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ABSTRACT

Dense Deposit Disease (DDD) causes chronic rena dysfunction which progresses
to end-stage renal disease in about half of patients within 10 years of diagnosis.
Deficiency of and mutations in complement Factor H (CFH) are associated with the
development of DDD, suggesting that dysregulation of the alternative pathway (AP) of
the complement cascade is important in disease pathophysiology. Patients with DDD
were studied to determine whether specific allele variants of the genes of the aternative
pathway of the complement system segregate preferentially with the DDD. Coding and
intronic regions of genes of the complement system in DDD cases and controls were
screened for variants using PCR, restriction digest and bidirectional sequencing. We
were able to identify novel mutations, allele variants and haplotypes in severa genes of
the complement system, which are associated with the DDD phenotype. Possible gene-
gene interactions were determined using computational analyses. A strong synergistic
interaction between polymorphisms in Complement Factor H and C3 was observed. To
ascertain if the associated allele variants have a functional impact in complement activity,
serum samples from normal controls were genotyped for variants in CFH and C3 and AP
complement activity was measured. We found a significant association between CFH
and C3 variants and AP complement activity. Lastly, we generated mutant mice deficient
in CFH and Factor D (CFD). CFH deficient mice develop rena pathology similar to
DDD. Renal function and complement activity in mice deficient in both CFH and CFD
were compared to CFH deficient and CFD deficient mice. The absence of Factor D
inhibits complement activation in CFH-deficient mice. In aggregate, our data show that:

1) DDD is acomplex genetic disease; 2) mutations and allele variants of genes of the AP



complement system contribute to the level of complement activity and the pathogenesis
of DDD; 3) the deletion of CFD rescues the disease phenotype in a murine model of
DDD. These findings should facilitate the diagnosis of DDD and provide targets that can

be explored as potential therapies in affected patients.
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ABSTRACT

Dense Deposit Disease (DDD) causes chronic renal dysfundchimh wrogresses
to end-stage renal disease in about half of patients within 16 ydadiagnosis.
Deficiency of and mutations in complement Factor H (CFH) amsociated with the
development of DDD, suggesting that dysregulation of the alteenptithway (AP) of
the complement cascade is important in disease pathophysiologtient® with DDD
were studied to determine whether specific allele variantseofenes of the alternative
pathway of the complement system segregate preferentiiythe DDD. Coding and
intronic regions of genes of the complement system in DDD casksantrols were
screened for variants using PCR, restriction digest and bidinattsequencing. We
were able to identify novel mutations, allele variants and haploippssveral genes of
the complement system, which are associated with the DDD pipenoPossible gene-
gene interactions were determined using computational analysssorig synergistic
interaction between polymorphisms in Complement Factor H and C®bhsasved. To
ascertain if the associated allele variants have a functimpalct in complement activity,
serum samples from normal controls were genotyped for varia@iShhand C3 and AP
complement activity was measured. We found a significant iasisocbetween CFH
and C3 variants and AP complement activity. Lastly, we generated mutantleficient
in CFH and Factor D (CFD). CFH deficient mice develop rg@adhology similar to
DDD. Renal function and complement activity in mice deficient irn l§ofFH and CFD
were compared to CFH deficient and CFD deficient mice. Thenabsof Factor D
inhibits complement activation in CFH-deficient mice. In aggesgatir data show that:

1) DDD is a complex genetic disease; 2) mutations and abeients of genes of the AP



complement system contribute to the level of complement acawitithe pathogenesis
of DDD; 3) the deletion of CFD rescues the disease phenotypemuariae model of
DDD. These findings should facilitate the diagnosis of Dédd provide targets that can

be explored as potential therapies in affected patients.
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CHAPTER |

INTRODUCTION

The Complement System

In the late nineteenth century, many had been dsted on the mechanisms
involved in the protection of the body from micrganisms. The work of Hans Ernst
Buchner (1850-1902) et.al demonstrated the existarica heat-labile component of
fresh, cell-free serum which was capable of killmgroorganisms (Buchner 1889). He
named this component as “alexin”, from the Greektfaut a name”. In 1894, Jules
Bordet (1870-1961) who was working at the Pastestitute, continued this work by
showing that the lytic activity of serum from imneianimals was lost after exposure to
heat. However, lytic activity was restored upomigdn of non-immune serum. He
hypothesized that two factors were involved in ¢gdls which one was heat-labile and
the other was a heat-stable substance preserg imthune serum (Bordet 1909). In his
work, Paul Ehrlich (1854-1915) verified the presemd the two factors in the immune
serum was required to produce cell lysis. He terntiee thermostable form as
“amboreceptors” or “immune bodies” (presently knoas antibodies). On the other
hand, the heat-labile component was termed “comgiindue to the fact that it
“complemented” the activity of the amboreceptors.

The complement system is an important arm of thataimmune system. The
human body is constantly exposed to different pgghs and infectious agents that can
cause life-threatening diseases. Protection igighed by a complex network of immune
defenses, which recognize and eliminate foreigiqugns. Several infectious agents

have developed various and efficient ways to inat® host immune system (Lachmann



2002). 1t is, therefore, necessary for the immepgtem to cultivate several layers of
immune defenses which include the innate immumty adaptive immunity. The innate
immunity is able to effectively reduce the numbeméectious agents at the first level of
the immediate immune response (Janeway and MedzB@02). It is composed of
cellular responses and the complement system. cohglement system immediately
responds within seconds while the cellular respdakes about minutes to hours and is
mediated by infiltrating macrophages and neutraphil

The first line of immune defense against pathogenise complement system. It
is composed of several complement effectors aniaaots that create a cascade of
activating events leading to the lysis of a targell or pathogen. Functions of the
activated complement system include (Kohl 2006):

i) release of anaphylatoxins and inflammatory ratms (e.g. C3a and C5a)

i) opsonization of target surface with the adtia products

iii) generation of the membrane attack complex @)Ar terminal complement
complex (TCC) which generates pores in the memBrah&arget cells

iv) removal of cellular debris and immune compkexe

V) assistance with the adaptive immune response.
Activation products generated from the complemesicade can bind to the surface of
infectious pathogens (e.g. bacteria, fungi, pagasi&nd viruses). Binding of the
activation components results in the damage anchiredtion of these pathogens.
However, these activation products are able to banthe host cell’s surface to inflict
damage to the host cells. Proper control for taglement cascade is necessary and is

achieved by the action of several complement régrdahat are either fluid-phase or



membrane-bound. A defective regulation of the dempnt system by the complement
regulators can lead to host cell injury which caargually lead to autoimmune diseases
(Janeway 1992). These defects can be due toasdaetors including inappropriate
timing of immune activation; unsuitable delivery @implement effectors on host cells;
faulty detection between self or foreign surfacas] deficient or defective complement
regulators. Examples of complement-mediated dessrdnclude atypical hemolytic
uremic syndrome (aHUS), age-related macular deggoer(AMD) and dense deposit
disease (DDD). In order to prevent these disorftera developing, the body’s immune
system is able to balance elimination target paghsgand protection of host cells from
injury.

The complement cascade is initiated by three patbwahe classical, lectin and
alternative pathways (Figure 1-1). The classiahway is activated by binding of
antibodies to their corresponding antigens (Law BRedl 1995). The lectin pathway is
initiated by binding of mannan binding lectin (MBt9g mannose residues in the surface
of pathogens (Fujita 2002; Degn, Thiel et al. 2007The alternative pathway is
constantly activated at low rates but also recagmsurface of different pathogens for its
activation (Pangburn and Muller-Eberhard 1983; Bang and Muller-Eberhard 1984).
These three pathways generate homologous variarke cC3 convertase (C4bC2b for
classical and lectin pathways and C3bBb for altereagpathway), which cleaves C3 to
C3a and C3b. C3b is deposited on a target sutéamzbng to the opsonization of that
cell. This creates an amplification loop in whiotore C3b and C3 convertases are
produced (Gal, Barna et al. 2007; Gros, MilderleR@08). If activation persists, a new

enzyme complex is produced called C5 convertasb@2HBC3b for classical and lectin



pathways and C3bBbC3b for the alternative pathwaygh cleaves C5 to C5a and C5b
(Pangburn and Rawal 2002). The latter initiatese tbrmation of the terminal
complement complex (TCC) or membrane attack com@xC) by binding to C6-C9
proteins, creating pores on the surface membraaakng to cell lysis (Ward 2009).

The complement system is comprised of about 60 ocoents and activation
products. These include the nine central companehthe complement cascade (C1-
C9); several activation products from the breakdow@3 (e.g. C3a, C3b, iC3b, C3d and
C3dg)(Lambris 1988; Gros, Milder et al. 2008); cdenpent regulators and inhibitors
(e.g. Factor H, Factor |, Factor H-like 1 (CFHLBactor H-related 1 (CFHRL1),
Complement receptor 1 (CR1)); proteases and enzyReedor B, Factor D, Properdin
and C3 and C5 convertases); and complement resefdoreffector molecules (e.g.
C3aR1 and C5aR1). The complement system has eésodhown to interact with other
pathways including the coagulation pathway (Kapl&@hebrehiwet et al. 1981;
Kazatchkine and Jouvin 1984; Dahlback 1985) andika receptor signaling pathway

(Hajishengallis and Lambris ; Hawlisch and Kohl @0

Alternative Pathway of the Complement System

Activation of the alternative pathway of the compént system is independent of
the presence of antibodies and is the first onwatetd by the immune system. 1t is
activated by different molecules and pathogensuding zymosan, lipopolysaccharide
(gram negative bacteria) and teichoic acid (cell elagram positive bacteria)(Pangburn
and Muller-Eberhard 1984). It is also active aw lmtes in the plasma through the
spontaneous hydrolysis of C3 which is also knowthas“tickover” (Figure 1-2). The

thioester bond in C3 is spontaneously cleaved edyre C3(HO) which is structurally



and biologically similar to C3b (Fishelson, Pangbet al. 1984). Both C3¢®) and
C3b can bind to Factor B in which the complex fodnt®comes a substrate for the
protease, Factor D, cleaving a small fragment aftétaB. The initial convertase,
C3(H:0)Bb, is highly unstable and is able to cleave €&8a and C3b. If present, C3b
binds to an activating surface. Together with &aBtand Factor D, the complex C3bBb
is produced and is stabilized by binding of Propetd form the C3 convertase. This
step in the complement cascade creates an ampdficéoop to generate more C3
convertase. C3b can bind to the C3 convertaseddupe C5 convertase which can
cleave C5 to C5a and C5b. C5b can bind to C6@dduce the TCC or MAC leading to
osmotic lysis of target cell.

