant form may be 
identical to the reference form at at least 90% of the amino 
acid positions of the wild-type or variant, sometimes at least 
95% of the positions and sometimes at least 98% or 99% of 
the positions). A variant may differ from a reference form in 
certain regions of the protein due to a frameshift mutation or 
splice variation. 
0097. The term “polymorphism” refers to the occurrence 
of two or more genetically determined alternative sequences 
oralleles in a population. A "polymorphic site' is the locus at 
which sequence divergence occurs. Polymorphic sites have at 
least two alleles. A diallelic polymorphism has two alleles. A 
triallelic polymorphism has three alleles. Diploid organisms 
may be homozygous or heterozygous for allelic forms. A 
polymorphic site may be as Small as one base pair. Examples 
of polymorphic sites include: restriction fragment length 
polymorphisms (RFLPs); variable number of tandem repeats 
(VNTRs); hypervariable regions; minisatellites; dinucleotide 
repeats; trinucleotide repeats; tetranucleotide repeats; and 

Nov. 7, 2013 

simple sequence repeats. As used herein, reference to a "poly 
morphism' can encompass a set of polymorphisms (i.e., a 
haplotype). 
0098. A “single nucleotide polymorphism (SNP) occurs 
at a polymorphic site occupied by a single nucleotide, which 
is the site of variation between allelic sequences. The site is 
usually preceded by and followed by highly conserved 
sequences of the allele. A SNP usually arises due to substitu 
tion of one nucleotide for another at the polymorphic site. 
Replacement of one purine by another purine or one pyrimi 
dine by another pyrimidine is called a transition. Replace 
ment of a purine by a pyrimidine or vice versa is called a 
transversion. A synonymous SNP refers to a substitution of 
one nucleotide for another in the coding region that does not 
change the amino acid sequence of the encoded polypeptide. 
A non-synonymous SNP refers to a substitution of one nucle 
otide for another in the coding region that changes the amino 
acid sequence of the encoded polypeptide. A SNP may also 
arise from a deletion oran insertion of a nucleotide or nucle 
otides relative to a reference allele. 
0099. A “set of polymorphisms means more than one 
polymorphism, e.g., at least 2, at least 3, at least 4, at least 5, 
at least 6, or more than 6 of the polymorphisms shown in 
TABLE 1A, TABLE 1B and/or TABLE 1C or otherwise 
known in the Factor H gene or other gene. 
0100. The term “haplotype” refers to the designation of a 
set of polymorphisms oralleles of polymorphic sites within a 
gene of an individual. For example, a “112' Factor H haplo 
type refers to the Factor H gene comprising allele 1 at each of 
the first two polymorphic sites and allele 2 at the third poly 
morphic site. A "diplotype' is a haplotype pair. 
0101. An "isolated nucleic acid means a nucleic acid 
species that is the predominant species present in a composi 
tion. Isolated means the nucleic acid is separated from at least 
one compound with which it is associated in nature. A puri 
fied nucleic acid comprises (on a molar basis) at least about 
50, 80 or 90 percent of all macromolecular species present. 
0102) Two amino acid sequences are considered to have 
“substantial identity” when they are at least about 80% iden 
tical, preferably at least about 90% identical, more preferably 
at least about 95%, at least about 98% identical or at least 
about 99% identical. Percentage sequence identity is typi 
cally calculated by determining the optimal alignment 
between two sequences and comparing the two sequences. 
Optimal alignment of sequences may be conducted by 
inspection, or using the local homology algorithm of Smith 
and Waterman, 1981, Adv. Appl. Math. 2: 482, using the 
homology alignment algorithm of Needleman and Wunsch, 
1970, J. Mol. Biol. 48: 443, using the search for similarity 
method of Pearson and Lipman, 1988, Proc. Natl. Acad. Sci. 
U.S.A. 85: 2444, by computerized implementations of these 
algorithms (e.g., in the Wisconsin Genetics Software Pack 
age, Genetics Computer Group, 575 Science Dr. Madison, 
Wis.) using default parameters for amino acid comparisons 
(e.g., for gap-scoring, etc.). It is sometimes desirable to 
describe sequence identity between two sequences in refer 
ence to a particular length or region (e.g., two sequences may 
be described as having at least 95% identity over a length of 
at least 500 basepairs). Usually the length will be at least 
about 50, 100, 200, 300, 400, 500, 600, 700, 800, 900 or 1000 
amino acids, or the full length of the reference protein. Two 
amino acid sequences can also be considered to have substan 
tial identity if they differ by 1, 2, or 3 residues, or by from 2-20 
residues, 2-10 residues, 3-20 residues, or 3-10 residues. 
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0103) “Linkage” describes the tendency of genes, alleles, 
loci or genetic markers to be inherited together as a result of 
their location on the same chromosome. Linkage can be mea 
Sured by percent recombination between the two genes, alle 
les, loci or genetic markers. Typically, loci occurring within a 
50 centimorgan (cM) distance of each other are linked. 
Linked markers may occur within the same gene or gene 
cluster. “Linkage disequilibrium' or “allelic association' 
means the preferential association of a particular allele or 
genetic marker with a specific allele or genetic marker at a 
nearby chromosomal location more frequently than expected 
by chance for any particular allele frequency in the popula 
tion. A marker in linkage disequilibrium can be particularly 
useful in detecting Susceptibility to disease, even if the marker 
itself does not cause the disease. 
0104. The terms “diagnose' and “diagnosis' refer to the 
ability to determine whether an individual has the propensity 
to develop disease (including with or without signs or symp 
toms). Diagnosis of propensity to develop disease can also be 
called "screening and, as used herein, the terms diagnosis 
and Screening are used interchangeably. It will be appreciated 
that having an increased or decreased propensity to develop 
ing a condition refers to the likelihood of developing the 
condition relative to individuals in the population without the 
condition. 

III. Tables 

0105 Certain tables referred to herein are provided fol 
lowing the Examples, infra. The following descriptions are 
provided to assist the reader: 
0106 TABLES 1A-1C show human Factor H gene poly 
morphisms and their association with age-related macular 
degeneration. (1A) The dbSNP no., location, sequences of the 
coding (top, 5' to 3' direction) and non-coding (bottom) 
Strands spanning the polymorphisms, amino acid changes, 
allele frequencies for the control and AMD cases, and X and 
P-values for 1 SNPs in the human Factor H gene are shown. 
(1B) The dbSNP no., interrogated sequences, corresponding 
nucleotide in the chimp Factor H gene, location, amino acid 
changes, and sets of primers and probes for 11 SNPs in the 
human Factor H gene are shown. (1C) The location, 
sequences spanning the polymorphisms, amino acid position 
and amino acid change, if any, for 14 SNPs in the human 
Factor H gene that are not found in the dbSNP database are 
shown. 
0107 TABLE 2 shows a haplotype analysis of eight SNPs 
in the human Factor H gene in a cohort of AMD cases and 
controls. 
0108 TABLE 3 shows a haplotype analysis of six SNPs in 
the human Factor H gene and their association with AMD. 
0109 TABLE 4 shows the association of 11 human Factor 
H gene SNPs with age-related macular degeneration. 
0110 TABLE5 shows the primers used for SSCP, DHPLC 
and DNA sequencing analysis for human Factor H. 
0111 TABLE 6 shows genotyping data of AMD patients 
and controls. 
0112 TABLE 7 shows the frequency of an at-risk haplo 
type in various ethnic groups. 
0113 TABLE 8 shows several Factor H diplotypes. Com 
mon risk and protective diplotypes are indicated. 
0114 TABLE 9 shows the sequences of primers used to 
amplify the Factor H coding sequence. 
0115 TABLE 10 shows the sequences of primers used to 
amplify the CFHR5 coding sequence. 
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0116 TABLE 11 shows an analysis of Factor HSNPs in 
22 MPGNII patients. 
0117 TABLE 12 shows a comparison of Factor HSNP 
frequencies in 22 MPGNII patients and AMD-negative, eth 
nically matched controls. 
0118 TABLE 13 lists Factor H SNPs associated with 
MPGNII and their related SCR. 
0119 TABLE 14 shows an analysis of CFHR5SNPs in 22 
MPGNII patients. 
I0120 TABLE 15 shows a comparison of CFHR5SNP fre 
quencies in 22 MPGNII patients and AMD-negative, ethni 
cally matched controls. 
I0121 TABLE 16 shows exemplary allele-specific probes 
(16A) and primers (16B) useful for detecting polymorphisms 
in the Factor H gene. 

IV. Complement Factor H Polymorphisms 
0122. In one aspect, the invention provides new diagnos 

tic, treatment and drug screening methods related to the dis 
covery that polymorphic sites in the Complement Factor 
H(HF1) gene are associated with susceptibility to and devel 
opment of AMD. 
I0123 Factor H polymorphisms associated with AMD 
were identified as described in Example 1, by examining the 
coding and adjacent intronic regions of Factor H (including 
exon 10A, which is transcribed for the Factor H isoform 
FHL 1) for variants using SSCP analysis, DHPLC analysis, 
and direct sequencing, according to standard protocols. 
Remaining polymorphisms were typed by the 5' nuclease 
(Taqman, ABI) methodology. Taqman genotyping and asso 
ciation analysis were performed as described (Gold et al., 
2004). Primers for SSCP and DNA sequencing analyses were 
designed to amplify each exon and its adjacent intronic 
regions using MacVector software. PCR-derived amplicons 
were screened for sequence variation by SSCP and DHPLC 
according to standard protocols. All changes detected by 
SSCP and DHPLC were confirmed by bidirectional sequenc 
ing according to standard protocols. Statistical analyses were 
performed using chi-square (X) and Fisher's exact tests (P 
values). 
0.124. Two independent groups of AMD cases and age 
matched controls were used. All participating individuals 
were of European-American descent, over the age of 60 and 
enrolled under IRB-approved protocols following informed 
consent. These groups were comprised of 352 unrelated 
patients with clinically documented AMD (mean age 
79.5+7.8 years) and 113 unrelated, control patients (mean age 
78.4+7.4 years; matched by age and ethnicity) from the Uni 
versity of Iowa, and 550 unrelated patients with clinically 
documented AMD (mean age 71.32+8.9 years) and 275 unre 
lated, matched by age and ethnicity, controls (mean age 
68.84+8.6 years) from Columbia University. Patients were 
examined by indirect ophthalmoscopy and slit-lamp micros 
copy by retina fellowship-trained ophthalmologists. 
0.125 Fundas photographs were graded according to a 
standardized, international classification system (Bird et al., 
1995). Control patients were selected and included if they did 
not exhibit any distinguishing signs of macular disease or 
have a known family history of AMD. The AMD patients 
were subdivided into phenotypic categories: early AMD 
(ARM), geographic atrophy (GA), and exudative (CNV) 
AMD, based upon the classification of their most severe eye 
at the time of their entry into the study. The University of Iowa 
ARM and GA cases were further subdivided into distinct 
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0127. Two frequent non-synonymous variants, 162V in 
exon 2 and Y420H in exon 9, and a less frequent variant, 
R1210c in exon 22, exhibited the most significant association 
with AMD. 

0128. Three additional polymorphisms in TABLES 
1A-1B are not found in the SNP database: a polymorphism in 
the promoter (promoter 1 in TABLE 1A); a polymorphism in 
intron 2 in which two T nucleotides are inserted; and a poly 
morphism in Exon 10A. 
0129. The first column in TABLE 1 A lists the dbSNP 
number for polymorphisms in the Factor H gene. For 
example, rs3.00292 is the dbSNP designation for a polymor 
phism in the Factor H gene. A description of this polymor 
phism, as well as the other Factor H gene polymorphisms in 
dbSNP, is available at the NCBI database (ncbi.nml.nih.gov/ 
entrez/duery. fegi?db=Smp&cmd=search&term). The sec 
ond column lists the location of the polymorphism. For 
example, the rs800292 polymorphism is located in exon 2 of 
the Factor H gene. Polymorphisms not identified by a data 
base number can be referred to by location (e.g., “intron 2). 
The third column lists the nucleic acid sequence of the coding 
(top, 5' to 3’ direction) and non-coding (bottom) strands of 
DNA spanning the polymorphisms. For example, the 
rs800292 polymorphism, G or A as indicated in the brackets 
for the coding strand, is flanked by the 20 nucleotides shown 
5' and 3' to the polymorphism. “N” in the sequence spanning 
the Exon 10A polymorphism indicates the insertion of a 
single nucleotide, either A, C, G or T. in the variant allele. The 
fourth column lists the SEQID NO: for the sequences. The 
fifth column lists the amino acid change, if any, associated 
with the polymorphism. For example, the rs800292 polymor 
phism results in a change in the amino acid sequence from 
valine (V) to isoleucine (I) at position 62 of the Factor H 
polypeptide. The sixth column lists the allele frequency of the 
polymorphism in a control population. The numbers 1 and 2 
refer to the alleles that correspond to the first and second 
nucleotide, respectively, at the polymorphic site in the third 
column. For example, for the rs800292 polymorphism, G is 
present in 78% and A is present in 22% of the alleles 
sequenced from the control population. The seventh column 
lists the allele frequency of the polymorphism in an AMD 
population. For example, for the rs800292 polymorphism, G 
is present in 91% and A is present in 9% of the alleles 
sequenced from an AMD population. The eighth column lists 
the chi-square and Fisher's exact tests (x and P values, 
respectively) for the comparison between the allele frequen 
cies of the polymorphism in the control and AMD popula 
tions. For example, for the rs800292 polymorphism, the X 
value is 16.19 and the P value is 5.74x10, indicating that the 
Gallele is associated with AMD. 

0130. The first column in TABLE 1 B parts (1), (2) and (3) 
lists the dbSNP number for polymorphisms in the Factor H 
gene. For part (1), the second column lists the nucleic acid 
sequence spanning the polymorphisms (interrogated 
sequence). For the rs529825 (intron 1), rs3.00292 (exon 2), 
and rs203674 (intron 10) polymorphisms, the sequences of 
the non-coding strand of the human Factor Hgene are shown. 
The third column lists the SEQ ID NOs: for the sequences. 
The fourth column lists the allele present in the chimp Factor 
H gene. The fifth column lists the location of the SNP. The 
sixth column lists the amino acid change, if any, associated 
with the polymorphism. For part (2), the second and fourth 
columns list the forward and reverse primers or AOD num 
bers for amplifying the polymorphisms. The third and fifth 
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columns list the SEQID NOs: for the primers. For part (3), the 
second and fourth columns list probes used for detecting the 
polymorphisms. The third and fifth columns list the SEQID 
NOs: for the probes. 
I0131. It should be understood that additional polymorphic 
sites in the Factor H gene, which are not listed in TABLES 
1A-1B may be associated with AMD. Exemplary polymor 
phic sites in the Factor H gene are listed, for example and not 
limitation, above. TABLE 1C lists an additional 14 polymor 
phic sites in the Factor H gene, which are not found in the 
dbSNP database, that may be associated with AMD or other 
diseases. The first column lists the location of the SNP. The 
second column lists the nucleic acid sequence spanning the 
polymorphisms. “notG” in the sequence spanning the Exon 5 
polymorphism indicates the presence of an A, C or T nucle 
otide in the variant allele. “not C in the sequences spanning 
the Exon 6 polymorphisms indicates the presence of an A, G 
or T nucleotide in the variant allele. “N” in the sequences 
spanning the Exon 21 polymorphism indicates the insertion 
of a single nucleotide, either A, C, G or T. in the variant allele. 
The third column lists the amino acid change, if any associ 
ated with the polymorphism. The fourth column lists the SEQ 
ID NOs: for the sequences. These SNPs can also be used in 
carrying out methods of the invention. Moreover, it will be 
appreciated that these CFH polymorphisms are useful for 
linkage and association studies, genotyping clinical popula 
tions, correlation of genotype information to phenotype infor 
mation, loss of heterozygosity analysis, and identification of 
the source of a cell sample. 
I0132 TABLE 2 shows a haplotype analysis of eight SNPs 
in the human Factor H gene in AMD cases and controls. The 
at-risk haplotypes are shown in stippled boxes, with the hap 
lotype determining SNPs (Y402H and IVS10) shown in 
denser stippling. The protective haplotypes are shown in 
diagonal-lined boxes, with the haplotype determining SNPs 
(IVS1, 162V and IVS6) shown indenser diagonal lines. The 
first column lists the allele of the polymorphism in the pro 
moter (Prom). The second column lists the allele of the non 
coding strand of the polymorphism in intron 1 (IVS1). The 
third column lists the allele of the non-coding strand of the 
polymorphism in exon 2 (162V). The fourth column lists the 
allele of the polymorphism in intron 6 (IVS6). The fifth col 
umn lists the allele of the polymorphism in Exon 9 (Y402H). 
The sixth column lists the allele of the non-coding strand of 
the polymorphism in intron 10 (IVS10). The seventh column 
lists the allele of the polymorphism in Exon 13 (Q672Q). The 
eighth column lists the allele of the polymorphism in Exon 18 
(D936E). The dbSNP designations for these eight SNPs are 
listed in TABLES 1A-1B. The ninth column lists the Odds 
Ratio (OR) for the haplotype. The tenth column lists the P 
value for the at-risk and two protective haplotypes. The elev 
enth and twelfth columns list the frequencies of the haplop 
type in AMD cases and controls. 
0.133 TABLE 3 shows a haplotype analysis of six Factor H 
polymorphisms with AMD. The first column lists certain 
alleles of the polymorphism in the promoter (rs3753394). The 
second column lists the allele of the polymorphism in intron 
1 (rs529825). The third column lists the allele of the poly 
morphism in intron 6 (rs3766404). The fourth column lists 
the polymorphism in intron 10 (rs203674). The fifth column 
lists the allele of the polymorphism in exon 13 (rs3753396). 
The sixth column lists the allele of the polymorphism in exon 
18 (rs1065489). The numbers 1 and 2 in columns 1 to 6 refer 
to the alleles that correspond to the first and second nucle 
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otide, respectively, at each of the polymorphic sites (see 
TABLE 1A). Thus, columns 1 to 6 list the alleles of polymor 
phisms from 5' to 3' in the Factor H gene. The seventh column 
lists the Factor H haplotype based on the polymorphisms 
listed in columns 1 to 6. The eighth column lists the frequency 
of the indicated Factor H haplotype in a control population. 
The ninth column lists the frequency of the indicated Factor H 
haplotype in the AMD population. As shown in TABLE 3, the 
haplotype analysis suggests that multiple variants contribute 
to the association and may confer either elevated or reduced 
risk of AMD. 
0134) TABLE 8 shows a diplotype analysis of seven Fac 
tor Hpolymorphisms. The first column indicates whether the 
diplotype is associated with increased (risk diplotype) or 
decreased (protective diplotype) risk of developing AMD. 
Common risk and protective diplotypes are indicated. The 
second column lists the alleles of the polymorpohism in exon 
2 (162V). The third column lists the alleles of the polymor 
phism in intron 2 (IVS2-18). The fourth column lists the 
alleles of the polymorphism in exon 9 (Y402H). The fifth 
column lists the alleles of the polymorphism in exon 18 
(D936E). The sixth column lists the alleles of the polymor 
phism in intron 20 (IVS20). 

Risk-Associated (“Risk”) Polymorphisms and Haplotypes 
0135 Sites comprising polymorphisms associated with 
increased risk for AMD are shown in TABLE 1A and TABLE 
2. Polymorphisms particularly associated with increased risk 
include a variant allele at: rs1061170 (402H; exon 9); 
rs203674 (intron 10) and the polymorphism at residue 1210 
(R1210c: exon 22). 
0.136 Certain haplotypes associated with increased risk 
for AMD are shown in TABLES 2 and 6 and FIG.S. As shown 
in TABLE 2 and FIG. 5, one common at-risk haplotype is the 
H1 haplotype, which includes the variant allele at position 
402 (encoding histidine) and the variant allele at IVS10 (in 
tron 10, rs203674) and is found in 49% of AMD cases, but 
only in 26% of controls. Homozygotes for the risk diplotype 
(H1/H1) are significantly at risk. Other at-risk haplotypes and 
diplotypes are shown in TABLES 2 and 8. Similar data are 
presented in TABLE 3, which shows an at-risk haplotype 
(111211) found in 48% of AMD cases, but only in 28% of 
controls. 
0137 Notably, seventy percent of MPGN II (membrano 
proliferative glomerulonephritis type II) patients harbor this 
at-risk haplotype (see TABLE 7), indicating that propensity to 
develop MPGNII can be detected and treated as described 
herein for AMD. 
0138 Significant associations of these polymorphic sites 
were also found with various AMD subtypes, as disclosed in 
Example 1. 
0.139. The non-synonymous polymorphism at amino acid 
position 1210 in exon 22 of the Factor H gene is strongly 
associated with AMD (see TABLE 1A). The variant allele, 
which encodes a cysteine instead of an arginine, is found in 
the heterozygous state in 5% of AMD cases, and no controls 
in a cohort comprised of 919 individuals ascertained at the 
University of Iowa. No 1210C homozygotes have been iden 
tified to date. The presence of cysteine atamino acid position 
1210 of Factor H, therefore, provides a strong indication that 
the individual has AMD or is likely to develop AMD. 
Remarkably, 1210C is indicative of propensity to develop 
AMD or other complement mediated conditions even when 
detected on allele that is otherwise protective (e.g., Y402). 
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Variation at CFH position 1210 (R1210C) is known to cause 
atypical hemolytic uremic syndrome (aHUS), a complement 
related disease with renal manifestations. By extension, other 
CFH variations or mutations known to cause aFHUS may be 
associated with an increased risk for developing AMD. The 
most common established aHUS-causing variations include, 
but are not limited to, T956M, Q1076E, D1119G. W1 183L, 
T1184R, L1189R, L1189F, S1191 W, S1191L, V1197A, and 
R1215G (Esparza-Gordillo et al 2005; Perez-Caballero et al 
2001; Richards et al 2001; Sanchez-Corral et al 2002); addi 
tional aHUS-causing mutations are described in Saunders 
(Saunders et al 2006). In one aspect of the present invention, 
a biological sample from a subject (e.g., protein or nucleic 
acid) is assayed for the presence of one or more aFIUS 
associated variations or mutations, the presence of which is 
indicative of a propensity to develop AMD. 
0140. It will be appreciated that additional polymorphic 
sites in the Factor H gene, which are not listed in TABLES 
1A-1C, may further refine this haplotype analysis. A haplo 
type analysis using non-synonymous polymorphisms in the 
Factor H gene is useful to identify variant Factor Hpolypep 
tides. Other haplotypes associated with risk may encode a 
protein with the same sequence as a protein encoded by a 
neutral or protective haplotype, but contain an allele in a 
promoter or intron, for example, that changes the level or site 
of Factor H expression. It will also be appreciated that a 
polymorphism in the Factor H gene, or in a Factor H-related 
gene, may be linked to a variation in a neighboring gene. The 
variation in the neighboring gene may result in a change in 
expression or form of an encoded protein and have detrimen 
tal or protective effects in the carrier. 

Protective Polymorphisms and Haplotypes 
0141 Unexpectedly, protective polymorphisms and hap 
lotypes were also discovered. For example, as shown in 
TABLE 2 and FIG. 5, the protective H2 haplotype, including 
a variantallele in IVS6 (intron 6, rs3766404) occurs in 12% of 
controls, but only in 6% of AMD cases. The protective H4 
haplotype includes the variant allele in IVS1 (intron 1, 
rs529825) and the variant allele (162) (exon 2, rs3.00292) and 
occurs in 18% of controls, but only in 12% of AMD cases. 
Similar data is presented in TABLE 3, where the haplotype 
121111 occurs in 21% of controls, but only in 13% of AMD 
cases and the haploptype 112111 occurs in 13% of controls, 
but only in 6% of AMD cases. As shown in FIG. 5, homozy 
gotes with a protective haplotype are significantly protected. 
0142. In some cases the protein encoded by a gene char 
acterized by a protective haplotype has a sequence different 
from risk haplotype proteins (e.g., due to the presence of a 
nonsynomous SNP). For example, a protective form of Factor 
H protein generally does not have histidine at position 402. In 
Some embodiments a protective form has isoleucine at posi 
tion 62. Additional protective forms can be identified by (1) 
identifying an individual or individuals with a protective hap 
lotype and (2) determining the sequence(s) of Factor H clNA 
or protein from the individuals. Other protective forms are 
identified as described below in Section VIII. 

Neutral Polymorphisms and Haplotypes 

0.143 Certain haplotypes are associated in a population 
with neither increased risk nor decreased risk of developing 
AMD and are referred to as “neutral.” Examples of neutral 
haplotypes identified in a Caucasian population are shown in 
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FIG. 5 (H3 and H5). Additional or different neutral haplo 
types may be identified in racially/ethnically different popu 
lations. Proteins encoded by a gene characterized by a neutral 
haplotype are “neutral Factor H proteins. As explained 
supra, “neutral Factor H proteins could provide therapeutic 
benefit when administered to patients having a risk haplotype 
or diagnosed with AMD. For example, exemplary proteins 
encoded by genes characterized by a neutral haplotype 
include proteins not having histidine at position 402 and/or 
not having isoleucine at position 62. A protein not having 
histidine at position 402 may have tyrosine at that position, or 
may have an amino acid other than histidine or tyrosine. A 
protein not having isoleucine at position 62 may have valine 
at that position, or may have an amino acid other than Valine 
or isoleucine. A neutral form of Factor H protein generally 
does not have cysteine at position 1210. 

V. Factor H Related 5 (CFHR5) Gene 
Polymorphisms 

0144. In one aspect, the invention provides new diagnos 
tic, treatment and drug screening methods related to the dis 
covery that polymorphic sites in the Factor H and CFHR5 
genes are associated with Susceptibility to and development 
of MPGNII. 
0145 Factor H and CFHR5 polymorphisms associated 
with MPGNII were identified as described in Example 2, by 
examining the coding and adjacent intronic regions of Factor 
H or CFHR5 for variants using PCR amplification, followed 
by agarose gel electrophoresis and bi-directional sequencing 
according to standard protocols to verify PCR products. 
Novel and reported SNPs were typed in the control popula 
tion by denaturing high performance liquid chromatography 
(DHPLC). Primers used to amplify the Factor Hand CFHR5 
coding sequences are shown in TABLES 9 and 10, respec 
tively. 
0146 The test group consisted of patients with biopsy 
proven MPGNII were ascertained in nephrology divisions 
and enrolled in this study under IRB-approved guidelines. 
The control group consisted of ethnically-matched, but not 
age-matched, unrelated persons in whom AMD had been 
excluded by ophthalmologic examination. 
0147 As shown in TABLES 11 and 12, a significant asso 
ciation of polymorphic sites in the Factor H gene with MPG 
NII was found in an examination of 22 MPGNII cases and 
131 ethnically-matched controls. Eleven (11) polymor 
phisms in the Factor H gene are listed in TABLES 11 and 12. 
Of these, six (6) are found in the SNP database (dbSNP) 
which may be found in the National Center for Biotechnology 
Information (NCBI). The dbSNP is a collection of SNPs in 
the human genome. The SNPs in the Factor H gene are dis 
persed among the 22 coding exons of the Factor H gene and 
among the promoter, the 5' untranslated region, the introns, 
and the 3' untranslated region of the Factor H gene. The 
accession numbers for 379 SNPs in the human Factor H gene 
that are found in the dbSNP database are listed above. These 
SNPs can be used in carrying out methods of the invention. 
0148 Five additional polymorphisms in TABLES 11 and 
12 are not found in the SNP database: a polymorphism in 
intron 2 in which two Tnucleotides are inserted (IVS2-18in 
sTT); a polymorphism in intron 7 (IVS7-53G>T); a polymor 
phism in intron 15 (IVS15-30CDA); a polymorphism in 
intron 18 (IVS18-89T>C; and a polymorphism in Exon 20 
(N1050Y). These polymorphisms are useful in the methods 
of the invention. Moreover, it will be appreciated that these 
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CFHR5 polymorphisms are useful for linkage and associa 
tion studies, genotyping clinical populations, correlation of 
genotype information to phenotype information, loss of het 
erozygosity analysis, and identification of the Source of a cell 
sample. 
0149. The first row of TABLE 11 lists the exon or intron 
position of the SNP in the Factor Hgene. For exon SNPs, the 
amino acid position and change, if any, is listed. For example 
the exon 2 SNP is at position 62 of the Factor H polypeptide 
and a change from valine (V) to isoleucine (I). For intron 
SNPs, the nature the SNP is indicated. For example, the intron 
2 SNP is an insertion of two nucleotides, TT. The second row 
of TABLE 11 lists dbSNP number, if any, for the polymor 
phism. For example, rs3.00292 is the dbSNP designation for a 
polymorphism in exon 2 in the Factor H gene. A description 
of this polymorphism, as well as the other Factor H(CFH) 
gene polymorphisms in dbSNP, is available at the NCBI 
database (ncbi.nml.nih.gov/entrez/query. 
fegi?db=Smp&cmd=search&term). The third to fifth rows of 
TABLE 11 lists number of times a particular diplotype is 
present among the 22 MPGNII patients. For example, for the 
exon 2 SNP, GG is present in 20 patients, GA is present in 2 
patient, and AA is present in no patients, with MPGNII. The 
sixth and seventh rows of TABLE 11 list the frequency that a 
particular haplotype is present among the 22 MPGNII 
patients. For example, for the exon 2 SNP G is present in 
95%, and A is present in 5%, of the alleles of the 22 MPGNII 
patients. The eighth row lists the nucleotide of the common 
haplotype in the Factor H gene for the 22 MPGNII patients. 
For example, G is the more frequent nucleotide in the exon 2 
SNP and 9T nucleotides is more frequently observed than 11 
T nucleotides in the intron 2 SNP, in the Factor H gene for the 
22 MPGNII patients. The remaining rows list the diplotype 
for the 11 SNPs in the Factor H gene for each of the 22 
MPGNII patients. 
0150. It should be understood that additional polymorphic 
sites in the Factor H gene, which are not listed in TABLE 11 
may be associated with MPGNII. Exemplary polymorphic 
sites in the Factor H gene are listed, for example and not 
limitation, above. 
0151 TABLE 12 shows a comparison of the SNP frequen 
cies in patients with MPGNII versus AMD-negative, ethni 
cally-matched control individuals. The first column of 
TABLE 12 lists the SNP in the Factor H gene. The second and 
third columns of TABLE 12 list the frequencies that a par 
ticular haplotype is present among the 22 MPGNII patients. 
The fourth and fifth columns of TABLE 12 list the frequencies 
that a particular haplotype is present among the 131 control 
individuals. The sixth column of TABLE 12 lists the P-value 
calculated for each data set. 
0152. As shown in TABLES 11 and 12, two frequent non 
synonymous variants, 162V in exon 2 and Y420H in exon 9. 
a synonymous variant, A307A in exon 10, and a polymor 
phism in intron 2 exhibited significant association with MPG 
NII. 
0153. As shown in TABLES 14 and 15, a significant asso 
ciation of polymorphic sites in the FHR-5 gene with MPGNII 
was found in an examination of 22 MPGNII cases and 103 
ethnically-matched controls. Five (5) polymorphisms in the 
CFHR5 gene are listed in TABLES 14 and 15; these are found 
in dbSNP in the NCBI. The SNPs in the CFHR5 gene are 
dispersed among the 10 coding exons of the CFHR5 gene and 
among the promoter, the 5' untranslated region, the introns, 
and the 3' untranslated region of the CFHR5 gene. Listed 
below are the accession numbers for 82 SNPs in the human 
CFHR5 gene that are found in the dbSNP database. These 
SNPs can be used in carrying out methods of the invention. 
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TABLE B 

rS1684O956 rS12116643 rS10922151 rs9427662 rs7535993 rs6694.672 
rS1684O946 rS1209.7879rs rS108O1584 rs9427661 rs7532441 rs66921 62 
rS1684O943 12097SSO rS108O1583 rs942766O rs7S32068 rs6657256 
rs1275SOS4 rs12092294 rs106223SO rs9427.659 rs75287S7 rs6657171 
rs127 SOST6 rs120916O2 rs106.14978 rs7SSS4O7 rs7527910 rSS77985S 
rs12745733 rs12O6480S rs10613146 rs7SSS391 rs7522952 rs3748557 
rs12736,097 rs12049041 rs10588279 rs7SS47S7 rs7522197 rs2151137 
rs12736,087 rs12039272 rs9727516 rs7SSO970 rs741907S rs2151136 
rs12735776 rs11583363 rs9427942 rs7SSO735 rs7366339 rs1855116 
rs1273.1848 rs11306823 rs9427941 rs7SSO6SO rs6702632 rs1759.016 
rs1273.1209 rs10922153 rs9427664 rs754726S rs6702340 rs17SO311 
rS12142971 rs10922152 rs9427663 rs7S37588 rs6674853 rs1412636 

0154) The first row of TABLE 14 lists the exon, promoter 
or intron position of the SNP in the CFHR5 gene. For exon 
SNPs, the amino acid position and change, if any, is listed. For 
example, the exon 2 SNP is at position 46 of the CFHR5 
polypeptide and a change from proline (P) to serine (S). For 
promoter and intron SNPs, the nature of the SNP is indicated. 
For example, the promoter SNP at position -249 replaces T 
with C. The second row of TABLE 14 lists dbSNP number, if 
any, for the polymorphism. For example, rs9427661 is the 
dbSNP designation for a polymorphism in the promoter 
region of the CFHR5 gene. A description of this polymor 
phism, as well as the other CFHR5 gene polymorphisms in 
dbSNP, is available at the NCBI database (ncbi.nml.nih.gov/ 
entrez/duery.fcgi?db=Smp&cmd=search&term). The third 
to fifth rows of TABLE 14 lists number of times a particular 
diplotype is present among the 22 MPGNII patients. For 
example, for the exon 2 SNP, CC is present in 19 patients, CT 
is present in 3 patients, and TT is present in no patients, with 
MPGNII. The sixth and seventh rows of TABLE 14 list the 
frequency that a particular haplotype is present among the 22 
MPGNII patients. For example, for the exon 2 SNPC (encod 
ing proline) is present in 93%, and T (encoding serine) is 
present in 7%, of the alleles of the 22 MPGNII patients. The 
eighth row lists the nucleotide of the common haplotype in 
the CFHR5 gene for the 22 MPGNII patients. For example, C 
is the more frequent nucleotide in the exon 2 SNP in the 
CFHR5 gene for the 22 MPGNII patients. The remaining 
rows list the diplotype for the 5 SNPs in the CFHR5 gene for 
each of the 22 MPGNII patients. 
0155. It should be understood that additional polymorphic 
sites in the CFHR5 gene, which are not listed in TABLE 14 
may be associated with MPGNII. Exemplary polymorphic 
sites in the CFHR5 gene are listed, for example and not 
limitation, above. 
0156 TABLE 15 shows a comparison of the SNP frequen 
cies in patients with MPGNII versus AMD-negative, ethni 
cally-matched control individuals. The first column of 
TABLE 15 lists the SNP in the CFHR5 gene. The second and 
third columns of TABLE 15 list the frequencies that a par 
ticular haplotype is present among the 22 MPGNII patients. 
The fourth and fifth columns of TABLE 15 list the frequencies 
that a particular haplotype is present among the 103 control 
individuals. The sixth column of TABLE 15 lists the P-value 
calculated for each data set. 

0157. As shown in TABLES 14 and 15, one non-synony 
mous variant, P46S in exon 2, and two promoter polymor 
phisms, -249T>C and -2-T-C, exhibited significant associa 
tion with MPGNII. 
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rS1332664 
rs1325926 
rs1170883 
rs1170882 
rS1170881 
rs117088O 
rs1170879 
rs1170878 
rS928440 
rS928439 

Risk-Associated (“Risk”) Polymorphisms and Haplotypes 
Identified in MPGNII Patients 

0158 Sites comprising polymorphisms in Factor H and 
CFHR5 associated with increased risk for MPGNII are shown 
in TABLES 11 and 12 and TABLES 14 and 15, respectively. 
Polymorphisms particularly associated with increased risk in 
Factor H and CFHR5 include a variant allele at rs1061 170 
(Y420H in exon 9) and rs12097.550 (P46S in exon 2), respec 
tively. 

0159. Certain haplotypes associated with increased risk 
for MPGNII are shown in TABLES 12 and 15. As shown in 
TABLE 12, one at-risk haplotype in the Factor H gene 
includes the variant allele (encoding histidine) at position 402 
and is found in 64% of MPGNII cases, but only in 33% of 
controls. As shown in TABLE 15, one at-risk haplotype in the 
CFHR5 gene includes the variant allele (encoding serine) at 
position 46 and is found in 7% of MPGNII cases, but only in 
<1% of controls. 

0160. It will be appreciated that additional polymorphic 
sites in the Factor Hand CFHR5 genes, which are not listed in 
TABLES 11-12 and 14-15, may further refine these haplotype 
analyses. A haplotype analysis using non-synonymous poly 
morphisms in the Factor H or CFHR5 gene is useful to iden 
tify variant Factor H or CFHR5 polypeptides. Other haplo 
types associated with risk may encode a protein with the same 
sequence as a protein encoded by a neutral or protective 
haplotype, but contain an allele in a promoter or intron, for 
example, that changes the level or site of Factor H or CFHR5 
expression. 

Protective Polymorphisms and Haplotypes 

0.161 Unexpectedly, protective polymorphisms and hap 
lotypes were also discovered. For example, as shown in 
TABLE 12, the haplotype with the variant allele in exon 2 
(rs800292, 162V) occurs in 23% of controls, but only in <3% 
of MPGNII cases and the haplotype with the variant allele in 
IVS2 (intron 2, -18insTT) occurs in 26% of controls, but only 
in <3% of MPGNII cases. The haplotype with the variant 
allele in exon 10 (rs2274700, A473A) occurs at higher fre 
quency in controls than in MPGNII cases. 
0162. In some cases the protein encoded by a gene char 
acterized by a protective haplotype has a sequence different 
from risk haplotype proteins. For example, a protective form 
of Factor H protein generally does not have histidine at posi 
tion 402. In some embodiments a protective form has isoleu 
cine at position 62. Additional protective forms can be iden 
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tified by (1) identifying an individual or individuals with a 
protective haplotype and (2) determining the sequence(s) of 
Factor H clNA or protein from the individuals. Some pro 
tective forms are less than full-length. Protective forms of 
CFHR5 protein may be similarly identified. 

Neutral Polymorphisms and Haplotypes 

0163 Certain haplotypes are associated with neither 
increased risk or decreased risk of developing MPGNII and 
are referred to as “neutral Proteins encoded by a gene char 
acterized by a neutral haplotype are “neutral Factor H or 
CFHR5 proteins. For example, exemplary proteins encoded 
by genes characterized by a neutral haplotype include Factor 
H proteins not having histidine at position 402 or isoleucine at 
position 62, and CFHR5 proteins not having serine at position 
46. 