The regulation of the amplification loop of the qadement cascade is dependent
on the fate of C3b. If C3b levels persist, theotéiaB can further bind to it which can
generate more C3 convertase. However, C3b canatsbalized and degraded by
complement regulators to downregulate complemeintadion. The protein responsible
for the inactivation of C3b is Factor | with these$ance of fluid phase co-factor, Factor
H, and membrane-bound co-factors and regulatorsppBment Recpector 1 (CR1),
Decay Accelerating Factor (DAF) and Membrane Caiaétrotein (MCP). Host cell
surfaces are protected from the action of C3 cdases through the presence of these
membrane-bound proteins like CR1 and MCP on thescelace. Also, the presence of
glycosaminoglycans and sialic acid on the surfame enhance binding of Factor H to
C3b. The presence of DAF on the cell membranepcamote the dissociation of the C3

convertase.



The terminal complement complex is initiated by theavage of C5 to C5a and
C5b by the C5 convertase. Binding of C5b to thé @Bthe convertase bound to the
surface triggers the exposure of a hydrophobic@oceite for C6. Binding of C6 assists
in the binding of C7 which modifies the conformatiof the complex. C5b67 is
discharged from the C5 convertase and this exgbselsydrophobic region of C7 which
can allow the complex to penetrate into the lipidyer of the cell membrane. Tife
subunit of C8 binds to the C5b67 complex arglibunit of C8 inserts into the membrane
due to conformational changes in the complex. &¢¥&9 molecules bind to the C5b678
complex, producing the pore channel, MAC or TCCuriBg complement activation,
some C5b67 complexes can deposit on nearby celishwdan lead to cell lysis. To
prevent this, a complement regulator called Clustbmds to C5b67 which prevents
insertion of the complex to the membrane (Tschopd &rench 1994). Another
regulatory protein, CD59, prevents the incorporatd C8 and C9 to form MAC. Once
MAC forms into the cell or pathogen membrane, thasinlikely occurrence is cell lysis
due to the formation of ion-permeable pores or nkaror leaky patches (Muller-
Eberhard 1986; Morgan 1999). But MAC can alsoiteliarious cellular and metabolic
pathways. Activation of these pathways can leadh® production of inflammatory

mediators like prostaglandins and leukotrienes giemaa, Osifchin et al. 1983).

Dense Deposit Disease

Structure and Function of the Glomerulus
The kidneys are paired organs that functions inetheretion of wastes such as
urea and ammonium and reabsorption of water, gluansl amino acids. They are also

important in homeostatic activities including regjidn of electrolytes, maintenance of



acid-base balance and regulation of blood pressiuifeey produce hormones including
calcitriol, rennin and erythropoietin. The kidnagseive 20% of the cardiac output and
during the course of the day filter 180 liters tdddl. The functional unit of the kidney is
the nephron. The nephron is composed of the reagluscles and tubules. One
component of the renal corpuscle is the glomerulrech is composed of capillary
vessels actively involved in the filtration of bban the kidneys. The measure of the
overall renal function is called the glomerulatrétion rate (GFR) which estimates the
rate of blood that passes through all the glomeruli

The layers of the glomerulus are composed of emdiathcells, glomerular
basement membrane (GBM) and podocytes (Figure 193)e endothelial cells have
numerous pores or fenetrae in which anything smétian an RBC will pass through
these pores. The GBM is a thick (250-350 nm) memdrlining the glomerular
endothelium. It is rich in negatively charged glgaminoglycans like heparan sulfate.
The negative charge of the GBM can deter negatigleérged proteins from the blood
like albumin to prevent its passage into the Bowmapace. The podocytes line the
GBM and form part of the lining of the Bowman’s spa They form a network of foot
processes which controls the filtration of proteint® the Bowman’s space. The foot
processes are also negatively charged to limiafiin of aloumin and other negatively-
charged proteins. Mesangial cells are not pattefiltration barrier but play an indirect
role in the filtration process by regulating thedd flow of the glomerular capillaries by
their contractile activity. Contraction of the magials cells and GBM can decrease the

surface area of the basement membrane reducing G¥8b, mesangial cells provide



structural support in the glomerulus and phagoeytiglomerular basal lamina
components and immunoglobulins..

Glomerular diseases are caused by damage or infidiormin the glomerulus.
Most of these diseases are complex and have gaeratses or associated with systemic
diseases like lupus or diabetes. The damage taltmeruli can interfere with the
clearance of waste products and filtration of int@otr proteins like albumin. Signs and
symptoms of glomerular diseases include proteinleige amounts of protein in urine),
hematuria (blood in the urine), edema (swellinglifffierent parts of the body), reduced
GFR (inefficient filtration of wastes from the bidoand hypoprotenemia (low blood
protein). Many patients with glomerular diseasd develop renal insufficiency and

eventually renal failure.

Clinical Findings

Dense Deposit Disease is a complex genetic disefaslee glomerulus in the
kidneys. Characteristic features include hematpriateinuria, acute nephritic syndrome
and nephritic syndrome. It occurs slightly more f@males than males (3:2
female:male)(Lu, McCarthy et al. 2007). The premak of DDD is about 2-3:
1,000,0000 population. About half of DDD patientso have disease for more than 10
years develop end-stage renal disease (di Belgipjtarantino et al. 1977; Droz, Noel et
al. 1982; Swainson, Robson et al. 1983; McEnery 180, McCarthy et al. 2007; Smith,
Alexander et al. 2007). Several DDD patients wdatdr develop impaired visual acuity
(Colville, Guymer et al. 2003).

DDD is characterized by capillary wall thickeningdamesangial proliferation in

the glomerulus (Figure 1-4). There are also edectiense deposits present in the



glomerular basement membrane (GBM). The deposittath complement components
C3, C4, C5, C6, C8 and C9 and complement regul&éisR1, CFHR5, Clusterin and

Vitronectin (Crabb, Miyagi et al. 2002). Most DDpatients have an autoantibody
against C3 convertase in the serum called C3 Naphfactor (C3NeF). C3NeF

stabilizes the C3 convertase, making the enzyme l@®ne to inactivation by

complement regulators (Daha, Fearon et al. 1976).

In the second decade of life, DDD patients may lgvevhitish-yellow deposits
in the Bruch’s membrane beneath the retinal pigrepithelium of the eye called drusen
which is similar to pathologic eye phenotype foumd\ge-related macular degeneration
(AMD). Initially, the presence of drusen in DDD tmgeats does not cause visual
impairment and is varied among these individualsiv@d-Young, Short et al. 1989;
Colville, Guymer et al. 2003; Holz, Pauleikhoff @t 2004). However after several
years, abnormal retinal function leading to visli@ds may occur due to subretinal
neovascular membranes, macular detachment andalkceetious retinopathy (Colville,
Guymer et al. 2003). Patients with DDD have 10%gtterm risk in developing visual
problems.

DDD is also associated with acquire partial lipadyshy (APL)(Eisinger,
Shortland et al. 1972). APL, also known as Bareagtimons syndrome or
cephalothoracic lipodystrophy, is a rare form pbllystrophy in which fat loss is limited
to the face and upper extremities. On the othadhtat hypertrophy is observed in the
lower extremities. The age of onset of APL is aeb8-10 years of age and is preceded
by an episode of an acute viral infection. APLwscthree times more often in females

than males. About one-fifth of APL patients deyeldDD which occurs more than 10
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years of onset of APL. Both DDD and APL are dueh® dysregulation of AP in the
kidney and fat tissues respectively (Mathieson Reatbrs 1997). Patients with APL also
develop hypocomplementemia or low levels of C3 hade C3 Nephritic factor in their
blood. APL is associated with other autoimmuneeates like systemic lupus
erythematosus (SLE), dermatomyositis, hypothyrandispernicious anemia, celiac
disease, dermatitis herpetiformis, rheumatoid dishr temporal arteritis and
leukocytoclastic vasculitis. Some APL patients evaevelop drusen or macular
degeration later in life

Current therapies for DDD focus on decreasing msgjon of renal damage by
improving renal hemodynamics and controlling im&itton of leukocytes in the kidneys
(Smith, Alexander et al. 2007). Non-specific treant for DDD includes Angiotensin-
converting enzyme inhibitors and angiotensin |l etip receptor blockers and lipid
lowering agents (e.g.hydroxymethylglutaryl coenzyme A reductase inhitgjosince
both can reduce proteinuria and progression tol riailare (Ruggenenti, Perna et al.
1999; Brenner, Cooper et al. 2001; Nickolas, Radkhkan et al. 2003; Maisch and
Pezzillo 2004). Some DDD patients undergo reraaddplantation (Braun, Stablein et al.
2005). However, recurrence of DDD occurs in masiftg and is the most common
cause of renal failure in 15-50% of recipients (ApCook et al. 2005). Plasmapheresis
has been useful in removing C3NeF from the ciromasystem of DDD patients (Kurtz
and Schlueter 2002). DDD patients with autoantié®@gainst CFH may benefit from
treatments that inhibit function of B and T lymphtes. A possible treatment for
patients with CFH deficiency or protein defect eplacement of CFH or other fluid-

phase complement regulators (e.g. soluble CR1).n aAtibody against human C5,
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Eculizumab (Soliris), is being investigated as exrdpy for DDD and other complement-

mediated diseases (Gruppo and Rother 2009; Nuraehd?gilipp et al. 2009).

Genetic Causes of DDD
Mutations in complement regulator Factor H haverbshown to cause DDD.
Most of these mutations cause defects in proteineien or deficiency of Factor H in
the circulation (Licht, Heinen et al. 2006; Saursdekbarrategui-Garrido et al. 2007).
Variants in CFH and CFHR5 have been shown to becagsd with DDD (Abrera-

Abeleda, Nishimura et al. 2006; Lau, Smith et 808).

Complement Factor H

Factor H is the most abundant fluid-phase complémegulator. The gene is
located in human chromosome 1g32 within the Regulat Complement Activation
(RCA) cluster of genes and is encoded by 22 exb28kp) (Figure 1-5A). The Factor H
protein is composed of 1231 amino acids arrangedOircomplement control protein
(CCP) or short consensus repeat (SCR) modulesaltdmatively spliced form of Factor
H is composed of the first 7 CCPs/SCRs and canatiguhesion of epithelial and
fibroblast cell line (Hellwage, Kuhn et al. 1997Y.he main function of Factor H is to
regulate complement activity by binding to C3b iompetition with Factor B and
displacing Bb from the C3 convertase (Whaley anddyul976). Factor H has binding
sites for C3b, heparin and C-reactive protein (C@Rjure 1-5B). It also serves as a co-
factor for Factor I-mediated inactivation of C3baf#atchkine, Fearon et al. 1979). It can
function as a chemotactic for monocytes, an adhepiotein for neutrophils and a
secretagogue of ILALfrom monocytes (Iferroudjene, Schouft et al. 19@htsuka,

Imamura et al. 1993; Nabil, Rihn et al. 1997). Phienary site of synthesis for Factor H
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is the liver and serum level in humans is approkatya550ug/ml (Weiler, Daha et al.
1976). Factor H synthesis in fibroblasts, monagy@ndothelial cells and cultured liver
cells are upregulated by IFNBrooimans, Hiemstra et al. 1989; Lappin, Guclel1892;
Vik 1996). Patients with deficiency in Factor Hveadeveloped aHUS or DDD.
Mutations in CFH are found in DDD patients. In tvadated patients with DDD,
a deletion of a single lysineAK224) in CFH has been observed (Licht, Heinen et al
2006). This mutation is located in a regulatorgioa and binding site for C3b and
causes decreased cofactor and decay acceleratigyaof CFH protein. Another
patient who developed both DDD and AMD has a nowslsense mutation, C431Y, in
SCR 7 of CFH (Montes, Goicoechea de Jorge et &80 This mutation affects the
three-dimensional conformation of SCR7 in the mut@fH which can decrease its
stability. In another study, four CFH-deficient igats diagnosed with DDD have novel
mutations in CFH (Dragon-Durey, Fremeaux-Bacchalet2004). Two related DDD
patients have the mutation, R27L, in SCR2 which afiact C3b binding. One patient
has the C431S mutation in SCR7 which can possifigctathe stability of the CFH
protein. The last patient has the C673S mutatibithvis located in a CRP binding site
in SCR11. The last two mutations involve cystdi@g residues which are important in
the formation of intrachain disulfide bonds in eg8@R. Thus, this can affect the
secondary structure of the CFH protein (Janatowaid Rt al. 1989). The Y402H
common variant is associated with DDD (Abrera-AdaleNishimura et al. 2006). The
risk allele, H402, has a higher frequency in DDDigrds compared to frequency found
in the population. This variant is located in SC®hich is a CRP and heparin binding

site. The presence of H402 decreases the bindi@gfbl protein to human umbilical
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vein endothelial cells (HUVECs) and CRP (Laineyvaast al. 2007; Skerka, Lauer et al.

2007).

Complement Factor H-Related 5

Complement Factor H-related 5 (CFHR5) is one ofRfaetor-H related genes and
is located in the RCA locus together with CFH (Fea-5A). The other six members of
the CFH family include CFHL1, which is a splice fmon of CFH, and five Factor H-
related proteins encoded by distinct genes (CFHRIHere is little known about the
latter five proteins, although they do show varyitegrees of structural similarity to CFH
(Appel, Cook et al. 2005). CFHR5 has 9 SCRs amavslthe highest similarity to CFH
(Figure 1-5B) and has been demonstrated in reogkhas of patients with other types of
glomerulonephritis (Murphy, Georgiou et al. 200Z)p&l, Cook et al. 2005). In vitro
studies have also shown that CFHRS5 is present idacas exposed to complement attack
suggesting a possible role in the complement casca€FHR5 has complement
regulatory and cofactor activities through binditagC3b, CRP and heparin (McRae,
Cowan et al. 2001; McRae, Duthy et al. 2005). lAleariants in CFHR5 are associated

with DDD (Abrera-Abeleda, Nishimura et al. 2006).

Animal Models of DDD

The function of CFH has not only been studied imhos but also in pigs and
mice by generating CFH deficient animal models ¢@anHogasen et al. 1993; Hogasen,
Jansen et al. 1995; Hegasy, Manuelian et al. 2Bi@Rering, Cook et al. 2002). Both the
CFH-deficient pig and mouse models develop a rphahotype similar to human DDD.
Mice lacking in both CFH and Factor B (BF) protets not have DDD which implies

that activation of the AP is necessary in the dgwelent of DDD (Pickering, Cook et al.
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2002). Also, mice deficient of CFH and IF proteiths not develop DDD, but upon
addition of IF, develop the characteristic DDD rgpathology (Rose, Paixao-Cavalcante
et al. 2008). This shows that the regulatory fiomctof CFH in the fluid phase to

inactivate the C3 convertase is important in thesttgpment of DDD.

Other AP Complement-Mediated Diseases
Besides DDD, several human diseases are assouwdtedeficiencies or defects
in complement components or regulators. Exampleslude Systemic Lupus
Erythematosus (SLE), Atypical Hemolytic Uremic Syomie (aHUS) and Age-related

Macular Degeneration (AMD).

Systemic Lupus Erythematosus

Deficiencies in the early complement componenthefclassical pathway
have been highly associated with SLE (Vyse and iKofi£98). This autoimmune
disease is characterized by collapse of immunaotes and production of autoantibodies
against different cells and tissues leading to eand chronic inflammation. For
example, patients with SLE often produce antibodagsinst dsDNA and develop
glomerulonephritis. Although the cause of SLE @&ygenic, it has been shown that
homozygous deficiency of one of early complemenmponent can lead to the
development of SLE. Mutations and polymorphismghm complement genes also have
a strong association with SLE (Olsen, Goldsteial. €1989; Davies, Snowden et al. 1995;
Huang, Siminovitch et al. 1995; Chew, Chua et @08). There is no cure for SLE, and
most commonly, immunosuppressants and corticosterie used to prevent flaring of

clinical symptoms.
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Hemolytic Uremic Syndrome

Hemolytic uremic syndrome (HUS) is an autoimmunesedse that is
characterized by acute renal failure, microangimpaanemia and thrombocytopenia
(Noris and Remuzzi 2005; Atkinson and Goodship 200Fhe typical form of HUS is
associated with diarrhea caused by infectioksdtherichia coli(serotype O157:H7) and
is predominant in the younger age group. The efygorm (aHUS) is associated with
genetic mutations of complement regulatory genesk affects both adult and juvenile
populations. A third form called DEAP-HUS (Definte for CFHR1/CFHR3 and
Autoantibody Positive) is seen in younger patieand is caused by the combination of
genetic and environmental causes (Skerka, Joasi 2009). An 84kb deletion is present
in human chromosome 1932 completely deleting CFAIRLCFHRS3 (Zipfel, Edey et al.
2007). Patients also have autoantibodies that tartle C-terminal region of Factor H
(Jozsi, Licht et al. 2008; Pizza, Donnelly et a08). 60% of aHUS patients have
mutations in the complement genes including complgnsomponents, C3 and Factor B
and complement regulators, Factor H, Factor | afdPKCD46 (Johnson and Taylor
2008). The main causes of kidney disease in H@Sracrothrombi formation in kidney
blood vessels and endothelial cell damage duesmedulation of complement activity on

the surface of host cells.

Age-Related Macular Degeneration

The most common cause of blindness in older popualsibf developed countries
is Age-related Macular Degeneration (AMD) (de JoR@06). This disease is
characterized by damage to the macula (locateueatdnter of the retina in the eye) and

formation of drusen, which is the accumulation ebds materials in the retinal pigment
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epithelial cells and Bruch’s membrane. Proteinoddp in drusen have been shown to
contain complement components C3, C5, C6, C7, @8C#) and complement regulators
clusterin and vitronectin (Crabb, Miyagi et al. 20&lein, Zeiss et al. 2005). The Factor
H polymorphism, Y402H, is associated with AMD (Hag®, Anderson et al. 2005;
Klein, Zeiss et al. 2005). Other complement gengh mutations and allele variants
associated with AMD include Factor B, C3, C4 and C& deletion of CFHR1 and

CFHR3 genes has protective effects in AMD (Hugkes.et al. 2006).

Possible Candidate Genes Associated with DDD

Complement Component C3

C3 is the most important acute phase componeinechiternative pathway of the
complement system. The C3 gene is located in hwwhesmosome 19p13.3-13.2 and is
about 41kb encoded by 41 exons. The C3 proteisyighesized as a preprotein
consisting of 1663 amino acids with a 22 amino deatler sequence and a four amino
acid cleavage site (de Bruijn and Fey 1985). Tlsune protein contains f chain
(amino acid 23-667) and chain (amino acid 672-1663). Several bindingssifar
complement proteins have been identified in C3 gankiding Properdin (amino acid
1424-1456), Factor H (amino acid 749-790; 1209-)@&mbris, Avila et al. 1988),
Factor B (amino acid 749-790) (Lambris, Lao et1#96), CR1 (amino acid 749-790)
(Becherer and Lambris 1988), CR2 (amino acid 12236) (Lambris, Ganu et al. 1985)
and CR3 (amino acid 1383-1403) (Wright, Reddy etl@B7). During the activation of
the alternative complement pathway, C3 is cleawe@3a and C3b (Figure 1-6). This
creates a conformational change in C3b which cad to cell surface carbohydrates or

immune complexes via its reactive thioester dom@igD). Once the alternative
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pathway is regulated, C3b is split by Factor | @ado-factor in two positions to produce
iIC3b (inactivated C3b) and C3f. iC3b is cleaveddon C3c and Cdg. On the other
hand, C3a is a known anaphylatoxin that can meditei@ inflammatory processes by
binding to its receptors in the cell membrane.sTdan cause histamine release from mast
cells and leukocytes, induce smooth muscle celltraoion and augment vascular
permeability.

Most of the C3 is synthesized in the liver (Alpdohnson et al. 1969). But other
tissues produce C3 like kidneys (Sacks, Zhou e1@93), lungs (Strunk, Eidlen et al.
1988), intestines (Molmenti, Ziambaras et al. 19@8). Expression of C3 is controlled
by several factors including interleukins (IL-1 ahd6) (Beuscher, Fallon et al. 1987;
Ramadori, Van Damme et al. 1988) and tumor necrfamitor (TNF) (Perlmutter,
Dinarello et al. 1986). In the endometrium, estrogan decrease C3 expression while
progesterone can increase C3 expression (Sunddtrmmm et al. 1990). Normal range
of C3 levels in the serum is 1-1.5 mg/ml (Kohled atuller-Eberhard 1967). Individuals
with deficiency in C3 due to mutations in the geleenonstrate increased susceptibility to
pyogenic infections, systemic lupus erythematos\®&lEj-like symptoms and
membranoproliferative glomerulonephritis (Botto,ngoet al. 1990; Botto, Fong et al.
1992; Huang and Lin 1994; Singer, Whitehead e1994). There are two common C3
variants, C3S and C3F, which have been identifiedetd on their electrophoretic
mobilities. These variants are caused by a changeicleotide 364 C to G in exon 3
leading to change in the protein sequence frormengito glycine in amino acid 102.