Significance of Polymorphisms in MPGNII Patients 

0164. As shown in Example 2, it has been discovered that 
the same CFH polymorphisms associated with propensity to 
develop AMD are also associated with development of mem 
branoproliferative glomerulonephritis type 2 (MPGN II). 
Indeed, the risk haplotypes originally found in AMD patients 
(Y402H and IVS10) are also found in 70% of patients tested 
having membranoproliferative glomerulonephritis type 2 
(MPGN II), indicating that the diagnostic methods of the 
invention are useful to detect this condition. In addition, 
variations and haplotypes in the CFHR5 gene were strongly 
associated with increased risk of having MPGNII. One con 
clusion that emerges from these data is that MPGNII and 
AMD are alternative manifestations of the same genetic 
lesion. Notably, patients with MPGNII develop drusen that 
are clinically and compositionally indistinguishable from 
drusen that form in AMD. The single feature that distin 
guishes these two fundus phenotypes is age of onset—drusen 
in MPGNII develop early, often in the second decade of life, 
while drusen in AMD develop later in life. We conclude that 
polymorphisms in the Factor H gene and CFHR5 gene iden 
tified in either population (AMD or MPGNII) are predictive 
of susceptibility to both diseases. There are likely other fac 
tors that contribute to MPGNII and account for the early 
manifestation. Because AMD is very common and MPGNII 
is rare, the haplotype analysis of both CFH and CFHR5 genes 
and other methods described herein will be useful for screen 
ing and treatment of patients with AMD, or with an increased 
likelihood of developing AMD. 

Loss of Function 

0.165 Loss of the normal or wild-type function of Factor H 
or CFHR5 may be associated with AMD. Non-synonymous 
polymorphisms in the Factor H gene. Such as those shown in 
TABLES 1A, 1B, 1C, 11, 14 and 15, showing the strongest 
correlation with AMD and resulting in a variant Factor H 
polypeptide or variant CFHR5 polypeptide, are likely to have 
a causative role in AMD. Such a role can be confirmed by 
producing a transgenic non-human animal expressing human 
Factor H or CFHR5 bearing such a non-synonymous poly 
morphism(s) and determining whether the animal develops 
AMD. Polymorphisms in Factor H or CFHR5 coding regions 
that introduce stop codons may cause AMD by reducing or 
eliminating functional Factor H or CFHR5 protein. Stop 
codons may also cause production of a truncated Factor Hor 
CFHR5 peptide with aberrant activities relative to the full 
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length protein. Polymorphisms in regulatory regions, such as 
promoters and introns, may cause AMD by decreasing Factor 
H or CFHR5 gene expression. Polymorphisms in introns 
(e.g., intron 2 of CFH) may also cause AMD by altering gene 
splicing patterns resulting in an altered Factor H or CFHR5 
protein. CFH RNA or proteins can be assayed to detect 
changes in expression of splice variants, where said changes 
are indicative of a propensity to develop AMD. Alternative 
splice patterns have been reported for the Factor H gene itself. 
0166 The effect of polymorphisms in the Factor Hgene or 
CFHR5 gene on AMD can be determined by several means. 
Alterations in expression levels of a variant Factor H or 
CFHR5 polypeptide can be determined by measuring protein 
levels in Samples from groups of individuals having or not 
having AMD or various subtypes of AMD. Alterations in 
biological activity of variant Factor H or CFHR5 polypep 
tides can be detected by assaying for in vitro activities of 
Factor H or CFHR5, for example, binding to C3b or to hep 
arin, in Samples from the above groups of individuals. 

VI. Polymorphisms at Sites of Genomic Duplication 

(0167 As illustrated in FIG. 18, the genes for CFH and the 
factor H related (CFHR) 1-5 genes have regions of shared, 
highly conserved, sequence which likely arose from genomic 
duplications. Certain SNPs and variations found in CFH or 
CFHR5, such as those described herein, are also expected in 
the corresponding sequences of CFHR1, CFHR2, CFHR3, 
and CFHR4. For example, sequences corresponding to CFH 
exon 22 are found in CFH, CFHR1 and CFHR2, and it is 
possible that polymorphisms identified in exon 22 of CFH 
(e.g., R1210C) are also found in CFHR1 and/or CFHR2 and 
these variants might be linked to propensity to development 
of AMD, MPGNII, and other complement related conditions. 
Homologous blocks of sequence flanking the polymorphic 
sites identified in CFH and CFHR5 can be identified by align 
ment of the cDNA or genomic sequences in those regions. 
The conserved sequences flanking the polymorphic site usu 
ally comprise at least 10 bp (on either side of the polymorphic 
site) and more often at least 20 bp, or at least 50 bp, or at least 
100 bp with at least 95% identity at the nucleotide level, and 
sometimes with at least 98% identity, at least 99% identity, or 
even 100% identity). Identity can be determined by inspec 
tion or using well know algorithms (Smith and Waterman, 
1981 or Needleman and Wunsch, 1970, both supra). The 
invention therefore provides methods of determining a sub 
ject's propensity to develop age-related macular degeneration 
(AMD) or other conditions by detecting the presence or 
absence of a variation at a polymorphic site of a Factor H-re 
lated gene that corresponds to a homologous polymorphic 
site in the CFH or CFHR5 gene. 
0168 Sequences for CFH and the factor H related genes 
are known in the art (see sequences and accession numbers 
provided elsewhere herein). Also see Rodriquez de Cordoba, 
S., et al., 2004, Mol Immunol 41:355-67; Zipfel et al., 1999, 
Immunopharmocology 42:53-60; Zipfel et al., Factor H fam 
ily proteins: on complement, microbes and human diseases, 
Biochem Soc Trans. 2002 November; 30(Pt 6): 971-8; Diaz 
Guillen MA, et al. A radiation hybrid map of complement 
factor H and factor H-related genes, Immunogenetics, 1999 
June; 49(6):549-52; Skerka C, et al. A novel short consensus 
repeat-containing molecule is related to human complement 
factor H, JBiol. Chem. 1993 Feb. 5:268(4):2904-8: Skerka C, 
et al., The human factor H-related gene 2 (FHR2): structure 
and linkage to the coagulation factor XIIIb gene, Immunoge 
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netics, 1995; 42(4):268-74; Male DA, et al., Complement 
factor H: sequence analysis of 221 kb of human genomic 
DNA containing the entire 1H, fHR-1 and fHR-3 genes, Mol 
Immunol. 2000 January-February; 37(1-2):41-52; Hellwage 
J, et al., Biochemical and functional characterization of the 
factor-H-related protein 4 (FHR-4), Immunopharmacology. 
1997 December;38(1-2):149-57: Skerka C, et al., The human 
factor H-related protein 4 (FHR-4). A novel short consensus 
repeat-containing protein is associated with human triglycer 
ide-rich lipoproteins, J Biol. Chem. 1997 Feb. 28; 272(9): 
5627-34; Hellwage J, et al., Functional properties of comple 
ment factor H-related proteins FHR-3 and FHR-4: binding to 
the C3d region of C3b and differential regulation by heparin, 
FEBS Lett. 1999 Dec. 3:462(3):345-52; Jozsi M, et al., FHR 
4A: a new factor H-related protein is encoded by the human 
FHR-4 gene, EurJ Hum Genet. 2005 March: 13(3):321-9: 
McRae JL, et al., Location and structure of the human FHR-5 
gene, Genetica. 2002 March; 114(2): 157-61: McRae J. L., et 
al., Human factor H-related protein 5 has cofactor activity, 
inhibits C3 convertase activity, binds heparin and C-reactive 
protein, and associates with lipoprotein, J. Immunol. 2005 
May 15; 174(10):6250-6: Murphy B, et al., Factor H-related 
protein-5: a novel component of human glomerular immune 
deposits, Am J Kidney Dis. 2002 January: 39(1):24-7. 

VII. Detection and Analysis of Factor H 
Polymorphisms Associated with AMD 

0169. The discovery that polymorphic sites and haplo 
types in the Factor H gene and CFHR5 gene are associated 
with AMD (and MPGNII) has a number of specific applica 
tions, including screening individuals to ascertain risk of 
developing AMD and identification of new and optimal thera 
peutic approaches for individuals afflicted with, or at 
increased risk of developing, AMD. Without intending to be 
limited to a specific mechanism, polymorphisms in the Factor 
H gene may contribute to the phenotype of an individual in 
different ways. Polymorphisms that occur within the protein 
coding region of Factor H may contribute to phenotype by 
affecting the protein structure and/or function. Polymor 
phisms that occur in the non-coding regions of Factor H may 
exert phenotypic effects indirectly via their influence on rep 
lication, transcription and/or translation. Certain polymor 
phisms in the Factor H gene may predispose an individual to 
a distinct mutation that is causally related to a particular AMD 
phenotype. Alternatively, as noted above, a polymorphism in 
the CFH gene, or in a CFHR5, may be linked to a variation in 
a neighboring gene (including but not limited to CFHR-1.2.3, 
or 4). The variation in the neighboring gene may result in a 
change in expression or form of an encoded protein and have 
detrimental or protective effects in the carrier. 
0170 A. Preparation of Samples for Analysis 
0171 Polymorphisms are detected in a target nucleic acid 
isolated from an individual being assessed. Typically 
genomic DNA is analyzed. For assay of genomic DNA, Vir 
tually any biological sample containing genomic DNA or 
RNA, e.g., nucleated cells, is suitable. For example, in the 
experiments described in Example 1, genomic DNA was 
obtained from peripheral blood leukocytes collected from 
case and control subjects (QIAamp DNA Blood Maxi kit, 
Qiagen, Valencia, Calif.). Other suitable samples include 
saliva, cheek scrapings, biopsies of retina, kidney or liver or 
other organs or tissues; skin biopsies; amniotic fluid or CVS 
samples; and the like. Alternatively RNA or cDNA can be 
assayed. Alternatively, as discussed below, the assay can 
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detect variant Factor H proteins. Methods for purification or 
partial purification of nucleic acids or proteins from patient 
samples for use in diagnostic or other assays are well known. 
0172 B. Detection of Polymorphisms in Target Nucleic 
Acids 

0173 The identity of bases occupying the polymorphic 
sites in the Factor H gene and the Factor H-Related 5 gene 
shown in TABLES 1A, 1B, 1C, 11, 14 and 15, as well as 
others in the dbSNP collection that are located in or adjacent 
to the Factor H or CFHR5 genes (see lists above), can be 
determined in an individual, e.g., in a patient being analyzed, 
using any of several methods known in the art. Examples 
include: use of allele-specific probes; use of allele-specific 
primers; direct sequence analysis; denaturing gradient gel 
electropohoresis (DGGE) analysis; single-strand conforma 
tion polymorphism (SSCP) analysis; and denaturing high 
performance liquid chromatography (DHPLC) analysis. 
Other well known methods to detect polymorphisms in DNA 
include use of Molecular Beacons technology (see, e.g., 
Piatek et al., 1998, Nat. Biotechnol. 16:359-63; Tyagi, and 
Kramer, 1996, Nat. Biotechnology 14:303-308; and Tyagi, et 
al., 1998, Nat. Biotechnol. 16:49-53). Invader technology 
(see, e.g., Neri et al., 2000, Advances in Nucleic Acid and 
Protein Analysis 3826:117-125 and U.S. Pat. No. 6,706,471), 
nucleic acid sequence based amplification (Nasba) (Comp 
ton, 1991), Scorpion technology (Thelwell et al., 2000, Nuc. 
Acids Res, 28:3752-3761 and Solinas et al., 2001, “Duplex 
Scorpion primers in SNP analysis and FRET applications” 
Nuc. Acids Res, 29:20.), restriction fragment length polymor 
phism (RFLP) analysis, and the like. Additional methods will 
be apparent to the one of skill. 
0.174. The design and use of allele-specific probes for ana 
lyzing polymorphisms are described by e.g., Saiki et al., 
1986: Dattagupta, EP235,726, Saiki, WO 89/11548. Briefly, 
allele-specific probes are designed to hybridize to a segment 
of target DNA from one individual but not to the correspond 
ing segment from another individual, if the two segments 
represent different polymorphic forms. Hybridization condi 
tions are chosen that are sufficiently stringent so that a given 
probe essentially hybridizes to only one of two alleles. Typi 
cally, allele-specific probes are designed to hybridize to a 
segment of target DNA such that the polymorphic site aligns 
with a central position of the probe. 
0.175 Exemplary allele-specific probes for analyzing Fac 
tor H polymorphisms are shown in TABLE 16A. Using the 
polymorphism dbSNP No. rs1061170 as an illustration, 
examples of allele-specific probes include: 5'-TTTCTTC 
CATAATTTTG-3 SEQID NO:234 (reference allele probe) 
and 5'-TTTCTTCCATGATTTTG-3 SEQ ID NO:235) 
(variant allele probe); and 5'-TAATCAAAATTATGGAA-3' 
SEQ ID NO:232 (reference allele probe) and 5'-TAAT 
CAAAATCATGGAA-3 SEQ ID NO:233 (variant allele 
probe). In this example, the first set of allele-specific probes 
hybridize to the non-coding strand of the Factor H gene 
spanning the exon 9 polymorphism. The second set of allele 
specific probes hybridize to the coding strand of the Factor H 
spanning the exon 9 polymorphism. These probes are 17 
bases in length. The optimum lengths of allele-specific probes 
can be readily determined using methods known in the art. 
0176 Allele-specific probes are often used in pairs, one 
member of a pair designed to hybridize to the reference allele 
ofa target sequence and the other member designed to hybrid 
ize to the variant allele. Several pairs of probes can be immo 
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bilized on the same Support for simultaneous analysis of 
multiple polymorphisms within the same target gene 
Sequence. 

0177. The design and use of allele-specific primers for 
analyzing polymorphisms are described by, e.g., WO 
93/224.56 and Gibbs, 1989. Briefly, allele-specific primers are 
designed to hybridize to a site on target DNA overlapping a 
polymorphism and to prime DNA amplification according to 
standard PCR protocols only when the primer exhibits perfect 
complementarity to the particular allelic form. A single-base 
mismatch prevents DNA amplification and no detectable 
PCR product is formed. The method works best when the 
polymorphic site is at the extreme 3'-end of the primer, 
because this position is most destabilizing to elongation from 
the primer. 
0.178 Exemplary allele-specific primers for analyzing 
Factor H polymorphisms are shown in TABLE 16B. Using 
the polymorphism dbSNP No. rs1061170 as an illustration, 
examples of allele-specific primers include: 
5'-CAAACTTTCTTCCATA-3 SEQID NO:294 (reference 
allele primer) and 5'-CAAACTTTCTTCCATG-3' SEQ ID 
NO:295 (variant allele primer); and 5'-GGATATAAT 
CAAAATT-3 SEQ ID NO:292 (reference allele primer) 
and 5'-GGATATAATCAAAATC-3' SEQID NO:293 (vari 
ant allele primer). In this example, the first set of allele 
specific primers hybridize to the non-coding strand of the 
Factor H gene directly adjacent to the polymorphism in exon 
9, with the last nucleotide complementary to the reference or 
variant polymorphic allele as indicated. These primers are 
used in standard PCR protocols in conjunction with another 
common primer that hybridizes to the coding strand of the 
Factor H gene at a specified location downstream from the 
polymorphism. The second set of allele-specific primers 
hybridize to the coding strand of the Factor H gene directly 
adjacent to the polymorphic site in exon 9, with the last 
nucleotide complementary to the reference or variant poly 
morphic allele as indicated. These primers are used in stan 
dard PCR protocols in conjunction with another common 
primer that hybridizes to the non-coding strand of the Factor 
H gene at a specified location upstream from the polymor 
phism. The common primers are chosen such that the result 
ing PCR products can vary from about 100 to about 300 bases 
in length, or about 150 to about 250 bases in length, although 
smaller (about 50 to about 100 bases in length) or larger 
(about 300 to about 500 bases in length) PCR products are 
possible. The length of the primers can vary from about 10 to 
30 bases in length, or about 15 to 25 bases in length. The 
sequences of the common primers can be determined by 
inspection of the Factor H genomic sequence, which is found 
under GenBank accession number AL049744. 

0179 Many of the methods for detecting polymorphisms 
involve amplifying DNA or RNA from target samples (e.g., 
amplifying the segments of the Factor H gene of an individual 
using Factor H-specific primers) and analyzing the amplified 
gene. This can be accomplished by standard polymerase 
chain reaction (PCR & RT-PCR) protocols or other methods 
known in the art. The amplifying may result in the generation 
of Factor Hallele-specific oligonucleotides, which span the 
single nucleotide polymorphic sites in the Factor H gene. The 
Factor H-specific primer sequences and Factor Hallele-spe 
cific oligonucleotides may be derived from the coding (ex 
ons) or non-coding (promoter, 5' untranslated, introns or 3' 
untranslated) regions of the Factor H gene. 
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0180 Amplification products generated using PCR can be 
analyzed by the use of denaturing gradient gel electrophoresis 
(DGGE). Different alleles can be identified based on 
sequence-dependent melting properties and electrophoretic 
migration in solution. See Erlich, ed., PCR Technology, Prin 
ciples and Applications for DNA Amplification, Chapter 7 
(W.H. Freeman and Co, New York, 1992). 
0181 Alleles of target sequences can be differentiated 
using single-strand conformation polymorphism (SSCP) 
analysis. Different alleles can be identified based on 
sequence- and structure-dependent electrophoretic migration 
of single stranded PCR products (Orita et al., 1989). Ampli 
fied PCR products can be generated according to standard 
protocols, and heated or otherwise denatured to form single 
Stranded products, which may refold or form secondary struc 
tures that are partially dependent on base sequence. 
0182 Alleles of target sequences can be differentiated 
using denaturing high performance liquid chromatography 
(DHPLC) analysis. Different alleles can be identified based 
on base differences by alteration in chromatographic migra 
tion of single stranded PCR products (Frueh and Noyer 
Weidner, 2003). Amplified PCR products can be generated 
according to standard protocols, and heated or otherwise 
denatured to form single stranded products, which may refold 
or form secondary structures that are partially dependent on 
the base sequence. 
0183 Direct sequence analysis of polymorphisms can be 
accomplished using DNA sequencing procedures that are 
well-known in the art. See Sambrook et al., Molecular Clon 
ing, A Laboratory Manual (2nd Ed., CSHP, New York 1989) 
and Zyskind et al., Recombinant DNA Laboratory Manual 
(Acad. Press, 1988). 
0184. A wide variety of other methods are known in the art 
for detecting polymorphisms in a biological sample. See, e.g., 
Ullman et al. “Methods for single nucleotide polymorphism 
detection' U.S. Pat. No. 6,632,606; Shi, 2002, “Technologies 
for individual genotyping: detection of genetic polymor 
phisms in drug targets and disease genes' Am J Pharmaco 
genomics 2:197-205; Kwok et al., 2003, “Detection of single 
nucleotide polymorphisms’ Curr Issues Biol. 5:43-60). 
0185. It will be apparent to the skilled practitioner guided 
by this disclosure than various polymorphisms and haplo 
types can be detected to assess the propensity of an individual 
to develop a Factor H related condition. The following 
examples and combinations, and others provided herein, are 
provided for illustration and not limitation. In one aspect of 
the invention, the allele of the patient at one of more of the 
following polymorphic sites in the Factor H gene is deter 
mined: rs529825: rs800292: rs3766404: rs1061147: 
rs 1061170; and rs203674. In one embodiment the allele of the 
patient at rs529825 is determined. In one embodiment the 
allele of the patient at rs800292 is determined. In one embodi 
ment the allele of the patient at rs3766404 is determined. In 
one embodiment the allele of the patient at rs1061147 is 
determined. In one embodiment the allele of the patient at 
rs 1061170 is determined. In one embodiment the allele of the 
patient at rs203674 is determined. In one embodiment at least 
one of rs529825 and rs3.00292 is determined. In one embodi 
ment at least one of rs1061147, rs1061170 and rs203674 is 
determined. In one embodiment at least one of rs529825 and 
rs800292 is determined, rs3766404 is determined, and at least 
one of rs1061147, rs1061170 and rs203674 is determined. In 
one embodiment alleles at rs529825, rs300292, rs3766404, 
rS106.1170 and rs203674 are determined. The aforemen 



US 2013/02962.55 A1 

tioned polymorphisms and combinations of polymorphisms 
are provided herein for illustration and are not intended to 
limit the invention in any way. That is, other polymorphisms 
and haplotypes useful in practicing the invention will be 
apparent from this disclosure. 
0186. In a related aspect of the invention, the allele of the 
patient at one of more of the following polymorphic sites in 
the Factor H gene is determined: rs529825: rs3.00292; intron 
2 (IVS2 or insTT): rs3766404: rs1061147: rs1061170; exon 
10A: rs203674; rs375046; and exon 22 (1210). In one 
embodiment the allele of the patient at rs529825 is deter 
mined. In one embodiment the allele of the patient at 
rs800292 is determined. In one embodiment the allele of the 
patientatintron2 is determined. In one embodiment the allele 
of the patient at rs3766404 is determined. In one embodiment 
the allele of the patient at rs1061147 is determined. In one 
embodiment the allele of the patient at rs1061170 is deter 
mined. In one embodiment the allele of the patient at exon 
10A is determined. In one embodiment the allele of the 
patient at rs203674 is determined. In one embodiment the 
allele of the patient at rs375046 is determined. In one embodi 
ment the allele of the patient at exon 22 (1210) is determined. 
In one embodiment at least one of rs529825 and rs3.00292 is 
determined; intron2 is determined: rs3766404 is determined; 
at least one of rs1061147, rs1061170 and rs203674 is deter 
mined; exon 10A is determined: rs375046 is determined; and 
exon 22 (1210) is determined. In one embodiment alleles at 
rs529825, rs3.00292, intron 2: rs3766404, rs1061170, exon 
10A, rs203674, rs375046, and exon 22 (1210) are deter 
mined. In one embodiment one, two, three, four five, or more 
than five of the following polymorphic sites in the Factor H 
gene is determined: rs529825: rs3.00292; intron 2 (IVS2 or 
insTT): rs3766404: rs1061147: rs1061170; rs2274700; exon 
10A: rs203674; rs375046; and exon 22 (1210). The afore 
mentioned polymorphisms and combinations of polymor 
phisms are provided for illustration and are not intended to 
limit the invention in any way. 
0187. As discussed above, the non-synonymous polymor 
phism atamino acid position 1210 in exon 22 of the Factor H 
gene is strongly associated with AMD, and the presence of 
cysteine at amino acid position 1210 of Factor H, therefore, 
provides a strong indication that the individual has AMD or is 
likely to develop AMD. Remarkably, 1210C is indicative of 
propensity to develop AMD or other complement mediated 
conditions even when detected on allele that is otherwise 
protective (e.g., Y402). Thus, the allele of the patient at exon 
22 (1210) is highly informative with respect to risk of devel 
oping AMD or other Factor H-associated diseases. 
0188 In a related aspect of the invention, the allele of an 
individual at one of more of the following polymorphic sites 
in the CFHR5 gene is determined: rs9427661 (-249T>C); 
rs9427662 (-20TDC); and rs12097550 (P46S). In one 
embodiment the allele of the patient at rs9427661 is deter 
mined. In one embodiment the allele of the patient at 
rs9427662 is determined. In one embodiment the allele of the 
patient at rs12097.550 is determined. In one embodiment at 
least one of rs9427661 and rs9427662 is determined. In one 
embodiment at least one of rs9427661 and rs9427662 is 
determined, and rs12097.550 is determined. In one embodi 
ment rs9427661, rs9427662 and rs12097550 is determined. 
The aforementioned polymorphisms and combinations of 
polymorphisms are provided for illustration and are not 
intended to limit the invention in any way. That is, other 
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polymorphisms and haplotypes useful in practicing the inven 
tion will be apparent from this disclosure. 
(0189 C. Detection of Protein Variants 
0190. In one embodiment of the invention, a protein assay 

is carried out to characterize polymorphisms in a subjects 
CFH or CFHR5 genes. Methods that can be adapted for 
detection of variant CFH, HFL1 and CFHR5 are well known. 
These methods include analytical biochemical methods such 
as electrophoresis (including capillary electrophoresis and 
two-dimensional electrophoresis), chromatographic methods 
Such as high performance liquid chromatography (HPLC), 
thin layer chromatography (TLC), hyperdiffusion chroma 
tography, mass spectrometry, and various immunological 
methods such as fluid or gel precipitin reactions, immunod 
iffusion (single or double), immunoelectrophoresis, radioim 
mnunoassay (RIA), enzyme-linked immunosorbent assays 
(ELISAS), immunofluorescent assays, western blotting and 
others. 
0191 For example, a number of well established immu 
nological binding assay formats Suitable for the practice of 
the invention are known (see, e.g., Harlow, E.; Lane, D. Anti 
bodies: a laboratory manual. Cold Spring Harbor, N.Y: Cold 
Spring Harbor Laboratory; 1988; and Ausubel et al., (2004) 
Current Protocols in Molecular Biology, John Wiley & Sons, 
New York N.Y. The assay may be, for example, competitive or 
non-competitive. Typically, immunological binding assays (or 
immunoassays) utilize a "capture agent” to specifically bind 
to and, often, immobilize the analyte. In one embodiment, the 
capture agent is a moiety that specifically binds to a variant 
CFH or CFHR5 polypeptide or subsequence. The bound pro 
tein may be detected using, for example, a detectably labeled 
anti-CFH/CFHR5 antibody. In one embodiment, at least one 
of the antibodies is specific for the variant form (e.g., does not 
bind to the wild-type CFH or CFHR5 polypeptide. In one 
embodiment, the variant polypeptide is detected using an 
immunoblot (Western blot) format. 
(0192 D. Patient Screening/Diagnosis of AMD 
0193 Polymorphisms in the Factor H gene, such as those 
shown in TABLE 1A, TABLE 1B, TABLE 1C or identified as 
described herein, which correlate with AMD or with particu 
lar subtypes of AMD, are useful in diagnosing AMD or spe 
cific subtypes of AMD, or susceptibility thereto. Polymor 
phisms in the CFHR5 gene, such as those shown in TABLES 
14 and 15 or identified as described herein, which correlate 
with AMD or with particular subtypes of AMD, are useful in 
diagnosing AMD or specific subtypes of AMD, or suscepti 
bility thereto. These polymorphisms are also useful for 
screening for MPGNII and other Factor H-associated dis 
CaSCS. 

0194 Individuals identified as at high risk for developing 
AMD can take steps to reduce risk, including frequent oph 
thalmological examinations and treatments described below, 
known in the art, or developed in the future. 
0.195 As described in Example 1, an at-risk CFH haplo 
type in combination with a triggering event (e.g., infection) 
appears to be sufficient for disease manifestation. Patients 
identified as at-risk for AMD can receive aggressive therapy 
(e.g., using antibiotics, anti-inflamatory agents, treatment 
with protective forms of CFH/CFHR5, or treatment with 
other modulators of CFH activity) at early signs of infection. 
0.196 Combined detection of several such polymorphic 
forms (i.e., the presence or absence of polymorphisms at 
specified sited), for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or all 
of the polymorphisms in the Factor H gene listed in TABLE 
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1A, TABLE 1 B and/or TABLE 1C, alone or in combination 
with additional Factor Hgene polymorphisms not included in 
TABLES 1A-1C, may increase the probability of an accurate 
diagnosis. Similarly, combined detection of several polymor 
phic forms in the CFHR5 gene, for example, 1,2,3,4, 5, 6, 7, 
8, 9, 10, or all of the polymorphisms in the CHFR5 gene listed 
in TABLES 14 and 15, alone or in combination with addi 
tional CFHR5 gene polymorphisms not included in TABLES 
14 and 15, may increase the probability of an accurate diag 
nosis. In one embodiment, Screening involves determining 
the presense or absense of at least one polymorphism in the 
Factor H gene and at least one polymorphism in the CFHR5 
gene. In one embodiment, screening involves determining the 
presense or absense of at least 2, 3, or 4 polymorphisms in the 
Factor H gene in combination with and at least 2, 3, or 4 
polymorphisms in the CFHR5 gene. 
(0197) The polymorphisms in the Factor H and CFHR5 
genes are useful in diagnosing AMD or specific Subtypes of 
AMD, or susceptibility thereto, in family members of patients 
with AMD, as well as in the general population. 
0198 In diagnostic methods, analysis of Factor H poly 
morphisms and/or CFHR5 polymorphisms can be combined 
with analysis of polymorphisms in other genes associated 
with AMD, detection of protein markers of AMD (see, e.g., 
Hageman et al., patent publications US2003001 7501; 
US2002.0102581; WO0184149; and WO0106262), assess 
ment of other risk factors of AMD (such as family history), 
with ophthalmological examination, and with other assays 
and procedures. 
0199. 
(0200 Polymorphisms in the Factor H gene and CFHR5 
gene are also useful for identifying Suitable patients for con 
ducting clinical trials for drug candidates for AMD. Such 
trials are performed on treated or control populations having 
similar or identical polymorphic profiles at a defined collec 
tion of polymorphic sites in the Factor H gene and/or CFHR5 
gene, or having similar or identical Factor H haplotypes and/ 
or CFHR5 haplotypes. The use of genetically matched popu 
lations eliminates or reduces variation in treatment outcome 
due to genetic factors, leading to a more accurate assessment 
of the efficacy of a potential drug. 
0201 
0202 Transplantation of organs (e.g., liver) and tissues 
(e.g., blood, hepatocytes) is increasingly common. It is desir 
able, in carrying out Such transplantation, to avoid introduc 
ing into the recipient a deleterious form of Factor H or a 
Factor H-Related Protein and thereby increasing the recipi 
ent’s risk of developing AMD. Thus, in one aspect of the 
invention, a donor tissue is tested to detect the presence or 
absence of a variation at a polymorphic site of a Factor H or 
CFHR5 gene to identify host tissues carrying risk haplotypes 
or other deleterious sequences. In addition or alternatively, 
organs and tissues can be tested for the expression of forms of 
Factor H or CFHR proteins, for example by using immuno 
logical assays as described herein. In one embodiment the 
transplanted tissue is blood or plasma (i.e., given in a blood 
transfusion or plasma replacement). Routine Screening of 
donated blood to avoid administration of a protein associated 
with risk (e.g., the 1210C form of CFH) may avoid compro 
mising the recipient. 
0203 G) Phenotypic Categories 
0204 Susceptibility to specific subtypes of AMD can be 
identified based on the association with particular haplotypes. 

E) Identification of Patients for Drug Therapy 

F) Screening Donor Tissue for Transplantation 
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Thus, the screening can be used to determine Suitable thera 
pies for groups of patients with different genetic Subtypes of 
AMD. 

0205 The methods may be used for the diagnosis of AMD, 
which may be subdivided into phenotypic categories (for 
example, early AMD (ARM) geographic atrophy (GA) and 
exudative AMD (CNV)). The ARM and GA phenotypes may 
be further subdivided into distinct phenotypes (for example, 
RPE changes alone, >10 macular hard drusen, macular soft 
drusen, BB (cuticular) drusen, pigment epithelial detachment 
(PED), “Cherokee' atrophy, peninsular geographic atrophy 
and pattern geographic atrophy). For descriptions of these 
phenotypes see, e.g., Bird et al., 1995, Surv Ophthalmol 39, 
367-74; and Klaveret al., 2001, Invest Ophthalmol Vis Sci 42, 
2237-41. 

(0206 H) Other Diseases 
0207 Polymorphisms in the Factor H and CFHR5 gene, 
such as those shown in TABLES 1A, 1B, 1C, 11, 14 and 15, 
can also be tested for association with other diseases, (for 
example, Alzheimer's disease, multiple Sclerosis, lupus, and 
asthma) and conditions (for example, burn injuries, trans 
plantation, and stroke) which involve dysregulation of the 
alternative complement pathway, that have known but hith 
erto unmapped genetic components. Without being limited to 
any particular mechanism of action, it is suggested herein that 
expression of variant Factor Hand/or CFHR5 polypeptides is 
associated with dysregulation of the alternative complement 
pathway. The variant forms of Factor H and/or CHFR5 may 
have a causal effect on diseases involving a defect in the 
alternative complement pathway, or the presence of variant 
forms of Factor Hand/or CFHR5 may indicate that another 
gene involved in the alternative complement pathway has a 
causal effect. 

0208 Polymorphisms in the Factor H gene may also be 
useful in mapping and treating diseases that map to chromo 
Some 1 q, in particularator near 1 q32 where the Factor H gene 
is located. This particularlocus contains a number of comple 
ment pathway-associated genes. One group of these genes, 
referred to as the regulators of complement activation (RCA) 
gene cluster, contains the genes that encode Factor H, five 
Factor H-related genes and the beta Subunit of coagulation 
factor XIII. A second cluster of complement-associated 
genes, including C4BPA, C4BPB, C4BPAL2, DAF (CD55) 
CR1, CR2, CR1L and MCP(CD46) lies immediately adjacent 
to the 1q25-31 locus. 

VIII. Prevention and Treatment of AMD 

0209. A patient with a Factor H polymorphism can be 
treated by administering to a patient an antagonist of the 
variant Factor Hpolypeptide and/or variant CHFR5 polypep 
tide. An antagonist may include a therapeutic amount of an 
RNA complementary to the nucleotide sequence of a variant 
Factor H polypeptide and/or variant CHFR5 polypeptide or 
an antibody that specifically interacts with and neutralizes the 
activity of a variant Factor H polypeptide and/or variant 
CHFR5 polypeptide. Alternatively, AMD associated with the 
Factor Hpolymorphism and/or CFHR5 polymorphism can be 
treated by administering to a patienta form of Factor Hand/or 
CHFR5 not associated with increased risk, such as the normal 
or wild-type Factor H protein and/or normal or wild-type 
CHFR5 polypeptide. In one method of the invention, a pro 
tective variant form of Factor Hand/or protective variant form 
of CHFR5 is administered to a patient. 
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0210. Therapeutic and prophylactic approaches in sub 
jects identified as being at high risk for AMD include, but are 
not limited to, (1) increasing the amount or expression of 
neutral or protective forms of Factor H and/or neutral or 
protective forms of CHFR5; (2) decreasing the amount or 
expression of risk-associated forms of Factor H and/or risk 
associated form of CHFR5; and (3) reducing activation of the 
complementalternative pathway. Examples of such therapeu 
tic and prophylactic approaches include: (1) administration of 
neutral or protective forms of Factor H protein or therapeuti 
cally active fragments and/or neutral or protective forms of 
CHFR5 or therapeutically active fragments; (2) other wise 
increasing expression or activity of neutral and protective 
forms of Factor H; (3) interfering with expression of variant 
Factor H and/or variant CFHR5 proteins encoded by indi 
viduals with a risk haplotype by (e.g., by administration of 
antisense RNA); (4) reducing the amount of activity of a 
detrimental variant form. 
0211 Therapeutic agents (e.g., agents that increase or 
decrease levels of wild-type or variant Factor H or modulate 
its activity and/or agents that increase or decrease levels of 
wild-type or variant CFHR5 or modulate its activity) can be 
administered systemically (e.g., by i.v. injection or infusion) 
or locally (e.g., to the vicinity of the ocular RPE for treatment 
of AMD). Methods for administration of agents to the eye are 
well known in the medical arts and can be used to administer 
AMD therapeutics described herein. Exemplary methods 
include intraocular injection (e.g., retrobulbar, Subretinal, 
intravitreal and intrachoridal), iontophoresis, eye drops, and 
intraocular implantation (e.g., intravitreal, Sub-Tenons and 
sub-conjunctival). For examples, anti-VEGF antibody has 
been introduced into cynomolgus monkeys by intravitreal 
injection (see, e.g., Gaudreault et al., 2005, “Preclinical phar 
macokinetics of Ranibizumab (rhulfabV2) after a single 
intravitreal administration' Invest Ophthalmol V is Sci. 
46:726-33), and bioactive VEGF and bFGF have been 
expressed in the eye via intravitreal implantation of sustained 
release pellets (Wong et al., 2001, “Intravitreal VEGF and 
bFGF produce florid retinal neovascularization and hemor 
rhage in the rabbit Curr Eye Res. 22:140–7). Importantly, it 
has been discovered that Factor H is synthesized locally by 
the retinal pigment epithelium (see Example 1), indicating 
that local administration of agents has therapeutic benefit. 
0212 A. Administration of Therapeutic Factor HPolypep 
tides 

0213 Administration of neutral or protective forms of 
Factor H polypeptides and/or neutral or protective forms of 
CFHR5 polypeptides to subjects at risk for developing AMD 
(and/or with early stage disease) can be used to ameliorate the 
progression of the disease. 
0214. In one approach, recombinant Factor H polypeptide 

is administered to the patient. In one embodiment, the recom 
binant Factor H is encoded by a neutral haplotype sequence, 
which may be full-length (CFH/HF1), truncated (FHL1), or 
alternatively spliced form, or a biologically active fragment 
thereof. In another embodiment the recombinant Factor H has 
the sequence of a protective allele, either full-length or trun 
cated form, or a protective biologically active fragment 
thereof. Methods for production of therapeutic recombinant 
proteins are well known and include methods described here 
inbelow. The therapeutic polypeptide can be administered 
systemically (e.g., intravenously or by infusion) or locally 
(e.g., directly to an organ or tissue, such as the eye or the 
liver). 
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0215. Some protective forms of Factor Hand the CHFL1 
protein are less than full-length. For example, fragments of 
neutral or protective forms of Factor H may be administered 
for treatment or prevention of AMD or MPGNII. In a particu 
lar embodiment, polypeptides encoded by CFH splice vari 
ants expressed in individuals with a protected phenotype are 
administered. These proteins can be identified by Screening 
expression of CFH-related RNA in individuals homozygous 
for a protective or neutral haplotype. 
0216. In particular embodiments, the protective protein 
has a sequence corresponding to one or more exons of the 
CFH gene sequence. For example, the protective protein may 
have the sequence of full-length or truncated CFH protein, 
except that the amino acid residues encoded by 1, 2, 3 or more 
exons (which may or may not be contiguous) are deleted. 
0217. In one embodiment a protective Factor H protein of 
the invention has an amino acid sequence Substantially iden 
tical to SEQ ID NO:2, with the proviso that the residue at 
position 402 is not histidine and the residue at position 1210 
is not cysteine. In one embodiment the residue at position 62 
is not valine. Preferably, the residue at position 62 is isoleu 
cine. Preferably the residue at position 62 is isoleucine, the 
residue at position 402 is tyrosine and the residue at position 
1210 is arginine. Preferably the protective Factor H protein 
has 95% amino acid identity to SEQID NO:2 or a fragment 
thereof; sometimes at least 95% amino acid identity, some 
times at least 98% amino acid identity, and sometimes at least 
99% identity to the reference Factor Hpolypeptide of SEQID 
NO:2. The polypeptide sequence of an exemplary protective 
variant of human Factor HSEQ ID NO:5 is shown in FIG. 
10. This protective variant Factor H polypeptide has an iso 
leucine atamino acid position 62 and a tyrosine atamino acid 
position 402 (indicated in bold). The polypeptide sequence of 
an exemplary protective variant of HFL1, the truncated form 
of human Factor H (SEQID NO:6) is shown in FIG. 11. This 
protective variant truncated Factor H polypeptide has a iso 
leucine at amino acid position 62 and tyrosine at amino acid 
position 402 (indicated in bold). 
0218. In one embodiment a protective Factor H protein of 
the invention has an amino acid sequence Substantially iden 
tical to SEQID NO:4 (FHL1). In one embodiment the residue 
at position 62 is not valine. Preferably, the residue at position 
62 is isoleucine. Preferably the protective Factor H protein 
has 95% amino acid identity to SEQID NO:4 or a fragment 
thereof; sometimes at least 95% amino acid identity, some 
times at least 98% amino acid identity, and sometimes at least 
99% identity to the reference Factor Hpolypeptide of SEQID 
NO:4. 

0219. In some embodiments the protective Factor H pro 
tein has one or more activities of the reference Factor H 
polypeptide. In one embodiment the activity is binding to 
heparin. In one embodiment the activity is binding to CRP. In 
one embodiment the activity is binding to C3b. In one 
embodiment the activity is binding to endothelial cell sur 
faces. In one embodiment the activity is C3b co-factor activ 
ity. In one embodiment, the protective Factor H protein has 
activity that is higher with respect to its normal function than 
the protein of SEQID NO:2. In one embodiment, the protec 
tive Factor H protein has activity with respect to its normal 
function that is higher than the protein of SEQID NO:4. 
0220 Assays for Factor H activities are well known and 
described in the scientific literature. For illustration and not 
limitation, examples of assays will be described briefly. 



US 2013/02962.55 A1 

Binding of Protective Proteins (CFHVariants) to C3b or CRP. 
0221) Interactions between C3b and CFH proteins can be 
analyzed by surface resonance using a Biacore 3000 system 
(Biacore AB, Uppsala, Sweden), as described previously 
(Manuelian et al., 2003, Mutations in factor H reduce binding 
affinity to C3b and heparin and surface attachment to endot 
helial cells in hemolytic uremic syndrome. J Clin Invest 111, 
1181-90). In brief, C3b (CalBiochem, Inc), are coupled using 
standard amine-coupling to flow cells of a sensor chip (Car 
boxylated Dextran Chip CM5, Biacore AB, Uppsala, Swe 
den). Two cells are activated and C3b (50 ug/ml, dialyzed 
against 10 mMacetate buffer, pH 5.0) is injected into one flow 
cell until a level of coupling corresponding to 4000 resonance 
units is reached. Unreacted groups are inactivated using etha 
nolamine-HCl. The other cell is prepared as a reference cell 
by injecting the coupling buffer without C3b. Before each 
binding assay, flow cells will be washed thoroughly by two 
injections of 2 M NaCl in 10 mMacetate buffer, pH 4.6 and 
running buffer (PBS, pH 7.4). The Factor H protein is injected 
into the flow cell coupled with C3b or into the control cell at 
a flow rate of 5ul/min at 25°C. Binding of Factor H to C3b is 
quantified by measuring resonance units over time, as 
described in Manuelian et al., 2003, supra. 
0222 Interactions between CRP and CHF proteins can be 
analyzed by surface resonance in an identical manner by 
substituting CRP for C3b in flow cells of a sensor chip 

Binding to Endothelial Cell Surface 
0223 Binding of CHF proteins to endothelial cell surfaces 

is assayed by immunofluorescence staining of HUVECs and 
FACS analysis. HUVEC cells are kept in serum free DMEM 
(BioWhittaker) for 24 hrs prior to the assay. Cells are 
detached from the surface with DPBS/EDTA and washed 
twice with DPBS: 5x10 cells will be transferred into plastic 
tubes and unspecific binding sites will be blocked with 1% 
BSA/DPBS for 15 min prior to incubation with purified allele 
variants of factor H (5 Jug). Controls are performed in the 
absence of the factor H isoform. Following binding of factor 
H, cells are thoroughly washed with DPBS. Polyclonal goat 
anti-human FH antiserum is used as a primary antibody (Cal 
Biochem) (diluted 1:100), incubating cells at 4° C. for 15 
minutes. Alexa-fluor 488-conjugated goat antiserum diluted 
1:100 in blocking buffer is used as the secondary antibody. 
Cells are examined by flow cytometry (FACScalibur, Becton 
Dickinson Immunocytometry, Mountain View, Calif., USA). 
Typically, 10,000 events are counted. 

Cofactor Activity in Fluid Phase 
0224 For the fluid phase cofactor assay, C3b biotin (100 
ng/reaction), Factor I (200ng/reaction) and 100ng of purified 
factor H are used in a total volume of 30 ul. Samples taken 
before and after addition of Factor I are separated by SDS 
PAGE under reducing conditions and analyzed by Western 
blotting, detecting and quantitating C3b degradation products 
by Strepavidin-POD-conjugation (1:10000). C3b (40 ug) 
(CalBiochem) is biotinylated using the Biotin Labeling Kit 
(Roche Diagnostics, Mannheim, Germany), according to the 
manufacturer's instructions. In brief, 30 ug of C3b (CalBio 
chem) is labeled with D-biotinyl-epsilon-aminocaproic acid 
N-hydroxysuccinimide ester for 2 hours at 25° C. Excess 
biotin is removed by gel filtration using a PBS equilibrated 
PD10 column (Amersham Biosciences). Also see Sanchez 
Corral et al., 2002, Am J. Hum. Genet. 71:1285-95. 
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Heparin Binding Assay 
0225 Binding of purified CFH proteins (CFH402Y and 
CFH402H) to heparin is analyzed using heparin affinity chro 
matography in a high-performance liquid chromatograph 
(HPLC) system. 10 ug of CFH protein is diluted in /2xPBS 
and applied to a heparin-Sepharose affinity column (HiTrap, 
Amersham Biosciences) at a flow rate of 0.5 ml/min. The 
column is extensively washed with /2xPBS, and the bound 
CFH protein eluted using a linear salt gradient ranging from 
75 to 500 mM. NaCl, in a total volume of 10 ml and at a flow 
rate of 0.5 ml/min. Eluted fractions are assayed by SDS 
PAGE and Western blot analysis. Elution of isoforms in dif 
ferent fractions is indicative that specific amino acid varia 
tions in the CFH protein can modulate binding of the protein 
to heparin. Also see, e.g., Pangburn et al., 1991, Localization 
of the heparin-binding site on complement Factor H, J Biol. 
Chem. 266:16847-53. 

CFHR5 Administration 

0226. In another approach, recombinant CFHR5 polypep 
tide is administered to the patient. In one embodiment, the 
recombinant CFHR5 has a neutral-type sequence, or a bio 
logically active fragment thereof. In another embodiment the 
recombinant CFHR5 has the sequence of a protective allele, 
or a protective biologically active fragment thereof. Methods 
for production of therapeutic recombinant proteins are well 
known and include methods described hereinbelow. The 
therapeutic polypeptide can be administered systemically 
(e.g., intravenously or by infusion) or locally (e.g., directly to 
an organ or tissue, such as the eye or the liver). 

Therapeutic Compositions 
CFHR5Polypeptides 

Containing CFH or 

10227. The invention provides therapeutic preparations of 
Factor H polypeptides, which may be wild-type or variants 
(e.g., neutral or protective variants), and may be full length 
forms, truncated forms, or biologically active fragments of 
the variant Factor H polypeptides. As described herein, pro 
tective Factor H proteins (and genes encoding them) can be 
identified by identifying an individual as having a protective 
haplotype and determining the amino acid sequence(s) of 
Factor H encoded in the genome of the individual, where a 
protective Factor H protein is encoded by an allele having a 
protective haplotype. Biologically active fragments may 
include any portion of the full-length Factor H polypeptide 
which confers a biological function on the variant protein. In 
Some cases, a protective haplotype will be associated with 
expression of a less-than full length form of Factor H (i.e., in 
addition to FHL-1) due, for example, to the presense of a 
premature stop codon in the gene. 
0228. Therapeutically active fragments can also be iden 

tified by testing the effect of the protein on expression of 
AMD biomarkers. Exemplary AMD biomarkers include 
complement pathway components (for example, Factor I. 
Factor H. C1r, C3, C3a), C reactive protein, haptoglobin, 
apolipoprotein E, immunoglobulin heavy or light chain(s). 
alpha 1 antitrypsin, alpha 2 macroglobulin, transthyretin, 
creatinine, and others described in copending provisional 
application No. 60/715,503 entitled "Biomarkers Associated 
With Age-Related Macular Degeneration.” 
0229. The invention provides therapeutic preparations of 
CFHR5 polypeptides, which may be wild-type or variants 
(e.g., neutral or protective variants), and may be full length 
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forms or biologically active fragments of the variant CFHR5 
polypeptides. As described herein, protective CFHR5 pro 
teins (and genes encoding them) can be identified by identi 
fying an individual as having a protective haplotype and 
determining the amino acid sequence(s) of CFHR5 encoded 
in the genome of the individual, where a protective CFHR5 
protein is encoded by an allele having a protective haplotype. 
Biologically active fragments may include any portion of the 
full-length CFHR5 polypeptide which confers a biological 
function on the variant protein. Therapeutically active frag 
ments can also be identified by testing the effect of the protein 
on expression of AMD biomarkers as described above for 
Factor H. 

0230. Some forms of Factor Hand CFHR5 can be isolated 
from the blood of genotyped donors, from cultured or trans 
formed RPE cells derived from genotyped ocular donors, or 
from cell lines (e.g., glial or hepatic) that express endogenous 
Factor H. Alternatively, therapeutic proteins can be recombi 
nantly produced (e.g., in cultured bacterial or eukaryotic 
cells) and purified using methods well known in the art and 
described herein. As noted above, some forms of Factor Hand 
CFHR5 have been recombinantly expressed for research pur 
poses. However, Such research preparations are not suitable 
for therapeutic use. The present invention provides recombi 
nant polypeptides suitable for administration to patients 
including polypeptides that are produced and tested in com 
pliance with the Good Manufacturing Practice (GMP) 
requirements. For example, recombinant polypeptides Sub 
ject to FDA approval must be tested for potency and identity, 
besterile, be free of extraneous material, and all ingredients in 
a product (i.e., preservatives, diluents, adjuvants, and the like) 
must meet standards of purity, quality, and not be deleterious 
to the patient. 
0231. The invention provides a composition comprising a 
Factor H polypeptide or CFHR5 polypeptide, and a pharma 
ceutically acceptable excipient or carrier. The term “pharma 
ceutically acceptable excipient or carrier” refers to a medium 
that is used to prepare a desired dosage form of a compound. 
A pharmaceutically acceptable excipient or carrier can 
include one or more solvents, diluents, or other liquid 
vehicles; dispersion or Suspension aids; Surface active agents; 
isotonic agents; thickening or emulsifying agents; preserva 
tives; solid binders; lubricants; and the like. Remington's 
Pharmaceutical Sciences, Fifteenth Edition, E. W. Martin 
(Mack Publishing Co., Easton, Pa., 1975) and Handbook of 
Pharmaceutical Excipients. Third Edition, A. H. Kibbe ed. 
(American Pharmaceutical Assoc. 2000), disclose various 
carriers used in formulating pharmaceutical compositions 
and known techniques for the preparation thereof. In one 
embodiment, the pharmaceutically acceptable excipient is 
not deleterious to a mammal (e.g., human patient) if admin 
istered to the eye (e.g., by intraocular injection). For intraocu 
lar administration, for example and not limitation, the thera 
peutic agent can be administered in a Balanced Salt Solution 
(BSS) or Balanced Salt Solution Plus (BSS Plus) (Alcon 
Laboratories, Fort Worth, Tex., USA). In a related aspect, the 
invention provides a sterile container, e.g. Vial, containing a 
therapeutically acceptable Factor H protein, optionally a lyo 
philized preparation. Therapeutic Factor H proteins or 
CFHR5 polypeptides can be made recombinantly, as 
described above. Alternatively, Factor H protein or CFHR5 
polypeptide can be isolated from cultured RPE cells (e.g., 
primary cultures) or other cells that express Factor H or 
CFHR5 endogenously. 
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0232. The amount of neutral or protective forms of Factor 
H or truncated Factor H, or biologically active fragments 
thereof, or neutral or protective forms of CFHR5, or biologi 
cally active fragments thereof, to be administered to an indi 
vidual can be determined. The normal plasma concentration 
of Factor H varies between 116 and 562 micrograms/ml and 
the half-life of Factor H in plasma is about 6/2 days (for a 
recent review, see Esparza-Gordillo et al., 2004 “Genetic and 
environmental factors influencing the human factor Hplasma 
levels’ Immunogenetics 56: 77-82). In one embodiment, 
exogenous Factor H can be administered to an individual in an 
amount Sufficient to achieve a level similar to the plasma 
concentration of Factor H in a healthy individual, i.e., an 
amount sufficient to achieve a plasma level of from 50 to 600 
mg/ml, such as from 100 to 560 mg/ml. The amount of Factor 
H to be administered to an individual (e.g., a 160 pound 
subject) can be, for example and not for limitation, from 10 
milligrams to 5000 milligrams per dose, from 50 milligrams 
to 2000 milligrams per dose, from 100 milligrams to 1500 
milligrams per dose, from 200 milligrams to 1000 milligrams 
per dose, or from 250 milligrams to 750 milligrams per dose. 
The frequency with which Factor H can be administered to an 
individual can be, for example and not for limitation, twice 
per day, once per day, twice per week, once per week, once 
every two weeks, once per month, once every two months, 
once every six months, or once per year. The amount and 
frequency of administration of Factor H to an individual can 
be readily determined by a physician by monitoring the 
course of treatment. 
0233 B) Gene Therapy Methods 
0234. In another approach, Factor H protein or CFHR5 
polypeptide is administered by in vivo expression of protein 
encoded by exogenous polynucleotide (i.e., via gene 
therapy). In one example, gene therapy involves introducing 
into a cell a vector that expresses Factor H polypeptide or 
biologically active fragment or CFHR5 polypeptide or bio 
logically active fragment. 
0235 Vectors can be viral or nonviral. A number of vectors 
derived from animal viruses are available, including those 
derived from adenovirus, adeno-associated virus, retrovi 
ruses, pox viruses, alpha viruses, rhadboviruses, and papillo 
maviruses. Usually the viruses have been attenuated to no 
longer replicate (see, e.g., Kay et al. 2001, Nature Medicine 
7:33-40). 
0236. The nucleic acid encoding the Factor Hpolypeptide 
or CFHR5 polypeptide is typically linked to regulatory ele 
ments, such as a promoters and an enhancers, which drive 
transcription of the DNA in the target cells of an individual. 
The promoter may drive expression of the Factor H gene or 
CFHR5 gene in all cell types. Alternatively, the promoter may 
drive expression of the Factor H gene or CFHR5 gene only in 
specific cell types, for example, in cells of the retina or the 
kidney. The regulatory elements, operably linked to the 
nucleic acid encoding the Factor H polypeptide or CFHR5 
polypeptide, are often cloned into a vector. 
0237 As will be understood by those of skill in the art, 
gene therapy vectors contain the necessary elements for the 
transcription and translation of the inserted coding sequence 
(and may include, for example, a promoter, an enhancer, other 
regulatory elements). Promoters can be constitutive or induc 
ible. Promoters can be selected to target preferential gene 
expression in a target tissue, such as the RPE (for recent 
reviews see Sutanto et al., 2005, “Development and evalua 
tion of the specificity of a cathepsin D proximal promoter in 
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the eye” Curr Eye Res. 30:53-61; Zhang et al., 2004, “Con 
current enhancement of transcriptional activity and specific 
ity of a retinal pigment epithelial cell-preferential promoter” 
Mol. Vis. 10:208-14: Esumi et al., 2004, “Analysis of the 
VMD2 promoter and implication of E-box binding factors in 
its regulation'J Biol Chem 279:19064-73; Camacho-Hubner 
et al., 2000, “The Fugu rubripes tyrosinase gene promoter 
targets transgene expression to pigment cells in the mouse' 
Genesis. 28:99-105; and references therein). 
0238 Suitable viral vectors include DNA virus vectors 
(such as adenoviral vectors, adeno-associated virus vectors, 
lentivirus vectors, and vaccinia virus vectors), and RNA virus 
vectors (such as retroviral vectors). In one embodiment, an 
adeno-associated viral (AAV) vector is used. For recent 
reviews see Auricchio et al., 2005, 'Adeno-associated viral 
vectors for retinal gene transfer and treatment of retinal dis 
eases’ Curr Gene Ther. 5:339-48; Martin et al., 2004, Gene 
therapy for optic nerve disease, Eye 18:1049-55; Ali, 2004, 
“Prospects for gene therapy' Novartis Found Symp. 255: 165 
72; Hennig et al., 2004, AAV-mediated intravitreal gene 
therapy reduces lysosomal storage in the retinal pigmented 
epithelium and improves retinal function in adult MPS VII 
mice' Mol. Ther: 10:106-16; Smith et al., 2003, “AAV-Medi 
ated gene transfer slows photoreceptor loss in the RCS rat 
model of retinitis pigmentosa' Mol. Ther. 8:188-95; Broder 
icket al., 2005, "Local administration of an adeno-associated 
viral vector expressing IL-10 reduces monocyte infiltration 
and Subsequent photoreceptor damage during experimental 
autoimmune uveitis” Mol. Ther: 12:369-73; Cheng et al., 
2005, “Efficient gene transfer to retinal pigment epithelium 
cells with long-term expression. Retina 25: 193-201; Rex et 
al., “Adenovirus-mediated delivery of catalase to retinal pig 
ment epithelial cells protects neighboring photoreceptors 
from photo-oxidative stress. Hum Gene Ther: 15:960-7; and 
references cited therein). 
0239 Gene therapy vectors must be produced in compli 
ance with the Good Manufacturing Practice (GMP) require 
ments rendering the product suitable for administration to 
patients. The present invention provides gene therapy vectors 
Suitable for administration to patients including gene therapy 
vectors that are produced and tested in compliance with the 
GMP requirements. Gene therapy vectors subject to FDA 
approval must be tested for potency and identity, besterile, be 
free of extraneous material, and all ingredients in a product 
(i.e., preservatives, diluents, adjuvants, and the like) must 
meet standards of purity, quality, and not be deleterious to the 
patient. For example, the nucleic acid preparation is demon 
strated to be mycoplasma-free. See, e.g., Islam et al., 1997. An 
academic centre for gene therapy research and clinical grade 
manufacturing capability, Ann Med 29. 579-583. 
0240 Methods for administering gene therapy vectors are 
known. In one embodiment, Factor H or CFHR5 expression 
vectors are introduced systemically (e.g., intravenously or by 
infusion). In one embodiment, Factor H or CFHR5 expres 
sion vectors are introduced locally (i.e., directey to a particu 
lar tissue or organ, e.g., liver). In one preferred embodiment, 
Factor H or CFHR5 expression vectors are introduced 
directly into the eye (e.g., by ocular injection). For recent 
reviews see, e.g., Dinculescu et al., 2005, Adeno-associated 
virus-vectored gene therapy for retinal disease” Hum Gene 
Ther. 16:649-63; Rex et al., 2004, “Adenovirus-mediated 
delivery of catalase to retinal pigment epithelial cells protects 
neighboring photoreceptors from photo-oxidative stress' 
Hum Gene Ther. 15:960-7: Bennett, 2004, “Gene therapy for 
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Leber congenital amaurosis’ Novartis Found Symp. 255:195 
202; Hauswirth et al., “Range of retinal diseases potentially 
treatable by AAV-vectored gene therapy' Novartis Found 
Symp. 255:179-188, and references cited therein). 
0241 Thus in one aspect, the invention provides a prepa 
ration comprising a gene therapy vector encoding a Factor H 
protein or CFHR5 polypeptide, optionally a viral vector, 
where the genetherapy vector is suitable for administration to 
a human Subject and in an excipient Suitable for administra 
tion to a human Subject (e.g., produced using GLP tech 
niques). Optionally the gene therapy vector comprising a 
promoter that is expressed preferentially or specifically in 
retinal pigmented epithelium cells. 
0242. Nonviral methods for introduction of Factor H or 
CFHR5 sequences, such as encapsulation in biodegradable 
polymers (e.g., polylactic acid (PLA); polyglycolic acid 
(PGA); and co-polymers (PLGA) can also be used (for recent 
reviews see, e.g., Beijani et al., 2005. “Nanoparticles for gene 
delivery to retinal pigment epithelial cells' Mol. Vis. 11:124 
32; Mannermaa et al., 2005, "Long-lasting secretion of trans 
gene product from differentiated and filter-grown retinal pig 
ment epithelial cells after nonviral gene transfer Curr Eye 
Res. 2005 30:345-53; and references cited therein). Alterna 
tively, the nucleic acid encoding a Factor H polypeptide or 
CFHR5 polypeptide may be packaged into liposomes, or the 
nucleic acid can be delivered to an individual without pack 
aging without using a vector. 
0243 C) DNA Repair 
0244. In another approach, subjects at risk for developing 
AMD (and/or with early stage disease) can have a risk form of 
Factor H or CFHR5 replaced by a neutral or protective form 
of Factor H or CFHR5 by DNA repair. In one embodiment, 
triplex forming oligonucleotides designed to specifically bind 
to polymorphic sites in the Factor H or CFHR5 gene associ 
ated with a risk haplotype can be administered to an indi 
vidual by viral or nonviral methods. Triplex-forming oligo 
nucleotides bind to the major groove of duplex DNA in a 
sequence-specific manner and provoke DNA repair, resulting 
in the targeted modification of the genome (for a recent 
review see Kuan et al., 2004, “Targeted gene modification 
using triplex-forming oligonucleotides’ Methods Mol. Biol. 
262:173-94). A triplex-forming oligonucleotide that binds to 
a sequence spanning a polymorphism associated with a risk 
haplotype provokes DNA repair, resulting in the modification 
of the sequence from a risk allele to a neutral or protective 
allele and can ameliorate the development or progression of 
disease. 
0245 D) Introduction of Cells, Tissues, or Organs 
Expressing a Neutral or Protective Form of Factor H Protein 
or CFHR5Polypeptide 
0246. In another approach, cells expressing neutral or pro 
tective forms of Factor H or Factor H-Related proteins (e.g., 
CFHR5) are administered to a patient. In an embodiment the 
recipient is heterozygous or, more often, homozygous for a 
risk haplotype. For example, hepatocyte transplantation has 
been used as an alternative to whole-organ transplantation to 
Support many forms of hepatic insufficiency (see, e.g., Ohashi 
et al., Hepatocyte transplantation: clinical and experimental 
application, J Mol Med. 2001 79:617-30). According to this 
method, hepatocytes or other CFH or CFHR5-expressing 
cells are administered (e.g., infused) to a patient in need of 
treatment. These cells migrate to the liver or other organ, and 
produce the therapeutic protein. Also see, e.g., Alexandrova et 
al., 2005, "Large-scale isolation of human hepatocytes for 
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therapeutic application Cell Transplant. 14(10):845-53; 
Cheong et al., 2004, Attempted treatment of factor H defi 
ciency by liver transplantation Pediatr Nephrol. 19:454-8; 
Ohashi et al., 2001, “Hepatocyte transplantation: clinical and 
experimental application'J Mol Med. 79:617-30; Serralta et 
al., 2005. “Influence of preservation solution on the isolation 
and culture of human hepatocytes from liver grafts' Cell 
Transplant. 14(10):837-43; Yokoyama et al., 2006, “In vivo 
engineering of metabolically active hepatic tissues in a 
neovascularized Subcutaneous cavity” Am. J. Transplant. 
6(1):50-9: Dhawan et al., 2005, "Hepatocyte transplantation 
for metabolic disorders, experience at King's College hospi 
taland review of literature.” Acta Grastroenterol. Belg, 68(4): 
457-60; Bruns et al., 2005, "Injectable liver: a novel approach 
using fibringel as a matrix for culture and intrahepatic trans 
plantation of hepatocytes' Tissue Eng. 11 (11-12): 1718-26. 
Other cell types that may be used include, for illustration and 
not limitation, kidney and pancreatic cells. In one embodi 
ment, the administered cells are engineered to express a 
recombinant form of the protein. 
0247. In another, related approach, therapeutic organ 
transplantation is used. Most of the body's systemic Factor H 
is produced by the liver, making transplation of liver tissue the 
preferred method. See, Gerber et al., 2003, “Successful (?) 
therapy of hemolytic-uremic syndrome with factor Habnor 
mality” Pediatr Nephrol. 18:952-5. 
0248. In another approach, a protective form of CFH pro 
tein is delivered to the back of the eye by injection into the eye 
(e.g. intravitreal) or via encapsulated cells. Neurotech's 
Encapsulated Cell Technology (ECT), as an example, is a 
unique technology that allows for the Sustained, longterm 
delivery of therapeutic factors to the back of the eye. See 
(http://www.neurotech.fr). ECT implants consist of cells that 
have been genetically modified to produce a specific thera 
peutic protein that are encapsulated in a semi-permeable hol 
low fiber membrane. The cells continuously produce the 
therapeutic protein that diffuses out of the implant and into 
the eye (Bush et al 2004). CNTF delivered to the human eye 
by ECT devices was recently shown to be completely suc 
cessful and associated with minimal complications in 10 
patients enrolled in a Phase I clinical trial (Sieving etal 2005). 
Also see Song et al., 2003; Tao 2002. and Hammang et al., 
U.S. Pat. No. 6,649,184 Inh one embodiment of the present 
invention, a protective form of Factor H (including the so 
called neutral form) is expressed in cells and administered in 
an encapsulated form. In one embodiment, the cells used are 
the NTC-201 human RPE line (ATCC #CRL-2302) available 
from the American Type Culture Collection P.O. Box 1549, 
Manassas, Va. 20108. 
0249 E) Therapy to Decrease Levels of Risk Variant of 
Factor H or CFHR5 

0250 Loss of the normal or protective function of Factor 
H or CFHR5 may be associated with AMD. Non-synony 
mous polymorphisms in the Factor Hand CFHR5 genes, such 
as those shown in TABLES 1A, 1B, 1C, 11, 14 and 15, 
showing the strongest correlation with AMD and resulting in 
a variant Factor H polypeptide or CFHR5 polypeptide, are 
likely to have a causative role in AMD. For example, the 
variant Factor Hor CFHR5 may act as a so-called “dominant 
negative' mutant interfering with normal Factor H or CFHR5 
function. 

0251 Any method of reducing levels of the risk forms of 
Factor Hor CFHR5 in the eye or systemically may be used for 
treatment including, for example, inhibiting transcription of a 
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Factor Hor CFHR5 gene, inhibiting translation of Factor Hor 
CFHR5RNA, increasing the amount or activity of a neutral or 
protective form of Factor H or truncated Factor H, or biologi 
cally active fragment thereof, increasing the amount or activ 
ity of a neutral or protective form of CFHR5 polypeptide, or 
biolgocially active fragment thereof, or decreasing the 
amount or activity of Factor H protein or CFHR5 polypep 
tides (e.g., by plasmaphoresis, antibody-directed plasma 
phoresis, or complexing with a Factor H or CFHR5 binding 
moiety, e.g., heparin or variant specific antibody). In some 
embodiments levels of Factor H or CFHR5 are preferentially 
reduced in the eye (e.g., RPE) relative to other tissues. For 
illustration and not limitation, several methods are briefly 
described below. 
0252. In one approach, a subject identified as being at risk 
for AMD is treated by administration of heparin. Heparin and 
heparin derivatives (including heparinoids) may have prom 
ising therapeutic properties for the treatment various comple 
ment-associated diseases, including MPGNII (Floege et al., 
1993; Girardi, 2005; Diamond and Karnovsky, 1986; Striker, 
1999; Rops et al., 2004). In view of the association between 
AMD and MPGNII disclosed herein, heparin and heparin 
derivatives (including heparinoids) may be efficacious for the 
treatment of AMD. In a clinical trial of patients with chronic 
proliferative glomerulonephritis receiving daily Subcutane 
ous injections of heparin for over one year, Cade and col 
leagues reported improved creatinine clearance and a regres 
sion of glomerular hypercellularity (Cade et al., 1971). Both 
heparin and low molecular weight heparin (Enoxaparin) have 
been shown to prevent the progression of antiphospholipid 
antibody syndrome in mice by blocking the alternative and 
classical pathways of the complement cascade (Girardi et al., 
2004). The anti-complement activity of heparin includes 
blockade of the formation of C3bBb, the amplification con 
vertase by the alternative pathway; fluid phase heparin pre 
vents the generation of C3bBbby inhibiting the interaction of 
C3b with factor B and factor D (Weiler et al., 1976). 
(0253 F) Administration of Inhibitory Nucleic Acids 
0254 Antisense Nucleic Acids— 
0255 Antisense nucleic acids, such as purified anti-sense 
RNA complementary to the RNA encoding a variant Factor H 
polypeptide can be used to inhibit expression of a Factor H 
gene associated with a risk haplotype. For recent reviews see, 
e.g., Gomes et al., 2005. “Intraocular delivery of oligonucle 
otides’ Curr Pharm Biotechnol. 6:7-15; and Henry et al., 
2004, “Setting sights on the treatment of ocular angiogenesis 
using antisense oligonucleotides’ Trends Pharmacol Sci 
25:523-7; and references cited therein. 
0256 RNA Interference 
(0257 Double stranded RNA (dsRNA) inhibition methods 
can also be used to inhibit expression of HF 1. The RNA used 
in Such methods is designed such that at least a region of the 
dsRNA is substantially identical to a region of the HF1 gene: 
in some instances, the region is 100% identical to the HF1 
gene. For use in mammals, the dsRNA is typically about 
19-30 nucleotides in length (i.e., short interfering RNAs are 
used (siRNA or RNAi)), and most often about 21 nucleotides 
in length. Methods and compositions useful for performing 
dsRNAi and siRNA are discussed, for example, in PCT Pub 
lications WO 98/53083; WO99/32619; WO99/53050; WO 
00/44914; WOO1/36646; WOO1/75164: WO 02/44321; and 
U.S. Pat. No. 6,107,094. siRNA can be is synthesized in vitro 
and administered to a patient. Alternatively, RNAi strategies 
can be successfully combined with vector-based approaches 
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to achieve synthesis in transfected cells of small RNAs from 
a DNA template (see, e.g., Sui et al., 2002, A DNA vector 
based RNAi technology to Suppress gene expression in mam 
malian cells' Proc Natl AcadSci USA99:5515-20; and Kasa 
hara and Aoki, 2005, “Gene silencing using adenoviral RNAi 
vector in vascular Smooth muscle cells and cardiomyocytes' 
Methods Mol. Med. 112:155-72; and references cited 
therein). 
0258 
0259 Ribozymes are enzymatic RNA molecules capable 
of catalyzing the specific cleavage of RNA. The mechanism 
of ribozyme action involves sequence-specific hybridization 
of the ribozyme molecule to complementary target RNA, 
followed by endonucleolytic cleavage. Within the scope of 
the invention are engineered hammerhead motif ribozyme 
molecules that can specifically and efficiently catalyze endo 
nucleolytic cleavage of the sequence encoding human Factor 
H. Specific ribozyme cleavage sites within any potential RNA 
target are initially identified by Scanning the target molecule 
for ribozyme cleavage sites which include the sequences Such 
as, GUA, GUU and GUC. Once identified, short RNA 
sequences of between 15 and 20 ribonucleotides correspond 
ing to the region of the target gene containing the cleavage site 
may be evaluated for secondary structural features which may 
render the oligonucleotide inoperable. The suitability of can 
didate targets may also be evaluated by testing accessibility to 
hybridization with complementary oligonucleotides using 
ribonuclease protection assays. Properties of ribozymes are 
well known in the art; for a general description see patents by 
Cech (U.S. Pat. No. 6,180,399; U.S. Pat. No. 5,869,254; U.S. 
Pat. No. 6,025, 167; U.S. Pat. No. 5,854,038; U.S. Pat. No. 
5,591,610; U.S. Pat. No. 5,667,969; U.S. Pat. No. 5,354,855; 
U.S. Pat. No. 5,093,246; U.S. Pat. No. 5,180,818; U.S. Pat. 
No. 5,116,742; U.S. Pat. No. 5,037,746; and U.S. Pat. No. 
4,987.071). Ribozymes and other inhibitory nucleic acids can 
be designed to preferentially inhibit expression of a gene 
having a sequence associated with a risk haplotype. Thus, a 
ribozyme that recognizes the sequence spanning the poly 
morphism and cleaving adjacent to GUA recognizes the risk 
form but not the neutral or protective form, allowing selective 
cleavage (Dawson et al., 2000, “Hammerhead ribozymes 
selectively suppress mutant type I collagen mRNA in osteo 
genesis imperfecta fibroblasts' Nucleic Acids Res. 28:4013 
20: Blalock et al., 2004 “Hammerhead ribozyme targeting 
connective tissue growth factor mRNA blocks transforming 
growth factor-beta mediated cell proliferation' Exp Eye Res. 
78:1127-36). 
0260 
0261 Triplex-forming oligonucleotides bind to the major 
groove of duplex DNA in a sequence-specific manner and 
provoke DNA repair, resulting in the targeted modification of 
the genome (for a recent review see Kuan et al., 2004, “Tar 
geted gene modification using triplex-forming oligonucle 
otides' Methods Mol. Biol. 262:173-94). Oligonucleotides 
can be designed to specifically bind to polymorphic sites in 
the Factor H gene associated with a risk haplotype. A triplex 
forming oligonucleotide that binds to a sequence spanning a 
polymorphism associated with a risk haplotype provokes 
DNA repair, resulting in the modification of the sequence 
from a risk allele to a neutral or protective allele. 
0262 Similar antisense nucleic acid, RNA interference, 
ribozyme and triplex-forming pliognucleotide methodolo 

Ribozymes— 

Triplex-Forming Oligonucleotides— 
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gies as described above may be used to reduce levels of risk 
forms of CFHR5 in the eye or systemically for treatment of 
AMD 

0263. It will be understood that inhibitory nucleic acids 
can be administered as a pharmaceutical composition or 
using gene therapy methods. 
0264 G) Antibody Therapy 
0265. In one aspect, an anti-HF1 antibody that specifically 
interacts with and neutralizes the activity of a variant Factor H 
polypeptide is administered to an individual with or at risk for 
AMD. In one embodiment, the antibody recognizes both 
wild-type and variant Factor H protein. In one embodiment, 
the antibody recognizes the variant but not the wild-type 
Factor H protein. In another aspect, an anti-CFHR5 antibody 
that specifically interacts with and neutralizes the activity of 
a variant CFHR5 polypeptide is administered to an individual 
with or at risk for AMD. In one embodiment, the antibody 
recognizes both wild-type and variant CFHR5 protein. In one 
embodiment, the antibody recognizes the variant but not the 
wild-type CFHR5 protein. The antibody can be administered 
systemically or locally (see, e.g., Gaudreault et al., 2005, 
“Preclinical pharmacokinetics of Ranibizumab (rhufabV2) 
after a single intravitreal administration' Invest Ophthalmol V 
is Sci. 46:726-33). Methods for making anti-HF1 and anti 
CFHR5 antibodies are known in the art, and include methods 
described below. In a related aspect, an agent that preferen 
tially interacts with and reduces the activity of a variant Factor 
H polypeptide and/or CFHR5 polypeptide is administered to 
an individual with or at risk for AMD. 

0266 H) Modulators of the Alternative Pathway 
0267 In one aspect the invention provides methods for 
treating AMD by administering an agent (e.g., native protein, 
recombinant protein, antibody, or Small molecule) directed at 
modulating the alternative pathway (AP) of the complement 
cascade, either locally in the eye or at the systemic level. In 
one embodiment, the treatment comprises administering an 
agent that modulates the AP directly. In one embodiment, the 
treatment comprises administering an agent that modulates 
the triggering of the AP (e.g., microbes). In one embodiment, 
the treatment comprises administering an agent that modu 
lates pathways downstream from the AP Exemplary agents 
that modulate the AP are known in the art and include, but are 
not limited to, DFP, PR226, BCX-1470, FUT-175, sMCP, 
PS-oligo, Compstatin, Fucan, and GCRF (see, e.g., Makrides, 
1998, “Therapeutic inhibition of the complement system' 
Pharmacol Rev. 50:59-87; Holland et al., 2004, “Synthetic 
small molecule complement inhibitors’ Curr Opin Investig 
Drugs 5:1163-73; Holers et al., 2004, “The alternative path 
way of complement in disease: opportunities for therapeutic 
targeting Mol. Immunol. 41: 147-52). AP modulators can be 
administered systemically or by intraocular injection or other 
methods known for delivery of compounds to the eye. 
0268 I) Drug Screening/Antagonists of Risk Variant Fac 
tor H or Variant CFHR5 

0269. The invention provides a method of screening for an 
agent effective for treatment of AMD by contacting a variant 
protein, host cell or transgenic animal expressing a Factor H 
or CFHR5 variant, and monitoring binding, expression, pro 
cessing or activity of the variant. In an embodiment, the 
Factor H variant has valine at amino acid 62 and/or has 
histidine at amino acid 402 and/or has cysteine at amino acid 
1210. In an embodiment, the CFHR5 variant has a serine at 
amino acid 46. 
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0270 Antagonists of variant Factor H polypeptides (e.g., 
variants associated with risk haplotypes) can be used to treat 
AMD. Antagonists may suppress expression of variant Factor 
H, suppress activity, or reduce RNA or protein stability. 
Antagonists can be obtained by producing and screening 
large combinatorial libraries, which can be produced for 
many types of compounds in a step-wise and high throughput 
fashion. Such compounds include peptides, polypeptides, 
beta-turn mimetics, polysaccharides, phospholipids, hor 
mones, prostaglandins, steroids, aromatic compounds, het 
erocyclic compounds, benzodiazepines, oligomeric N-Sub 
stituted glycines and oligocarbamates, and the like. Large 
combinatorial libraries of the compounds can be constructed 
by methods known in the art. See e.g., WO95/12608: WO 
93/06121; WO 94/08051: WO95/35503; WO95/30642 and 
WO 91/18980. Libraries of compounds are initially screened 
for specific binding to the variant Factor Hpolypeptide. Com 
pounds with in vitro binding activity can also be assayed for 
their ability to interfere with a biological activity of the vari 
ant Factor H polypeptide, for example, binding to C3b or to 
heparin. Antagonist activity can be assayed in either a cell 
based system or in a transgenic animal model in which exog 
enous variant Factor H polypeptide is expressed. 
0271 Antagonists of variant CFHR5 polypeptides (e.g., 
variants associated with risk haplotypes) can be used treat 
AMD and can be obtained as described above for variant 
Factor Hantagonists. 
(0272 J) Patient Specific Therapy 
0273 Customized therapies can be devised for groups of 
patients with different genetic subtypes of AMD, based upon 
the presence of certain polymorphisms in the Factor H gene or 
CFHR5 gene having causative roles in AMD and having 
elucidated the effect of these polymorphisms on the expres 
sion level and/or biological activity of variant Factor H 
polypeptides or CFHR5 polypeptides. For example, if a poly 
morphism in Factor H or CFHR5 causes AMD in an animal 
model by increasing the expression level and/or biological 
activity of a variant Factor Hpolypeptide or CFHR5 polypep 
tide, AMD associated with the Factor H or CFHR5 polymor 
phism can be treated by administering to a patient an antago 
nist of the variant Factor H polypeptide or variant CFHR5 
polypeptide. 
0274 K) Assessing Therapeutic Efficacy Using AMD 
Biomarkers 
0275. As noted above, therapeutic efficacy of particular 
fragments of CFH or CFHR proteins can also be determined 
by testing the effect of the protein on expression of AMD 
biomarkers. Exemplary AMD biomarkers include those 
described hereinabove. These AMD-associated proteins 
(biomarkers) are present in individuals with AMD at different 
(elevated or reduced) levels compared to healthy individuals. 
The invention provides methods of assessing the efficacy of 
treatment of AMD and monitoring the progression of AMD 
by determining a level of a biomarker(s) in an individual with 
AMD being treated for the disease and comparing the level of 
the biomarker(s) to an earlier determined level or a reference 
level of the biomarker. As described in copending provisional 
application No. 60/715,503 the level of the biomarker(s) can 
be determined by any suitable method. Such as conventional 
techniques known in the art, including, for example and not 
for limitation, separation-based methods (e.g., gel electro 
phoresis), immunoassay methods (e.g., antibody-based 
detection) and function-based methods (e.g., enzymatic or 
binding activity). In one embodiment, a method of assessing 
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the efficacy of treatment of AMD in a individual involves 
obtaining a sample from the individual and determining the 
level of the biomarker(s) by separating proteins by 2-dimen 
sional difference gel electrophoresis (DIGE). 