Another structural variant for C3 is based on msmiunoblotting reaction with a
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monoclonal antibody, HAV4-1. The variant is caubgda change in nucleotide 1001 C

to T or amino acid 314 proline to lysine (Bottongcet al. 1990).

Factor B

Factor B is one of the components of the C3 coasert The gene is located in
human chromosome 6p21.1-6p21.3 and is encoded lexd®s in 6 kb genomic DNA.
The Factor B protein is composed of 764 amino aeitls a leader sequence of 25 amino
acids. Its structure consists of 3 domains: compld control protein (CCP) (amino acid
34-100, 101-161 and 163-220), von Willebrand fa&tqvWFA) (amino acid 253-468)
and serine protease (SP) (amino acid 482-764).inkel segment connects CCP and
VWFA domain (amino acid 221-252) and is the sitelevage of Factor B to Ba and Bb.
During complement activation, Factor B binds to G8bform the inactive complex,
C3bB. A serine protease, Factor D, cleaves F&torremove Ba fragment. Factor B is
also an acute phase reactant. It is primarilylmgized in the liver. The level of Factor
B is upregulated during inflammatory reaction. é&spression is also affected by
cytokines and growth factors (Ramadori, Sipe etl@85; Circolo, Pierce et al. 1990).
Deficiencies of Factor B in humans or animals hawebeen reported. A Factor B null
mouse has been generated showing no signs of amopipe (Watanabe, Garnier et al.
2000). Mutations in Factor B are associated withgathogenesis of aHUS (Tawadrous,

Maga et al. ; Goicoechea de Jorge, Harris et &7R0

Factor D
The serine protease, Factor D or also known assidipgs one of the main
components of the alternative pathway of the complg system and is the rate-limiting

enzyme of that pathway. It cleaves Factor B baiwwn@3b to produce C3 convertase. It
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is unlike any other serine protease because it doesequire enzymatic cleavage or
activation by serpin for its proteolytic activity/dlanakis and Narayana 1996). The
Factor D gene is located in human chromosome 18@&I is encoded by 5 exons. The
Factor D protein is composed of 246 amino acid$ witl3 amino acid signal peptide
(amino acid 1-13) and a 5 amino acid potentialvatiobn peptide (amino acid 14-18).

Factor D is primarily expressed in the adiposaigssand in macrophages (White, Damm
et al. 1992). Deficiency in Factor D has been rgubin patients who had recurrent
Neisseria meningitideand Neiseseria gonorrhoeaafections(Biesma, Hannema et al.

2001; Sprong, Roos et al. 2006). Deficiency intéia® has been shown to be due to
mutations in the Factor D gene. (Sprong, Roos.£046). Absence of Factor D in the

system leads to no activity of the alternative ctampent pathway.

Properdin

Binding of Properdin to the C3 convertase incredbBesstability of the enzyme
complex. This binding inhibits the cleavage of G8bFactor | and increases affinity for
Factor B (Fearon and Austen 1975; Farries, Lachnedmh 1988). Its function enhances
the amplification loop of the complement cascadd &3b deposition onto a target
surface. The gene is located in human chromosopid 8-11.23 and is composed of 10
exons (6kb). The protein is encoded by 469 anaicids with 27 amino acid leader
sequence. Properdin is primarily synthesized enrttonocytes, T cells and granulocytes
(Whaley 1980; Schwaeble, Dippold et al. 1993; Westb Fredrikson et al. 1995;
Wirthmueller, Dewald et al. 1997). Deficiency imoPerdin results in highly impaired
bactericidal activity and patients are prone to imgmcoccal infections (Westberg,

Fredrikson et al. 1995).
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Factor |

One of the complement regulators responsible ®iirtactivation of C3b and C4b
is Factor I. It cleaves the chains of C3b and C4b with the aid of co-factdte Factor
H, MCP, CR1 and C4 binding protein (C4BP). It imaates the complement cascade by
inactivating C3b or C4b to prevent formation of C3/convertases. The gene (63kb) is
encoded by 13 exons yielding a protein with 583ramacids with an 18 amino acid
leader sequence (amino acid 1-18). It is primasypthesized in the liver but is also
produced in monocytes, endothelials cells, fibretslaetc. Expression of Factor | is
upregulated by lipopolysaccharide (LPS) and interfe (IFNy). Deficiencies in Factor |
have been identified in individuals with increasedtidence of recurrent pyogenic
infection, glomerulonephritis and SLE-like symptom&bsence of Factor | in the system
leads to uncontrolled activation of the amplificati of the alternative complement

pathway.

Complement Factor H-Related Genes

The Factor H-related protein family consists of tbacH, Factor H-like 1
(CFHL1) and 5 Factor H-related genes (CFHR1-5)eyTare located in the RCA cluster
of genes in human chromosome 1932 (Figure 1-5AFHIA is an alternative spliced
form of Factor H in which the first 7 SCRs are pr#s It has been shown to be a
complement regulator with co-factor and decay a&re&hg activity (Zipfel and Skerka
1999). CFHR1-4 are composed of 4-5 CCP/SCRs woH&IR5 has 9 CCP/SCRs.
These are highly homologous to the CCP/SCRs inoF&tiFigure 1-5B). These Factor
H-related genes also bind to complement proteins$ laave complement regulatory

activity. CFHR1 can bind to C5 convertase to inhthe terminal complement cascade



21

(Heinen, Hartmann et al. 2009). CFHR3 can bind ®b Gnd heparin (Hellwage,
Jokiranta et al. 1999). CFHRS5 can also bind to @@bRae, Cowan et al. 2001).
Deletion of CFHR1 and CFHR3 as a result of chromwdaearrangement represents a
risk factor for aHUS (Zipfel, Edey et al. 2007).n @he other hand, the CFHR1/CFHR3

deletion has a protective effect against AMD (Hwgyl@rr et al. 2006).

Complement Receptors

Complement receptors are membrane-bound proteirsd ttan regulate
complement activity or act as complement effecexeptors. There are five major
complement receptors namely CR1, CR2, CR3, CRACRId/VSIG-4. These receptors
develop an important interface between complemetitadion in the fluid-phase or on
target surfaces and intracellular signaling pathsathwgt affect cellular phenotype.

Complement receptor 1 (CR1) is an integral prothat regulates complement
activity (Fearon 1979). The CR1 gene is locateduman chromosome 132 within the
RCA gene cluster. It spans about 133kb and isdattdy 39 exons. The CR1 protein
has 2044 amino acids which are organized into detanof long homologous repeats
(LHRs) of 7 CCPs or SCRs (Figure 1-7). These LHRRsbénding sites for C4b, C3b and
Clqg (Klickstein, Wong et al. 1987; Klickstein, Bant et al. 1988).  The C-terminal
transmembrane domain consists of 25 amino acidie whe C-terminal cytoplasmic tail
consists of 43 amino acids. There are four mdjoicgural allotypes in humans: CR1*1
(F or A), CR1*2 (B or S), CR1*3 (C or F’) and CR1{D) (Dykman, Cole et al. 1983;
Wong, Wilson et al. 1983; Dykman, Hatch et al. 19B4kman, Hatch et al. 1985;
Klickstein, Barbashov et al. 1997). The most comrfarm is CR1*1 (F or A) which

contains 4 LHRs. CR1*2 has 5 LHRs, CR1*3 has 3 kH®d the most rare form,
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CR1*4 has 6 SCRs. The different allotypes are @iy nonhomologous recombination
and gene conversion of CR1.

CR1 is a receptor for C3b, C4b and C1q (Klickst&®arbashov et al. 1997). It
can also bind to iC3b, but not efficiently (Kalihearn et al. 1991). It is expressed on
erythrocytes and facilitates the binding of opsedizmmune complexes or pathogens
(Arend and Mannik 1971; Cornacoff, Hebert et al83;9Schifferli, Ng et al. 1988;
Kimberly, Edberg et al. 1989). These cells thenteainsported to the liver or spleen for
removal. CR1 is also expressed on neutrophils modocytes, which aids in the
phagocytosis of an activated cell. In all celldgpCR1 acts as a complement regulator
and a co-factor for Factor | mediated inactivatadnC3b or C4b (Fearon 1979; Fearon
1980; lida and Nussenzweig 1981). A soluble fofn©B1 is present in the serum and
arises from cleavage of the intracellular form &1XCon the neutrophils by elastase and
unknown metalloprotease during conditions in wtitlod action of CR1 is necessary (e.g.
complement regulation) (Danielsson, Pascual el @4; Sadallah, Hess et al. 1999).
Low levels of CR1 on the erythrocytes are assodiatith SLE (Miyakawa, Yamada et
al. 1981; lida, Mornaghi et al. 1982; Wilson, Woegal. 1982; Walport, Ross et al.
1985). Besides the four structural allotypes ofiICBnother variant is the quantitative
allotype, H or L, which determines CR1 expressievel on erythrocytes. Individuals
homozygous for the H allotype have 4-10x more CRiels than those who are
homozygous for L allotype (Wilson, Murphy et al.86).

Complement receptor 2 (CR2) is another regulatothef complement system.
The CR2 gene is also located in the RCA locus amtbmposed of 19 exons spanning

30kb DNA (Fujisaku, Harley et al. 1989). The CR®tpin is a glycosylated type |
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transmembrane protein with an extracellular donecaimsisting of 15-16 SCRs.  There
are 2 CR2 isoforms: one consisting 16 SCRs andttier 15 SCRs which is due to the
alternative splicing of exon 11. The CR2 proteamsists of 1092 (16 SCRs) or 1033
(15 SCRs) amino acids with a 20 amino acid sigregtide, a 22-24 amino acid
transmembrane region and 34 amino acid intraceltldanain. It is expressed in mature
B lymphocytes (Tedder, Clement et al. 1984), falke dendritic cells (Reynes, Aubert et
al. 1985), thymocytes (Watry, Hedrick et al. 1990 )ymphocytes (Fischer, Delibrias et
al. 1991; Levy, Ambrus et al. 1992), basophils @gc Gauchat et al. 1993),
keratinocytes (Hunyadi, Simon et al. 1991), astregy{Gasque, Chan et al. 1996) and
epithelial cells (Levine, Pflugfelder et al. 1990).

CR2 is the receptor for C3d and iC3b (lida, Naélkeal. 1983; Weis, Tedder et al.
1984) but binds to C3b less effectively (Cooper,okéoet al. 1988; Ahearn and Fearon
1989). It associates with CR1 on the surface mangbrand plays a role in the
conversion of C3b, a ligand of CR1, to complemeantpcts, C3d and iC3b. Itis also a
receptor for the Epstein-Barr virus (EBV) glycomiot gp350/220 and thus, important in
EBV binding, infection and immortalization of B tel(Fingeroth, Weis et al. 1984;
Nemerow, Wolfert et al. 1985). Other functionsGR2 include binding with CD23 to
increase IgE production and histamine release @amddamote T:B cell adhesion (Bacon,
Gauchat et al. 1993); and mediating antigen trappand cell-cell interactions in
germinal centers of lymphoid organs (Fang, Xu et1898). Polymorphisms in CR2
gene have been shown to be associated with SLEg{BguWVindels et al. 2009).

Complement receptor 3 and 4 (CR3 and CR4) are ammwit receptors that play

a role in the phagocytosis of target surfaces apednwith C3b and iC3b fragments
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(Cabanas and Sanchez-Madrid 1999; Cabanas ande2alieldrid 1999; Cabanas and
Sanchez-Madrid 1999; Ehlers 2000). Both are madefu2 genes that form type |
membrane glycoproteins. Both CR3 and CR4 have G Bg-integrin as thg subunit.
However, they differ with the: subunit which CR3 has CD11b and CR4 has CD1l1c.
The gene for th@ subunit is located in human chromosome 21g22.3eacdded by 16
exons spanning 40kb. Both genes for theubunit is located in a cluster in human
chromosome 16p11-13.1. CD11b is composed of 3@segpanning 55kb while CD11c
has also 30 exons spanning 25kb DNA. CR3 and C&4sat have complement
regulatory properties but are important in intdudat adhesion and cyctotoxic events.
When CR3 or CR4 binds to iC3b-opsonized pathogeimagocytosis and degranulation
occur. On the other hand, when they binds to iG@&enized erythrocytes or cells, cell
adhesion occurs. Deficiencies of thesubunit has been associated with SLE (Witte,
Dumoulin et al. 1993) while deficiencies of tResubunit is associated with Leukocyte
Adhesion Deficiency (LAD) which is characterized bymunodeficiency due to
recurrent infection (Anderson and Springer 1987).

Complement Receptor of the Immunoglobulin superfia{CRIg) is another
regulator of the complement system. It is a meménaound receptor of C3b and iC3b.
The CRIg gene is located in human chromosome X¢l2-and is encoded by 8 exons
spanning 18kb. There are two isoforms: the longferm consists of IgV-type of
immunoglobulin domain and IgC-type immunoglobuliongain while the short form
lacks IgC. The IgV domain is important in binglito C3b, iC3b and C3c (Wiesmann,
Katschke et al. 2006) and in the phagocytosis ofiptement-opsonized cells (Helmy,

Katschke et al. 2006). CRIg is highly expressethenliver particularly the Kupffer cells
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which are hepatic macrophages located in the sidaisdéining of the liver and are
important in pathogen clearance (Helmy, Katschiad.€2006).

CRIg acts as an inhibitor of AP of the complemeystam by reducing the
formation of MAC (Katschke, Helmy et al. 2007). dibes not have decay accelerating
nor cofactor activity but its regulatory functios due to its interference in the substrate
binding capacity of C3b (Wiesmann, Katschke eR@06). Interestingly, CRIg can only
inhibit the AP C5 convertases (C3bC3b) but not @fe C5 convertase (C3bC4b).
Because of this characteristic, a soluble form d&IgC has been developed as a
therapeutic potential for AP complement-mediatesbdiers like AMD and DDD. In
two mouse models of arthritis, a recombinant CRigifsion protein is administered to
the mice and is shown to significantly decreasantlammation (Katschke, Helmy et al.

2007).

Clusterin and Vitronectin

Clusterin is known as Apolipoprotein J. It functgas a complement regulator of
the terminal complement cascade by binding to Caind MAC (Berge, Johnson et al.
1997). The gene spans 16.58kb and is encodedelpres. The protein consists of 449
amino acids with a 22 amino acid signal peptide fanchs heterodimers. It is primarily
expressed in the liver, testes, epididymis andnbtait other organs like heart, kidneys
and lungs also express Clusterin. The expresdi@iusterin is dependent on the levels
of endotoxins, cytokines and growth factors (Hadd#ir, Kunitake et al. 1994; Jin and
Howe 1997). It is also induced after tissue injoryapoptosis in certain organs and
tissues. Clusterin has been implicated in the quahesis of Alzheimer's disease,

retinitis pigmentosa, cystic renal diseases and &HMarding, Chadwick et al. 1991,
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Choi-Miura, lhara et al. 1992; Jomary, Murphy et 2)93; Stahl, Kristoffersson et al.
2009).

Another complement regulator of the terminal commat pathway is
Vitronectin, also known as S-protein. The genasited in human chromosome 17911
and encoded by 8 exons spanning 3kb. Vitronedinai75kDa multifunctional
glycoprotein with 459 amino acids organized intoreéh domains:  N-terminal
Somatomedin B domain (amino acids 1-39), centradaos with hemopexin homology
(131-342) and C-terminal domain with hemopexin htmgy (347-459). The N-terminal
domain is able to bind to the Plasminogen activadibitor-1 (PAI-1) which is a
member of the coagulation pathway (Suzuki, Oldbetrcal. 1985). The C-terminal
domain contains a heparin binding site which isappsed interaction site for C9 (Milis,
Morris et al. 1993). Similar to Clusterin, Vitrasten inhibits complement activation by
binding to C5b-7 complex to prevent its insertionthe membrane and inhibiting the
formation of MAC (Podack and Muller-Eberhard 19798 and C9 bind to the soluble
C5b-7 forming a soluble MAC which is cleared frome tcirculation immediately
(Greenstein, Peake et al. 1995). The heparin igndomain of Vitronectin also prevents

the polymerization of C9 (Tschopp, Masson et aB8)9

C3a and C5a Receptor 1

C3a receptor 1 (C3aR1) and Cb5a receptor 1 (C5afRlgedl surface receptors for
the anaphylatoxins, C3a and Cb5a respectively. &las transmembrane G-protein
coupled receptors with seven transmembrane dom&at C3aR1 and C5aR1 function
in immune cell recruitment and inflammatory react{@enard, Raoult et al. 2008). The

C3aR1 gene is located in human chromosome 12pl3sagcoded by 2 exons. The
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C3aR1 protein consists of 482 amino acids and cltemaed by a large second
extracellular domain. C3aR1 is distributed in pleeral tissues and central nervous
system (Ames, Li et al. 1996; Crass, Raffetsedeal.el996; Roglic, Prossnitz et al.
1996).

The C5aR1 gene is located in human chromosome 13dB34 and is also
encoded by 2 exons. The C5aR1 protein has 350caacds. It is mostly expressed on
myeloid-derived cells and cell lines (e.g. granytes and moncytes) and non-myeloid
cells (e.g. epithelial, endothelias and glial de(lShenoweth and Hugli 1978; Gerard,
Hodges et al. 1989; Offermans, Schafer et al. 1%dllins, Siciliano et al. 1991).
C3aR1 and C5aR1 has been implicated in the patlesgeof allergy, asthma and other
autoimmune diseases (Bautsch, Hoymann et al. 2B00s, Campbell et al. 2004;

Ramos, Wohler et al. 2009).

Complement C4

C4 is the main complement protein in the classacal lectin pathways. The
gene is located in human chromosome 6p21.3 witmenctass Il region of the major
histocompatibility complex (MHC). The C4 protesxaomposed of 1744 amino acid and
has two isoforms in humans, C4A and C4B, whicherflthe Acidic or Basic
electrophoretic mobilities at alkaline pH (Doddsidraw 1990; Reilly and Mold 1997).
Main difference between the two isoforms is tha #icceptor nucleophiles for C4A are
amino groups while C4B are hydroxyl groups. Therevidence that C4A binds more
efficiently to CR1 than C4B (Reilly and Mold 1997Thus, C4A has a lower hemolytic
activity than C4B. It is also thought that C4Aimvolved in immune clearance while

C4B is important in defense against pathogens.is@oteolytically activated by C1s or
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MASP-2 to form C4a and C4b. C4b becomes one of dbmponents of the
classical/lectin pathway C3 convertase. C4 ia@ne phase reactant and is upregulated
by cytokines (Kulics, Colten et al. 1990; Andohjij/ama et al. 1993). Deficiency in C4
has been implicated in SLE, immune complex dise&sige kidneys and susceptibility to
multiple infections (Hauptmann, Tappeiner et alB89 Deletion of C4A, which can be
detected through long range PCR, is associated S\t (Kristjansdottir and Steinsson

2004).

ADAM Family

ADAM19 is part of the metalloprotease ADAM (a diggrin and
metalloprotease) family of proteins. ADAM proteirge type | transmembrane
glycoproteins that contain disintegrin and metaldpase. There are about 33 different
kinds of ADAM proteins. These proteases functionectodomain shedding during
signaling processes of several proteins includytgkines, growth factors, receptors, etc.
The substrates include TMFTGFo, L-selectin and p75 TNF receptor and IL-1 receptor
Il (Black, Rauch et al. 1997; Moss, Jin et al. 19¢0bwell, Fingleton et al. 1999;
Schlondorff, Lum et al. 2001).

ADAM19, also known as meltrifi, has been shown to cleave epidermal growth
factor, TNFe, TRANCE and KL-1 (Chesneau, Becherer et al. 2003)e ADAM19 gene
is located in human chromosome 5032-33 and consefs&3 exons. The ADAM19
protein is composed of 918 amino acids. It is lyigixpressed in the bone, lungs and
heart but is also expressed in leukocytes and gldoseof the kidneys (Wei, Zhao et al.
2001). Because of its metalloprotease activity, MDA is a possible metalloprotease

that can cleave membrane-bound complement protenGR1, CR2 and MCP. All
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these proteins are expressed in leukocytes andltresizes. The three membrane-bound
complement proteins are cleaved by metalloprotemsgenerate soluble form found in
the serum. Metalloproteases cleaving CR1 and GR3tdl unknown. However, MCP

is cleaved by ADAM10n vitro (Gelderman, Hakulinen et al. 2003).