VIII. Factor H and CFHR5Nucleic Acids 

(0276 A) Primers and Probes 
0277. The invention provides nucleic acids adjacent to or 
spanning the polymorphic sites. The nucleic acids can be used 
as probes or primers (including Invader, Molecular Beacon 
and other fluorescence resonance energy transfer (FRET) 
type probes) for detecting Factor H polymorphisms. In one 
embodiment, the probes or primers recognize the insertion in 
intron 2 but do not recognize the wild-type sequence. Exem 
plary nucleic acids comprise sequences that span at least one 
of the polymorphisms listed in TABLES 1A, 1B, 1C, 11, 14 
and 15 in which the polymorphic position is occupied by an 
alternative base for that position. The base for that position, 
which is found more frequently in the control population, is 
denoted the normal or wild-type sequence, whereas the alter 
native base for that position, which is foundless frequently in 
the control population, is denoted the variant sequence. The 
nucleic acids also comprise sequences that span other poly 
morphisms known in the Factor Hand CFHR5 genes, such as 
polymorphisms identified in Tables A and B above. 
0278 B) Expression Vectors and Recombinant Production 
of Factor H and CFHR5 Polypeptides. 
0279. The invention provides vectors comprising nucleic 
acid encoding the Factor H polypeptide. The Factor H 
polypeptide may be wild-type or a variant (e.g., a protective 
variant) and may be a full-length form (e.g., HF1) or a trun 
cated form. The nucleic acid may be DNA or RNA and may 
be single-stranded or double-stranded. 
0280 Some nucleic acids encode full-length, variant 
forms of Factor H polypeptides. The variant Factor H 
polypeptide may differ from normal or wild-type Factor H at 
an amino acid encoded by a codon including one of any 
non-synonymous polymorphic position known in the Factor 
H gene. In one embodiment, the variant Factor H polypep 
tides differ from normal or wild-type Factor Hpolypeptides at 
an amino acid encoded by a codon including one of the 
non-synonymous polymorphic positions shown in TABLE 
1A, TABLE 1 Band/or TABLE 1C, that position being occu 
pied by the amino acid shown in TABLE 1A, TABLE 1B 
and/or TABLE 1C.. It is understood that variant Factor H 
genes may be generated that encode variant Factor H 
polypeptides that have alternate amino acids at multiple poly 
morphic sites in the Factor H gene. 
0281. The invention provides vectors comprising nucleic 
acid encoding the CFHR5 polypeptide. The CFHR5 polypep 
tide may be wild-type or a variant (e.g., a protective variant). 
The nucleic acid may be DNA or RNA and may be single 
stranded or double-stranded. 
0282. Some nucleic acids encode full-length, variant 
forms of CFHR5 polypeptides. The variant CFHR5 polypep 
tide may differ from normal or wild-type CFHR5 at an amino 
acid encoded by a codon including one of any non-synony 
mous polymorphic position known in the CFHR5 gene. In 
one embodiment, the variant CFHR5 polypeptides differ 
from normal or wild-type CFHR5 polypeptides at an amino 
acid encoded by a codon including one of the non-synony 
mous polymorphic positions shown in TABLES 14 and 15, 
that position being occupied by the amino acid shown in 
TABLES 14 and 15. It is understood that variant CFHR5 
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genes may be generated that encode variant CFHR5 polypep 
tides that have alternate amino acids at multiple polymorphic 
sites in the CFHR5 gene. 
0283 Expression vectors for production of recombinant 
proteins and peptides are well known (see Ausubel et al., 
2004, Current Protocols In Molecular Biology, Greene Pub 
lishing and Wiley-Interscience, New York). Such expression 
vectors include the nucleic acid sequence encoding the Factor 
Hpolypeptide linked to regulatory elements, such a promoter, 
which drive transcription of the DNA and are adapted for 
expression in prokaryotic (e.g., E. coli) and eukaryotic (e.g., 
yeast, insector mammalian cells) hosts. A variant Factor Hor 
CFHR5 polypeptide can be expressed in an expression vector 
in which a variant Factor H or CFHR5 gene is operably linked 
to a promoter. Usually, the promoter is a eukaryotic promoter 
for expression in a mammalian cell. Usually, transcription 
regulatory sequences comprise a heterologous promoter and 
optionally an enhancer, which is recognized by the host cell. 
Commercially available expression vectors can be used. 
Expression vectors can include host-recognized replication 
systems, amplifiable genes, selectable markers, host 
sequences useful for insertion into the host genome, and the 
like. 

0284 Suitable host cells include bacteria such as E. coli, 
yeast, filamentous fungi, insect cells, and mammalian cells, 
which are typically immortalized, including mouse, hamster, 
human, and monkey cell lines, and derivatives thereof. Host 
cells may be able to process the variant Factor H or CFHR5 
gene product to produce an appropriately processed, mature 
polypeptide. Such processing may include glycosylation, 
ubiquitination, disulfide bond formation, and the like. 
Expression constructs containing a variant Factor H or 
CFHR5 gene are introduced into a host cell, depending upon 
the particular construction and the target host. Appropriate 
methods and host cells, both procarytic and eukaryotic, are 
well-known in the art. Recombinant full-length human Factor 
H has been expressed for research purposes in Sf9 insect cells 
(see Sharma and Pangburn, 1994, Biologically active recom 
binant human complement factor H. Synthesis and secretion 
by the baculovirus system, Gene 143:301-2). Recombinant 
fragments of human Factor H have been expressed for 
research purposes in a variety of cell types (see, e.g., Chenget 
al., 2005, "Complement factor Has a marker for detection of 
bladder cancer Clin Chem. 5:856-63; Vaziri-Sani et al., 
2005, “Factor H binds to washed human platelets”JThromb 
Haemost. 3:154-62; Gordon et al., 1995, “Identification of 
complement regulatory domains in human factor H.J. Immu 
mol. 155:348-56). Recombinant full-length human CFHR5 
has been expressed for research purposes in Sf9 insect cells 
(see McRae et al., 2001, Human Factor H-related Protein 5 
(FHR-5), J. Biol. Chem. 276:6747-6754). 
0285) A variant Factor H or CFHR5 polypeptide may be 
isolated by conventional means of protein biochemistry and 
purification to obtaina Substantially pure product. For general 
methods see Jacoby, Methods in Enzymology Volume 104. 
Academic Press, New York (1984); Scopes, Protein Purifica 
tion, Principles and Practice, 2nd Edition, Springer-Verlag, 
New York (1987); and Deutscher (ed) Guide to Protein Puri 
fication, Methods in Enzymology, Vol. 182 (1990). Secreted 
proteins, like Factor H or CFHR5, can be isolated from the 
medium in which the host cell is cultured. If the variant Factor 
H or CFHR5 polypeptide is not secreted, it can be isolated 
from a cell lysate. 
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0286. In one embodiment the vector is an expression vec 
tor for production of a variant Factor H protein having a 
sequence having non-wildtype sequence at one or more of the 
polymorphic sites shown in TABLES 1A, 1B and/or 1C. 
0287. In one embodiment the vector is an expression vec 
tor for production of a variant Factor H protein having a 
sequence of a protective variant of Factor H. 
0288. In one embodiment the vector is an expression vec 
tor for production of a variant CFHR5 protein having a 
sequence having non-wildtype sequence at one or more of the 
polymorphic sites shown in TABLES 14 and 15. 
0289. In one embodiment the vector is an expression vec 
tor for production of a variant CFHR5 protein having a 
sequence of a protective variant of Factor H. 
0290 C) Gene Therapy Vectors 
0291 Methods for expression of Factor Hpolypeptides or 
CFHR5 polypeptides for gene therapy are known and are 
described in Section IV (A) above. 

XI. Antibodies 

0292. The invention provides Factor H-specific antibodies 
that may recognize the normal or wild-typeFactor Hpolypep 
tide or a variant Factor H polypeptide in which one or more 
non-synonymous single nucleotide polymorphisms (SNPs) 
are present in the Factor H coding region. In one embodiment, 
the invention provides antibodies that specifically recognize 
variant Factor H polypeptides or fragments thereof, but not 
Factor H polypeptides not having a variation at the polymor 
phic site. 
0293. The invention also provides CFHR5-specific anti 
bodies that may recognize the normal or wild-type CFHR5 
polypeptide or a variant CFHR5 polypeptide in which one or 
more non-synonymous single nucleotide polymorphisms 
(SNPs) are present in the CFHR5 coding region. In one 
embodiment, the invention provides antibodies that specifi 
cally recognize variant CFHR5 polypeptides or fragments 
thereof, but not CFHR5 polypeptides not having a variation at 
the polymorphic site. 
0294 The antibodies can be polyclonal or monoclonal, 
and are made according to standard protocols. Antibodies can 
be made by injecting a suitable animal with a variant Factor H 
or variant CFHR5 polypeptide, or fragment thereof, or syn 
thetic peptide fragments thereof. Monoclonal antibodies are 
screened according to standard protocols (Koehler and Mil 
stein 1975, Nature 256:495; Dower et al., WO 91/1.7271 and 
McCafferty et al., WO92/01047; and Vaughan et al., 1996, 
Nature Biotechnology, 14: 309; and references provided 
below). In one embodiment, monoclonal antibodies are 
assayed for specific immunoreactivity with the variant Factor 
H or CFHR5 polypeptide, but not the corresponding wild 
type Factor H or CFHR5 polypeptide, respectively. Methods 
to identify antibodies that specifically bind to a variant 
polypeptide, but not to the corresponding wild-type polypep 
tide, are well-known in the art. For methods, including anti 
body screening and Subtraction methods; see Harlow & Lane, 
Antibodies, A Laboratory Manual, Cold Spring Harbor Press, 
New York (1988); Current Protocols in Immunology (J. E. 
Coligan et al., eds., 1999, including Supplements through 
2005); Goding, Monoclonal Antibodies, Principles and Prac 
tice (2d ed.) Academic Press, New York (1986); Burioni et al., 
1998, “A new subtraction technique for molecular cloning of 
rare antiviral antibody specificities from phage display librar 
ies' Res Virol. 149(5):327-30; Ames et al., 1994, Isolation of 
neutralizing anti-05a monoclonal antibodies from a filamen 
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tous phage monovalent Fab display library. J Immunol. 152 
(9):4572-81; Shinohara et al., 2002, Isolation of monoclonal 
antibodies recognizing rare and dominant epitopes in plant 
vascular cell walls by phage display Subtraction. J Immunol 
Methods 264(1-2): 187-94. Immunization or screening can be 
directed against a full-length variant protein or, alternatively 
(and often more conveniently), against a peptide or polypep 
tide fragment comprising an epitope known to differ between 
the variant and wild-type forms. Particular variants include 
the Y402H or 162V variants of CFH and HFL1, tha R1210c 
variant of CFH, the P46S variant of CFHR5, and truncated 
forms of CFH. In one embodiment the HF1 is measured. As 
discussed above, in one embodiment the ratio of HFL1 and 
CHF is measured. Monoclonal antibodies specific for variant 
Factor H or CFHR5 polypeptides (i.e., which do not bind 
wild-type proteins, or bind at a lower affinity) are useful in 
diagnostic assays for detection of the variant forms of Factor 
H or CFHR5, or as an active ingredient in a pharmaceutical 
composition. 
0295 The present invention provides recombinant 
polypeptides Suitable for administration to patients including 
antibodies that are produced and tested in compliance with 
the Good Manufacturing Practice (GMP) requirements. For 
example, recombinant antibodies subject to FDA approval 
must be tested for potency and identity, be sterile, be free of 
extraneous material, and all ingredients in a product (i.e., 
preservatives, diluents, adjuvants, and the like) must meet 
standards of purity, quality, and not be deleterious to the 
patient. 
0296. The invention provides a composition comprising 
an antibody that specifically recognizes a Factor Hor CFHR5 
polypeptide (e.g., a normal or wild-type Factor Hpolypeptide 
or a variant Factor H polypeptide, or a normal or wild-type 
CFHR5 polypeptide or a variant CFHR5 polypeptide) and a 
pharmaceutically acceptable excipient or carrier. 
0297. In a related aspect, the invention provides a sterile 
container, e.g. vial, containing a therapeutically acceptable 
Factor H-specific or CFHR5-specific antibody. In one 
embodiment it is a lyophilized preparation. 
0298. In a related aspect, the invention provides pharma 
ceutical preparations of human or humanized anti-Factor Hor 
anti-CFHR5 antibodies for administration to patients. 
Humanized antibodies have variable region framework resi 
dues substantially from a human antibody (termed an accep 
tor antibody) and complementarity determining regions Sub 
stantially from a mouse-antibody, (referred to as the donor 
immunoglobulin). See, Peterson, 2005, Advances in mono 
clonal antibody technology: genetic engineering of mice, 
cells, and immunoglobulins, ILAR.J. 46:314-9. Kashmiri et 
al., 2005, SDR grafting a new approach to antibody human 
ization, Methods 356:25-34, Queen et al., Proc. Natl. Acad. 
Sci. USA 86:10029-10033 (1989), WO 90/07861, U.S. Pat. 
No. 5,693,762, U.S. Pat. No. 5,693,761, U.S. Pat. No. 5,585, 
089, U.S. Pat. No. 5,530,101, and Winter, U.S. Pat. No. 5,225, 
539. The constant region(s), if present, are also substantially 
or entirely from a human immunoglobulin. The human vari 
able domains are usually chosen from human antibodies 
whose framework sequences exhibit a high degree of 
sequence identity with the murine variable region domains 
from which the CDRs were derived. The heavy and light 
chain variable region framework residues can be derived from 
the same or different human antibody sequences. The human 
antibody sequences can be the sequences of naturally occur 
ring human antibodies or can be consensus sequences of 
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several human antibodies. See Carter et al., WO 92/22653. 
Certain amino acids from the human variable region frame 
work residues are selected for substitution based on their 
possible influence on CDR conformation and/or binding to 
antigen. Investigation of Such possible influences is by mod 
eling, examination of the characteristics of the amino acids at 
particular locations, or empirical observation of the effects of 
Substitution or mutagenesis of particular amino acids. 
0299 For example, when an amino acid differs between a 
murine variable region framework residue and a selected 
human variable region framework residue, the human frame 
work amino acid should usually be substituted by the equiva 
lent framework amino acid from the mouse antibody when it 
is reasonably expected that the amino acid: (1) noncovalently 
binds antigen directly, (2) is adjacent to a CDR region, (3) 
otherwise interacts with a CDR region (e.g. is within about 6 
A of a CDR region), or (4) participates in the VL-VH inter 
face. 
0300. Other candidates for substitution are acceptor 
human framework amino acids that are unusual for a human 
immunoglobulin at that position. These amino acids can be 
substituted with amino acids from the equivalent position of 
the mouse donorantibody or from the equivalent positions of 
more typical human immunoglobulins. Other candidates for 
Substitution are acceptor human framework amino acids that 
are unusual for a human immunoglobulin at that position. The 
variable region frameworks of humanized immunoglobulins 
usually show at least 85% sequence identity to a human 
variable region framework sequence or consensus of Such 
Sequences. 

IX. Identification of Risk, Protective, and Neutral 
Variations and Haplotypes 

0301 The invention provides methods of screening for 
polymorphic sites linked to polymorphic sites in the Factor H 
gene and/or CFHR5 gene described in TABLES 1A, 1B, 1C, 
11, 14 and 15. These methods involve identifying a polymor 
phic site in a gene that is linked to a polymorphic site in the 
Factor H gene or CFHR5 gene, wherein the polymorphic 
form of the polymorphic site in the Factor H gene or CFHR5 
gene is associated AMD (e.g., increased or decreased risk), 
and determining haplotypes in a population of individuals to 
indicate whether the linked polymorphic site has a polymor 
phic form in equilibrium or disequilibrium with the polymor 
phic form of the Factor H gene or CFHR5 gene that correlates 
with the AMD phenotype. 
(0302 Polymorphisms in the Factor H gene or CFHR5 
gene, such as those shown in TABLES 1A, 1B, 1C, 11, 14 and 
15, can be used to establish physical linkage between a 
genetic locus associated with a trait of interest and polymor 
phic markers that are not associated with the trait, but are in 
physical proximity with the genetic locus responsible for the 
trait and co-segregate with it. Mapping a genetic locus asso 
ciated with a trait of interest facilitates cloning the gene(s) 
responsible for the trait following procedures that are well 
known in the art. 
(0303 Polymorphisms in the Factor H gene or CFHR5 
gene, such as those shown in TABLES 1A, 1B, 1C, 11, 14 and 
15, can be used in familial linkage studies to determine which 
polymorphisms co-segregate with a phenotypic trait, to deter 
mine individuals who require therapy, and to determine the 
effects of therapy. 
0304 Linkage is analyzed by calculation of a LOD (log of 
the odds) score, which is the logo of the ratio of the likelihood 
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of obtaining observed segregation data for a marker and a 
genetic locus when the two are located at a recombination 
fraction theta, versus the situation in which the two are not 
linked (segregating independently). See Thompson & 
Thompson, Genetics in Medicine (5th ed., W.B. Saunders 
Company, Philadelphia, 1991) and Strachan, “Mapping the 
human genome' in The Human Genome (BIOS Scientific 
Publishers Ltd, Oxford) Chapter 4). A LOD score of 3 indi 
cates a 1000 to 1 odds against an apparent observed linkage 
being a coincidence. A LOD score of +3 or greater is consid 
ered definitive evidence that two loci are linked, whereas 
LOD score of -2 or less is considered definitive evidence 
against linkage. 

X. Transgenic Non-Human Animals 
0305 The invention provides transgenic non-human ani 
mals capable of expressing human variant Factor H or 
CFHR5 polypeptides. Transgenic non-human animals may 
have one or both of alleles of the endogenous Factor H or 
CFHR5 gene inactivated. Expression of an exogenous variant 
Factor H or CFHR5 gene is usually achieved by operably 
linking the gene to a promoter and optionally an enhancer, 
and then microinjecting the construct into a Zygote following 
standard protocols. See Hogan et al., “Manipulating the 
Mouse Embryo, A Laboratory Manual. Cold Spring Harbor 
Laboratory. The endogenous Factor H or CFHR5 genes can 
be inactivated by methods known in the art (Capecchi, 1989). 
Factor H deficient mice are available for the introduction of 
exogenous human variant Factor H genes. Transgenic ani 
mals expressing human or non-human variant Factor H or 
CFHR5 polypeptides provide useful drug screening systems 
and as models of AMD and other complement related dis 
eases. Transgenic animals may also be used for production of 
recombinant CFH and CFHR5 proteins of the invention (see, 
e.g. U.S. Pat. Nos. 6,066,725; 6,013,857; 5,994,616; and 
5.959,171; Lillico et al., 2005; Houdebine, 2000). 

XI. Kits 

0306 The invention provides reagents, devices and kits 
detecting Factor H or CFHR5 polymorphisms and haplo 
types. Although particularly Suited for screening for risk of 
developing AMD and/or for identifying appropriate therapy 
for preventing or ameliorating AMD in a subject, it will be 
understood that in certain embodiments these reagents, 
devices and kits can be used for analysis of Factor H and 
CFHR5 polymorphisms and haplotypes for any purpose, 
including but not limited to determining risk of developing 
MPGNII or any other complement associated condition. 
0307. A number of assay systems are known in the art, and 

it is within the skill of the art to arrive at means to determine 
the presence of variations associated with AMD. The kit 
reagents, such as multiple primers, multiple probes, combi 
nations of primers, or combinations of probes, may be con 
tained in separate containers prior to their use for diagnosis or 
screening. In an embodiment, the kit contains a first container 
containing a probe, primer, or primer pair for a first CFH or 
CFHR5 allele described herein, and a second container con 
taining a probe, primer, or primer pair for a second CFH or 
CFHR5 allele described herein. 

0308. In one embodiment, the invention provides kits 
comprising at least one Factor H or CFHR5 allele-specific 
oligonucleotide that hybridizes to a specific polymorphism in 
the Factor H or CFHR5 gene. The kits may contain one or 
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more pairs of Factor H or CFHR5 allele-specific oligonucle 
otides hybridizing to different forms of a polymorphism. The 
Factor H or CFHR5 allele-specific oligonucleotides may 
include sequences derived from the coding (exons) or non 
coding (promoter, 5' untranslated, introns or 3' untranslated) 
region of the Factor H or CFHR5 gene. The Factor H or 
CFHR5 allele-specific oligonucleotides may be provided 
immobilized on a substrate. The substrate may comprise Fac 
tor H or CFHR5 allele-specific oligonucleotide probes for 
detecting at least 2, 3, 4, 5, more than 5, (e.g., at least 6, 7, or 
8) or all of the polymorphisms shown in TABLES 1A, 1B, 1C. 
11, 14 and 15 and/or other polymorphisms in the Factor H or 
CFHR5 gene (e.g., including polymorphisms listed above 
that are found in the SNP database). In one embodiment the 
kit is used to diagnose AMD. In a related embodiment, the kit 
is used to Screen for another disease associated with variation 
in the Factor H or CFHR5 gene. 
0309 The kit may include at least one Factor H- or 
CFHR5-specific primer that hybridizes spanning or adjacent 
to a specific polymorphism in the Factor H or CFHR5 gene. 
The Factor H- or CFHR5-specific primers may include 
sequences derived from the coding (exons) or non-coding 
(promoter, 5' untranslated, introns or 3' untranslated) region 
of the Factor H or CFHR5 gene. Often, the kits contain one or 
more pairs of Factor H- or CFHR5-specific primers that 
hybridize to opposite Strands of nucleic acid adjacent to a 
specific polymorphism in the Factor H or CFHR5 gene. In the 
presence of appropriate buffers and enzymes, the Factor H- or 
CFHR5-specific primer pairs are useful in amplifying spe 
cific polymorphisms in the Factor H or CFHR5 gene. 
0310. It will be apparent to the skilled practitioner guided 
by this disclosure that various polymorphisms and haplotypes 
can be detected to assess the propensity of an individual to 
develop a Factor H related condition. The following examples 
and combinations are provided for illustration and not limi 
tation. In some cases, the assay identifies the allele at at least 
one, at least two, at least three, at least four, at least five or at 
least six polymorphic sites in the Factor H or CFHR5 gene. In 
Some cases, the assay identifies the allele at 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, or all of the polymorphisms in the Factor H or 
CFHR5 gene listed in TABLES 1A, 1B, 1C, 11, 14 and 15. In 
one embodiment, the sites are selected from: rs529825; 
rs800292: rs3766404: rs1061147: rs1061170; rs203674; and 
optionally including exon 22 (R120C). In one embodiment, 
the sites are selected from rs529825: rs800292; intron 2 
(IVS2 or insTT): rs3766404: rs1061147: rs1061170; exon 
10A: rs203674, rs375046; and optionally including exon 22 
(R120C). In one embodiment, the sites are selected from: 
rs3753394; rs529825: rs800292; intron 2 (IVS2 or insTT): 
rs3766404: rs1061147: rs1061170; rs2274700: rs203674; 
rs3753396: rs1065489; and optionally including exon 22 
(R1210C). In one embodiment, the sites are selected from: 
rs800292 (162V); IVS 2 (-18insTT): rs1061170 (Y402H): 
and rs2274700 (A473A). In one embodiment, the sites are 
selected from: rs9427661 (-249T>C): rs9427662 (-20TDC); 
and rs12097.550 (P46S). In a preferred embodiment, a diag 
nostic/screening assay of the invention identifies the allele at 
at least two polymorphic sites in the Factor Hor CFHR5 gene. 
In a preferred embodiment, a diagnostic/screening assay of 
the invention identifies the allele at at least three polymorphic 
sites in the Factor H or CFHR5 gene. In a preferred embodi 
ment, a diagnostic/screening assay of the invention identifies 
the allele at at least four polymorphic sites in the Factor Hor 
CFHR5 gene. 



US 2013/02962.55 A1 

0311. In some cases, the kit includes primers or probes 
("oligonucleotides') to identify the allele at 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, or all of the polymorphisms in the Factor H or 
CFHR5 gene listed in TABLES 1A, 1B, 1C, 11, 14 and 15. In 
one embodiment the kit includes primers or probes to deter 
mine the allele at at least one of the following polymorphic 
sites: rs529825: rs800292: rs3766404: rs1061147: 
rs 1061170; rs203674; and optionally including exon 22 
(R120C). In one embodiment the kit includes primers or 
probes to determine the allele at at least one of the following 
polymorphic sites: rs529825: rs800292; intron 2 (IVS2 or 
insTT): rs3766404: rs1061147: rs1061170; exon 10A: 
rs203674, rs375046; and optionally including exon 22 
(R120C). In one embodiment the kit includes primers or 
probes to determine the allele at at least one of the following 
polymorphic sites: rs3753394: rs529825: rs800292; intron 2 
(IVS2 or insTT): rs3766404: rs1061147; rs1061170; 
rs2274700: rs203674; rs3753396; rs1065489; and optionally 
including exon 22 (R120C). In one embodiment, the sites are 
selected from: rs800292 (162V); IVS 2 (-18insTT): 
rs 1061170 (Y402H); and rs2274700 (A473A). In one 
embodiment, the sites are selected from: rs9427661 
(-249T>C): rs9427662 (-20TDC); and rs12097.550 (P46S). 
0312 The kit can include primers or probes to determine 
the allele at two of the above sites, at least three, at least four, 
at least five or at least six. In one embodiment the primers or 
probes distinguishalleles at rs529825. In one embodiment the 
primers or probes distinguish alleles at rs800292. In one 
embodiment the primers or probes distinguish alleles at 
rs3766404. In one embodiment the primers or probes distin 
guishalleles at rs1061147. In one embodiment the primers or 
probes distinguish alleles at rs1061170. In one embodiment 
the primers or probes distinguish alleles at rs203674. In one 
embodiment; the primers or probes distinguishalleles at exon 
22 (R1210C). In one embodiment the primers or probes dis 
tinguish alleles at rs529825 and rs3.00292. In one embodi 
ment the primers or probes distinguish alleles at two or three 
of rs1061147, rs1061170 and rs203674. In one embodiment 
the primers or probes distinguish alleles at at least one of 
rs529825 and rs3.00292; and rs3766404; and at least one of 
rs 1061147, rs1061170 and rs203674. In one embodiment the 
primers or probes distinguish alleles at rs529825, rs300292, 
rs3766404, rs1061170 and rs203674. In one embodiment, the 
primers or probes distinguishalleles at exon 22 (R1210C) and 
at: (a) rs529825: rs800292: rs3766404: rs1061147; 
rs 1061170; rs203674;rs529825rs 800292; (b) at two or three 
of rs1061147, rs1061170 and rs203674; at rs529825 and 
rs800292, rs3766404, and two or three of rs1061147, 
rs1061 170 and rs203674; or at rs529825, rs300292, 
rs3766404, rs1061170 and rs203674. In one embodiment the 
primers or probes distinguish alleles at at least one of 
rs529825 and rs3.00292; and rs3766404; and at least one of 
rs 1061147, rs1061170 and rs203674. In one embodiment the 
primers or probes distinguish alleles at rs529825, rs300292, 
rs3766404, rs1061 170 and rs203674. 
0313 The kit can include primers or probes to determine 
the allele at two of the above sites, or at least three of the above 
sites. In one embodiment, the primers or probes distinguish 
alleles at rs800292. In one embodiment, the primers or probes 
distinguish alleles at rs1061170. In one embodiment, the 
primers or probes distinguishalleles at exon 22 (R1210C). In 
one embodiment, the primers or probes distinguish alleles at 
exon 22 (R1210C) and rs3.00292 and/or exon 22 and 
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rs 1061 170 and exon 22. In one embodiment, the primers or 
probes distinguish alleles at rs800292, rs1061170 and exon 
22 (R1210C). 
0314. The kit can include primers or probes to determine 
the allele at two of the above sites, at least three, at least four, 
at least five or at least six. In one embodiment the primers or 
probes distinguishalleles at rs529825. In one embodiment the 
primers or probes distinguish alleles at rs800292. In one 
embodiment the primers or probes distinguish alleles at 
intron 2 (IVS2 or insTT). In one embodiment the primers or 
probes distinguish alleles at rs3766404. In one embodiment 
the primers or probes distinguishalleles at rs1061147. In one 
embodiment the primers or probes distinguish alleles at 
rs 1061170. In one embodiment the primers or probes distin 
guishalleles at rs2274700. In one embodiment the primers or 
probes distinguish alleles at exon 10A. In one embodiment 
the primers or probes distinguish alleles at rs203674. In one 
embodiment the primers or probes distinguish alleles at 
rs375046. In one embodiment the primers or probes distin 
guish alleles at exon 22 (R1210C). In one embodiment the 
primers or probes distinguish alleles at rs529825 and 
rs800292. In one embodiment the primers or probes distin 
guish alleles at two or three of rs1061147, rs1061170 and 
rs203674. In one embodiment the primers or probes distin 
guish alleles at rs529825 and rs300292, at intron 2, at 
rs3766404, at two or three of rs1061147, rs1061170 and 
rs203674, at rs2274700, at exon 10A, and at rs375046. In one 
embodiment the primers or probes distinguish alleles at 
rs529825, rs300292, intron 2 (IVS2 or insTT), rs3766404, 
rs 1061170, rs2274700, exon 10A, rs203674, and rs375046. 
In one embodiment, the primers or probes distinguish alleles 
at exon 22 (R1210C) and at any one or more of rs529825; 
rs800292; intron 2 (IVS2 or insTT): rs3766404: rs1061147: 
rs 1061170; rs2274700, exon 10A: rs203674, rs375046: 
rs529825 and rs 800292. In one embodiment, the primers or 
probes distinguishalleles at exon 22 (R1210C) and at: (a) any 
two or three of rs1061147, rs1061170 and rs203674; (b) at 
rs529825 and rs3.00292, intron 2 (IVS2 or insTT), rs3766404, 
two or three of rs1061147, rs1061170 and rs203674, 
rS2274700, exon 10A, and rs375046; or at rs529825, 
rs800292, intron 2 (IVS2 or insTT), rs3766404, rs1061170, 
rS2274700, exon 10A, rs203674, and rs375046. 
0315. In one embodiment the kit contains probes or prim 
ers for detecting at least one variation in the Factor H gene as 
well as probes or primers for detecting at least one variation in 
the CHFR-5 gene. In this embodiment, the kit optionally 
contains probes or primers for detecting more than on varia 
tion in either or both of the Factor Hand CHFR-5 genes, such 
as two, three or more than three variations. 
0316 A number of assay formats are known for determin 
ing haplotypes and can be adapted to the present invention. 
See, e.g., Görgens et al., 2004. One-Step Analysis of Ten 
Functional Haplotype Combinations of the Basic RET Pro 
moter with a LightCycler Assay” Clinical Chemistry 
50:1693-1695; Dawson, 1989, “Carrier identification of cys 
tic fibrosis by recombinant DNA techniques.” Mayo Clin 
Proc 64:325-34; Lee et al., 2005, “Gene SNPs and mutations 
in clinical genetic testing: haplotype-based testing and analy 
sis. Mutat Res. 573:195-204. 
0317. In one embodiment, the primers or probes distin 
guish alleles at (a) any one or more of rs529825: rs800292; 
rs3766404: rs1061147: rs1061170; and rs203674; (b) any 
one of more of intron 2 (IVS2 or insTT): rs2274700; exon 
10A; and rs375046; (c) one or both of rs529825 and 
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rs800292; (d) one or more of rs1061147, rs1061170 and 
rs203674; (e) at least one of rs529825 and rs3.00292; and 
rs3766404; and at least one of rs1061147, rs1061170 and 
rs203674; (f) at least rs529825, rs3.00292, rs3766404, 
rs1061170, and rs203674; (g) exon 22 (R1210C): (h) exon 22 
(R1210C) and any of (a)-(g); or (i) any one or more of 
rs529825: rs800292: rs3766404: rs1061147: rs1061170; 
rs203674; intron 2 (IVS2 or insTT): rs2274700; exon 10A: 
rs375046; and exon 22 (R1210C) and any one or more of 
rs9427661, rs9427662 and rs12097550. In one embodiment, 
the kits include oligonucleotide Sufficient to distinguish any 
combination of allelles at the sites listed below in the context 
of devices. 

0318. The kits may include antibodies that specifically 
recognize the Factor H or CFHR5 polypeptide. The Factor H 
or CFHR5-specific antibodies may recognize the normal, 
functional Factor H or CFHR5 polypeptide or variant Factor 
H or CFHR5 polypeptides in which one or more non-synony 
mous single nucleotide polymorphisms (SNPs) are present in 
the Factor H or CFHR5 coding region. 

XII. Diagnostic Devices 

0319 Devices and reagents useful for diagnostic, prog 
nostic, drug screening, and other methods are provided. In 
one aspect, a device comprising immobilized primer(s) or 
probe(s) specific for one or more Factor H and/or CFHR5 
polymorphic sites is provided. In an embodiment the Factor H 
and/or CFHR5 polymorphic sites are those described herein 
as associated with AMD. 

0320 In one aspect, a device comprising immobilized 
primer(s) or probe(s) specific for one or more Factor Hand/or 
CFHR5 gene products (polynucleotides or proteins) is pro 
vided. The primers or probes can bind polynucleotides (e.g., 
based on hybridization to specific polymorphic sites) or 
polypeptides (e.g., based on specific binding to a variant 
polypeptide). 
0321. In one embodiment, an array format is used in which 
a plurality (at least 2, usually at least 3 or more) of different 
primers or probes are immobilized. The term “array' is used 
in its usual sense and means that each of a plurality of primers 
or probes, usually immobilized on a substrate, has a defined 
location (address) e.g., on the Substrate. The number of prim 
ers or probes on the array can vary depending on the nature 
and use of the device. For example, a dipstick format array 
can have as few as 2 distinct primers or probes, although 
usually more than 2 primers or probes, and often many more, 
will be present. One method for attaching the nucleic acids to 
a Surface is by making high-density oligonucleotide arrays 
(see, Fodor et al., 1991, Science 251:767-73; Lockhartet al., 
1996, Nature Biotech 14:1675; and U.S. Pat. Nos. 5,578,832: 
5,556,752; and 5,510,270). It is also contemplated that, in 
Some embodiments, a device comprising a single immobi 
lized probe can be used. 
0322. In one embodiment, an array format is used in which 
a plurality (at least 2, usually at least 3 or more) of different 
primers or probes are immobilized. The term “array' is used 
in its usual sense and means that each of a plurality of primers 
or probes, usually immobilized on a substrate, has a defined 
location (address) e.g., on the Substrate. The number of prim 
ers or probes on the array can vary depending on the nature 
and use of the device. 

0323. In one embodiment, the immobilized probe is an 
antibody or other Factor H or CFHR5 binding moiety. 
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0324. It will be apparent to the skilled practitioner guided 
by this disclosure than various polymorphisms and haplo 
types can be detected to assess the propensity of an individual 
to develop a Factor H related condition. The following 
examples and combinations are provided for illustration and 
not limitation. In some cases, the array includes primers or 
probes to identify the allele at 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or all 
of the polymorphisms in the Factor H or CFHR5 gene listed 
in TABLES 1A, 1B, 1C, 11, 14 and 15. In one embodiment the 
array includes primers or probes to determine the allele at at 
least one of the following polymorphic sites: rs529825; 
rs800292: rs3766404: rs1061147: rs1061170; rs203674; and 
optionally including exon 22 (R1210C). In one embodiment 
the array includes primers or probes to determine the allele at 
at least one of the following polymorphic sites: rs529825; 
rs800292; intron 2 (IVS2 or insTT): rs3766404: rs1061147: 
rs 1061170; exon 10A: rs203674; rs375046; and optionally 
including exon 22 (R1210C). In an embodiment the array 
includes primers or probes to determine the allele at at least 
one of the following polymorphic sites: (a) rs3753394; (b) 
rs529825; (c) rs800292; (d) intron 2 (IVS2 or insTT); (e) 
rs3766404: (f) rs1061147; (g) rs1061170; (h) rs2274700: (i) 
rs203674; () rs3753396: (i) rs1065489; and optionally 
including exon 22 (R1210C). In one embodiment, the array 
includes primers or probes to determine the allele at at least 
one of the following polymorphic sites: rs800292 (162V); 
IVS 2 (-18insTT): rs1061170 (Y402H); and rs2274700 
(A473A). In one embodiment, the array includes primers or 
probes to determine the allele at at least one of the following 
polymorphic sites: rs9427661 (-249T>C): rs9427662 
(-20TDC); and rs12097.550 (P46S). 
0325 The array can include primers or probes to deter 
mine the allele at two of the above sites, at least three, at least 
four, at least five or at least six. In one embodiment the 
primers or probes distinguish alleles at rs529825. In one 
embodiment the primers or probes distinguish alleles at 
rs800292. In one embodiment the primers or probes distin 
guishalleles at rs3766404. In one embodiment the primers or 
probes distinguish alleles at rs1061147. In one embodiment 
the primers or probes distinguishalleles at rs1061170. In one 
embodiment the primers or probes distinguish alleles at 
rs203674. In one embodiment the primers or probes distin 
guish alleles at exon 22 (R1210C). In one embodiment the 
primers or probes distinguish alleles at rs529825 and 
rs800292. In one embodiment the primers or probes distin 
guish alleles at two or three of rs1061147, rs1061170 and 
rs203674. In one embodiment the primers or probes distin 
guishalleles at rs529825 and rs3.00292, at rs3766404, two or 
three of rs1061147, rs1061170 and rs203674. In one embodi 
ment the primers or probes distinguish alleles at rs529825, 
rs800292, rs3766404, rs1061170 and rs203674. In one 
embodiment, the primers or probes distinguishalleles at exon 
22 (R1210C) and at rs529825; at rs800292; at rs3766404; at 
rs 1061147; at rs1061170; at rs203674; at rs529825 and rs 
800292; at two or three of rs1061147, rs1061170 and 
rs203674; at rs529825 and rs3.00292, rs3766404, and two or 
three of rs1061147, rs1061170 and rs203674; or at rs529825, 
rs800292, rs3766404, rs1061170 and rs203674. In one 
embodiment, the primers or probes distinguish alleles at (a) 
any one or more of rs529825: rs300292: rs3766404; 
rs 1061147: rs1061170; and rs203674; (b) any one of more of 
intron 2 (IVS2 or insTT): rs2274700; exon 10A; and 
rs375046; (c) one or both of rs529825 and rs3.00292; (d) one 
or more of rs1061147, rs1061170 and rs203674; (e) at least 
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one of rs529825 and rs3.00292; and rs3766404; and at least 
one of rs1061147, rs1061170 and rs203674; (f) at least 
rs529825, rs3.00292, rs3766404, rs1061170, and rs203674; 
(g) exon 22 (R1210C); (h) exon 22 (R1210C) and any of 
(a)-(g); or (i) any one or more of rs529825: rs800292; 
rs3766404: rs1061147; rs1061170; rs203674; intron 2 (IVS2 
or insTT): rs2274700; exon 10A: rs375046; and exon 22 
(R1210C) and any one or more of rs9427661, rs9427662 and 
rS12097.550. 

0326. The array can include primers or probes to deter 
mine the allele at two of the above sites, at least three, at least 
four, at least five or at least six. In one embodiment the 
primers or probes distinguish alleles at rs529825. In one 
embodiment the primers or probes distinguish alleles at 
rs800292. In one embodiment the primers or probes distin 
guish alleles at intron 2 (IVS2 or insTT). In one embodiment 
the primers or probes distinguishalleles at rs3766404. In one 
embodiment the primers or probes distinguish alleles at 
rs 1061147. In one embodiment the primers or probes distin 
guishalleles at rs1061170. In one embodiment the primers or 
probes distinguish alleles at exon 10A. In one embodiment 
the primers or probes distinguishalleles at rs2274700. In one 
embodiment the primers or probes distinguish alleles at 
rs203674. In one embodiment the primers or probes distin 
guish alleles at rs375046. In one embodiment the primers or 
probes distinguish alleles at exon 22 (R1210C). In one 
embodiment the primers or probes distinguish alleles at 
rs529825 and rs3.00292. In one embodiment the primers or 
probes distinguish alleles at two or three of rs1061147, 
rs 1061 170 and rs203674. In one embodiment the primers or 
probes distinguish alleles at of rs529825 and rs300292, at 
intron 2, at rs3766404, at two or three of rs1061147, 
rs 1061170 and rs203674, at exon 10A, at rs2274700, and at 
rs375046. In one embodiment the primers or probes distin 
guishalleles at rs529825, rs3.00292, intron 2 (IVS2 or insTT), 
rs3766404, rs1061170, exon 10A, rs2274700, rs203674, and 
rs375046. In one embodiment, the primers or probes distin 
guish alleles at exon 22 (R1210C) and at either at rs529825; 
at rs800292; at intron 2 (IVS2 or insTT); at rs3766404; at 
rs 1061147; at rs1061170; at rs2274700, at exon 10A; at 
rs203674; at rs375046; at rs529825 and rs 800292; at two or 
three of rs1061147, rs1061170 and rs203674; at rs529825 
and rs3.00292, intron 2 (IVS2 or insTT), rs3766404, two or 
three of rs1061147, rs1061170 and rs203674, rs2274700, 
exon 10A, and rs375046; or at rs529825, rs3.00292, intron 2 
(IVS2 or insTT), rs3766404, rs1061170, rs2274700, exon 
10A, rs203674, and rs375046. In one embodiment, the device 
distinguishes any combination of allelles at the sites listed 
above in the context of kits. 

0327. In one embodiment, the substrate comprises fewer 
than about 1000 distinct primers or probes, often fewer than 
about 100 distinct primers or probes, fewer than about 50 
distinct primers or probes, or fewer than about 10 distinct 
primers or probes. As used in this context, a primer is "dis 
tinct” from a second primer if the two primers do not specifi 
cally bind the same polynucleotide (i.e., such as cDNA prim 
ers for different genes). As used in this context, a probe is 
“distinct” from a second probe if the two probes do not 
specifically bind the same polypeptide or polynucleotide (i.e., 
such as cDNA probes for different genes). Primers or probes 
may also be described as distinct if they recognize different 
alleles of the same gene (i.e., CFH or CFHR5). Thus, in one 
embodiment diagnostic devices of the invention detect alleles 
of CFH only, CFHR5 only, CFH and CFHR5 only, or CFH, 
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CFHR5 and up to 20, preferably up to 10, or preferably up to 
5 genes other than CFH and/or CFHR5.That is, the device is 
particularly suited to screening for AMD and related comple 
ment-associated diseases. In one embodiment, the device 
comprises primers or probes that recognize CFH and/or one 
or more of CFHR1-5 only. In a related embodiment, the 
device contains primers and probes for up to 20, preferably up 
to 10, or preferably up to 5 other genes than CFH or CFHR1 
5. 
0328. In one embodiment, the immobilized primer(s) 
is/are an allele-specific primer(s) that can distinguish 
between alleles at a polymorphic site in the Factor Hor CHRF 
5 gene. Exemplary allele-specific primers to identify alleles at 
polymorphic sites in the Factor H gene are shown in TABLE 
16A. The immobilized allele-specific primers hybridize pref 
erentially to nucleic acids, either RNA or DNA, that have 
sequences complementary to the primers. The hybridization 
may be detected by various methods, including single-base 
extension with fluorescence detection, the oligonucleotide 
ligation assay, and the like (see Shi, M. M., 2001, Enabling 
large-scale pharmacogenetic studies by high-throughput 
mutation detection and genotyping technologies’ Clin. 
Chem. 47(2):164-172). Microarray-based devices to detect 
polymorphic sites are commercially available, including 
Affymetrix (Santa Calar, Calif.), Protogene (Menlo Park, 
Calif.), Genometrix (The Woodland, Tex.), Motorola Bio 
Chip Systems (Northbrook, Ill.), and Perlegen Sciences 
(Mountain View, Calif.). 
0329. In one embodiment, the immobilized probe(s) is/are 
an allele-specific probe(s) that can distinguish between alle 
les at a polymorphic site in the Factor H or CFHR5 gene. 
Exemplary allele specific probes to identify alleles at poly 
morphic sites in the Factor H gene are shown in TABLE 16B. 
The immobilized allele-specific probes hybridize preferen 
tially to nucleic acids, either RNA or DNA, that have 
sequences complementary to the probes. The hybridization 
may be detected by various methods, including fluorescence 
of hybridized nucleic acids (see Shi, M. M., 2001, Enabling 
large-scale pharmacogenetic studies by high-throughput 
mutation detection and genotyping technologies. Clin. Chem. 
47(2):164-172). Microarray-based devices to detect poly 
morphic sites are commercially available, including Affyme 
trix (Santa Calar, Calif.), Protogene (Menlo Park, Calif.), 
Genometrix (The Woodland, Tex.), Motorola BioChip Sys 
tems (Northbrook, Ill.), and Perlegen Sciences (Mountain 
View, Calif.). 
0330. In certain embodiments probes or primers specific 
for particular SNPs and variations are excluded from a kit or 
a device of the invention. For example, in some embodiments, 
a kit or device does not include one or more of the following 
SNPs can be excluded: (i)rs529825; (ii) rs900292; (iii) intron 
2 (IVS2 or insTT); (iv) rs3766404: (v) rs1061147; (vi) 
rs 1061170; (vii) rs2274700; (viii) exon 10A; (ix) rs203674; 
(x) rs375046; (xi) rs3753396; (xii) rs1065489; or (xiii) exon 
22 (R1210C). 

XIII. Examples 

Example 1 

Common Haplotype in the Factor H Gene 
(HFI/CFH) Predisposes Individuals to Age-related 

Macular Degeneration 
0331 Age-related macular degeneration (AMD) is the 
most frequent cause of irreversible blindness in the elderly in 
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developed countries, affecting more than 50 million individu 
als worldwide. Our previous studies implicated activation of 
the alternative complement pathway in the formation of ocu 
lar drusen, the hallmark lesion of AMD. We have also shown 
that macular drusen in AMD patients are indistinguishable 
from those that form at an early age in individuals with 
membranoproliferative glomerulonephritis type 2 (MPG 
NII), a disease characterized by uncontrolled activation of the 
alternative pathway of the complement cascade. Here we 
show that Factor H protein (HF1), the major inhibitor of the 
alternative complement pathway, accumulates within drusen, 
and is synthesized locally by the retinal pigment epithelium. 
Previous linkage analyses identified chromosome 1 q25-32, 
which harbors the Factor H gene (HFI/CFH), as a major AMD 
susceptibility locus. We analyzed HFI for genetic variation in 
two independent cohorts comprised of approximately 900 
AMD cases and 400 matched controls. We find a highly 
significant association of 8 common HFI SNPs with AMD in 
these cohorts; two common missense variants exhibit highly 
significant associations (162V: X-36.1, p=3.2x107 and 
Y402H: X=54.4, p=1.6x10'). Haplotype analysis suggests 
that multiple HFI variants confer either an elevated or a 
reduced risk of AMD. One common at-risk haplotype is 
present at a frequency of 49% in AMD cases and 26% in 
controls (OR=2.67, 95% CI 1.80-2.85). Homozygotes for 
this haplotype account for 22.1% of cases and 5.1% of con 
trols (OR=5.26,95% CI 2.84-9.76). Several protective hap 
lotypes are also identified (OR=0.44-0.55). Further strength 
ening these data is the finding of the risk haplotype in 70% of 
MPGNII patients. We propose that genetically pre-deter 
mined variation in regulators of the complement system, 
when combined with triggering events such as infection, 
underlie a major proportion of AMD in the human population. 

Introduction 

0332 Age-related macular degeneration (AMD) is the 
leading cause of irreversible vision loss in the developed 
world (Klein et al., 2004; van Leeuwen et al., 2003), affecting 
15% of individuals over the age of 60 or an estimated 600 
million individuals. AMD is characterized by a progressive 
loss of central vision attributable to degenerative and neovas 
cular changes which occurat the interface between the neural 
retina and the underlying choroid. At this location lie the 
photoreceptors, the adjacent retinal pigmented epithelium 
(RPE), a basement membrane complex known as Bruch's 
membrane BM), and a network of choroidal capillaries. 
0333. The prevailing view is that AMD is a complex dis 
order attributable to the interaction of multiple genetic and 
environmental risk factors (Klein et al., 2003; Tuo et al., 
2004). Familial aggregation studies indicate that a genetic 
component can be identified in up to 25% of the cases (Klaver 
et al., 1998). As such, AMD appears to be a product of the 
interaction between multiple susceptibility loci rather than a 
collection of single-gene disorders. The number of loci 
involved, the attributable risk conferred, and the interactions 
between various loci remain obscure. 
0334 Linkage analyses and candidate gene Screening 
have provided limited insight into the genetics of AMD. Reli 
able associations of one gene with increased risk, ABCA4 
(Allikmets et al., 1997: Allikmets, 2000), and one gene with 
decreased risk, ApoE4 (Klaver et al., 1998; Souied et al., 
1998), have been reported. Several groups have reported 
results from genome-wide linkage analyses (Tuo et al., 2004; 
Weeks et al., 2001). To date, linkage of one AMD phenotype 
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(ARMD1; MIM 603075) to a specific chromosomal region, 
1q25-q31, has been documented (Klein et al., 1998). HEMI 
CENTIN-1, also known as Fibl6, has been tentatively identi 
fied as the causal gene (Schultz et al., 2003), although it does 
not account for a significant disease load (Abecasis et al., 
2004; Hayashi et al., 2004). The identification of overlapping 
loci on chromosome 1 q by several groups (Weeks et al., 2001; 
Iyengaret al., 2003) indicates that this locus is likely to harbor 
a major AMD-associated gene. 
0335. In AMD, as well as many other diseases such as 
Alzheimer's disease (Akiyama et al., 2000), atherosclerosis 
(Torzewski et al., 1997), and glomerulonephritis (Schwertzet 
al., 2001), characteristic lesions and deposits contribute to the 
pathogenesis and progression of the disease. Although the 
molecular pathogenesis of these diseases may be diverse, the 
deposits contain many shared molecular constituents that are 
attributable, in part, to local inflammation and activation of 
the complement cascade, a key element of host defense in the 
innate immune system. Drusen are the hallmark deposits 
associated with early AMD, and recent studies have impli 
cated local inflammation and activation of the complement 
cascade in their formation as well (Hageman et al., 1999; 
Espinosa-Heidmann et al., 2003). Drusen contain a variety of 
complement activators, inhibitors, activation-specific 
complement fragments, and terminal pathway components 
including the membrane attack complex (MAC), the lytic 
complex formed as a consequence of complementactivation. 
The MAC is potentially lethal to host cells and tissues as well 
as foreign pathogens. 
0336. Many individuals with membranoproliferative 
glomerulonephritis type II (MPGNII), a rare kidney disease 
characterized by uncontrolled systemic activation of the alter 
native activation pathway of complement, also develop ocular 
drusen in the macula that are indistinguishable in composi 
tion and appearance from those in AMD (Mullins et al., 2001; 
O'brien et al., 1993; McAvoy et al., 2004). Furthermore, one 
patient diagnosed with MPGNII harbors a mutation in HF1 
(HF1), a major inhibitor of the alternative pathway of comple 
ment activation (Zipfel, personal communication). Addition 
ally, individuals in a few extended families with MPGNIII, a 
related disorder, show linkage to a region of chromosome 
mapped in 1q21-32 (Keary et al., 2002) that overlaps the locus 
identified in genome-wide linkage studies for AMD. Collec 
tively, these findings provided the impetus for examining 
whether HF1 is involved in the development of AMD and 
MPGNII. 
0337. In this investigation, we determined the frequencies 
of HF1 sequence variants in AMD and MPGNII patients and 
matched controls, and analyzed their association with disease 
phenotype. We also examined HF1 transcription and the dis 
tribution of HF1 protein in the macular RPE-choroid complex 
from normal and AMD donors. 

Methods 

0338 Patients, Phenotyping and DNA 
0339. Two independent groups of AMD cases and age 
matched controls were used for this study. All participating 
individuals were of European-American descent, over the age 
of 60, and enrolled under IRB approved protocols following 
informed consent. These groups were comprised of 404 unre 
lated patients with clinically documented AMD (mean age 
79.5+7.8) and 131 unrelated, control individuals (mean age 
78.4+7.4; matched by age and ethnicity) from the University 
of Iowa, and 550 unrelated patients with clinically docu 
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mented AMD (mean age 71.32+8.9 years), and 275 unrelated, 
matched by age and ethnicity, controls (mean age 68.84-8.6 
years) from the Columbia University. Patients were examined 
by indirect ophthalmoscopy and slit-lamp microscopy by 
retina fellowship-trained ophthalmologists. 
0340 Dr. Caroline Klaver, and later individuals trained by 
Dr. Klaver, graded fundus photographs at both institutions 
according to a standardized, international classification sys 
tem (Bird et al., 1995). Control patients were selected and 
included if they did not exhibit any distinguishing signs of 
macular disease or have a known family history of AMD. The 
AMD patients were subdivided into phenotypic categories— 
early AMD (eAMD), geographic atrophy (GA) and exudative 
(CNV) AMD based on the classification of their most 
severe eye at the time of their entry into the study. The Uni 
versity of Iowa e AMD and GA cases were further subdivided 
into distinct phenotypes (RPE changes alone, >10 macular 
hard drusen, macular soft drusen, BB (cuticular) drusen, 
PED, “Cherokee' atrophy, peninsular geographic atrophy 
and pattern geographic atrophy). The earliest documented 
phenotype for all cases was also recorded and employed in the 
analyses. 
0341 Genomic DNA was generated from peripheral 
blood leukocytes collected from case and control subjects 
using QIAamp DNA Blood Maxi kits (Qiagen, Valencia, 
Calif.). 
0342 Rapanui 
0343 Following an informed consent process approved by 
the Unidad de Bioetica, Ministerio de Salud (Santiago, 
Chile), 447 (66% female; 34% male) Easter Island inhabit 
ants were provided a complete eye examination that included 
a dilated funduscopic examination. Medical, family and oph 
thalmic histories were taken and records and assistance from 
local physicians and community leaders were used to classify 
the ethnicity of the subjects. 49% of those patients examined 
were pure Rapanui, 9% were admixed (mixture of Rapanui 
and European, Chilean, Mapuchi and/or recent Polynesian), 
and 42% were continental (largely Chilean European). 
Peripheral venous blood and sera were collected from 201 of 
the older individuals; 114 of these individuals were pure 
Rapanui (108 were >50 years old: 89 were >60 years old). 
DNA from 60 of the pure Rapanui inhabitants and 13 of the 
Chilean residents over the age of 65 was used in this study. 
0344 Human Donor Eyes— 
0345 Human donor eyes were obtained from the Iowa 
Lions Eye Bank (Iowa City, Iowa), the Oregon Lions Eye 
Bank (Portland, Oreg.) and the Central Florida Lions Eye and 
Tissue Bank (Tampa, Fla.) within five hours of death. Gross 
pathologic features of these eyes, as well as fundus photo 
graphs and angiograms, when available, were read and clas 
sified by retinal specialists. Fundi were graded according to a 
modified version of the International AMD grading system 
(Bird et al., 1995) by at least two individuals. 
(0346 Total RNA was prepared from retina, RPE/choroid, 
and RPE cells derived from eyes using an RNeasy Mini Kit 
(Qiagen, Valencia, Calif.). Genomic DNA was sheared using 
a QiaShredder (Qiagen, Valencia, Calif.) and residual 
genomic DNA digested with DNAse (Promega). RNA integ 
rity was assessed using an Agilent BioAnalyzer. 
0347 DNA derived from 38 unrelated donors with clini 
cally documented AMD (mean age 81.5+8.6) and 19 unre 
lated, control donors (mean age 80.5+8.8; matched by age 
and ethnicity) were employed for SSCP analyses and to 
assess potential genotype-phenotype correlations. 
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0348 Immunohistochemistry— 
0349 Wedges of posterior poles, including the ora serrata 
and macula were fixed and processed as described previously 
(Hageman et al., 1999). Some posterior poles were embedded 
directly in OCT without prior fixation. Tissues were sectioned 
to a thickness of 6-8 um on a cryostat and immunolabeling 
was performed as described previously (Hageman et al., 
1999. Adjacent sections were incubated with secondary anti 
body alone, to serve as controls. Some immunolabeled speci 
mens were prepared and viewed by confocal laser scanning 
microscopy, as described previously (Anderson et al., 2002). 
0350 Polymerase Chain Reaction (PCR)— 
0351 First strand cDNA was synthesized from total RNA 
using Superscript reverse transcriptase (Gibco BRL) and ran 
dom hexamers. PCR reactions were carried out using the 
following primer sets: FH1 (exon 8 to exon 10) 5'-GAA 
CATTTTGAGACTCCGTC-3 SEQID NO:324) and 5'-AC 
CATCCATCTTTCCCAC-3'SEQIDNO:325); FH1 (exon 9 
to exon 10) 5'-TCCTGGCTACGCTCTTC-3' SEQ ID 
NO:326) and 5'-ACCATCCATCTTTCCCAC-3 SEQ ID 
NO:325; HFL1 (exon 8 to exon 10) 5'-TCCGTCAG 
GAAGTTACTGG-3 SEQ ID NO:327 and 5'-AGTCAC 
CATACTCAGGACCC-3 SEQID NO:328: HFL1 (exon 9 
to exon 10), 5'-GGCTACGCTCTTCCAAAAG-3' SEQ ID 
NO:329 and 5'-AGTCACCATACTCAGGACCC-3' (SEQ 
ID NO:330). PCR primers (IDT, Coralville, Iowa) were 
designed using MacVector software (San Diego, Calif.). 
Reaction parameters were one cycle at 94° C. for 3 minutes, 
40 cycles at 94° C. for 45 sec, 51.4° C. (FH1)/55° C. (HFL1) 
for 1 min, 72°C. for 1 min, and one cycle at 72°C. for 3 min. 
The PCR products were run on 2% agarose gels and recorded 
using a Gel Doc 2000TM Documentation System accompa 
nied by Quantity OneR software (Bio-Rad, Hercules, Calif.). 
0352 Microarray Analyses: 
0353 DNA microarray analyses were performed using 
total RNA extracted from native human RPE or the RPE 
Choroid complex (RNeasy minikit, Qiagen, Valencia, Calif.) 
collected within <5 hours of death. Three different platforms 
were used: an 18.380 non-redundant DNA microarray (Incyte 
Pharmaceuticals; St. Louis, Mo.); the Affymetrix gene chip 
system; and a Whole Human Genome or Human 1A V2 
oligo-microarray (Agilent Inc., Palo Alto, Calif.). The indi 
vidual protocols followed each of the manufacturers instruc 
tions. For the Incyte analyses, cDNA derived from 6 mm 
punches of macular and mid-peripheral regions was labeled 
with 33-P in a random-primed reaction, purified and hybrid 
ized to the Nylon-based arrays containing 18.380 non-redun 
dant cDNAS. The membranes were phosphoimaged, signals 
were normalized and data were analyzed using the Genome 
Discovery Software package. For the Affymetrix analyses, 
RPE and RPE/choroid (from 6-8 mm macular and peripheral 
punches) cRNA was hybridized directly to Affymetrix Gene 
Chips (HG-U133A) using standardized protocols. These pro 
cedures were conducted in the University of Iowa DNA core 
facility, which is equipped with a fluidics station and a Gene 
Array Scanner. The Agilent data was obtained from punches 
of the macula and mid-periphery. CY3 and CY5 labeled 
amplified crNA derived from macula and peripheral RPE/ 
choroid was generated using an Agilent Low Input RNA 
Amplification Kit using the macular and peripheral RNA 
from the same donor. The Agilent array data were collected 
from 3 normal young donors, 3 AMD donors, and 3 age 
matched non-AMD controls using a VerSArray Scanner, data 
were quantified using the VersArray Analyzer Software (Bio 
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Rad). The median net intensity of each spot was calculated 
using global background Subtraction and the data was nor 
malized using the local regression method. 
0354 Mutation Screening and Analysis— 
0355 Coding and adjacent intronic regions of HF1 (in 
cluding exon 10A that is transcribed to generate the truncated 
FHL1 isoform) were examined for variants using single 
Strand conformation polymorphism (SSCP) analyses, dena 
turing high performance liquid chromatography (DHPLC) 
and direct sequencing. The remaining SNPs were typed by 
the 5' nuclease (Taqman, ABI) methodology. Taqman geno 
typing and association analyses were performed as described 
(Gold et al., 2004). Primers for SSCP, DHPLC and DNA 
sequencing analyses (TABLE 5) were designed to amplify 
each exon and its adjacent intronic regions using MacVector 
software (San Diego, Calif.). PCR-derived amplicons were 
screened for sequence variation by SSCP and DHPLC, as 
described previously (Allikmets et al., 1997; Hayashi et al., 
2004). All changes detected by SSCP and DHPLC were con 
firmed by bidirectional sequencing according to standard pro 
tocols. Statistical analyses were performed using chi-square 
and Fisher's exact tests. 

Results 

Factor H at the RPE-Choroid Interface 

0356. The distribution of Factor H protein in the RPE/ 
choroid complex from the macula and extramacula was 
assessed in eyes obtained from six donors with a history of 
early AMD and three donors of similar age without AMD or 
drusen (FIGS. 1A-1L). In donors with AMD, intense HF1 
immunoreactivity (IR) is present in drusen, beneath the RPE 
(i.e. the sub-RPE space), and around the choroidal capillaries 
(FIGS. 1A-1D, 1E, 1G). In the absence of the primary anti 
body, labeling in the RPE/choroid is absent (FIG.1F). All of 
the Factor H antibodies labeled drusen to some degree, in a 
homogeneous fashion (FIGS. 1C and 1E). One antibody also 
labeled substructural elements within drusen (FIGS. 1A and 
1B). Such structures are also labeled using antibodies to the 
activated complement component C3b/iC3b that binds HF1 
(Anderson et al., 2004; Johnson et al., 2001). Factor Himmu 
noreactivity is more robust in donors with AMD compared to 
age-matched controls; it is also more pronounced in the 
maculas of AMD donors than in the periphery (FIGS. 1G and 
1H). The anti-HF1 pattern in the macula (FIG. 1G) is highly 
similar to the anti-05b-9 pattern (FIGS. 1 I and 1K); in both 
cases, labeling typically includes the choroidal capillaries. 
Extramacular locations show much less anti-05b-9 immu 
noreactivity (FIG.1J). Little or no C5b-9 immunoreactivity in 
the RPE-choroid is observed in donors under the age of 50 
and without AMD (FIG. 1L). 

Description of FIG. 1 

0357 (A-B) High magnification confocal immunofluo 
rescence images from an 84 year old male donor diagnosed 
with atrophic AMD. Anti-HF1 (Advanced Research Tech 
nologies) labeling of substructural elements (white arrows) in 
drusen and the sub-RPE space is imaged on the Cy2/fluores 
cein channel. The sub-RPE space is the extracellular com 
partment between the basal RPE surface and the inner col 
lagenous layer of Bruch's membrane. Such elements also 
display immunoreactivity (IR) using monoclonal antibodies 
directed against C3 fragments (iC3b, C3d, C3dg) that bind 
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covalently to complement activating Surfaces (Johnson et al. 
2001; 2003). The intense anti-Factor Hlabeling in the lumens 
of choroidal capillaries (asterisks) from this donor most likely 
reflects the high circulating levels of HF1 in the bloodstream. 
Autofluorescent lipofuscin granules in the RPE cytoplasmare 
labeled on the Cy3/Texas Red channel. Magnification bars. 
A) 5um; B) 3 um. 
0358 (C-D) Confocal immunofluorescence localization 
of HF1 in drusen and the sub-RPE space in an 83 year old 
male with AMD using a different HF1 polyclonal antibody 
(Quidel) (Cy2/fluorescein channel; green). C). In this donor 
eye, the drusen (Dr) labeling pattern is homogeneous. D) Low 
magnification image of the RPE-choroid. Anti-HF1 IR is 
present throughout the choroid and in the sub-RPE space 
(arrows), the anatomical compartment where drusen and 
other deposits associated with aging and AMD form. Lipo 
fuscin autofluorescence (Cy3 channel; red). Magnification 
bars. C) 10 um; D) 20 m. 
0359 (E-F) Immunohistochemical localization of HF1 in 
drusen. E) Anti-HF1 monoclonal antibody (Quidel) labeling, 
signified by the purple alkaline phosphatase reaction product, 
is apparent in drusen, along Bruch's membrane, and on the 
choroidal capillary walls (arrows). F) Control section from 
the same eye. In the absence of the primary antibody, no 
labeling is present. Brown pigmentation in the RPE cyto 
plasm and choroid is melanin. Magnification bars=10 Jum. 
0360 (G-H) Immunolocalization of HF1 in the macula. 
G) Extensive labeling is present along BM, the choroidal 
capillary walls, and the intercapillary pillars (arrows) in a 
donor with AMD. H) Control section from the macula of a 
donor without AMD; much less labeling is apparent in same 
structures. Magnification bars-20 Lum. 
0361 (I-J) Immunohistochemical localization of the 
complement membrane attack complex (C5b-9) in the RPE 
choroid underlying the macula (FIG. 1I) and extramacula 
(FIG. 1J) from the same AMD donor eye. In the macula, 
intense anti-05b-9 labeling is associated with drusen, Bruch's 
membrane, and the choroidal capillary endothelium. Anti 
05b-9 labeling outside the macula is restricted to a narrow 
Zone in the vicinity of Bruchs membrane. Brown pigment in 
the RPE cytoplasm and choroid represents melanin pigmen 
tation. Magnification bars-20 um. 
0362 (K-L) Immunohistochemical location of C5b-9 in 
the macula from a donor with AMD (FIG. 1K) and from a 
second donor without AMD (FIG.1L). Brown pigmentation 
in the RPE cytoplasm and choroid represents melanin. The 
anti-05b-9 labeling is associated primarily with the choroidal 
capillary walls (black arrows) and the intercapillary pillars 
(white arrows). Labeling is much more intense in the AMD 
eye. Note the strong similarity to the anti-HF1 labeling pat 
tern in the macula from the same donor, as shown in Figure G. 
Magnification bars. K=15um; L-20 Lum. 
0363 The Retinal Pigment Epithelium is a Local Source 
of Factor H Expression of HF1 and FHL1 in the RPE, RPE/ 
choroid and retina was assessed by RT-PCR and DNA 
microarray analysis. Appropriately sized PCR products for 
both gene products are present in freshly isolated RPE and the 
RPE/choroid complex, but not neural retina, in human eyes 
derived from donors with and without AMD (FIG.2). Primers 
were chosen within exons 8, 9, 10A (the exon employed to 
generate the truncated isoform FHL1) and 10 of the HF1 
coding sequence. The PCR reactions were performed with 
cDNA prepared from RNA extracted from human neurosen 
sory retina (lanes 2), RPE and choroid (lanes 3), and freshly 
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isolated RPE cells (lanes 4) derived from a donor with a 
clinically documented history of AMD. Genomic DNA was 
employed as a template for amplification (lanes 5); no tem 
plate was added to the mixtures depicted in lanes 6. Lanes 1 
contains the 100 bp ladder. Amplimers spanning from exon 8 
to exon 10 (left panel), and from exon 9 to exon 10 (right 
panel), of HF1 and from exon 8 to exon 10A (left panel), and 
exon 8 to exon 10A (right panel), of FHL1 were of the 
expected sizes (376,210, 424 and 248bp, respectively). Tran 
scripts for FHRs 1-5 are not detected in RPE or RPE/choroid, 
but FHRs 1-4 are detected in neural retina by RT-PCR (data 
not shown). 
0364 Gene expression array data derived from three plat 
forms confirm that HF1 and FHL 1 transcripts, but few if any 
of the HF1-related protein transcripts (FHR1 being the pos 
sible exception), are expressed locally by RPE and choroid 
cells. Data derived from Incyte arrays probed with RPE/ 
choroid cDNA derived from nine donors with AMD and three 
age-matched controls show elevated levels that average 2-3 
times that of HF 1 mRNA in the donors with AMD. There is 
also a trend toward slightly higher levels in the macula 
regions as compared to the extramacular regions, although 
the difference is not statistically significant. The data gener 
ated from the examination of isolated RPE and adjacent RPE/ 
choroid preparations from two donors with AMD and two 
age-matched control donors using Affymetrix arrays confirm 
the presence of HF1 transcripts in these tissues and shows that 
a significant proportion of the HF1 message is present within 
the RPE layer (data not shown). 
Variants in HF1 are Associated with AMD and MPGN II 

0365. To test whether allele variants of HF1 gene are asso 
ciated with AMD, all 22 coding exons and 50-100 bp flanking 
intronic sequences were screened, in a cohort of 404 AMD 
patients and 131 matched controls at the University of Iowa. 
A total of 26 sequence variants are detected; 17 SNPs in the 
coding region (cSNPs), including 5 synonymous and 12 non 
synonymous substitutions, and 9 intronic SNPs (some of the 
variants shown in FIG. 3). FIG. 3 shows the approximate 
locations of 11 SNPs used in the analysis, the 20 short con 
sensus repeats (SCRs), and the linkage disequilibrium (LD) 
blocks, and the approximate binding sites for pathogens and 
other substrates are depicted below the diagram based on 
previously published data (Zipfel et al., 2002; Rodriguez de 
Cordoba et al., 2004). cSNPs included previously described 
common non-synonymous variants, such as 162V in exon 2, 
Y402Hinexon 9, and D936Einexon 18 (FIG.3). An example 
of a common intronic SNP with a potentially functional effect 
is the IVS2-18insTT variant. Five rare (<0.5%) variants are 
also detected (data not shown) in both AMD patients and 
controls, excluding the possibility of the disease phenotype 
being caused by rare HF1 alleles (i.e., disease-causing muta 
tions). Detailed genotyping data were obtained for 6 SNPs in 
some or all of the 404 patients and 131 controls (TABLES 4 
and 6A-6C) and association analyses were performed using a 
case-control study design. Highly significant associations are 
found with several individual variants, including 162V 
(x=15.0, p=1.1x10) and Y402H (=49.4, p=2.1 x 10'). 
The strongest association with AMD in this cohort is 
observed with a synonymous A473A variant in exon 10, 
resulting in an odds ratio (OR) of 3.42 (95% confidence 
interval (CI) 2.27-5.15). 
0366. These results were confirmed in an independent 
cohort of AMD patients (n=550) and matched controls 
(n=275) obtained at Columbia University, New York (TABLE 
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4). The same two non-synonymous SNPs are also highly 
associated with AMD in this second cohort (162V: x=36.1, 
p=3.2x107 and Y402H: X=54.4, p=1.6x10'). In addition, 
several other intronic SNPs were selected based on frequency 
and the availability of commercial assays (for a total of 11 
SNPs). The strongest association in this cohort is observed 
with SNP rs203674 in intron 10 (x=66.1, p=4.29x10'). 
This variant shows an OR of 2.44 with AMD (95% CI=1.97 
3.03). Although the OR is modest, the variant is very com 
mon; 30.5% of the cases are homozygous for allele B, but 
only 12.9% of the controls. The Q672O and D936E alleles in 
exon 13 and 18 show no statistically significant association, 
suggesting that variation in the N-terminal half of HF1, which 
includes domains involved in pathogen and Substrate mol 
ecule recognition (FIG.3, also see below), are associated with 
AMD. The two sets of data are strikingly similar, in that the 
genotyped SNPs are not only associated with AMD in a 
highly significant fashion, but the frequencies and extent of 
association are very similar in the two cohorts (TABLES 4 
and 6). 
0367 The association is highly significant when the entire 
AMD patient cohorts are compared to controls (TABLE 4). 
When the major sub-phenotypes of AMD, such as the early 
AMD (eAMD, characterized by macular drusen and/or pig 
mentary abnormalities), CNV (neovascular membranes and/ 
or disciform Scars), and GA (geographic atrophy) are ana 
lyzed separately, the association is especially prominent in 
cases of eAMD and CNV. The GA group shows some devia 
tion from the general trend in some cases, especially with the 
haplotype defined by exon 13 (Q672O) and 18 (D936E) alle 
les (data not shown). While this deviation may be significant 
in terms of varying etiology, it did not reach statistical sig 
nificance, most likely due to relatively small numbers of 
patients with GA. 
0368 Linkage disequilibrium (LD) analysis showed 
extensive LD across the entire HF1 gene (TABLE 2 and FIG. 
3). Three SNPs in the exon 2-3 region are in virtually com 
plete LD as are the A307A and Y402H variants in exons 7 and 
9, and the Q672O and D936E variants in exon 13 and 18 
(TABLE 6 and FIG. 5). Haplotype estimation in cases and 
controls identified the most frequent at-risk haplotype in 49% 
of cases versus only in 26% of controls (OR=2.93 95% CI 
2.29-3.74). Homozygotes for this haplotype are present in 
22.1% of the Columbia cases and 5.1% of the controls 
(OR=5.26, 95% CI 2.84-9.76). Two common protective 
haplotypes are found in 30% of controls and 18% of cases 
(OR=0.476.95% CI 0.349-0.650 and OR=0.472, 95% CI 
0.320-0.698). These haplotypes differ only in the exon 2-3 
locus SNPs and the intron 10 SNP. As shown in FIG. 4 and 
TABLE 2, these protective haplotypes are closely related to 
each other and are both at least five steps away from the risk 
haplotype. Interestingly, the 3 SNPs, (promoter -257CDT, 
A473A, and D936E) previously shown to be associated with 
HUS are all on one relatively common haplotype (12%) that 
is neutral for AMD risk (see the discussion below). For each 
SNP we identified the base present in the consensus chim 
panzee genome. The haplotype generated represents the 
likely ancestral human haplotype and is closely related to the 
protective haplotypes (data not shown). 
0369 SNPs IVS2-18insTT and Y402H were also geno 
typed in 20 unrelated MPGNII patients, 52 Rapanui natives 
and Small cohorts of Hispanic Americans, African Americans 
and European Americans (TABLE 7). The frequency of the 
at-risk haplotype was estimated in Samples from different 
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populations from genotypes of the Y402H variant and/or the 
IVS10 locus. These include Rapanui natives over the age of 
65 (AMD is extremely rare, and most likely absent, in this 
Easter Island population), controls (>65 years of age) from 
Columbia University. Hispanics general population, controls 
(>65 years of age) from the University of Iowa, African 
Americans general population, AMD cases from Columbia 
University, European Americans general population, AMD 
cases from the University of Iowa and individuals with MPG 
NII. N=number of individuals. In the MPGNII cohort, the 
frequency of the risk haplotype is approximately 70%. In 
addition, the risk haplotype appears to be lower in frequency 
in Hispanic Americans and African Americans (35-45%), 
groups with lower incidences of AMD. However, the number 
of samples typed in these populations is Small. The Rapa Nui 
population on Easter Island has a remarkably low level of 
AMD. From the analysis of 52 AMD-free Rapanui natives 
over the age of 65, we estimate the frequency of the risk 
haplotype to be only 19%. 