Case-Control Association Studies

In order to identify possible candidate genes #natinvolved in the pathogenesis
of DDD, one approach that can be used is an asgwcstudy. An association study is a
statistical statement of the co-occurrence of edleind phenotypes. It is a powerful tool
to determine how particular alleles at a markeus$oare co-inherited to predispose to a
disease. In general, cases and appropriately ethtclontrols are used for these
comparisons.

Statistical analyses used for these studies inclDkiesquare test and logistic
regression. Since common human diseases haveplauifenetic and environmental
causes, association studies can be used to detdetlying risk factors and provide
insight into the biologic effects of these variaimselation to a disease. This can lead to
public health strategies for prevention and prapagnosis and treatment for the disease.
Case-control association studies are commonlyzatllito understand the role of genes
and gene-environment interactions in the identifoeca of risk of complex diseases.

Various statistical analyses have been employeddsociation studies.
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Statistical Analyses for Genetic Associations

Chi Square Test of Independence

The Chi square test of independence is employadyusio categorical variables
in the same population. It determines significasgociation between the two variables
(e.g. genotypes and disease status). The nullthgpis states that the two variables are
independent from one another. In contrast, therrative hypothesis states that one
variable affects the other and hence both variadnesssociated. The analysis will test if
the null hypothesis can be rejected based on afiggesignificance level (0.05). This
will be determined by computing the p-value whishhe probability of observing a test
statistic §°) at least as extreme as the observed sampletistati¥he p-value and
significance level are compared to assess if thiehgpothesis is going to be rejected or
accepted. If the p-value is less than or equdaidaificance level (0.05), then the null

hypothesis is rejected and the result is said tstdestically significant.

Cochran-Armitage Trend Test

The Cochran-Armitage trend test is used for orderatggorical data analysis
(Cochran 1954; Armitage 1955). It tests for assomn in a 2 x k contingency table. For
genotypes, there are three levels: homozygous &omallele, homozygous for minor
allele and heterozygous group. In associationissyudhe trend test is able to predict the
linear trend between the presence of risk allefeb disease (two risk alleles, increase
susceptibility to disease). The Chi square téstdependence may not be able to detect
a trend in the ordered data but the trend testoaso because the test statistic is able to
reflect the anticipated trend. In association igsidthe null hypothesis states that there is

no linear trend in binomial proportions of genotypeThe alternative hypothesis states
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that there is a linear trend in binomial proportadrgenotypes. If the p-value is less than
the significance level, then the null hypothesigeagcted which means that the linear

trend between genotypes and disease is statigtgighificant.

Haplotype Analysis

A haplotype is a group of alleles in multiple ldlcat are inherited together at the
same chromosome. In order to better understandaleeof candidate genes in the
development of a particular human disease, hapoiyformation is often used. One
problem for doing haplotype analyses is that difeicult to predict the exact haplotype
based on the genotypes unless genotypes of fangipbars are accessible. The most
common algorithm to predict the haplotypes is thk@eetation-maximization (EM)
algorithm. The EM algorithm utilizes maximum-likebod estimates of molecular
haplotype frequencies under the assumption of H#&vdinberg proportions (Excoffier
and Slatkin 1995). It works well with large sampled control sizes. The association
analysis of haplotypess done by logistic regression shown as odds rat@i96o
confidence interval and p-value. The most freqiramtiotypdas automatically selected as

the reference category.

Gene-Gene Interactions
In human genetics, the most important aim is totifle variations in the DNA
that confer susceptibility or risk in developing@rtain human disorder. A variation in
the DNA that arises in at least once in every lfjfies in autosomal chromosomes or 50
copies in sex chromosomes is called a polymorphiShe most common type of
polymorphism is single nucleotide polymorphism (SNFSNPs can change an amino

acid in the coding region. However, many SNPs salent with no effect on gene
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products. But these can still be valuable genmatckers in disease association studies.
In general, functionally significant effects of @®ic polymorphisms are most likely
related to 1) an amino acid substitution in theegproduct, 2) a frameshift mutation due
to deletion or insertion in the coding region, 3g@ne is completely null or 4) the
polymorphism directly affects gene transcriptiolN/R splicing, mRNA stability or
MRNA translation.

SNPs are differentiated from rare variants if tmeor allele has a frequency of
1% or more in the population. Since genetic andnplypic variability exists among
individuals, it is hypothesized that SNPs presentamn individual can play a role in
disease susceptibility and therapy response (Mad888). For association studies, a
major challenge in identifying risk alleles is tecognize how and when certain genetic
variants or combination of variants are associatgd the disease. Genetic interaction
among dozen or possibly hundreds of disease gamasst complex disease like DDD is
poorly understood. The inheritance of combinatiaisfunctional and commonly
occurring SNPs may additively or synergisticallffeat the AP of the complement
system, leading to uncontrolled complement activitigerefore, individuals who carry
several interacting risk or susceptibility allelesuld have a high risk of developing
DDD.

Because of gene-gene interactions, the relationséipveen genetic causes and
disease susceptibility is not always linear. Nogdirities in this relationship can be due
to locus heterogeneity, phenocopy, dependence wnoamental factors and genotypes
at other loci. In human and population genetiggstasis is defined as interaction

between different genes. It is recognized as dewvis.from Mendelian segregation ratios
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or deviations from additivity in a linear statigicmodel. There are two types of
epistasis: biological and statistical. Biologiegdistasis is due to physical interactions
between biomolecules (DNA, RNA, proteins, enzymek.). On the other hand,
statistical epistasis occurs when there are irdenitiual DNA variations at the

population level. It is important that the relatship between biological and statistical

epistasis is clearly understood to generate bio&gnferences from statistical results.

Loqistic Regression

In association studies, logistic regression (LRA standard parametric method in
identifying effects and interactions with binaryspense data or genes. It is used to
predict the probability of occurrence of an eveynfiliing the data to a logistic curve. It
is considered a generalized linear model that isgoased for binomial regression. It
utilizes several predictor variables, numericalcategorical, similar to many forms of
regression analysis. Unfortunately, LR models havene weakness when used in
association studies. The three-level genotypeofacind the interactions can produce
many parameters and problems with overfitting. oAlmultiple candidate genes and
increased interaction order can give false positgellts leading to the degradation of the

fit model.

Focused Interaction Testing Framework

Another parametric approach in identifying genetiteractions is the
Focused Interaction Testing Framework (FITF).s laipowerful testing framework based
on likelihood ratio tests (LRTs) which simultanelyusests multilocus effects across
various orders of genetic interaction while modityithe threshold for significance by

adjusting false discovery rates (FDR) (Millsteinpr@ et al. 2006). The screening
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algorithm utilizes a goodness-of-fif statistic which compares observed to expected
genotype frequencies in cases and controls. tubis the False Discovery Rate (FDR)
which is the expected false positive rate. A dutsfdetermined for each level of
interaction (main effect, two-way and three-way).the computed FDR for each set is

lower than the cutoff, then the effect or interawtis significant.

Multifactor Dimensionality Reduction

Statistical epistasis is difficult to detect anfla@acterize in human
association studies because of its inherent naiitye especially in genome-wide
association studies. Modeling nonlinear interaxsicmeed special statistical analyses
because parametric approaches (e.g. logistic egrgscan have less power for
determining genetic interactions than independerinmeffects. Non-parametric
methods, which use distribution free methods niginrg on assumptions that the data are
drawn form a given probability distribution, areefid in this case. One such statistical
analysis is the Multifactor Dimensionality Reducti(MDR). MDR is a nonparametric
data mining approach for detecting and charactegimteractions among attributes or
independent variables to influence a dependentlass cvariable (Hahn, Ritchie et al.
2003). It is primarily designed for identificatief genetic interactions among discrete
variables that influence binary outcome. It caantify nonlinear interactions among
discrete genetic and environmental attributes. WIR analysis consists of attribute
selection, attribute construction, classificatiorgss-validation, and visualization in order
to give a comprehensive and powerful approach emtif/ing and analyzing nonlinear

interactions among attributes or variables.
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Purpose of the Study

The purpose of this study is to explore the rol¢hef alternative pathway of the
complement system in the pathogenesis of DDD. Wgothesize that the
pathophysiologic basis of DDD is related to theammlled systemic activation of the
alternative pathway of the complement cascade hatldamage to the GBM of the
kidney reflects inadequate protection from completmeediated injury. Although the
inciting triggers that initially activate the altettive pathway are not known, we further
hypothesize that activation of the alternative waty is possible only on a permissive
genetic background and that this background cartggbto complement dysregulation.
We therefore sought to identify complement gened #re associated with DDD and
determine their relative contribution to the DDDepbtype through functional analyses
and animal models.

Currently, there is no effective treatment for DDIRenal transplantation in most
patients with DDD is associated with disease rexog and graft failure (Andresdottir,
Assmann et al. 1999). Other treatment options usedDDD patients include
corticosteroids, immunosuppressants (Kiyomasu,gaibt al. 2002; litaka, Nakamura et
al. 2003), anticoagulants (Kher, Makker et al. )9&atithrombolytics, plasmapheresis
(Kurtz and Schlueter 2002) and plasma exchangest llfothese therapies are empirical
or desperate measures to attempt to prevent egd staal failure (Cansick, Lennon et
al. 2004). The better understanding of the patisiplogy and pathobiology of DDD
may foster the development of an effective treatnterprevent the progression to end

stage renal disease.



Classical

36

Lectin

Altermnative
Pathway FPathway Pathway
C1q MBL C3+H,0
v v v
Cln-Clsy MASP-1.2 C3(H0)
e o0g & »L/
D > C3H,0)B
Cda (/1
Ba
Cab
N C3{H,0)Bb
Cls -=-> C2 <----- MASP v

% C2b

C3 Conveltase

C5 Convertase

Terminal
Pathway

Membrane Attack Complex

Figure 1-1.0Overview of the three pathways of thenflement System.

represent enzymatic cleavage.