Discussion 

Factor H Polymorphisms and AMD 

0370. The data presented here links a major proportion of 
AMD cases in two independent cohorts to specific polymor 
phisms in the complement regulatory gene, Factor H(HF1/ 
CFH) (Zipfel, 2001; Rodriguez de Cordoba et al., 2004). 
Haplotype analysis shows the most frequent at-risk haplotype 
to be present in almost half of individuals with AMD, com 
pared to approximately 25% of controls. The frequencies and 
extent of SNP associations are very similar in the two cohorts 
and, genotyped SNPs show highly significant association 
with AMD in each. The associations are especially prominent 
in cases of early AMD or choroidal neovascularization, less 
So for geographic atrophy. The magnitude of the observed 
association of specific HF1 haplotypes with AMD is striking 
when compared to those genetic abnormalities previously 
linked to AMD. 

0371. Further support for the conclusion that specific HF1 
haplotypes confer increased risk for an AMD disease pheno 
type was obtained by genotyping of SNPs IVS2-18insTT and 
Y402H in 20 unrelated patients with MPGNII, a renal disease 
associated with HF1 mutations in which patients develop 
early onset macular drusen, and in 52 Rapanui natives, a race 
with a remarkably low incidence of AMD, if any. Approxi 
mately 70% of MPGN II patients and 19% of Rapanui were 
found to harbor the HF1 at-risk haplotype in this study. 
Analysis of larger sample sets will be required to confirm 
these results, but the data do Suggest that the HF1 association 
with AMD may not be restricted to European-derived popu 
lations. Protective haplotypes we also identified, further 
implicating HF1 function in the pathogenetic mechanisms 
underlying AMD. 

Functional Implications of Factor H Polymorphisms 

0372 Factor H deficiencies in humans are associated with 
MPGN II and atypical hemolytic uremic syndrome (aHUS) 
(Zipfel et al., 2001). HF1 deficiency arises from mutations 
leading to protein truncations oramino acid substitutions that 
result in protein retention in the endoplasmic reticulum. 
Reduced levels of plasma HF1 ensue, leading to uncontrolled 
activation of the alternative complement pathway with con 
comitant consumption of C3 and other complement compo 
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nents. The HF1 mutations that lead to aFHUS, in contrast, are 
typically missense mutations that limit the complement-in 
hibitory functions of FH1 at the cell surface. Recent studies 
have revealed an association between three common SNPs 
and aFHUS in individuals both with and without FH1 muta 
tions (Caprioli et al., 2003). Furthermore, insults such as 
infection have been documented to trigger the manifestation 
of aHUS. 

0373) Most of the genotyped SNPs of HF1 are located 
within important functional domains of the encoded protein 
(FIG. 3), which consists of 20 short consensus repeats (SCR) 
of 60 amino acids. The SCRs contain binding sites for C3b 
(SCR1-4, SCR12-14 and SCR19-20), heparin, sialic acid 
(SCR7, SCR13 and SCR19-20) and C-reactive protein (CRP) 
(SCR7). Therefore, SNPs located within the functional 
domains, although common, presumably affect protein func 
tion through variability in expression levels, binding effi 
ciency, and other molecular properties. For example, the exon 
2 I62V variant is located in SCR2, which is included in the 
first C3b binding site, and the exon 9Y402H variant is within 
SCR7 domain, which binds both heparin and CRP. Intronic 
SNPs, such as the IVS2-18insTT variant, can affect splicing. 
For example, the analysis of the effect of the TT insertion (on 
the https://splice.cmh.edu/server) Suggested a creation of a 
new cryptic splice acceptor 6 bp upstream of the natural 
acceptor site (data not shown). It is also possible that Some of 
the studied SNPs affect the expression of HF1 isoforms. For 
example, 162V is present in a predicted exon splice enhancer 
(Wang et al., 2004) (data not shown). 
0374. The functional consequences of common SNPs may 
be modest, since they are involved in late-onset phenotypes 
and not subjected to (rigorous) evolutionary constraint. HF1 
variants with more Substantial effects, i.e., disease-causing 
mutations, are implicated in early-onset, severe (recessive) 
diseases, such as HF1 deficiency and aFIUS (Zipfel et al., 
2002; Rodriguez de Cordoba et al., 2004; Caprioli at al., 
2003; Zipfel, 2001). Of interest is the fact that true disease 
causing mutations have been identified in only about 25% to 
35% of HUS patients after complete screening of the HF1 
gene (Caprioli et al., 2003). At the same time, a disease 
associated haplotype defined by variants -257CDT (pro 
moter), A473A (exon 13) and D936E (exon 18) has been 
identified in HUS patients, predominantly in those persons 
with no disease-causing mutations (Caprioli et al., 2003). 
Moreover, the same study identified several families where 
affected probands had inherited a mutated allele from one 
parent and a susceptibility allele, from another. By contrast, 
healthy siblings of affected probands, carriers of the disease 
causing mutation, had inherited a protective allele. Inaffected 
individuals from these families a disease-triggering effect, 
specified as bacterial or viral infection in >60% of cases, was 
identified in >80% of all cases and in >90% of cases with no 
apparent disease-associated mutation (Caprioli et al., 2003). 
0375 Together, these data strongly suggest that an at-risk 
HF1 haplotype in combination with an infectious triggering 
event is sufficient for disease manifestation. Interestingly, the 
at-risk HF1 haplotype in HUS (mainly C-terminal) does not 
overlap with that in AMD and/or MPGNII (TABLE 2), sug 
gesting different triggers in HUS as opposed to MPGNII and 
AMD. Observation of early-onset drusen in MPGNII and 
those of the same composition in AMD, but not in HUS, 
Support a different etiology for these diseases. 
0376 Disease-causing mutations in HF1 are rare in 
MPGN II and have not been reported in AMD, nor did we find 
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them after extensive screening in this study. However, we 
observed the same at-risk haplotype at a frequency of 70% of 
patients with MPGN II and approximately 50% in patients 
with AMD. These data are consistent with an at-risk HF1 
haplotype that, if triggered by an infectious agent, Substan 
tially increase one's susceptibility to disease. The combined 
effect of these factors determines the severity the resulting 
phenotype, ranging from AMD to MPGNII. 
0377 Evolutionary analysis of the HF1 haplotype indi 
cates that the risk haplotype has evolved significantly from 
the ancestral haplotype found in the chimpanzee. FIG. 4 
depicts a haplotype network diagram of HF1 SNPs which 
shows the relationship between the haplotypes and the size of 
the circles is proportional to the frequency of the haplotype. 
The largefilled-in circle represents the major risk haplotype, 
the vertically-lined circles are the two significant protective 
haplotypes, and the large open circle is the haplotype that 
contains the three SNPs associated with atypical hemolytic 
uremic syndrome (HUS), which is neutral for AMD risk. The 
putative ancestral haplotype is also indicated. It is possible 
that different forms of the HF1 gene emerged in response to 
pathogens that activate the alternative complement pathway. 
Weakly acting HF1 haplotypes could provide reduced 
complement inhibition and stronger protection against bac 
terial infection. However, such weak alleles could have the 
consequence of predisposing individuals to the consequences 
of complement system dysfunction. It is interesting that the 
AMD risk haplotype is principally different in the 5' end of 
the gene that produces both the full length HF1 and the FHL1 
protein. In contract the HUS mutations cluster in the 3' por 
tion of the gene that is found only in HF1. Therefore, it will be 
important to determine the role of these two forms of the 
protein in disease. 
0378 Biological Model of Factor HDysfunction in AMD 
0379. One of the primary functions of the complement 
system is to provide defense against Such infectious agents. It 
mediates the opSonization and lysis of microorganisms, 
removal of foreign particles, recruitment of inflammatory 
cells, regulation of antibody production, and elimination of 
immune complexes (Morgan et al., 1991; Kinoshita, 1991). 
Activation of the system triggers a sequential, amplifying, 
proteolytic cascade that gives rise to modifications of activat 
ing Surfaces, to the release of soluble anaphylatoxins that 
stimulate inflammatory cells, and ultimately, to formation of 
the membrane attack complex (MAC), a macromolecular 
complex that promotes cell lysis through the formation of 
transmembrane pores. Uncontrolled activation of comple 
ment can lead to bystander damage to host cells and tissues. 
As a result HF1, as well as other circulating and membrane 
associated proteins, have evolved to modulate the system 
(Morgan, 1999). 
0380 A spectrum of complement components have been 
identified either withindrusen (and/or the RPE cells that flank 
or overlie them), along Bruch's membrane, and/or on the 
choroidal endothelial cell membrane (Hageman et al., 2001; 
Mullins et al., 2000; Mullins et al., 2001; Anderson et al., 
2002; Johnson, et al., 2000; Johnson et al., 2001; Crabb et al., 
2002; Johnson et al., 2002: Mullins et al., 1997). These 
include terminal pathway complement components, activa 
tion-specific fragments of the terminal pathway, as well as 
various complement modulators. There is evidence that cell 
mediated events may also contribute to this process (Penfold 
et al., 2001; Seddon et al., 2004; Miller et al., 2004). 
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0381 We now show that HF1 is also a constituent of 
drusen in human donors with a prior history of AMD. Sec 
ondly, we show that HF1 co-localizes with its ligand C3b in 
amyloid-containing Substructural elements within drusen, 
further implicating these structures as candidate complement 
activators (Anderson et al., 2004; Johnson et al., 2002). We 
also demonstrate that HF1 and the MAC, as shown by C5b-9 
immunoreactivity, co-distribute at the RPE-choroid interface 
and that these deposits are more robust in eyes from donors 
with prior histories of AMD. Finally, HF1 and C5b-9 immu 
noreactivities are more intense in the macula compared to 
more peripheral locations from the same eye. All of these 
findings are consistent with the fact that AMD pathology is 
manifested primarily in the macula and with the conclusion 
that complement activation at the level of Bruch's membrane 
is a key element in the process of drusen formation as well as 
a contributing factor in the pathogenesis of AMDHageman et 
al., 2001; Anderson et al., 2002). 
0382. The distribution of HF1 at the RPE-choroid inter 
face is strikingly similar to that of C5b-9, implying that sig 
nificant amounts of the MAC are generated and deposited at 
the RPE-choroid interface. This suggests that the protein 
associated with the at-risk HF1 haplotype(s) may undergo a 
reduction in its normal ability to attenuate complement acti 
vation. Thus, the HF1 variants associated with AMD may put 
RPE and choroidal cells at sustained risk for alternative path 
way-mediated complement attack, drusen formation and the 
disruption of Bruch's membrane integrity that is associated 
with late-stage neovascular AMD. Since Bruch's membrane 
is significantly thinner in the macula than elsewhere (Chong 
et al., 2005), it may be more susceptible to subsequent 
neovascular invasion. Because Bruch's membrane is signifi 
cantly thinner in the macula than in the periphery, it may be 
more likely to become degraded to an extent that it is suscep 
tible to neovascular invasion. 
0383. In summary, the results of this investigation provide 
strong evidence that common haplotypes in HF1 predispose 
individuals to AMD. We propose that alterations in genes that 
regulate the alternative pathway of the complement cascade, 
in combination with events that activate the system, underlie 
a major proportion of AMD in the human population. 

Example 2 

Variations in the Complement Regulatory Genes 
Factor H(CFH) and Factor H Related 5 (CFHR5) are 

Associated with Membranoproliferative 
Glomerulonephritis Type II (Dense Deposit Disease) 

Introduction 

0384 The membranoproliferative glomerulonephritides 
are diseases of diverse and often obscure etiology that 
account for 4% and 7% of primary renal causes of nephrotic 
syndrome in children and adults, respectively (Orth et al., 
1998). Based on renal immunopathology and ultrastructural 
studies, three Subtypes are recognized. Membranoprolifera 
tive glomerulonephritis (MPGN) types I and III are variants 
of immune complex-mediated disease; MPGNII, in contrast, 
has no known association with immune complexes (Appelet 
al., 2005). 
0385 MPGNII accounts for less than 20% of cases of 
MPGN in children and only a fractional percentage of cases in 
adults (Orth et al., 1998: Habib et al., 1975: Habib et al., 
1987). Both sexes are affected equally, with the diagnosis 
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usually made in children between the ages of 5-15 years who 
present with non-specific findings like hematuria, pro 
teinuria, acute nephritic syndrome or nephrotic syndrome 
(Appelet al., 2005). More than 80% of patients with MPGNII 
are also positive for serum C3 nephritic factor (C3NeF), an 
autoantibody directed against C3bBb, the convertase of the 
alternative pathway of the complement cascade (Schwertz et 
al., 2001). C3NeF is found in up to one-half of persons with 
MPGN types I and III and also in healthy individuals, making 
the electron microscopic demonstration of dense deposits in 
the glomerular basement membrane (GBM) necessary for a 
definitive diagnosis of MPGN II (Appel et al., 2005). This 
morphological hallmark is so characteristic of MPGN II that 
the disease is more accurately referred to as Dense Deposit 
Disease (MPGNII/DDD) (FIG. 12). 
0386 Spontaneous remissions of MPGNII/DDD are 
uncommon (Habib et al., 1975: Habib et al., 1987: Cameron 
et al., 1983; Barbiano di Belgiojoso et al., 1977). The more 
common outcome is chronic deterioration of renal function 
leading to end-stage renal disease (ESRD) in about half of 
patients within 10 years of diagnosis (Barbiano di Belgiojoso 
et al., 1977; Swainson et al., 1983). In some patients, rapid 
fluctuations in proteinuria occur with episodes of acute renal 
deterioration in the absence of obvious triggering events; in 
other patients, the disease remains stable for years despite 
persistent proteinuria. 
0387 C3NeF persists throughout the disease course in 
more than 50% of patients with MPGNII/DDD (Schwertz et 
al., 2001). Its presence is typically associated with evidence 
of complement activation, such as a reduction in CH50, 
decrease in C3, increase in C3dg/C3d and persistently high 
levels of activation of the alternative pathway of the comple 
ment cascade. C3, the most abundant complement protein in 
serum (~1.2 mg/ml), normally undergoes low levels of con 
tinuous autoactivation by hydrolysis of its thioester in a pro 
cess known as tick-over. C3 hydrolysis induces a large con 
formational protein change, making C3(H2O) similar to C3b. 
a cleavage product of C3. C3(H2O) associates with factor B to 
form C3(H2O)Bb, which cleaves C3 to C3b in an amplifica 
tion loop that consumes C3 and produces C3bBb (FIG. 13). 
0388. In MPGNII/DDD, C3NeF binds to C3bBb (or to the 
assembled convertase) to prolong the half-life of this enzyme, 
resulting in persistent C3 consumption that overwhelms the 
normal regulatory mechanisms to control levels of C3bBb 
and complement activation (Appel et al., 2005). Normal con 
trol involves at least seven proteins, four of which are present 
in serum (complement Factor H(CFH), complement factor 
H-like protein 1 (CFHL 1), complement factor I (CFI) and C4 
binding protein (C4BP)) and three of which are cell mem 
brane-associated (membrane co-factor protein (MCP, CD46), 
decay accelerating factor (DAF, CD55) and complement 
receptor 1 (CR1, CD35)) (Appel et al., 2005; Meri et al., 
1994; Pascual et al., 1994). 
0389. Of particular relevance to MPGNII/DDD is Factor 
H, one of 7 proteins in the Factor H family. In pigs and mice, 
its deficiency is associated with the development of renal 
disease that is similar at the light and electron microscopic 
level to MPGNII/DDD, and in humans its deficiency as well 
as mutations in the Factor H gene have been reported in 
patients with MPGNII/DDD (Meri et al., 1994: Dragen-Du 
rey et al., 2004; Zipfel et al., 2005) (FIG. 14). 
0390 The other 6 members of the Factor H family include 
FHL1, which is a splice isoform of Factor H, and five CFH 
related proteins encoded by distinct genes (CFHR1-5). There 
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is little known about the latter five proteins, although they do 
show varying degrees of structural similarity to Factor H 
(Appel et al., 2005). Most interesting in this group with 
respect to MPGNII/DDD is CFHR5, because it shows the 
highest similarity to Factor H and has been demonstrated in 
renal biopsies of patients with other types of glomerulone 
phritis (Appel et al., 2005; Murphy et al., 2002). In vitro 
studies have also shown that V is present on Surfaces exposed 
to complement attack, Suggesting a possible role in the 
complement cascade (Murphy et al., 2002). 
0391) A possible relationship between Factor H/CFHR5 
and MPGNII/DDD is further strengthened by the observation 
that patients with MPGNII/DDD develop an ocular pheno 
type called drusen. Drusen result from the deposition of 
abnormal extracellular deposits in the retina within the ocular 
Bruch's membrane beneath the retinal pigment epithelium. 
The drusen of MPGNII/DDD are clinically and composition 
ally indistinguishable from drusen that form in age-related 
macular degeneration (AMD) (Mullins et al., 2001; Anderson 
et al., 2002), which is the most common form of visual 
impairment in the elderly (Klein et al., 2004; van Leeuwen et 
al., 2003). The single feature that distinguishes these two 
types of drusen is age of onset—drusen in MPGNII/DDD 
develop early, often in the second decade of life, while drusen 
in AMD are found in the elderly. 
0392 Four recent studies have implicated specific allele 
variants of Factor with AMD, suggesting that subtle differ 
ences in Factor H-mediated regulation of the alternative path 
way of complement may play a role in a substantial propor 
tion of AMD cases (Hageman et al., 2005; Edwards et al., 
2005; Haines et al., 2005; Klein et al., 2005). One of these 
studies also showed that MPGNII/DDD and AMD patients 
segregate several of the same Factor H risk alleles (Hageman 
et al., 2005). In this study, we sought to refine the association 
of allele variations of Factor H and CFHR5 with MPGNII/ 
DDD. 

Materials and Methods 

0393 Patients and Controls. 
0394 Patients with biopsy-proven MPGNII/DDD were 
ascertained in nephrology divisions and enrolled in this study 
under IRB-approved guidelines. The control group was ascer 
tained from ethnically-matched but not age-matched unre 
lated persons in whom AMD had been excluded by ophthal 
mologic examination. 
0395 
0396 Coding and adjacent intronic regions of Factor H 
and CFHR5 were PCR amplified for 35 cycles of 30 seconds 
each at 94°C. denaturing, 61° C. annealing and 70° C. exten 
sion. The sequences of primers used to amplify the Factor H 
and CFHR5 coding sequences are shown in TABLES 10 and 
11, respectively. Product generation was verified by agarose 
gel electrophoresis and amplicons were then bi-directionally 
sequenced in patients with MPGNII/DDD. All novel and 
reported SNPs identified through data mining (Ensemble 
database, dbSNP. Applied Biosystems) were typed in the 
control population by denaturing high performance liquid 
chromatography (DHPLC) (Tables 9 and 10). In brief, 
DHPLC analysis of each amplicon was performed at three 
different temperatures. Amplicons were analyzed using 
Wavemaker software to estimate optimal temperature, run 
time and acetonitrile gradient. Predicted temperatures were 
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bracketed by +/-2°C. to optimize sensitivity and maximize 
the likelihood that novel mutations would be detected (Prasad 
et al., 2004). 
0397 Haplotype Analysis. 
0398 Construction of block structures with distribution of 
haplotypes was completed using HaploView, a publicly avail 
able software program developed at the Whitehead Institute 
(http://www.broad.mit.edu/mpg/haploview/) (see Barrett et 
al.). Two datasets, one consisting of each controls sex and 
genotype, and the other describing marker information 
including SNP identification and chromosomal location, 
were assimilated in Excel files, which were up-loaded into the 
HaploView program. The output consisted of linkage disequi 
librium (LD) plots and the corresponding population frequen 
cies with crossover percentages. 
0399 Statistical Analysis. 
0400. The chi-square test of independence was used to 
detect differences in SNP frequencies between patients with 
MPGNII/DDD and controls. P-valuess 0.05 were considered 
significant. The LD plots for Factor H and CFHR5 were 
created using the control population. 

Results 

0401 Patients and Controls. 
0402. Twenty-two patients with biopsy-proven MPGNII/ 
DDD and 131 persons without AMD participated in this 
study. Mean age of the control group was 78.4 years, reflect 
ing our ascertainment criterion to exclude AMD. 
0403) Factor H, CFHR5 and MPGNII/DDD. 
0404 Allele frequencies of four of seven Factor H SNPs 
genotyped in the MPGNII/DDD patient group and the control 
population showed a significant association with the MPG 
NII/DDD disease phenotype at p<0.05. These SNPs included 
exon 2 I62V, IVS 2-18insTT, exon 9 Y402H and exon 10 
A473A. Allele frequencies for exon 7 A307A, exon 13 
Q672O and exon 18 D936E were not significantly different 
between groups (TABLES 11 to 13). 
04.05 Five CFHR5SNPs were genotyped in the MPGNII/ 
DDD patient group and control population, including one 
non-synonymous SNP (exon 2 P46S), two promoter SNPs 
(-249T>C, -20 TDC) and two intronic SNPs (IVS1+75T-A, 
IVS2+58C>T). Allele frequencies of three SNPs exon 2 
P46S, -249T>C and -20 T-C were significantly different 
between groups at p<0.05 (TABLES 14 and 15). 
0406 Haploblocks. 
04.07 Haplotype blocks showed that A307A and Y402H 
are in linkage disequilibrium in Factor H while -249T>Cand 
-20T>C are in linkage disequilibrium in CFHR5 (FIG. 15). 

Discussion 

0408. The alternative pathway of complement represents 
an elegant system to protect humans from pathogens. Its 
central component, C3, circulates at a high concentration in 
plasma and is distributed throughout body fluids (Walport, 
2001). Its activation creates a toxic local environment that 
damages foreign surfaces and results in the elimination of 
microbes. To prevent unrestricted complement activation, 
host cells and tissue Surfaces down-regulate the amplification 
loop using a combination of surface-attached and membrane 
bound regulators of complement. Some host cells express a 
single membrane-bound regulator of complement in high 
copy number, while other cells express several membrane 
bound regulators and also attach soluble fluid-phase regula 
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tors. A few tissues lack membrane-bound regulators and 
depend exclusively on the attachment of Soluble regulators 
(Appel et al., 2005). 
04.09. In the kidney, endothelial and mesangial cells 
express two membrane-bound regulators of complement, 
MCP and DAF (van den Dobbelsteen et al., 1994; Timmer 
man et al., 1996). Podocytes express four: MCP, DAF, CR1 
and CD59. Both mesangial cells and podocytes also secrete 
the soluble regulator, Factor H, which is up-regulated in 
membranous nephropathy in response to complement activa 
tion and inflammation (Angaku et al., 1998: Bao et al., 2002). 
Factor Hacts in an autocrine fashion by binding directly to the 
secreting mesangial cells and podocytes. 
0410 The GBM, in contrast, is unique. It lacks endog 
enous membrane-bound regulators to protect it from comple 
ment-mediated injury, however its highly negatively charged 
surface binds and absorbs Factor H (Zipfel et al., 2005). The 
dependency of the GBM on Factor H for local complement 
control is consistent with the finding of pathologic mutations 
in Factor H in a few persons with MPGNII/DDD (Ault et al., 
1997: Dragen-Durey et al., 2004). 
0411 Our data identifying several allele variants of Factor 
H and CFHR5 associated with MPGNII/DDD is consistent 
with the hypothesis that complement control plays a role in 
the pathogenesis of this disease. A comparison of our data 
with reported AMD data adds additional support, as the allele 
frequency for each of the identified at-risk SNP variants we 
observed in Factor H is higher in the MPGNII/DDD patient 
cohort than in the AMD patient cohort, and strong evidence 
implicates Factor H in AMD (Hageman et al., 2005; Edwards 
et al., 2005: Haines et al., 2005; Klein et al., 2005). Although 
it is not known whether the amino acid changes in exons 2 and 
9 of Factor H impact function, these changes are found in 
domains that interact with C3b and heparin, and differences 
in C3b/C3d and heparin binding have been demonstrated with 
several amino acid changes in Factor H that are associated 
with another renal disease, atypical hemolytic uremic syn 
drome (Manuelian et al., 2003) (TABLES 12 and 13). 
0412. With the exception of Factor H, the function of other 
members of the Factor H-related family is largely unknown 
and their expression patterns have not been explored, how 
ever studies of CFHR5 have shown that it has properties 
similar to Factor H, including heparin, CRP and C3b binding 
(Murphy et al., 2002) (FIG. 14). This similarity suggests that 
like Factor H, CFHR5 plays a role in MPGNII/DDD. Con 
sistent with this is our finding of CFHR5 expression in renal 
biopsies from two patients with MPGNII/DDD (data not 
shown). 
0413 Our genotyping data show that some allele variants 
of CFHR5 preferentially associate with the MPGNII/DDD 
disease phenotype. Included are two SNPs in the promoter 
region of CFHR5 which could affect transcription, one by 
removing a binding site for C/EBPbeta and the other by 
adding a GATA-1 binding site. The other significant associa 
tion changes a proline to serine in exon 2. Since exons 1 and 
2 of CFHR5 encode a domain homologous to short consensus 
repeat 6 (SCR6) of Factor H, which is integral to heparin and 
CRP binding, this change could affect complementactivation 
and control. 

Example 3 
Production of Protective Form of Factor H Protein 

0414. An exemplary protective form of human comple 
ment factor H(CFH) was prepared based on haplotype H2 
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(FIG.5). Briefly, RNA was isolated from ocular tissues (RPE/ 
choroid complexes) of four donors. The RNA was amplified 
by reverse transcription-polymerase chain reaction using the 
following primers: 

SEQ ID NO: 331 
5 - GAAGATTGCAATGAACTTCCTCCAAG-3 

SEQ ID NO: 332 
5'-AAGTTCTGAATAAAGGTGTGC-3 '' . 

RT-PCR reactions were performed using Superscript III One 
Step High Fidelity with Platinum Taq, as described by the 
manufacturer (Invitrogen, Carlsbad, Calif.). The appropriate 
sized products (3,769 bp) were excised from agarose gels and 
isolated using spin columns. 
0415. The PCR products were cloned using the TOPO-TA 
cloning system, as recommended by the manufacturer (Invit 
rogen) in the vector pCR2.1-TOPO. The complete genetic 
sequences of the clones derived from each of the four patients 
were determined by direct sequencing. The DNA derived 
from one patient (patient #498-01) had the fewest number of 
nucleotide polymorphisms relative to that of an exemplary 
protective reference sequence (H2), although this DNA 
encoded the risk sequence at amino acid position 402 (histi 
dine) and encoded valine at amino acid position 62. To pre 
pare a gene encoding a protective form of CFH we changed 
the bases encoding amino acid 62 such that it coded for 
isoleucine and those at position 402 Such that they encoded a 
tyrosine, using the QuikChange Mutagenesis system (Strat 
agene, La Jolla, Calif.), resulting in SEQ ID NO:335. The 
amino acid at position 1210 of this protein is arginine. The 
oligonucleotides employed were as follows (plus the appro 
priate antisense version): 

SEQ ID NO: 333 
62 : 5'-TATAGATCTCTTGGAAATATAATAATGGTATGCAGG-3 

SEQ ID NO: 334 
4 O2 : 5-ATGGATATAATCAAAATTATGGAAGAAAGTTTGTAC-3' 

The fidelity of the introduced mutations were confirmed by 
direct sequencing of the entire gene. The resulting protective 
gene was cloned into the eukaryotic expression vector 
pcDNA3.1 (Invitrogen) under control of the cytomegalovirus 
promoter. This expression vector was transfected into the 
human lung carcinoma cell line A549 (ATCC, Manassas, Va.) 
using the Exgen 500 transfection reagent (Fermentas, 
Hanover, Md.). Subsequent to transfection, cells were grown 
in serum-free media (Hybridoma-SFM, Invitrogen). 
0416) Supernatants were collected 48 hours after transfec 
tion and subjected to Western blot analyses. The presence of 
the appropriate-sized product (approximately 150 kDa) was 
confirmed using monoclonal and polyclonal antibodies 
directed against human CFH (Quidel, San Diego, Calif.). 

Patient 498 - O1 (62I, 4 O2Y) CFH Gene 
SEQ ID NO: 335 

AGTTAGCTGGTAAATGTCCTCTTAAAAGATCCAAAAAATGAGACTTCTAG 

CAAAGATTATTTGCCTTATGTTATGGGCTATTTGTGTAGCAGAAGATTGC 

AATGAACTTCCTCCAAGAAGAAATACAGAAATTCTGACAGGTTCCTGGTC 

TGACCAAACATATCCAGAAGGCACCCAGGCTATCTATAAATGCCGCCCTG 
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- Continued 

GATATAGATCTCTTGGAAATATAATAATGGTATGCAGGAAGGGAGAATGG 

GTTGCTCTTAATCCATTAAGGAAATGTCAGAAAAGGCCCTGTGGACATCC 

TGGAGATACTCCTTTTGGTACTTTTACCCTTACAGGAGGAAATGTGTTTG 

AATATGGTGTAAAAGCTGTGTATACATGTAATGAGGGGTATCAATTGCTA 

GGTGAGATTAATTACCGTGAATGTGACACAGATGGATGGACCAATGATAT 

TCCTATATGTGAAGTTGTGAAGTGTTTACCAGTGACAGCACCAGAGAATG 

GAAAAATTGTCAGTAGTGCAATGGAACCAGATCGGGAATACCATTTTGGA 

CAAGCAGTACGGTTTGTATGTAACTCAGGCTACAAGATTGAAGGAGATGA 

AGAAATGCATTGTTCAGACGATGGTTTTTGGAGTAAAGAGAAACCAAAGT 

GTGTGGAAATTTCATGCAAATCCCCAGATGTTATAAATGGATCTCCTATA 

TCTCAGAAGATTATTTATAAGGAGAATGAACGATTTCAATATAAATGTAA 

CATGGGTTATGAATACAGTGAAAGAGGAGATGCTGTATGCACTGAATCTG 

GATGGCGTCCGTTGCCTTCATGTGAAGAAAAATCATGTGATAATCCTTAT 

ATTCCAAATGGTGACTACT CACCTTTAAGGATTAAACACAGAACTGGAGA 

TGAAATCACGTACCAGTGTAGAAATGGTTTTTATCCTGCAACCCGGGGAA 

ATACAGCAAAATGCACAAGTACTGGCTGGATACCTGCTCCGAGATGTACC 

TTGAAACCTTGTGATTATCCAGACATTAAACATGGAGGTCTATATCATGA 

GAATATGCGTAGACCATACTTTCCAGTAGCTGTAGGAAAATATTACTCCT 

ATTACTGTGATGAACATTTTGAGACTCCGTCAGGAAGTTACTGGGATCAC 

ATTCATTGCACACAAGATGGATGGTCGCCAGCAGTACCATGCCTCAGAAA 

ATGTTATTTTCCTTATTTGGAAAATGGATATAATCAAAATTATGGAAGAA 

AGTTTGTACAGGGTAAATCTATAGACGTTGCCTGCCATCCTGGCTACGCT 

CTTCCAAAAGCGCAGACCACAGTTACATGTATGGAGAATGGCTGGTCTCC 

TACTCCCAGATGCATCCGTGTCAAAACATGTTCCAAATCAAGTATAGATA 

TTGAGAATGGGTTTATTTCTGAATCTCAGTATACATATGCCTTAAAAGAA 

AAAGCGAAATATCAATGCAAACTAGGATATGTAACAGCAGATGGTGAAAC 

ATCAGGATCAATTACATGTGGGAAAGATGGATGGTCAGCTCAACCCACGT 

GCATTAAATCTTGTGATATCCCAGTATTTATGAATGCCAGAACTAAAAAT 

GACTTCACATGGTTTAAGCTGAATGACACATTGGACTATGAATGCCATGA 

TGGTTATGAAAGCAATACTGGAAGCACCACTGGTTCCATAGTGTGTGGTT 

ACAATGGTTGGTCTGATTTACCCATATGTTATGAAAGAGAATGCGAACTT 

CCTAAAATAGATGTACACTTAGTTCCTGATCGCAAGAAAGACCAGTATAA 

AGTTGGAGAGGTGTTGAAATTCTCCTGCAAACCAGGATTTACAATAGTTG 

GACCTAATTCCGTTCAGTGCTACCACTTTGGATTGTCTCCTGACCTCCCA 

ATATGTAAAGAGCAAGTACAATCATGTGGTCCACCTCCTGAACTCCTCAA 

TGGGAATGTTAAGGAAAAAACGAAAGAAGAATATGGACACAGTGAAGTGG 

TGGAATATTATTGCAATCCTAGATTTCTAATGAAGGGACCTAATAAAATT 

CAATGTGTTGATGGAGAGTGGACAACTTTACCAGTGTGTATTGTGGAGGA 

GAGTACCTGTGGAGATATACCTGAACTTGAACATGGCTGGGCCCAGCTTT 
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- Continued 

CTTCCCCTCCTTATTACTATGGAGATTCAGTGGAATTCAATTGCTCAGAA 

TCATTTACAATGATTGGACACAGATCAATTACGTGTATTCATGGAGTATG 

GACCCAACTTCCCCAGTGTGTGGCAATAGATAAACTTAAGAAGTGCAAAT 

CATCAAATTTAATTATACTTGAGGAACATTTAAAAAACAAGAAGGAATTC 

GATCATAATTCTAACATAAGGTACAGATGTAGAGGAAAAGAAGGATGGAT 

ACACACAGTCTGCATAAATGGAAGATGGGATCCAGAAGTGAACTGCTCAA 

TGGCACAAATACAATTATGCCCACCTCCACCTCAGATTCCCAATTCTCAC 

AATATGACAACCACACTGAATTATCGGGATGGAGAAAAAGTATCTGTTCT 

TTGCCAAGAAAATTATCTAATTCAGGAAGGAGAAGAAATTACATGCAAAG 

ATGGAAGATGGCAGTCAATACCACTCTGTGTTGAAAAAATTCCATGTTCA 

CAACCACCTCAGATAGAACACGGAACCATTAATTCATCCAGGTCTTCACA 

AGAAAGTTATGCACATGGGACTAAATTGAGTTATACTTGTGAGGGTGGTT 

TCAGGATATCTGAAGAAAATGAAACAACATGCTACATGGGAAAATGGAGT 

TCTCCACCTCAGTGTGAAGGCCTTCCTTGTAAATCTCCACCTGAGATTTC 

TCATGGTGTTGTAGCTCACATGTCAGACAGTTATCAGTATGGAGAAGAAG 

TTACGTACAAATGTTTTGAAGGTTTTGGAATTGATGGGCCTGCAATTGCA 

AAATGCTTAGGAGAAAAATGGTCTCACCCTCCATCATGCATAAAAACAGA 

TTGTCTCAGTTTACCTAGCTTTGAAAATGCCATACCCATGGGAGAGAAGA 
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- Continued 
AGGATGTGTATAAGGCGGGTGAGCAAGTGACTTACACTTGTGCAACATAT 

TACAAAATGGATGGAGCCAGTAATGTAACATGCATTAATAGCAGATGGAC 

AGGAAGGCCAACATGCAGAGACACCTCCTGTGTGAATCCGCCCACAGTAC 

AAAATGCTTATATAGTGTCGAGACAGATGAGTAAATATCCATCTGGTGAG 

AGAGTACGTTATCAATGTAGGAGCCCTTATGAAATGTTTGGGGATGAAGA 

AGTGATGTGTTTAAATGGAAACTGGACGGAACCACCTCAATGCAAAGATT 

CTACAGGAAAATGTGGGCCCCCTCCACCTATTGACAATGGGGACATTACT 

TCATTCCCGTTGTCAGTATATGCTCCAGCTTCATCAGTTGAGTATCAATG 

CCAGAACTTGTATCAACTTGAGGGTAACAAGCGAATAACATGTAGAAATG 

GACAATGGTCAGAACCACCAAAATGCTTACATCCGTGTGTAATATCCCGA 

GAAATTATGGAAAATTATAACATAGCATTAAGGTGGACAGCCAAACAGAA 

GCTTTATTCGAGAACAGGTGAATCAGTTGAATTTGTGTGTAAACGGGGAT 

ATCGTCTTTCATCACGTTCTCACACATTGCGAACAACATGTTGGGATGGG 

AAACTGGAGTATCCAACTTGTGCAAAAAGATAGAATCAATCATAAAGTGC 

ACACCTTTATTCAGAACTT 

XIV. Tables 

0417 
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TABLE 1B 

(1) 

SNP name Interrogated Sequence SEQ ID NO : Chimp Location AA 

S3753394 AAATCCAGAGGATATIC/TACCAGCTGCTGATTT 24 C Promoter 

S529825 AATGGGTAAGTCTATIC/TIGTACTGTGTAAACTT 25 T Intron 1 

ris8OO292 TGCATACCATTATTAC/TATTTCCAAGAGATCT 26 T Exon 2 I 62W 

Intron 2 insTT ACATACTAATTCATAAC-/TTTTTTTTTTTCGT 27 Intron 2 

TTTAG 

rs37664 O4 AATACATTTAGGACTT/CATTTGAAGTTAGTGT 28 C Intron 6 

rs1O 61,147 CCGGGGAAATACAGCCAAAAATGCACAAGTACT 29 A. Exon 7 A3 OFA 

rs1O 6117O GGATATAATCAAAATTACATGGAAGAAAGTTTG 3 O T Exon 9 Y402H 

rS22747OO CTTAAAAGAAAAAGCG/AAAATATCAATGCAAA 31 G Exon 1 O A473A. 

rs2O3674 CTTTATTGATTAGATA/CTACTAATAAATAGGT 32 A. Intron 10 

S375.3396 ACCTAATAAAATTCAA/GTGTGTTGATGGAGAG 33 A. Exon 13 Q672Q 

rs1O 65489 TAAATCTCCACCTGAIG/TIATTTCTCATGGTGTT 34 G Exon 18 D936E 

(2) 

SNP name Forward Primer or AOD number SEQ ID NO: Reverse Primer SEO ID NO: 

S3753394 C 2530387 10 

S529825 C 2250476. 10 

ris8OO292 C 2530382 10 

Intron 2 insTT ACTTGTTCCCCCACTCCTAC 35 CCTCTTTTCGTATG 36 

GACTAC 

rs37664 O4 C 11890.065. 10 

rs1O 61,147 TGAAATCACGTACCAGTGTAGAAATGG 37 CAGGTATCCAGCCA 38 

GTACTTGT 

rs1O 6117O CTTTATTTATTTATCATTGTTATGGTCCTTAGGAA 39 GGCAGGCAACGTCT 4 O 

AATGTTATTT ATAGATTTACC 

rS22747OO TCACCATCTGCTGTTACATATCCTAGT 41 TGGGTTTATTTCTGAATC 42 

TCAGTATACATATGC 
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S375.3396 

rs1O 65489 

SNP name 

rs1O 61,147 

rS22747OO 

Location 

Exon 2 

Exon 3 

Exon 5 

Exon 6 

Exon 6 

Exon 8 

Exon 16 

Exon 17 

Exon 17 

Exon 18 

Exon 18 

Intron 18 

Exon 2 O 

Exon 21 

C 2530311 10 

C 2530296 10 

C 2530274 10 

WIC Prole 

AATACAGCAAAATGC 

TTTCTTCCATGATTTTG 

AAGAAAAAGCGAAATAT 

49 

TABLE 1B - continued 

(3) 

SEQ ID NO : 

TABL E 

Sequence Spanning Polymorphism 

43 

44 

45 

FAM Probe 

ATACAGCCAAATGC 

TTCT TOCATAATTTTG 

AAGAAAAAGCAAAATAT 
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SEO ID NO: 

46 

47 

48 

AA Position SEQ ID NO : 

CCAGGCTATCTATAAATGCC (G/A CCCTGGATATAGATCTCTTG R53H 

TTGGTACTTTTACCCTTACA G/T GAGGAAATGTGTTTGAATAT G1 OOR 

ACGATGGTTTTTGGAGTAAA G/notC AGAAACCAAAGTGTGTGGGT 2O1 

TTATTTATAAGGAGAATGAA C/notc) GATTTCAATATAAATGTAAC R232X. 