CdbZa3b C3bBh3b

C3
P C3a
C3bEb

‘"-—‘-______9 c5 (__’___.-—-"""

\L\ Cha
B \C?b
7 C5h6
N

cg —_M-C5b67

cg —M-COhET3

—

M-C5bE78 polyd

Dashed arrows



37

TCC C3(H,0) C3(H,0) C3(H,0)

,_..?
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Figure 1-2. Activation of the Alternative Pathwal/the Complement System. C3 is
spontaneously hydrolyzed to C3(H20) or C3i , whicims an intermediate convertase
called C3iBb. This intermediate convertase clea8sto generate C3a and C3b, the
latter of which binds factor B (B). The action @fcfor D (D) on Factor B leads to the
formation of C3bBb. Properdin (P) binds to the ctempo stabilize the C3 convertase,
which cleaves additional C3 to amplify C3b generat{bold arrow). The binding of
additional C3b to C3bBb results in formation of €énvertase, which leads to the
terminal complement complex (TCC).
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Figure 1-3. Structure and layers of the glomeruld$he glomerulus is composed of
endothelial lining, glomerular basement membramelopytes and mesangial cells that
help in the filtration process.
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Figure 1-4. Renal Pathology of Dense Deposit Bisdagure A) The light microscopic
appearance shows capillary wall thickening and mgash cell proliferation (periodic
acid-Schiff stain). (B) C3 is present in loops amésangial areas using fluorescein-
conjugated anti-C3 antibody stain. (C) Presenceelettron-dense deposits in the
glomerular basement membranes (GBM) of the kidneycharacteristic of DDD
(unstained). Magnifications: x400 in A and B; x500CC.

Source: (Smith, Alexander et al. 2007)
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Figure 1-5. Factor H and Factor H-related gensteluand protein structure@) This
gene cluster consists of homologous repeat redlahsled as A1-C2), which can result
in deletion of large fragments due to non-homol@yaecombination and gene
conversion(B) The CFH family proteins are composed of short ensgs repeat (SCR)
domains. CFHR proteins contain SCRs homologouSHBl as indicated by the same
color. %homology are numbers indicated on top@RSRIomains. Homologous domains
are indicated by vertical alignment. Various birglsites in CFH are also noted.
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Figure 1-7. Schematic diagram of the most commrctwiral variant of CR1 (F or A).
CR1 is composed of 30 short consensus repeats jS@f@aged into 4 long homologous
repeats (LHRs). The SCRs are followed by transbmane domain (TM) and

cytoplasmic tail (CYT).
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CHAPTER I
ALLELE VARIANTS OF GENES OF THE ALTERNATIVE
PATHWAY ASSOCIATED WITH DENSE DEPOSIT DISEASE

PHENOTYPE

Introduction

The complement system is our innate immunity aganfsction. It has several
functions which include lysis of pathogens, opsatan, immune clearance and binding
to complement receptors (Walport 2001). There three major pathways in the
complement system: the classical, the lectin dned dliternative pathways. The three
pathways all generate homologous variants of the dO8vertase. The classical
complement pathway typically requires antibodies &stivation (specific immune
response), whereas the alternative and mannosaitettin pathways can be activated
by C3 hydrolysis or antigens without the presentcantibodies (non-specific immune
response). In all pathways, a C3-convertase cleavesctivates component C3, creating
C3a and C3b and causing a cascade of further geauad activation events. C3b binds
to the surface of pathogens leading to greaternabzation by phagocytic cells by
opsonization (Pangburn and Muller-Eberhard 198®a & an important chemotactic
protein, helping recruit inflammatory cells. Both3&€ and C5a have anaphylatoxin
activity, directly triggering degranulation of masells as well as increasing vascular
permeability and smooth muscle contraction. C5tiates the membrane attack pathway,
which results in the membrane attack complex (MAgRsisting of C5b, C6, C7, C8,
and polymeric C9. MAC is the cytolytic end prodwdtthe complement cascade; it

forms a transmembrane channel, which causes oslysisoof the target cell.
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The alternative pathway (AP) is continuously adedaat a low rate in human
plasma (Pangburn and Muller-Eberhard 1983). PlaG®athe key component of AP,
undergoes slow and spontaneous hydrolysis to &3 (Hue to the breakdown of the
thioester bond via condensation reaction. Thovides a subunit for the initial C3
convertase of AP, C3@®)Bb, which cleaves fluid phase C3, generating stabde C3b.
Within a short period, this metastable C3b canchtteovalently to any surface. The
surface-bound C3b acts as a part of the C3 comeenghich cleaves and activates other
C3 molecules. This leads to a positive feedbacky lamd progressively increased
deposition of C3b on the target surface. Upon Iigdiith a cellular membrane, C3b is
bound by Factor B to form C3bB. This complex ingemece of factor D is cleaved into
Ba and Bb. Bb remains covalently bonded to C3lmtmfC3bBb together with properdin
which is the alternative pathway C3-convertasee TBbBb complex, which is "hooked"
onto the surface of the pathogen, will catalyzehydrolysis of C3 in the blood into C3a
and C3b, which positively affects the number of BBthooked onto a pathogen. After
hydrolysis of C3, C3b complexes to become C3bBb@8tich cleaves C5 into C5a and
C5b. C5b binds with C6, C7, C8, and C9 to formrembrane attack complex (MAC)
or terminal complement complex (TCC).

Because the AP cascade does not recognize anyt-spegfic activator
structures, it must be strictly regulated. As APpiart of innate immunity, it must
discriminate between activator and nonactivatoucstires to destroy only the harmful
targets. The main regulator of AP in plasma is &iaet (CFH). It acts as an accelerator
of the decay of C3bBb and as a cofactor for Fakciarthe proteolytic inactivation of

C3b. When CFH has high affinity for a surface ardarface-bound C3b, AP activation
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is stopped; when affinity is low, AP activation peeds leading to efficient opsonization
and lysis.

The alternative pathway has been implicated irpttbogenesis of Dense Deposit
Disease (DDD), which is a primarily a disease @&f kidneys. The kidneys receive 20%
of the cardiac output and during the course ofdheg filter 180 liters of blood. The
glomerulus is composed of capillary vessels agtiuglolved in the filtration of blood in
the kidneys. In DDD, dense deposits which are ameag of C3 degradation products
occur in the glomerular basement membrane for wthiehdisease is named. DDD is a
rare glomerular disease defined by histology adnigacapillary wall thickening and
mesangial cell proliferation compared to a normahgerulus. It preferentially affects a
younger age group with an incidence of 2-3 in 1,000 individuals. It has varied signs
and symptoms including hypocomplementemia, neptrstfndrome, hypertension,
hematuria, proteinuria and renal insufficiency &atlire. It has been shown to be caused
a continuous activation of the alternative completrmathway. Also, an autoantibody
against C3 convertase called C3 Nephritic factoBNEF) is present in most DDD
patients (Daha, Austen et al. 1978). AutoantibodegsC3 and CFH have also been
reported in patients with DDD which can either prg the half-life of the C3 convertase
or interfere with regulatory function of CFH (Drag®urey, Loirat et al. 2005)

Major genetic contributions in the pathogenesiD8®D include mutations and
polymorphisms in complement regulator, Factor HH;Fvhich can either cause CFH
deficiency or a non-functional CFH protein (Dradgoorey, Fremeaux-Bacchi et al.
2004; Abrera-Abeleda, Nishimura et al. 2006; LidHginen et al. 2006; Pickering, de

Jorge et al. 2007). CFH is a soluble glycoprotkat is produced mainly in the liver and
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circulates in blood. It destabilizes C3 converthgebinding to three sites of the C3
protein. This binding inactivates C3 convertase imibits complement activity. CFH
can also bind to other molecules on cells and mands to protect these surfaces from
damage due to the activation of the complemenesyst

Mutations in CFH gene are also associated withhemmatenal disease, atypical
hemolytic uremic syndrome (aHUS) (Rodriguez de ©ba] Esparza-Gordillo et al.
2004), while missense mutations of CFH are assatwaith AMD (Hageman, Anderson
et al. 2005). These changes in the Factor H prabaly affect secretion of Factor H into
the circulation or impair the binding of Factor B €3 and other substrates of the
alternative complement system. Mutations and pohphisms in C3, Factor B, C2, C4,
MCP/CD46 and Factor | have been implicated in akdidBMD (Hageman, Anderson et
al. 2005; Klein, Zeiss et al. 2005; Saunders, Adtagui-Garrido et al. 2007; Johnson and
Taylor 2008). We hypothesize that specific alledgiants of genes of the alternative

pathway of the complement system are associatédtetDDD phenotype.

Materials and Methods

DDD Cases and Controls
Seventy one (71) patients with biopsy-proven DDDrewnveascertained in
nephrology divisions and enrolled in this study emtRB-approved guidelines. One
control group consisted of 103 unrelated personswimom age-related macular
degeneration (AMD) had been excluded (AMD(-)). sToroup matched the DDD patient
group by ethnicity and sex but did not match by, agaecessity in order to exclude
persons with AMD. Another group of controls cotisig of 165 age- and sex-matched

individuals labeled as lowa controls. The statuthese individuals, if they would have
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AMD or any complement-mediated disease in the &turas unknown. Demographics

of cases and controls are shown in Table 2-1.

Mutation Screening and Analyses

Coding regions and intron-exon boundary junctioh€8® (NM_000064), Factor
B (NM_001710), Factor D (NM_001928), Factor | (NMO204), CFH (NM_000186),
CFHR5 (NM_030787), Clusterin (NM_001831), C3aR1 (NM4054), C5aR1
(NM_001736), Properdin (NM_001145252), CR1 (NM_0B06 CRIg (NM_007268)
and ADAM19 (NM_033274) were amplified and screenéat mutations and
polymorphisms using bi-directional sequencing. @&mwic DNA was extracted from
blood samples of patients and controls using stan@&lA blood extraction kit (Qiagen,;
Valencia, CA). The PCR reaction included 20ng geicoDNA, 2x NH, buffer, 3mM
MgCl,, 400uM each dNTP, 50U/ml Taq polymerase and 10% SDM PCR
amplification consisted of initial denaturation @6°C for 5 minutes; 35 cycles of
denaturation at 95°C for 30 seconds, annealin@ &t 6or 30 seconds and extension at
72°C for 30 seconds; and final extension at 72%fQ@minutes.

For C4A deletion, two sets of primers were usedrmplify the non-deleted C4A
(5.4kb band) and a deleted C4A (5.2kb) (Grant, timsdottir et al. 2000). Long Range
PCR for C4A deletion utilized LA Taq (TAKARA Biont., Japan) with PCR conditions
consisting of initial denaturation at 95°C for 5nuies; 30 cycles of denaturation at 95°C
for 1 minute and annealing/extension at 68°C faridute/kb.

The quantitative alleles, H/L, for CR1 was detemwirusing restriction digest
with Hindlll restriction enzyme. The H/L alleles were reswoittlength fragment

polymorphisms due to a base change in intron 2Zhwhias recognized bilindlll. H
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allele showed 1.8kb band while L allele had 1.3kd 8.5kb bands (Wilson, Murphy et
al. 1986).