CACTGAATCTGGATGGCGTC C/notc. GTTGCCTTCATGTGAAG (end Exon 6) 258 

AAGATGGATGGTCGCCAGCA IG/C -/C TACCATGCCTCA (end Exon 8) W383L 

ACAATTATGCCCACCTCCAC C/G TCAGATTCCCAATTCTCACA 815 

CAACCACCTCAGATAGAACA CAT GGAACCATTAATTCATCCAG H378H 

GTCTTCACAAGAAAGTTATG CAT ACATGGGACTAAATTGAGTT A892W 

CACATGTCAGACAGTTATCA G/T TATGGAGAAGAAGTTACGTA O95OH 

TCAGTATGGAGAAGAAGTTA C/T GTACAAATGTTTTGAAGGTT S956L 

(begin IVS18) GTATGG G/T GCATTGAATTTTATTATATG 

(begin Exon 2 O) ACACCTCCTGTGTG (A/T ATCCGCCCACAGTACAAAAT N1 OSOY 

CTTGTATCAACTTGAGGGTA -/N A -/N CAAGCGAATAACATGTAGAAA 1147 

49 

SO 

51 

52 

53 

54 

55 

56 

st 

58 

59 

60 

61 

62 
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TABLE 3-continued 

rs37S3394 rSS29825 rs37664O4 rs2O3674 rs37S3396 rs1065489 
Promoter Intron 1 Intron 6 Intron 10 Exon 13 Exon 18 Haplotype Freq. CTL Freq. AMD 

2 1 1 1 1 2 211112 O.OO1869 
2 2 1 1 1 1 221111 O.OO169 
2 1 2 2 1 1 212211 O.OO1061 
1 2 1 2 2 2 121222 O.OOO96 
1 1 2 1 1 2 112112 O.OOO95 
2 1 1 1 2 1 211121 O.OOO95 
2 1 2 2 1 2 212212 O.OOO69 
2 2 1 2 1 1 221211 O.OOO322 
1 2 2 1 1 2 122112 O.OOOOO1 

TABLE 4 

HF1 SNP Association with Age-related Macular Degeneration 

Promoter 
rs37S3394 

Iowa # Con 
trols 
# Cases 
X2 
P 
OR 
95% CI 

Columbia ii Con- 126 
trols 
if Cases 329 
X2 8.61 
P O.OO334 

OR O.70 
95% CI O.S6-0.89 

IVS1 Exon 2 IVS2 
rSS29825 I62V insTT 

68 126 

228 390 
15 22.21 
0.000108 2.44 x 109 
2.79 2.38 
1.67-465 1.65-344 

266 261 273 

547 S46 S49 
25.4 36.12 28.4 
4.66 x 3.21 x 9.87 x 1008 
10-07 10-07 
1.92 1.95 2.042 

149-248. 151-2.52 1.57-2.63 

ExOn 79 
IVS6 A307Af Exon 10 

rs37664O4 Y402H A473A 

131 68 

404 221 
49.4 35.14 

2.09 x 102 3.07 x 100 
2.82 3.42 

2.11-3.78 2.27-5.15 
271 272 264 

S46 549 S42 
23.04 54.4 66.1 
1.59 x 1.64 x 10' 1.60 x 10' 
10-06 
2.105 2.25 2.10 

1.56-2.85 1.79-2.75 169-2.61 

IVS10 Exon 13 Exon 18 
rs203674 Q672Q D936E 

129 67 

404 223 
O.21 O.64 
O.65 O.8 
1.12 O.89 

O76-164 OS1-1.56 
264 26S 264 

545 545 536 
66.1 2.05 0.53 

4.29 x O.15 O46 
10-16 
2.44 1.24 1.12 

1.97-3.03 O.937-165 0.846-1.49 

The frequency of allele 1 and allele 2 from each SNP was compared between cases and controls and the Yates Chi squared CX2) and P values were calculated along with the Odds Ratio 
(OR) and 95% confidence interval (95% CI). The actual counts of each genotype are given in Tables 6A-6C. 

TABLE 5 

SSCP, DHPLC and Sequencing Primers 

Exon Region 

1. 

10 

5' upstream-int1 

int-int2 

int2-int3 
int2- ex3 
ex3-int3 

int3 - ex4 
ex4-int 4 

int 4-ints 

ints- ex6 
ex6-int 6 

intó- ex7 
ex7-intf 

intf-ex8 
ex8-int8 

int8-inte 

inte - ex9 
ex9-int10 

Forward Primer (5'-3") 

GCAAAAGTTTCTGATAGGC 

TTAGATAGACCTGTGACTG 

ACTTGTTCCCCCACTC 
TTGTTCCCCCACTCCTAC 
CCCTGTGGACATCCTGG 

ATGCTGTTCATTTTCC 
ATTACCGTGAATGTGAC 

TCCAATCTTATCCTGAGG 

GTCCTGGTCACAGTCC 
GCACTGAATCTGGATG 

CGGATACTTATTTCTGC 
AGAACTGGAGATGAAATC 

GTGAAACCTTGTGATTATC 
CTGTGATGAACATTTTGAG 

CATTGTTATGGTCCTTAGG 

CTTTTTCTTATTC, TCT, TCCC 
TGTAACAGCAGATGGTG 

SEQ 
NO : 

64 

66 

68 
70 
72 

74 
76 

78 

84 
86 

88 
9 O 

92 

94 
96 

ID 
Reverse Primer (5'-3') 

AATCTTACCTTCTGCTACAC 

TCAGGCATAATTGCTAC 

CCTCTTTTCGTATGGACTAC 
ACACATTTCCTCCTGTAAGG 
AACCTCTTTTCGTATGGACTAC 

CCATCCATCTGTGT CAC 
TTGTATGAGAAAAAAAAAC 

TCTTACCCACACACTTTG 

GCATACAGCATCTCCTC 
ATGAACCTTGAACACAG 

CGTGATTTCATCTCCAG 
TGAATGGAACTTACAGG 

TCCCAGTAACTTCCTG 
TGCTCTCCTTTCTTCG 

ACATGCTAGGATTTCAGAG 

TCACCATCTGCTGTTAC 
CCCACAAAAAGACTAAAG 

SEO ID 
NO: 

65 

67 

69 
71. 
73 

79 

81 
83 

85 
87 

89 
91 

93 

95 
97 
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TABLE 7 

Nov. 7, 2013 

Frequency of the At-risk Allele in Various Ethnic Groups with or without AMD 

Columbia Iowa African Columbia European Iowa 
Rapanui Controls Hispanic Controls American Cases American Cases MPGN II 

Risk O.20 O.35 O.35 O.36 O.47 0.55 0.57 O.6O O.69 
Haplotype 
N 52 272 24 131 49 S49 56 404 2O 

0418. The frequency of the at-risk haplotype was esti- TABLE 8-continued 
mated in samples from different populations from genotypes 
of the Y402H variant and/or the IVS10 locus. These include 
Rapanui natives over the age of 65 (AMD is extremely rare, 
and most likely absent, in this Easter Island population), 
controls (>65 years of age) from Columbia University. His 
panics general population, controls (>65 years of age) from 
the University of Iowa, African Americans general popula 
tion, AMD cases from Columbia University, European 
Americans general population, AMD cases from the Univer 
sity of Iowa and individuals with MPGNII. N=number of 
individuals. 

TABLE 8 

Factor H Diplotypes 

I62V IVS2-18 Y402H D936E IVS2O 

Risk GG SS CC GG TT 
Protective AA LL TT GG CC 

AA LL CT GG CC 
Protective AA LL TT GG CC 

AA LL TT GT TT 
AA LL TT GT CC 
AA LS CT GG CC 
AA SS CC GG TT 
GA LS CT GG TT 
GA LS CT GG CT 
GA LS CT GG CC 

Protective GA LS CT GG CC 
GA LS CT GT CT 
GA LS TT GG CT 
GA LS TT GG CC 
GA LS TT GG TT 

Factor H Diplotypes 

I62V IVS2-18 Y402H D936E IVS2O 

GA LS TT GT CC 
GA LS TT TT CC 
GA SS CT GG CC 
GG SS CT GT CC 
GG SS TT GT TT 
GG SS TT TT CT 
GG LL TT GG TT 

Risk GG SS CC GG TT 
Risk GG SS CT GG CT 

GG SS CT GG CC 
GG SS CT GG CC 
GG SS CT GT TT 
GG SS CT GT CT 
GG SS CT GT CC 
GG SS CT GT CC 
GG SS CT GT CC 
GG SS CT TT CT 
GG SS TT GG TT 
GG SS TT GG CT 
GG SS TT GT TT 
GG SS TT GT CT 
GG SS TT GT GT 
GG SS TT GT CC 
GG SS TT TT CT 
GG SS TT TT CC 
GG SS CC GG TT 
GG SS CT GG TT 
GG SS CT GT CC 

G.A.T.C refer to nucleotides at the indicated polymorphisms. SL refer to the short and long 
(insertion of 2T nucleotides) alleles of the intron 2 polymorphism. 

TABL E 9 

3. Primers Used to Amplify the Factor H Coding Sequence 

Exon. Forward 

1. TGGGAGTGCAGTGAGAAT 

CCTGTGACTGTCTAGGCA 

GCTTTGCTATGTTTAATT 

TGCATATGCTGTTCATTT 

TTTCCTCCAATCTTATCC 

CCTGATGGAAACAACATT 

TGTTCATTTTAATGCCAT 

TGAGCAAATTTATGTTTC 

CCTAGAAACCCTAATGGAATGTG 

SEQ SEQ 
ID NO : Reverse ID NO : 

G 40 GCTAATGATGCTTTTCACAGGA 41 

TTT 42 TATGCCTGAATTATATCACTATTGCC 43 

TCC TT 44 AACTATGATGGAAATAATTAAATCTGG 45 

C 46 GTCTTACATTAAAATATCTTAAAGTCTC 47 

GAG 48 CGTTCATTCTAAGGAATATCAGCA 49 

CTG 50 AACAGGGCCAGAAAAGTTCA 51 

TTG 52 AGTTTTCGAAGTTGCCGAAA 53 

54 TGTTCAAGCAAAGTGACCAAA. 55 

CATTT 56 ATGTCACCTTGTTTTACCAATGG st 
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TABLE 9 - continued 

- Primers Used to Amplify the Factor H Coding Sequence 

SEQ SEQ 
Exon. Forward ID NO: Reverse ID NO : 

O TGAATGCTTATGGTTATCCAGGT 58 AAAACCTGCAGGAACAAAGC 59 

1 TCTTAGAATGGGAAATACTCAGATTG 6O TGGTTTTTCAGAAATTCATTTTCA 61 

2 ATGTAAAATTAACTTTGGCAATGA 62 TTGCTGAAATAAGAATTAGAACTTTG 63 

3 TGAATAAAAGAAGAAAATCTTTCCA 64 ATCTAAAACACATACATCATGTTTTCA 65 

4 AAAACACATACATCATGTTTTCACAA 66 GATATGCCTCAACATTTCCAGTC 67 

5 GTTGGTTTGATTCCTATCATTTG 68 TTGGAAAAGTAATAGGTATGTGTGTC 69 

6 CTATGAGAATACAAGCCAAAAGTTC 7O TCTCTTGTGCTTCGTGTAAACAA 71. 

7 AACCCTTTGATTTTCATTCTTCA 72 TCAAAGTGAGGGGAATAATTGA 73 

8 AATTTATGAGTTAGTGAAACCTGAAT 74 TCTTCATTCAAAGTGTAAGTGGTACC 7s 

9 ACAAAATGGCTAATATATTTTCTCAAG 76 TAATGTGTGGGCCCAGCC 77 

2O CAAAATGAACACTAGGTGGAACC 78 ATTTTGGGGGAGTATAGCAGG 79 

21. CTGTGTTTGCGTTTGCCTTA 80 TTCACGTGGCTGGAAAAATC 81 

22 TTGAAAACCTGAAAGTCTATGAAGA 82 TCAATCATAAAGTGCACACCTTT 83 

TABLE 1.O 

Primers Used to Amplify the CFHR5 Codind Sequence 

SEQ ID SEO ID 
Exon. Forward NO: Reverse NO: 

1. CAGTCCCATTTCTGATTGTTCCA 184 GCTGAGGATAATTTGAAGGGG 185 

2 GTGATTCATCGATGTAGCTCTTT 186 AATGACCAGAGGAGCCTGGAA 187 

3 TGATGTCAGTTTTCAAAGTTTTCC 188 ACCACTCTCTCAGTTTTGCTAATTAT 189 

4 CACATTAAATTTGTTTCTGCAATGA 19 O AGAAGTGATGAAACAAGAATTTGA 191 

5. CCATTTAAGCATTATTTATGGTTTC 192 AAACAGGACAGTTACTATTACTTTGCA 193 

6 AAATATTTTCAGAGTAAGCACTCATTT 194 TTTATCATTTTGATTGGGATTGT 195 

7 TGCAGATATTTTATTGACATAATTGTT 196 GTTGATCTTGTTGCTTCTTTACAAGA 197 

8 CCATTTTCCTGAAACACTACCC 198 TCTGTTGCACTGTACCCCAA 199 

9 AATTATTTGAATTTCCAGACACCTT 2 OO TTTTGGACTAATTTCATAGAATAACCC 2O1 

1 O CTTAAATGCAATTTCACTATTCTATGA 2O2 TAGCCATTATGTAGCC 2O3 

TABLE 11 

CFHSNPs in 22 Patients Segregating with MPGNII 
(Allele Frequencies (fl and f2) and Number of Patients by Genotype are Shown) 

1 EX2 I62V IVS2 -18insTT EX7 A307A IVST -53G > T EX9 Y402H EX10 A473A 
2 rS80O292 rS106.1147 rS106.117O rS22747OO 
3 GG 2O (T)9(T)9 2O CC 3 GG 8 CC 9 GG 18 
4 GA 2 (T)11(T)9 2 CA 10 GT 10 CT 10 GA 4 
5 AA O (T)11(T)11 O AA 9 TT 4 TT 3 AA O 

7 f2 OSA .05(T)11 36C 41T 64H .10A 
8 At-Risk Haplotype G 9 A. G C G 
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TABLE 13 

Coding SNPs Associated with MPGNII and the Related 
Short Consensus Repeat (SCR) of Factor H 

SNP SCR Function of SCR 

Exon 2 I62V 1 Interaction with C3b 
Exon 9 Y402H 7 Heparin binding 

Interaction with C reactive protein 
Exon 10 A473A 8 Interaction with C reactive protein 

TABLE 1.4 

CFHR5 SNPs in 22 Patients Segregating with MPGNII 
Allele Frequencies (fl and f2) and Number of Patients by Genotype are Shown 

2 Promoter rs9427661 Promoter rs9427662 IVS1 rs3748557 Exon2 rs120975SO IVS2 rs12097SSO 

3 TT 21 TT 21 TT 6 CC 19 CC 16 
4 TC 1 TC 1 TA 5 CT 3 CT 5 
5 CC O CC O AA 1 TT O TT 1 
6 f1 .98T .98T 84T 93P 84C 
7 fo O2C O2C .16A O7S 16T 
8 At-Risk Haplotype T T T C C 

MPGN2-O2 TT TT TT C, C C, C 
MPGN2-03 TT TT TT C, C C, C 
MPGN2-07 TT TT TT C, C C, C 
MPGN2-09 TT TT A, T C, C C, T 
MPGN2-10 TT TT TT C, C C, C 
MPGN2-11 TT TT A, T C, C C, T 
MPGN2-12 TT TT TT C, C C, C 
MPGN2-13 T, T TT A, T C, T C, T 
MPGN2-14 TT TT A, A C, C TT 
MPGN2-15 TT TT TT C, T C, C 
MPGN2-16 T C, T A, T C, C C, T 
MPGN2-17 TT TT TT C, C C, C 
MPGN2-18 TT TT A, T C, C C, T 
MPGN2-19 TT TT TT C, C C, C 
MPGN2-20 TT TT TT C, T C, C 
MPGN2-21 TT TT TT C, C C, C 
MPGN2-22 TT TT TT C, C C, C 
MPGN2-23 TT TT TT C, C C, C 
MPGN2-24 TT TT TT C, C C, C 
MPGN2-27-2 TT TT TT C, C C, C 
MPGN2-29 TT TT TT C, C C, C 
MPGN2-30 TT TT TT C, C C, C 

TABLE 1.5 

Comparison of CFHR5 SNP Frequencies in 22 MPGNII Patients Versus Controls 
Allele Frequencies Given as fl and T2 

SNP MPGN II MPGNII Controls Controls P-value 

Promoter -249T - C 43 (T) 1 (C) 178 (G) 28 (A) 0.033 
Promoter -2OT - C 43 (T) 1 (C) 178 (G) 28 (A) 0.033 
IVS1-7ST - A 37 (T) 7 (A) 161 (A) 41 (C) 0.38 
Exon 2 P46S 41 (P) 3 (S) 205 (P) 1 (S) 0.00023 
IVS2-58C> T 37 (C) 7 (T) 158 (C) 28 (T) 0.28 

TABLE 1.6A 

Probes 

SNP Name Location Reference Allele SEQ ID NO: Variant Allele SEQ ID NO: 

Promoter 1, 5-TCTGGGATGTAATAATG-3 2O4. 5-TCTGGGATGTAATGATG-3 2O5 
s' - GAACATTATTACATCCC-3' 2O6 5 - GAACATCATTACATCCC-3' 2O7 
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TABLE 16B - continued 

rs2O3674 Intron 10 s' - ACCTATTTATTAGTAT-3' 
s' - CTTTATTGATTAGATA-3' 

S375.3396 Exon 13 5'-ACCTAATAAAATTCAG-3 
s' - CTCTCCATCAACACAC-3' 

S375O46 Intron 15 5'-TATTTTTTATTATAAA-3' 
5'-AAAAATATAATTAATT-3' 

rs1O 65489 Exon 18 s" - TAAATCTCCACCTGAT-3' 
5 - AACACCATGAGAAATA-3' 

Exon 22 5'-TATCGTCTTTCATCAT-3' 
5 - GCAATGTGTGAGAACG-3' 
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Cct caatggg aatgttaagg aaaaaacgaa agaagaatat ggacacagtg aagtggtgga 2O4. O 

at attattgc aatcctagat ttctaatgaa gogg acctaat aaaattcaat gtgttgatgg 21OO 

agagtggaca actttaccag ttgt attgt ggaggagagt acctgtggag atatacctga 216 O 

actitgaacat ggctggg.ccc agctttctitc ccct c ctitat tactatoggag attcagtgga 222 O 

attcaattgc ticagaatcat ttacaatgat tdgacacaga t caattacgt g tatt catgg 228O 

agtatggacc caact tcc cc agtgtgtggc aatagataaa cittaagaagit gcaaatcatc 234 O 

aaatttaatt at acttgagg aacatttalaa aaacaagaag gaatt catc ataattictaa 24 OO 

Catalaggtac agatgtagag gaaaagaagg atggatacac acagtctgca taaatggaag 246 O 

atgggat.cca gaagtgaact gct caatggc acaaatacaa titatgcc cac citccacctica 252O 

gatt cocaat t ct cacaata togacaaccac actgaattat cqggatggag aaaaagtatic 2580 

tgttctttgc Caagaaaatt atctaattica ggaaggagaa gaaattacat gcaaagatgg 264 O 

aagatggcag toaataccac totgtgttga aaaaatticca togttcacaac cacct cagat 27 OO 

agaacacgga accattaatt catcc agg to ttcacaagaa agittatgcac atgggactaa 276 O 

attgagtt at acttgtgagg gtggtttcag gat atctgaa gaaaatgaaa Caacatgcta 282O 

catgggaaaa tdgagttct c cacct cagtg tdaaggcctt ccttgtaaat citccacctga 288O 

gatttctic at ggtgttgtag ct cacatgtc. agacagttat cagtatggag aagaagttac 294 O 

gtacaaatgt tittgaaggtt ttgga attga tigggc ctgca attgcaaaat gct taggaga 3 OOO 

aaaatggit ct caccct coat catgcatalaa alacagattgt ct cagtttac ctagotttga 3 O 6 O 

aaatgc cata cc catgggag agaagaagga tigtgtataag gcgggtgagc aagtgactta 312 O 

cacttgttgca acat attaca aaatggatgg agc.cagtaat gtaacatgca ttaatagoag 318O 

atggacagga aggccaac at gcagagacac ctic ctgttgttgaatcc.gc.cca cagtacaaaa 324 O 

tgcttatata gtgtc.gagac agatgagtaa at atcCatct ggtgagagag tacgittatca 33 OO 

atgtaggagc cct tatgaaa ttittgggga tigaagaagtg atgtgtttala atggaaactg 3360 

gacggalacca cct caatgca aagattctac aggaaaatgt giggcc cc ct c cacct attga 342O 

caatggggac attact tcat tcc.cgttgtc agtatatgct c cagott cat cagttgagta 3480 

c caatgc.cag aacttgtatic aacttgaggg taacaag.cga atalacatgta gaaatggaca 354 O 

atgg to agaa ccaccaaaat gcttacatcc gtgtgtaata t cocq agaaa titatggaaaa 36OO 

ttataa cata gcattalaggt gga cagdcaa acagaagctt tatt cagala Caggtgaatc 366 O 

agttgaattt gtgttgtaaac ggggatat cq t ctitt catca cqttct caca cattgcgaac 372 O 

alacatgttgg gatgggaaac tagt at Co aacttgttgca aaaagataga at Caatcat a 378 O 

aagtgcacac ctittatt cag aactittagta ttaaatcagt tot caattitc atttitt tatg 384 O 

tattgttitta citcctttitta t t catacgta aaattittgga ttaatttgttgaaaatgtaat 3900 

tataagctga gaccggtggc tict citt 392.6 

<210s, SEQ ID NO 2 
&211s LENGTH: 1231 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 2 

Met Arg Lieu. Lieu Ala Lys Ile Ile Cys Lieu Met Lieu. Trp Ala Ile Cys 
1. 5 1O 15 
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Val Ala Glu Asp Cys Asn. Glu Lieu Pro Pro Arg Arg Asn. Thr Glu Ile 
2O 25 3O 

Lieu. Thr Gly Ser Trp Ser Asp Gln Thr Tyr Pro Glu Gly Thr Glin Ala 
35 4 O 45 

Ile Tyr Lys Cys Arg Pro Gly Tyr Arg Ser Lieu. Gly Asn. Wal Ile Met 
SO 55 6 O 

Val Cys Arg Lys Gly Glu Trp Val Ala Lieu. Asn Pro Lieu. Arg Lys Cys 
65 70 7s 8O 

Gln Lys Arg Pro Cys Gly His Pro Gly Asp Thr Pro Phe Gly Thr Phe 
85 90 95 

Thr Lieu. Thr Gly Gly Asn Val Phe Glu Tyr Gly Val Lys Ala Val Tyr 
1OO 105 11 O 

Thir Cys Asn. Glu Gly Tyr Glin Lieu. Lieu. Gly Glu Ile Asn Tyr Arg Glu 
115 12 O 125 

Cys Asp Thr Asp Gly Trp Thr Asn Asp Ile Pro Ile Cys Glu Val Val 
13 O 135 14 O 

Lys Cys Lieu Pro Val Thr Ala Pro Glu Asin Gly Lys Ile Val Ser Ser 
145 150 155 160 

Ala Met Glu Pro Asp Arg Glu Tyr His Phe Gly Glin Ala Val Arg Phe 
1.65 17O 17s 

Val Cys Asn. Ser Gly Tyr Lys Ile Glu Gly Asp Glu Glu Met His Cys 
18O 185 19 O 

Ser Asp Asp Gly Phe Trp Ser Lys Glu Lys Pro Llys Cys Val Glu Ile 
195 2OO 2O5 

Ser Cys Llys Ser Pro Asp Val Ile Asin Gly Ser Pro Ile Ser Gln Lys 
21 O 215 22O 

Ile Ile Tyr Lys Glu Asn. Glu Arg Phe Glin Tyr Lys Cys Asn Met Gly 
225 23 O 235 24 O 

Tyr Glu Tyr Ser Glu Arg Gly Asp Ala Val Cys Thr Glu Ser Gly Trp 
245 250 255 

Arg Pro Lieu Pro Ser Cys Glu Glu Lys Ser Cys Asp Asn. Pro Tyr Ile 
26 O 265 27 O 

Pro Asn Gly Asp Tyr Ser Pro Lieu. Arg Ile Llys His Arg Thr Gly Asp 
27s 28O 285 

Glu Ile Thr Tyr Glin Cys Arg Asn Gly Phe Tyr Pro Ala Thr Arg Gly 
29 O 295 3 OO 

Asn Thr Ala Lys Cys Thr Ser Thr Gly Trp Ile Pro Ala Pro Arg Cys 
3. OS 310 315 32O 

Thir Lieu Lys Pro Cys Asp Tyr Pro Asp Ile Llys His Gly Gly Lieu. Tyr 
3.25 330 335 

His Glu Asn Met Arg Arg Pro Tyr Phe Pro Val Ala Val Gly Lys Tyr 
34 O 345 35. O 

Tyr Ser Tyr Tyr Cys Asp Glu. His Phe Glu Thr Pro Ser Gly Ser Tyr 
355 360 365 

Trp Asp His Ile His Cys Thr Glin Asp Gly Trp Ser Pro Ala Val Pro 
37 O 375 38O 

Cys Lieu. Arg Lys Cys Tyr Phe Pro Tyr Lieu. Glu Asn Gly Tyr Asn Glin 
385 390 395 4 OO 

Asn His Gly Arg Llys Phe Val Glin Gly Lys Ser Ile Asp Val Ala Cys 
4 OS 41O 415 

His Pro Gly Tyr Ala Leu Pro Lys Ala Glin Thir Thr Val Thr Cys Met 
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42O 425 43 O 

Glu Asin Gly Trp Ser Pro Thr Pro Arg Cys Ile Arg Val Lys Thr Cys 
435 44 O 445 

Ser Lys Ser Ser Ile Asp Ile Glu Asn Gly Phe Ile Ser Glu Ser Glin 
450 45.5 460 

Tyr Thr Tyr Ala Lieu Lys Glu Lys Ala Lys Tyr Glin Cys Llys Lieu. Gly 
465 470 47s 48O 

Tyr Val Thir Ala Asp Gly Glu Thir Ser Gly Ser Ile Arg Cys Gly Lys 
485 490 495 

Asp Gly Trp Ser Ala Glin Pro Thr Cys Ile Llys Ser Cys Asp Ile Pro 
SOO 505 51O 

Val Phe Met Asn Ala Arg Thr Lys Asn Asp Phe Thr Trp Phe Llys Lieu. 
515 52O 525 

Asn Asp Thir Lieu. Asp Tyr Glu. Cys His Asp Gly Tyr Glu Ser Asn Thr 
53 O 535 54 O 

Gly Ser Thr Thr Gly Ser Ile Val Cys Gly Tyr Asn Gly Trp Ser Asp 
5.45 550 555 560 

Lieu Pro Ile Cys Tyr Glu Arg Glu. Cys Glu Lieu Pro Llys Ile Asp Wall 
565 st O sts 

His Lieu Val Pro Asp Arg Llys Lys Asp Glin Tyr Llys Val Gly Glu Val 
58O 585 59 O 

Lieu Lys Phe Ser Cys Llys Pro Gly Phe Thr Ile Val Gly Pro Asn Ser 
595 6OO 605 

Val Glin Cys Tyr His Phe Gly Lieu Ser Pro Asp Leu Pro Ile Cys Lys 
610 615 62O 

Glu Glin Val Glin Ser Cys Gly Pro Pro Pro Glu Lieu Lleu. Asn Gly Asn 
625 630 635 64 O 

Val Lys Glu Lys Thr Lys Glu Glu Tyr Gly His Ser Glu Val Val Glu 
645 650 655 

Tyr Tyr Cys Asn Pro Arg Phe Leu Met Lys Gly Pro Asn Lys Ile Glin 
660 665 67 O 

Cys Val Asp Gly Glu Trp Thr Thr Lieu Pro Val Cys Ile Val Glu Glu 
675 68O 685 

Ser Thr Cys Gly Asp Ile Pro Glu Lieu. Glu. His Gly Trp Ala Glin Lieu. 
69 O. 695 7 OO 

Ser Ser Pro Pro Tyr Tyr Tyr Gly Asp Ser Val Glu Phe Asin Cys Ser 
7 Os 71O 71s 72O 

Glu Ser Phe Thr Met Ile Gly His Arg Ser Ile Thr Cys Ile His Gly 
72 73 O 73 

Val Trp Thr Glin Lieu Pro Glin Cys Val Ala Ile Asp Llys Lieu Lys Llys 
740 74. 7 O 

Cys Llys Ser Ser Asn Lieu. Ile Ile Lieu. Glu Glu. His Lieu Lys Asn Lys 
7ss 760 765 

Lys Glu Phe Asp His Asn. Ser Asn. Ile Arg Tyr Arg Cys Arg Gly Lys 
770 775 78O 

Glu Gly Trp Ile His Thr Val Cys Ile Asin Gly Arg Trp Asp Pro Glu 
78s 79 O 79. 8OO 

Val Asn Cys Ser Met Ala Glin Ile Glin Lieu. Cys Pro Pro Pro Pro Glin 
805 810 815 

Ile Pro Asn Ser His Asn Met Thr Thr Thr Lieu. Asn Tyr Arg Asp Gly 
82O 825 83 O 
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Glu Lys Val Ser Val Lieu. Cys Glin Glu Asn Tyr Lieu. Ile Glin Glu Gly 
835 84 O 845 

Glu Glu Ile Thr Cys Lys Asp Gly Arg Trp Glin Ser Ile Pro Lieu. Cys 
850 855 860 

Val Glu Lys Ile Pro Cys Ser Glin Pro Pro Glin Ile Glu. His Gly Thr 
865 87O 87s 88O 

Ile Asin Ser Ser Arg Ser Ser Glin Glu Ser Tyr Ala His Gly Thr Lys 
885 890 895 

Lieu. Ser Tyr Thr Cys Glu Gly Gly Phe Arg Ile Ser Glu Glu Asn Glu 
9 OO 905 91 O 

Thir Thr Cys Tyr Met Gly Lys Trp Ser Ser Pro Pro Gln Cys Glu Gly 
915 92 O 925 

Lieu Pro Cys Llys Ser Pro Pro Glu Ile Ser His Gly Val Val Ala His 
93 O 935 94 O 

Met Ser Asp Ser Tyr Glin Tyr Gly Glu Glu Val Thr Tyr Lys Cys Phe 
945 950 955 96.O 

Glu Gly Phe Gly Ile Asp Gly Pro Ala Ile Ala Lys Cys Lieu. Gly Glu 
965 97O 97. 

Lys Trp Ser His Pro Pro Ser Cys Ile Llys Thr Asp Cys Lieu. Ser Lieu. 
98O 985 99 O 

Pro Ser Phe Glu Asn Ala Ile Pro Met Gly Glu Lys Lys Asp Val Tyr 
995 1OOO 1005 

Lys Ala Gly Glu Glin Val Thr Tyr Thr Cys Ala Thr Tyr Tyr Lys 
O1O O15 O2O 

Met Asp Gly Ala Ser Asn Val Thr Cys Ile Asn Ser Arg Trp Thr 
O25 O3 O O35 

Gly Arg Pro Thr Cys Arg Asp Thr Ser Cys Val Asn Pro Pro Thr 
O4 O O45 OSO 

Val Glin Asn Ala Tyr Ile Val Ser Arg Glin Met Ser Lys Tyr Pro 
O55 O6 O O65 

Ser Gly Glu Arg Val Arg Tyr Glin Cys Arg Ser Pro Tyr Glu Met 
Of O O7 O8O 

Phe Gly Asp Glu Glu Wal Met Cys Lieu. Asn Gly Asn Trp Thr Glu 
O85 O9 O O95 

Pro Pro Gln Cys Lys Asp Ser Thr Gly Lys Cys Gly Pro Pro Pro 
OO O5 10 

Pro e Asp Asn Gly Asp e Thir Ser Phe Pro Leu Ser Val Tyr 

Ala Pro Ala Ser Ser Val Glu Tyr Glin Cys Glin Asn Lieu. Tyr Glin 

Lieu. Glu Gly Asn Lys Arg e Thr Cys Arg Asn Gly Gln Trp Ser 

Glu Pro Pro Lys Cys Lieu. His Pro Cys Val Ile Ser Arg Glu Ile 

Met Glu Asn Tyr Asn. Ile Ala Lieu. Arg Trp Thr Ala Lys Glin Llys 

Lieu. Tyr Ser Arg Thr Gly Glu Ser Val Glu Phe Val Cys Lys Arg 

Gly Tyr Arg Lieu Ser Ser Arg Ser His Thr Lieu. Arg Thr Thr Cys 
2O5 21 O 215 

Trp Asp Gly Llys Lieu. Glu Tyr Pro Thr Cys Ala Lys Arg 
22O 225 23 O 
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Lell 

Ile 

Wall 
65 

Glin 

Thir 

Thir 

Lys 
145 

Ala 

Wall 

Ser 

Ser 

Ile 
225 

Arg 

Pro 

Glu 

Asn 
3. OS 

Thir 

His 

Trp 

Cys 
385 

Asn 

His 

Thir 

Tyr 
SO 

Luell 

Asp 
13 O 

Met 

Asp 

Cys 
21 O 

Ile 

Glu 

Pro 

Asn 

Ile 
29 O 

Thir 

Luell 

Glu 

Ser 

Asp 
37 O 

Luell 

Tyr 

Pro 

Gly 
35 

Arg 

Arg 

Thir 

Asn 
115 

Thir 

Luell 

Glu 

Asn 

Asp 
195 

Tyr 

Luell 

Gly 

Thir 

Ala 

Asn 

Tyr 
355 

His 

Arg 

Gly 

Gly 

Ser 

Pro 

Gly 

Glu 

Asp 

Pro 

Pro 

Ser 
18O 

Gly 

Ser 

Ser 

Pro 
26 O 

Asp 

Pro 

Met 
34 O 

Ile 

Arg 

Tyr 
42O 

Trp 

Gly 

Cys 
85 

Gly 

Gly 

Gly 

Wall 

Asp 
1.65 

Gly 

Phe 

Pro 

Glu 

Glu 
245 

Ser 

Tyr 

Glin 

Cys 

Cys 
3.25 

Arg 

Cys 

His 

Cys 

Lys 
4 OS 

Ala 

Ser 

Pro 

Glu 
70 

Gly 

Asn 

Tyr 

Trp 

Thir 
150 

Arg 

Tyr 

Trp 

Asp 

Asn 
23 O 

Arg 

Ser 

Thir 
310 

Asp 

Arg 

Asp 

Tyr 
390 

Phe 

Lell 

Asp 

Gly 
55 

Trp 

His 

Wall 

Glin 

Thir 
135 

Ala 

Glu 

Ser 

Wall 
215 

Glu 

Gly 

Glu 

Pro 

Arg 
295 

Ser 

Pro 

Glu 

Thir 
375 

Phe 

Wall 

Pro 

Glin 
4 O 

Tyr 

Wall 

Pro 

Phe 

Luell 
12 O 

Asn 

Pro 

Tyr 

Ile 

Lys 

Ile 

Arg 

Asp 

Glu 

Luell 

Asn 

Thir 

Pro 

His 
360 

Glin 

Pro 

Glin 

25 

Thir 

Arg 

Ala 

Gly 

Glu 
105 

Luell 

Asp 

Glu 

His 

Glu 
185 

Glu 

Asn 

Phe 

Ala 

Lys 
265 

Arg 

Gly 

Gly 

Asp 

Phe 
345 

Phe 

Asp 

Gly 

Ala 
425 

Tyr 

Ser 

Luell 

Asp 
90 

Tyr 

Gly 

Ile 

Asn 

Phe 
17O 

Gly 

Gly 

Glin 

Wall 
250 

Ser 

Ile 

Phe 

Trp 

Ile 
330 

Pro 

Glu 

Gly 

Luell 

Lys 

Glin 

Pro 

Luell 

ASn 

Thir 

Gly 

Glu 

Pro 

Gly 
155 

Gly 

Asp 

Pro 

Ser 

Tyr 
235 

Cys 

Lys 

Tyr 

Ile 
315 

Lys 

Wall 

Thir 

Trp 

Glu 
395 

Ser 

Thir 

72 
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Glu 

Gly 
6 O 

Pro 

Pro 

Wall 

Ile 

Ile 
14 O 

Lys 

Glin 

Glu 

Pro 
22O 

Thir 

Asp 

His 

Pro 
3 OO 

Pro 

His 

Ala 

Pro 

Ser 

Asn 

Ile 

Thir 

Gly 
45 

Asn 

Lell 

Phe 

Asn 
125 

Ile 

Ala 

Glu 

Cys 

Ile 

Glu 

Asn 

Arg 
285 

Ala 

Ala 

Gly 

Wall 

Ser 
365 

Pro 

Gly 

Asp 

Wall 

Thir 

Wall 

Arg 

Gly 

Ala 
11 O 

Tyr 

Glu 

Wall 

Wall 

Met 
19 O 

Wall 

Ser 

Asn 

Ser 

Pro 
27 O 

Thir 

Thir 

Pro 

Gly 

Gly 
35. O 

Gly 

Ala 

Tyr 

Wall 

Thir 
43 O 

Glin 

Ile 

Thir 
95 

Wall 

Arg 

Wall 

Ser 

Arg 

His 

Glu 

Glin 

Met 

Gly 
255 

Gly 

Arg 

Arg 

Luell 
335 

Lys 

Ser 

Wall 

Asn 

Ala 
415 

Ala 

Met 

Cys 

Phe 

Glu 

Wall 

Ser 
160 

Phe 

Ile 

Gly 
24 O 

Trp 

Ile 

Asp 

Gly 

Cys 
32O 

Pro 

Glin 
4 OO 

Cys 

Met 

Nov. 7, 2013 
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Glu Asin Gly Trp Ser Pro Thr Pro Arg Cys Ile Arg Val Ser Phe Thr 
435 44 O 445 

Lell 

<210s, SEQ ID NO 5 
&211s LENGTH: 1231 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polypeptide Factor H variant 

<4 OOs, SEQUENCE: 5 

Met Arg Lieu. Lieu Ala Lys Ile Ile Cys Lieu Met Lieu. Trp Ala Ile Cys 
1. 5 1O 15 

Val Ala Glu Asp Cys Asn. Glu Lieu Pro Pro Arg Arg Asn. Thr Glu Ile 
2O 25 3O 

Lieu. Thr Gly Ser Trp Ser Asp Gln Thr Tyr Pro Glu Gly Thr Glin Ala 
35 4 O 45 

Ile Tyr Lys Cys Arg Pro Gly Tyr Arg Ser Lieu. Gly Asn. Ile Ile Met 
SO 55 6 O 

Val Cys Arg Lys Gly Glu Trp Val Ala Lieu. Asn Pro Lieu. Arg Lys Cys 
65 70 7s 8O 

Gln Lys Arg Pro Cys Gly His Pro Gly Asp Thr Pro Phe Gly Thr Phe 
85 90 95 

Thr Lieu. Thr Gly Gly Asn Val Phe Glu Tyr Gly Val Lys Ala Val Tyr 
1OO 105 11 O 

Thir Cys Asn. Glu Gly Tyr Glin Lieu. Lieu. Gly Glu Ile Asn Tyr Arg Glu 
115 12 O 125 

Cys Asp Thr Asp Gly Trp Thr Asn Asp Ile Pro Ile Cys Glu Val Val 
13 O 135 14 O 

Lys Cys Lieu Pro Val Thr Ala Pro Glu Asin Gly Lys Ile Val Ser Ser 
145 150 155 160 

Ala Met Glu Pro Asp Arg Glu Tyr His Phe Gly Glin Ala Val Arg Phe 
1.65 17O 17s 

Val Cys Asn. Ser Gly Tyr Lys Ile Glu Gly Asp Glu Glu Met His Cys 
18O 185 19 O 

Ser Asp Asp Gly Phe Trp Ser Lys Glu Lys Pro Llys Cys Val Glu Ile 
195 2OO 2O5 

Ser Cys Llys Ser Pro Asp Val Ile Asin Gly Ser Pro Ile Ser Gln Lys 
21 O 215 22O 

Ile Ile Tyr Lys Glu Asn. Glu Arg Phe Glin Tyr Lys Cys Asn Met Gly 
225 23 O 235 24 O 

Tyr Glu Tyr Ser Glu Arg Gly Asp Ala Val Cys Thr Glu Ser Gly Trp 
245 250 255 

Arg Pro Lieu Pro Ser Cys Glu Glu Lys Ser Cys Asp Asn. Pro Tyr Ile 
26 O 265 27 O 

Pro Asn Gly Asp Tyr Ser Pro Lieu. Arg Ile Llys His Arg Thr Gly Asp 
27s 28O 285 

Glu Ile Thr Tyr Glin Cys Arg Asn Gly Phe Tyr Pro Ala Thr Arg Gly 
29 O 295 3 OO 

Asn Thr Ala Lys Cys Thr Ser Thr Gly Trp Ile Pro Ala Pro Arg Cys 
3. OS 310 315 32O 

Thir Lieu Lys Pro Cys Asp Tyr Pro Asp Ile Llys His Gly Gly Lieu. Tyr 
3.25 330 335 
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His Glu Asn Met Arg Arg Pro Tyr Phe Pro Val Ala Val Gly Lys Tyr 
34 O 345 35. O 

Tyr Ser Tyr Tyr Cys Asp Glu. His Phe Glu Thr Pro Ser Gly Ser Tyr 
355 360 365 

Trp Asp His Ile His Cys Thr Glin Asp Gly Trp Ser Pro Ala Val Pro 
37 O 375 38O 

Cys Lieu. Arg Lys Cys Tyr Phe Pro Tyr Lieu. Glu Asn Gly Tyr Asn Glin 
385 390 395 4 OO 

Asn Tyr Gly Arg Llys Phe Val Glin Gly Lys Ser Ile Asp Val Ala Cys 
4 OS 41O 415 

His Pro Gly Tyr Ala Leu Pro Lys Ala Glin Thir Thr Val Thr Cys Met 
42O 425 43 O 

Glu Asin Gly Trp Ser Pro Thr Pro Arg Cys Ile Arg Val Lys Thr Cys 
435 44 O 445 

Ser Lys Ser Ser Ile Asp Ile Glu Asn Gly Phe Ile Ser Glu Ser Glin 
450 45.5 460 

Tyr Thr Tyr Ala Lieu Lys Glu Lys Ala Lys Tyr Glin Cys Llys Lieu. Gly 
465 470 47s 48O 

Tyr Val Thir Ala Asp Gly Glu Thir Ser Gly Ser Ile Arg Cys Gly Lys 
485 490 495 

Asp Gly Trp Ser Ala Glin Pro Thr Cys Ile Llys Ser Cys Asp Ile Pro 
SOO 505 51O 

Val Phe Met Asn Ala Arg Thr Lys Asn Asp Phe Thr Trp Phe Llys Lieu. 
515 52O 525 

Asn Asp Thir Lieu. Asp Tyr Glu. Cys His Asp Gly Tyr Glu Ser Asn Thr 
53 O 535 54 O 

Gly Ser Thr Thr Gly Ser Ile Val Cys Gly Tyr Asn Gly Trp Ser Asp 
5.45 550 555 560 

Lieu Pro Ile Cys Tyr Glu Arg Glu. Cys Glu Lieu Pro Llys Ile Asp Wall 
565 st O sts 

His Lieu Val Pro Asp Arg Llys Lys Asp Glin Tyr Llys Val Gly Glu Val 
58O 585 59 O 

Lieu Lys Phe Ser Cys Llys Pro Gly Phe Thr Ile Val Gly Pro Asn Ser 
595 6OO 605 

Val Glin Cys Tyr His Phe Gly Lieu Ser Pro Asp Leu Pro Ile Cys Lys 
610 615 62O 

Glu Glin Val Glin Ser Cys Gly Pro Pro Pro Glu Lieu Lleu. Asn Gly Asn 
625 630 635 64 O 

Val Lys Glu Lys Thr Lys Glu Glu Tyr Gly His Ser Glu Val Val Glu 
645 650 655 

Tyr Tyr Cys Asn Pro Arg Phe Leu Met Lys Gly Pro Asn Lys Ile Glin 
660 665 67 O 

Cys Val Asp Gly Glu Trp Thr Thr Lieu Pro Val Cys Ile Val Glu Glu 
675 68O 685 

Ser Thr Cys Gly Asp Ile Pro Glu Lieu. Glu. His Gly Trp Ala Glin Lieu. 
69 O. 695 7 OO 

Ser Ser Pro Pro Tyr Tyr Tyr Gly Asp Ser Val Glu Phe Asin Cys Ser 
7 Os 71O 71s 72O 

Glu Ser Phe Thr Met Ile Gly His Arg Ser Ile Thr Cys Ile His Gly 
72 73 O 73 

Val Trp Thr Glin Lieu Pro Glin Cys Val Ala Ile Asp Llys Lieu Lys Llys 
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740 74. 7 O 

Cys Llys Ser Ser Asn Lieu. Ile Ile Lieu. Glu Glu. His Lieu Lys Asn Lys 
7ss 760 765 

Lys Glu Phe Asp His Asn. Ser Asn. Ile Arg Tyr Arg Cys Arg Gly Lys 
770 775 78O 

Glu Gly Trp Ile His Thr Val Cys Ile Asin Gly Arg Trp Asp Pro Glu 
78s 79 O 79. 8OO 

Val Asn Cys Ser Met Ala Glin Ile Glin Lieu. Cys Pro Pro Pro Pro Glin 
805 810 815 

Ile Pro Asn Ser His Asn Met Thr Thr Thr Lieu. Asn Tyr Arg Asp Gly 
82O 825 83 O 

Glu Lys Val Ser Val Lieu. Cys Glin Glu Asn Tyr Lieu. Ile Glin Glu Gly 
835 84 O 845 

Glu Glu Ile Thr Cys Lys Asp Gly Arg Trp Glin Ser Ile Pro Lieu. Cys 
850 855 860 

Val Glu Lys Ile Pro Cys Ser Glin Pro Pro Glin Ile Glu. His Gly Thr 
865 87O 87s 88O 

Ile Asin Ser Ser Arg Ser Ser Glin Glu Ser Tyr Ala His Gly Thr Lys 
885 890 895 

Lieu. Ser Tyr Thr Cys Glu Gly Gly Phe Arg Ile Ser Glu Glu Asn Glu 
9 OO 905 91 O 

Thir Thr Cys Tyr Met Gly Lys Trp Ser Ser Pro Pro Gln Cys Glu Gly 
915 92 O 925 

Lieu Pro Cys Llys Ser Pro Pro Glu Ile Ser His Gly Val Val Ala His 
93 O 935 94 O 

Met Ser Asp Ser Tyr Glin Tyr Gly Glu Glu Val Thr Tyr Lys Cys Phe 
945 950 955 96.O 

Glu Gly Phe Gly Ile Asp Gly Pro Ala Ile Ala Lys Cys Lieu. Gly Glu 
965 97O 97. 

Lys Trp Ser His Pro Pro Ser Cys Ile Llys Thr Asp Cys Lieu. Ser Lieu. 
98O 985 99 O 

Pro Ser Phe Glu Asn Ala Ile Pro Met Gly Glu Lys Lys Asp Val Tyr 
995 1OOO 1005 

Lys Ala Gly Glu Glin Val Thr Tyr Thr Cys Ala Thr Tyr Tyr Lys 
O1O O15 O2O 

Met Asp Gly Ala Ser Asn Val Thr Cys Ile Asn Ser Arg Trp Thr 
O25 O3 O O35 

Gly Arg Pro Thr Cys Arg Asp Thr Ser Cys Val Asn Pro Pro Thr 
O4 O O45 OSO 

Val Glin Asn Ala Tyr Ile Val Ser Arg Glin Met Ser Lys Tyr Pro 
O55 O6 O O65 

Ser Gly Glu Arg Val Arg Tyr Glin Cys Arg Ser Pro Tyr Glu Met 
Of O O7 O8O 

Phe Gly Asp Glu Glu Wal Met Cys Lieu. Asn Gly Asn Trp Thr Glu 
O85 O9 O O95 

Pro Pro Gln Cys Lys Asp Ser Thr Gly Lys Cys Gly Pro Pro Pro 
OO 105 11 O 

Pro e Asp Asn Gly Asp Ile Thr Ser Phe Pro Leu Ser Val Tyr 
15 12 O 125 

Ala Pro Ala Ser Ser Val Glu Tyr Glin Cys Glin Asn Lieu. Tyr Glin 
3O 135 14 O 
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Lieu. Glu Gly Asn Lys Arg Ile Thr Cys Arg Asn Gly Glin Trp Ser 
145 15 O 155 

Glu Pro Pro Lys Cys Lieu. His Pro Cys Val Ile Ser Arg Glu Ile 
16 O 1.65 17 O 

Met Glu Asn Tyr Asn. Ile Ala Lieu. Arg Trp Thr Ala Lys Glin Llys 
17s 18O 185 

Lieu. Tyr Ser Arg Thr Gly Glu Ser Val Glu Phe Val Cys Lys Arg 
190 195 2OO 

Gly Tyr Arg Lieu Ser Ser Arg Ser His Thr Lieu. Arg Thr Thr Cys 
2O5 21 O 215 

Trp Asp Gly Llys Lieu. Glu Tyr Pro Thr Cys Ala Lys Arg 
22O 225 23 O 

<210s, SEQ ID NO 6 
&211s LENGTH: 449 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polypeptide Truncated Factor H 
variant 

<4 OOs, SEQUENCE: 6 

Met Arg Lieu. Lieu Ala Lys Ile Ile Cys Lieu Met Lieu. Trp Ala Ile Cys 
1. 5 1O 15 

Val Ala Glu Asp Cys Asn. Glu Lieu Pro Pro Arg Arg Asn. Thr Glu Ile 
2O 25 3O 

Lieu. Thr Gly Ser Trp Ser Asp Gln Thr Tyr Pro Glu Gly Thr Glin Ala 
35 4 O 45 

Ile Tyr Lys Cys Arg Pro Gly Tyr Arg Ser Lieu. Gly Asn. Ile Ile Met 
SO 55 6 O 

Val Cys Arg Lys Gly Glu Trp Val Ala Lieu. Asn Pro Lieu. Arg Lys Cys 
65 70 7s 8O 

Gln Lys Arg Pro Cys Gly His Pro Gly Asp Thr Pro Phe Gly Thr Phe 
85 90 95 

Thr Lieu. Thr Gly Gly Asn Val Phe Glu Tyr Gly Val Lys Ala Val Tyr 
1OO 105 11 O 

Thir Cys Asn. Glu Gly Tyr Glin Lieu. Lieu. Gly Glu Ile Asn Tyr Arg Glu 
115 12 O 125 

Cys Asp Thr Asp Gly Trp Thr Asn Asp Ile Pro Ile Cys Glu Val Val 
13 O 135 14 O 

Lys Cys Lieu Pro Val Thr Ala Pro Glu Asin Gly Lys Ile Val Ser Ser 
145 150 155 160 

Ala Met Glu Pro Asp Arg Glu Tyr His Phe Gly Glin Ala Val Arg Phe 
1.65 17O 17s 

Val Cys Asn. Ser Gly Tyr Lys Ile Glu Gly Asp Glu Glu Met His Cys 
18O 185 19 O 

Ser Asp Asp Gly Phe Trp Ser Lys Glu Lys Pro Llys Cys Val Glu Ile 
195 2OO 2O5 

Ser Cys Llys Ser Pro Asp Val Ile Asin Gly Ser Pro Ile Ser Gln Lys 
21 O 215 22O 

Ile Ile Tyr Lys Glu Asn. Glu Arg Phe Glin Tyr Lys Cys Asn Met Gly 
225 23 O 235 24 O 

Tyr Glu Tyr Ser Glu Arg Gly Asp Ala Val Cys Thr Glu Ser Gly Trp 
245 250 255 
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Arg Pro Lieu Pro Ser Cys Glu Glu Lys Ser Cys Asp Asn. Pro Tyr Ile 
26 O 265 27 O 

Pro Asn Gly Asp Tyr Ser Pro Lieu. Arg Ile Llys His Arg Thr Gly Asp 
27s 28O 285 

Glu Ile Thr Tyr Glin Cys Arg Asn Gly Phe Tyr Pro Ala Thr Arg Gly 
29 O 295 3 OO 

Asn Thr Ala Lys Cys Thr Ser Thr Gly Trp Ile Pro Ala Pro Arg Cys 
3. OS 310 315 32O 

Thir Lieu Lys Pro Cys Asp Tyr Pro Asp Ile Llys His Gly Gly Lieu. Tyr 
3.25 330 335 

His Glu Asn Met Arg Arg Pro Tyr Phe Pro Val Ala Val Gly Lys Tyr 
34 O 345 35. O 

Tyr Ser Tyr Tyr Cys Asp Glu. His Phe Glu Thr Pro Ser Gly Ser Tyr 
355 360 365 

Trp Asp His Ile His Cys Thr Glin Asp Gly Trp Ser Pro Ala Val Pro 
37 O 375 38O 

Cys Lieu. Arg Lys Cys Tyr Phe Pro Tyr Lieu. Glu Asn Gly Tyr Asn Glin 
385 390 395 4 OO 

Asn Tyr Gly Arg Llys Phe Val Glin Gly Lys Ser Ile Asp Val Ala Cys 
4 OS 41O 415 

His Pro Gly Tyr Ala Leu Pro Lys Ala Glin Thir Thr Val Thr Cys Met 
42O 425 43 O 

Glu Asn Gly Trp Ser Pro Thr Pro Arg Cys Ile Arg Val Ser Phe Thr 
435 44 O 445 

Lell 

<210s, SEQ ID NO 7 
&211s LENGTH: 2823 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OO > SEQUENCE: 7 

ggcaggtgct tt tactgtt aatgaaag.ca gatttaaagc alacaccacca t cactggagt 6 O 

atttittagtt atatacgatt gagacitacca agcatgttgc tict tatt cag td taatccta 12 O 

atct catggg tat coactgt tdgggagaa ggaac actitt gtgattitt CC aaaaatacac 18O 

catggatttic td tatgatga agaagattat aaccotttitt cccaagttcc tacaggggaa 24 O 

gttittctatt act cotgttga atataattitt gtgtctic citt caaaatcctt ttggact cqc 3OO 

atalacatgca Cagaagaagg atggt cacca acaccgaagt gtctic agaat gtgttcc titt 360 

c ctitttgttga aaaatggit cattctgaatct tcaggactaa tacatctgga aggtgatact 42O 

gtacaaatta tittgcaacac aggatacago cittcaaaa.ca atgagaaaaa cattt cqtgt 48O 

gtagaacggg gctggit coac toctic ccata to agct tca ctaaaggaga atgtcatgtt 54 O 

c caattittag aagccaatgt agatgcticag C caaaaaaag aaa.gctacaa agttggagac 6OO 

gtgttgaaat t ct cotgcag aaaaaatc.tt ataagagttg gat cagactic agttcaatgt 660 

taccaatttg ggtggit cacci taactitt.cca acatgcaaag gacaagtacg at catgtggit 72 O 

ccacct cotc aactict coaa tigtgaagtt aaggagataa gaaaagagga atatggacac 78O 

aatgaagtag toggaatatga ttgcaatcct aattittataa taaacgggcc taagaaaata 84 O 

Caatgtgtgg atggagaatg gacaactitta CCC acttgttgttgaacaagt gaaaacatgt 9 OO 

ggatacatac ctdaact cqa gtacggittat gttcago cqt ctdtcc.ctic c citat caacat 96.O 
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ggagtttcag ticgaggtgaa ttgcagaaat gaatatgcaa tattggaaa taa catgatt O2O 

acctgt atta atggaatatg gacagagctt cotatgtgtg ttgcaacaca cca acttaag O8O 

aggtgcaaaa tag caggagt taatataaaa acatt actica agctatctgg gaaagaattit 14 O 

aat cataatt citagaatacg ttacagatgt toaga catct t cagatacag goacticagtic 2OO 

tgtataaacg ggaaatggaa t cctgaagta gactgcacag aaaaaaggga acaattctgc 26 O 

ccaccgc.cac ct cagatacc taatgcticag aatatgacaa ccacagtgaa titat caggat 32O 

ggagaaaaag tagctgttct citgitaaagaa alactatotac titccagaagic aaaagaaatt 38O 

gtatgtaaag atggacgatg gcaat catta C cacgctgtg ttgagtctac to at attgt 44 O 

gggcc.ccct c catct attaa caatggagat accacct cat tcc cattatic agtatat cot SOO 

c cagggit caa cagtgacgta ccgttgc.cag toctitctata aactic caggg citctgtaact 560 

gtaa catgca gaaataalaca gtggt cagaa ccaccalagat gcc tagatcc atgtgtggta 62O 

tctgaagaaa acatgaacaa aaataacata cagittaaaat ggagaaacga tiggaaaactic 68O 

tatgcaaaaa Caggggatgc tigttgaattic cagtgtaaat tcc cacatala agcgatgata 74 O 

t cat caccac catttcqagc aatctgtcag gaagggaaat ttgaatat col tatatgtgaa 8OO 

tgaa.gcaa.gc ataattitt co togaatatatt cittcaaacat ccatctacgc taaaagtagc 86 O 

cattatgtag cca attctgt agttacttct tittattottt caggtgttgt tta acticagt 92 O 

tittatttaga act ctggatt tttagagctt tagaaatttg taagctgaga gaacaatgtt 98 O 

t cacttaata ggagggtgtc. ttagt ccata ttacattgtt ataacagagt at cacagact 2O4. O 

ggataactitc taaccalatag tittatttgtt toataaatct aaaagctgag aagtic caaga 21OO 

tggtggggct gcctctggtgagggit cttct Caag catca taatatgctg. galaggcatca 216 O 

Calacatggtg gaagggat.ca cqtggcaaaa gag catgitac atgggagtga gagaaaaaga 222 O 

gaga.gagaga cagagtggcg ggggg.cgggg aggagcgcaa act catcCtt tataaagaca 228O 

c cactic ct ga gataacaatic caatcc catgataatgacat taatc catt c aagaagatag 234 O 

agct ct cqtg acttaatcac cittctaaaga t ct cacctga caacactgtt gcattggcag 24 OO 

ttaagttt co acgtaaact t t cqgggacac attcaaacca caggagaaac toaaattgtt 246 O 

cctgggcaaa toacaa catggggaattitta t t cataaatg tccacagaaa cagtaaatgt 252O 

t citcgct tca gaacttaatt catctaatcc ctic ct gtttgttct caaatta taggataact 2580 

ttgaaactitt ctdaattaac gittatttalaa aggaaatgta gatgttattt tagt ct citat 264 O 

citt caggitta titat cactta aaaacctd.cg aaa.gctgtca actitttgttgg ttgtagcaa.g 27 OO 

tattaataaa tatttataaa toc totaatg taagttctago tacct at coa atactaaata 276 O 

cc ccttaaag tattaaatgc act atctgct gtaaacggaa aaaaaaaaaa aaaaaaaaaa 282O 

a.a.a. 2823 

<210s, SEQ ID NO 8 
&211s LENGTH: 569 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 8 

Met Leu Lleu Lleu Phe Ser Val Ile Lieu. Ile Ser Trp Val Ser Thr Val 
1. 5 1O 15 

Gly Gly Glu Gly Thr Lieu. Cys Asp Phe Pro Lys Ile His His Gly Phe 
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2O 25 3O 

Lieu. Tyr Asp Glu Glu Asp Tyr Asn Pro Phe Ser Glin Val Pro Thr Gly 
35 4 O 45 

Glu Val Phe Tyr Tyr Ser Cys Glu Tyr Asn Phe Val Ser Pro Ser Lys 
SO 55 6 O 

Ser Phe Trp Thr Arg Ile Thr Cys Thr Glu Glu Gly Trp Ser Pro Thr 
65 70 7s 8O 

Pro Llys Cys Lieu. Arg Met Cys Ser Phe Pro Phe Val Lys Asn Gly His 
85 90 95 

Ser Glu Ser Ser Gly Lieu. Ile His Lieu. Glu Gly Asp Thr Val Glin Ile 
1OO 105 11 O 

Ile Cys Asn Thr Gly Tyr Ser Lieu. Glin Asn. Asn. Glu Lys Asn. Ile Ser 
115 12 O 125 

Cys Val Glu Arg Gly Trp Ser Thr Pro Pro Ile Cys Ser Phe Thr Lys 
13 O 135 14 O 

Gly Glu. Cys His Val Pro Ile Lieu. Glu Ala Asn Val Asp Ala Glin Pro 
145 150 155 160 

Llys Lys Glu Ser Tyr Llys Val Gly Asp Val Lieu Lys Phe Ser Cys Arg 
1.65 17O 17s 

Lys Asn Lieu. Ile Arg Val Gly Ser Asp Ser Val Glin Cys Tyr Glin Phe 
18O 185 19 O 

Gly Trp Ser Pro Asn Phe Pro Thr Cys Lys Gly Glin Val Arg Ser Cys 
195 2OO 2O5 

Gly Pro Pro Pro Glin Lieu. Ser Asn Gly Glu Val Lys Glu Ile Arg Llys 
21 O 215 22O 

Glu Glu Tyr Gly His Asn. Glu Val Val Glu Tyr Asp Cys Asn Pro Asn 
225 23 O 235 24 O 

Phe Ile Ile Asin Gly Pro Llys Lys Ile Glin Cys Val Asp Gly Glu Trp 
245 250 255 

Thir Thr Lieu Pro Thr Cys Val Glu Glin Val Lys Thr Cys Gly Tyr Ile 
26 O 265 27 O 

Pro Glu Lieu. Glu Tyr Gly Tyr Val Glin Pro Ser Val Pro Pro Tyr Glin 
27s 28O 285 

His Gly Val Ser Val Glu Val Asn. Cys Arg Asn. Glu Tyr Ala Met Ile 
29 O 295 3 OO 

Gly Asn Asn Met Ile Thr Cys Ile Asin Gly Ile Trp Thr Glu Lieu Pro 
3. OS 310 315 32O 

Met Cys Val Ala Thr His Glin Lieu Lys Arg Cys Lys Ile Ala Gly Val 
3.25 330 335 

Asn. Ile Llys Thr Lieu Lleu Lys Lieu. Ser Gly Lys Glu Phe Asn His Asn 
34 O 345 35. O 

Ser Arg Ile Arg Tyr Arg Cys Ser Asp Ile Phe Arg Tyr Arg His Ser 
355 360 365 

Val Cys Ile Asin Gly Llys Trp Asn Pro Glu Val Asp Cys Thr Glu Lys 
37 O 375 38O 

Arg Glu Glin Phe Cys Pro Pro Pro Pro Glin Ile Pro Asn Ala Glin Asn 
385 390 395 4 OO 

Met Thr Thr Thr Val Asn Tyr Glin Asp G 
4 OS 4. 

Glu Lys Val Ala Val Lieu. 
415 

Cys Lys Glu Asn Tyr Lieu. Lieu Pro Glu Ala Lys Glu Ile Val Cys Llys 
42O 425 43 O 



US 2013/02962.55 A1 
80 

- Continued 

Asp Gly Arg Trp Glin Ser Lieu Pro Arg Cys Val Glu Ser Thr Ala Tyr 
435 44 O 445 

Cys Gly Pro Pro Pro Ser Ile Asn Asn Gly Asp Thr Thr Ser Phe Pro 
450 45.5 460 

Lieu. Ser Val Tyr Pro Pro Gly Ser Thr Val Thr Tyr Arg Cys Glin Ser 
465 470 47s 48O 

Phe Tyr Lys Lieu. Glin Gly Ser Val Thr Val Thr Cys Arg Asn Lys Glin 
485 490 495 

Trp Ser Glu Pro Pro Arg Cys Lieu. Asp Pro Cys Val Val Ser Glu Glu 
SOO 505 51O 

Asn Met Asn Lys Asn. Asn. Ile Glin Lieu Lys Trp Arg Asn Asp Gly Lys 
515 52O 525 

Lieu. Tyr Ala Lys Thr Gly Asp Ala Val Glu Phe Glin Cys Llys Phe Pro 
53 O 535 54 O 

His Lys Ala Met Ile Ser Ser Pro Pro Phe Arg Ala Ile Cys Glin Glu 
5.45 550 555 560 

Gly Llys Phe Glu Tyr Pro Ile Cys Glu 
565 

<210s, SEQ ID NO 9 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 9 

ggggttttct gggatgtaat ratgttcagt gttittgacct t 41 

<210s, SEQ ID NO 10 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide polymorphism 

<4 OOs, SEQUENCE: 10 

titatgaaatc cagaggatat yaccagotgc tigatttgcac a 41 

<210s, SEQ ID NO 11 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide polymorphism 

<4 OOs, SEQUENCE: 11 

agtic caagtt tacacagtac ratagacitta cccattgcca a 41 

<210s, SEQ ID NO 12 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 12 

gatatagatc ticttggaaat rtaataatgg tatgcaggaa g 41 

Nov. 7, 2013 
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<210s, SEQ ID NO 13 
&211s LENGTH: 42 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (21) ... (22) 
<223> OTHER INFORMATION: Residues 21-22 may be absent 

<4 OOs, SEQUENCE: 13 

taatt cataa ctitttitttitt titcgttittag aaaggcc ctd to 

<210s, SEQ ID NO 14 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 14 

aaaggaatac atttaggact yatttgaagt tagtgtcaac a 

<210s, SEQ ID NO 15 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 15 

Calaccc.gggg aaatacagcm aaatgcacaa gtactggctg 

<210s, SEQ ID NO 16 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 16 

aaaatggata taatcaaaat yatggaagaa agtttgtaca g 

<210s, SEQ ID NO 17 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 17 

tatgcc ttaa aagaaaaag.c raaatat caa tdcaaac tag g 

<210s, SEQ ID NO 18 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

42 

41 

4 O 

41 

41 

Nov. 7, 2013 



US 2013/02962.55 A1 

22 Os. FEATURE: 

82 

- Continued 

<221 > NAMEAKEY: misc feature 
&222s. LOCATION: 

<223> OTHER INFORMATION: Residue 21 is optionally absent 

<4 OOs, SEQUENCE 

(21) . . (21) 

: 18 

Cagcttgagt ggatcaaaga ntgacaaggg C caatggaac C 

<210s, SEQ ID NO 19 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

polymorphism 

<4 OOs, SEQUENCE: 19 

Synthetic polynucleotide Factor H gene 

acgg taccta titt attagta katctaatca ataaagcttt t 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

polymorphism 

<4 OOs, SEQUENCE: 

Synthetic polynucleotide Factor H gene 

aagggaccta ataaaattica rtgttgttgat ggaga.gtgga C 

<210s, SEQ ID NO 21 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

polymorphism 

<4 OOs, SEQUENCE: 21 

Synthetic polynucleotide Factor H gene 

tttitt tattt ttt attataa mattaattat atttittaata t 

<210s, SEQ ID NO 22 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

polymorphism 

<4 OOs, SEQUENCE: 22 

Synthetic polynucleotide Factor H gene 

ccttgtaaat citccacct ga katttct cat gigtgttgtag c 

<210s, SEQ ID NO 23 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

polymorphism 

<4 OOs, SEQUENCE: 23 

Synthetic polynucleotide Factor H gene 

ggggatat cq t ctitt catca y gttct caca cattgcgaac a 

<210s, SEQ ID NO 24 
&211s LENGTH: 31 

41 

41 

41 

41 

41 

41 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 24 

aaatccagag gatatyacca gctgctgatt t 31 

<210s, SEQ ID NO 25 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 25 

aatggg taag totatygtac tdtgtaaact t 31 

<210s, SEQ ID NO 26 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 26 

tgcataccat tattayattt coaa.gagatc t 31 

<210s, SEQ ID NO 27 
&211s LENGTH: 36 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (18) ... (19) 
<223> OTHER INFORMATION: Residues 18-19 may be optionally absent 

<4 OOs, SEQUENCE: 27 

acatactaat t cataactitt tttitttitt cq ttittag 36 

<210s, SEQ ID NO 28 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 28 

aatacattta ggacityattt gaagttagtg t 31 

<210s, SEQ ID NO 29 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Factor H gene 
polymorphism 

<4 OOs, SEQUENCE: 29 
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ccggggaaat acagomaa at gcacalagtact 

SEQ ID NO 3 O 
LENGTH: 31 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
polymorphi Sl 

SEQUENCE: 3 O 

Synthetic polynucleotide Factor H gene 

ggatataatc aaaatyatgg aagaaagttt g 

SEQ ID NO 31 
LENGTH: 31 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
polymorphi 

SEQUENCE: 

Sl 

31 

Synthetic polynucleotide Factor H gene 

cittaaaagaa aaa.gcraaat at caatgcaa a 

SEQ ID NO 
LENGTH: 31 
TYPE: DNA 

32 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
polymorphi 

SEQUENCE: 

Sl 

32 

Synthetic polynucleotide Factor H gene 

ctittattgat tagatmtact aataaatagg t 

SEQ ID NO 
LENGTH: 31 
TYPE: DNA 

33 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
polymorphi 

SEQUENCE: 

Sl 

33 

Synthetic polynucleotide Factor H gene 

acctaataaa attcartgtg ttgatggaga g 

SEQ ID NO 
LENGTH: 31 
TYPE: DNA 

34 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
polymorphi 

SEQUENCE: 

Sl 

34 

Synthetic polynucleotide Factor H gene 

taaatctoca cct gakattt ct catggtgt t 

SEQ ID NO 
LENGTH: 2O 
TYPE: DNA 

35 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

SEQUENCE: 35 

Synthetic polynucleotide Primer 

31 

31 

31 

31 

31 

31 
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acttgttc cc ccactic ctac 

<210s, SEQ ID NO 36 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Primer 

<4 OOs, SEQUENCE: 36 

cct cittitt cq tatggactac 

<210s, SEQ ID NO 37 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Primer 

<4 OO > SEQUENCE: 37 

tgaaat cacg taccagtgta gaaatgg 

<210s, SEQ ID NO 38 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Primer 

<4 OOs, SEQUENCE: 38 

caggitatcca gccagtactt gt 

<210s, SEQ ID NO 39 
&211s LENGTH: 45 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide primer 

<4 OOs, SEQUENCE: 39 

ctittattt at titat cattgt tatggtcc tt aggaaaatgt tattt 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 25 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide primer 

<4 OOs, SEQUENCE: 4 O 

ggcaggcaac gtctatagat ttacc 

<210s, SEQ ID NO 41 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide primer 

<4 OOs, SEQUENCE: 41 

t cac catctg ctgttacata t cc tagt 

<210s, SEQ ID NO 42 
&211s LENGTH: 33 

27 

22 

45 

25 

27 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide primer 

<4 OOs, SEQUENCE: 42 

tgggitt tatt totgaatcto agtatacata tdc 

<210s, SEQ ID NO 43 
&211s LENGTH: 15 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Probe 

<4 OOs, SEQUENCE: 43 

aatacagdaa aatgc 

<210s, SEQ ID NO 44 
&211s LENGTH: 17 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Probe 

<4 OOs, SEQUENCE: 44 

tittct tcc at gattittg 

<210s, SEQ ID NO 45 
&211s LENGTH: 17 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Probe 

<4 OOs, SEQUENCE: 45 

aagaaaaagc gaalatat 

<210s, SEQ ID NO 46 
&211s LENGTH: 14 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Probe 

<4 OOs, SEQUENCE: 46 

atacagccaa atgc 

<210s, SEQ ID NO 47 
&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Probe 

<4 OOs, SEQUENCE: 47 

ttct tccata attittg 

<210s, SEQ ID NO 48 
&211s LENGTH: 17 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Probe 

33 

15 

17 

17 

14 

16 
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<4 OOs, SEQUENCE: 48 

aagaaaaag.c aaaatat 

<210s, SEQ ID NO 49 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OOs, SEQUENCE: 49 

c caggctato tataaatgcc rc.cctggata tagat ct citt g 

<210s, SEQ ID NO 50 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OOs, SEQUENCE: 50 

ttgg tactitt taccct taca kgaggaaatg tdtttgaata t 

<210s, SEQ ID NO 51 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (21) ... (21) 
<223> OTHER INFORMATION: Residue 21 is G or H 

<4 OOs, SEQUENCE: 51 

acgatggttt ttggagtaaa nagaalaccala agtgttgttggg t 

<210s, SEQ ID NO 52 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (21) ... (21) 
<223> OTHER INFORMATION: Residue is C or D 

<4 OOs, SEQUENCE: 52 

ttatttataa goagaatgaa ngatttcaat ataaatgtaa c 

<210s, SEQ ID NO 53 
&211s LENGTH: 38 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (21) ... (21) 
<223> OTHER INFORMATION: Residue is C or D 

<4 OOs, SEQUENCE: 53 

Cactgaatct ggatggcgtc. ngttgcct tc atgtgaag 

17 

41 

41 

41 

41 

38 
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<210s, SEQ ID NO 54 
&211s LENGTH: 33 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (21) ... (21) 
<223> OTHER INFORMATION: Residue 21 is optionally absent 

<4 OOs, SEQUENCE: 54 

aagatggatg gtc.gc.ca.gca Staccatgcc tica 33 

<210s, SEQ ID NO 55 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OO > SEQUENCE: 55 

acaattatgc ccacct coac stcagattico caattct cac a 41 

<210s, SEQ ID NO 56 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OOs, SEQUENCE: 56 

caaccacctic agatagaaca yoggaaccatt aattcatcca g 41 

<210s, SEQ ID NO 57 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OO > SEQUENCE: 57 

gtct tcacaa gaaagttatg yacatgggac taaattgagt t 41 

<210s, SEQ ID NO 58 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OOs, SEQUENCE: 58 

Cacatgtcag acagtt at Ca ktatggagaa gaagttacgt a 41 

<210s, SEQ ID NO 59 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OO > SEQUENCE: 59 

t cagtatgga gaagaagtta y gtacaaatgttittgaaggit t 41 

<210s, SEQ ID NO 60 

Nov. 7, 2013 



US 2013/02962.55 A1 
89 

- Continued 

&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OOs, SEQUENCE: 60 

gtatggkgca ttgaattitta ttatatg 27 

<210s, SEQ ID NO 61 
&211s LENGTH: 35 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OOs, SEQUENCE: 61 

acacct cotg tdtgWatc.cg cccacagtac aaaat 35 

<210s, SEQ ID NO 62 
&211s LENGTH: 44 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (21) ... (21) 
<223> OTHER INFORMATION: Residue 21 may be optionally absent 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (23) . . (23) 
<223> OTHER INFORMATION: Residue 23 may be optionally absent 

<4 OOs, SEQUENCE: 62 

Cttgtaticaa Cttgagggta nancaagcga atalacatgta gaaa 44 

<210s, SEQ ID NO 63 
&211s LENGTH: 41 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide Polymorphism 

<4 OOs, SEQUENCE: 63 

aaaagctitta ttgattagat mtactaataa at agg taccg t 41 

<210s, SEQ ID NO 64 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide primer 

<4 OOs, SEQUENCE: 64 

gcaaaagttt Ctgataggc 19 

<210s, SEQ ID NO 65 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic polynucleotide primer 

<4 OOs, SEQUENCE: 65 

aatc.ttacct tctgctacac 2O 
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