Predictions of possible functional effects of mwtas in the protein structure
were done using Conseq, PolyPhen, SIFT (SunyaemeRsky et al. 2001; Ng and
Henikoff 2003; Berezin, Glaser et al. 2004) and SBIP (Yue, Melamud et al. 2006).

Primer sequences are listed in Appendix A.

Statistical Analyses

The chi-square test of independence was used txtddifferences in allele
frequencies between cases and controls and p-valu®s were considered significant
(Preacher 2001, April). The Cochran-Armitage tréest was used to identify linear
trends in genotypes and compare these trends betilveecases and controls (Armitage
1955). Haplotype analyses for all genes were pmdd using an expectation-
maximization algorithm in Haploview and SNPStatsgpams (Barrett, Fry et al. 2005;
Sole, Guino et al. 2006). For each polymorphisagsoratio (ORs), 95% confidence
interval (Cl) and Hardy-Weinberg equilibrium (HWByere also computed using
SNPStats (Sole, Guino et al. 2006).

Once associated variants were identified, the lgestetic model for each
polymorphism was established by determining the lmdgeritance model (codominant,
dominant or additive) and interaction analysis wativariate sex using SNPStats (Sole,
Guino et al. 2006). The best fit model for eaclyporphism has the most significant p-
value and the lowest Akaike’s information criteri@iC) value which is a tool for model

selection by measuring the goodness of fit of aimesed statistical model.
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Determination of possible gene-gene interactions @ane using three statistical
analysis methods. The first was conditional logisggression (LR) using a full model
(SAS 9.1.3). p-values less than 0.05 were consitistatistically significant. Odds ratios
(OR) and 95% confidence interval (Cl) were also poted for each genotype or
interaction. The second analysis was the Focletaction Testing Framework (FITF)
which could perform likelihood-ratio tests in stagéhat increase in the order of
interaction (Millstein, Conti et al. 2006). Thetput for this program analysis was the
false discovery rate (FDR) or the expected falsatpe rate. A cutoff was determined
for each level of interaction (main effect, two-wayd three-way). If the computed FDR
for each set was lower than the cutoff, then tiecebr interaction was significant. The
last analysis was done using the Multifactor Dimemality Reduction (MDR) method, a
nonparametric data mining and genetic model-fréerradtive to logistic regression for
detecting and characterizing nonlinear interacticsiong discrete genetic and
environmental attributes (www.epistasis.org). lerges attribute selection, attribute
construction, classification, cross-validation andualization to identify and interpret
nonlinear interactions among polymorphisms (HahigHre et al. 2003). Results were
shown as testing balance accuracy (TBA) in whicthATHE.55 were significant with a
cross validation consistency (CVC) of 5/10 or higheThis detects up to three-way
interactions and creates a dendogram showing tipee®f interaction among the genes

in this model using entropy-based measures.
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Results

Novel Mutations
Four novel mutations: C3 K1203R (MPGN2-15), C3dB4S (MPGN2-44 and

46), CR1 Vv1222L (MPGNZ2-63-1) and ADAM19 G507S (MPZR4) were identified
upon screening DDD patients (Table 2-2, Figure .2-These changes were not found in
the 268 controls and in SNP databases. All mutatiound changed an amino acid in
the protein sequence. Each of these mutationsomasl in a DDD patient except C3aR1
L84F which was found in two DDD patients. All mtiteas were not highly conserved
based on ConSeq. However, PolyPhen showed possamhaging effects in C3aR1
L84F and SIFT showed effect in protein function hwinutation C3 K1203R. CR1
V1222L and ADAM19 G507S were benign and not dan@diased on PolyPhen and

SIFT.
Polymorphisms

Several polymorphisms were identified in the getined were screened. Allele
frequencies for major and minor alleles were deiteeoh and compared between DDD
cases and controls (Appendices B, C, D). UsinghadQquare test of independence,
polymorphisms with p-value <0.05 were considergaificant and hence associated with
DDD phenotype. These polymorphisms were CFH Y4@&1061170), C3 R102G
(rs2330199), CR1 H1022Q (rs3738467), CR1 R120812{#4567), CR1 R1827P
(rs3811381), CFHR5 -249 T>C (rs9427661), CFHR5 T2 (rs9427662), CFHR5
P84S (rs1209755), C5aR1 N2D (rs4467185), C5aR1 KIiZi&1100889) and ADAM19

S284G (rs1422795). Polymorphisms in CR1, CFHRBdpkP84S) and C5aR1 were in
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linkage disequilibrium (LD). A copy number variantC4A which rendered a null allele
was also shown to be associated with DDD. The tijafiwe alleles, H/L, in CR1 were
also associated with DDD. All variants satisfidte tHardy Weinberg equilibrium
(HWE). In most variants, the minor allele was tiek allele except for CFHR5 -249
C>T and -20 C>T which were protective alleles (€a@}t3). Using the Cochran-
Armitage trend test, we found that the same polymiems as in the Chi-square test had
significant p-values (Table 2-4). Possible fungtibeffects and results from Conseq,
PolyPhen and SIFT for each associated SNP werdistied (Table 2-5). All SNPs were
not highly conserved based on ConSeq. CR1 H1208RP4827R were noted to be
damaging in both PolyPhen and SIFT.

Haplotype analyses were performed using an EM ilgorin all the genes that
were screened. For SNPs in the CFH gene, a silmdplotype analysis is done by
Pickering et al. using five CFH SNPs: -331T>C (53394), V62| (rs800292), Y402H
(rs1061170), Q673 (rs3753396) and D936E (rs106548%etermine association with
the DDD phenotype (Pickering, de Jorge et al. 2004ble 2-6A). In this study,
haplotype frequencies are computed by EM algoribuhORs are computed manually
(OR of most common haplotype in both cases and@ostnot 1). Performing the same
haplotype analysis, our results showed the sanie haplotype H1 (Table 2-6B).
Another risk haplotype H5 was also identified inr oesults. In contrast, different
protective haplotypes were identified in both stgdi The protective haplotype H2 was
identified in the previous study while H4 haplotyp@as identified as the protective
haplotype in our study. Performing another hgpletanalysis using SNPStats to

compute the haplotype frequencies and ORs, the aplotype was verified to be the
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protective haplotype in our study (Table 2-7). SNPStats, OR of the most common
haplotype is considered to be 1 (Sole, Guino €G06).

A risk haplotype in C3 gene was also identifiednc8 several polymorphisms
were found in this gene, an LD block analysis wadgymed to identify different blocks
in this gene and pick out one interesting block forther analysis (Figure 2-2).
Haplotype analysis was performed using the firstklbecause this region contained the
risk allele, R102G which was associated with DDIhg<Chi-square test and Cochran-
Armitage trend test. The haplotype analysis shoaredt-risk haplotype consisting of 4
SNPs in this block of C3: R102G (rs2230199), R3B#A (rs2230201), P314L

(rs1047286) and P518 C>A (rs1047286) (Table 2-8).

Best inheritance model and interaction with couargex

The best inheritance model was identified for gamlymorphism using SNPStats
(Appendix E). For most polymorphisms, the besentance pattern was the dominant
model. SNPs in CFHR5 promoter and ADAM S284G hagtddditive model as best
inheritance pattern. This revealed that DDD wasmaplex disease but the predominant
model of inheritance among the SNPs associated twighdisorder was the dominant
model (Table 2-9). We also looked at any possifitieraction with covariate sex using
the best inheritance model for each polymorphisBur results showed no interaction

between SNPs and covariate sex.

Gene-gene interaction
Possible gene-gene interactions among SNPs assbciaith DDD were
determined using three different statistical anedyand algorithm namely MDR, FITF

and LR. FITF and LR were not able to show any ggamee interaction, but had verified
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association of C3R102G, C3P314L and FHY402H withCDphenotype (Table 2-9).
The MDR program was able to show a synergisticaution between CFH V62| and C3
P314L (Figures 2-3 and 2-4). C3R102G as a mawcefias verified to be associated
with DDD.

Four SNPs - CFHY402H, CHFV62l, C3R102G and C3P314fere shown to be
associated with DDD using different statistical lggas and algorithms. Main effects,
two-variant and three-variant combination analysese performed using these 4 SNPs
by utilizing the EM algorithm in predicting allemmbination frequencies (Table 2-11).
We then computed the ORs, 95% confidence interaald p-values to determine
significant allele combinations. The most sigrafit combination was the CFHY402H x
CFHV62I x C3P314L which had the highest OR and ifgant p-value. Another
interesting combination was CFHY402H x C3P314L \whatso gave the second highest
OR and significant p-value. This showed that tresence of two or more risk alleles in

the different genes increased the risk in devetppbBD.

Discussion
We performed an association study using DDD casd<santrols to identify risk
allele variants in the genes of the complementesystparticularly the alternative
pathway, that were associated with DDD. We idigatifour novel missense mutations
in different genes of the complement system in @MDD cases and not in controls. The
effect of these mutations in the complement pathias/ not been determined. Several
possible explanation could elucidate how these noms affect protein function or
structure. The C3 K1203R is located in the TED dmm(residues 963-1268) of C3

which is responsible for the binding of target auds. The mutation is also in a CFH
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binding site (residues 1187-1249). Arginine, whishbulkier than lysine, can cause a
conformational change in the CFH binding site whielm hinder the binding of C3b to

CFH. Because of this, Factor B will be able todomore to C3b to produce the C3
convertase leading to complement activation. CR222L is located in SCR19 which is
part of LHR-C. This mutation is near the C3b bimgdsite of LHR-C which can possibly

change the binding capacity of CR1 to C3b for ieetive regulation of the alternative
pathway. C3aR1 L84F is found near the transmenabdammain of the C3aR1 protein.
An amino acid change from leucine to phenylalaréaa also cause a conformational
change in the transmembrane domain which can dighg transmembrane domain
structure. This change can lead to the inefficl@nting of C3a, an anaphylatoxin, to
C3aR1. Binding of C3a to its receptor createsaigg pathways that are important in
the immune system. ADAM19 G507S mutation is lodatethe cysteine-rich domain

which regulates proteolytic activity of the ADAMI®otein. Mutations in this region

can cause the inefficient cleavage of target satestirlike complement proteins by
ADAM19.

To identify allele variants associated with DDD pbgy/pe, allele frequencies
between cases and controls were compared usingdDlare test of independence with
significance of p<0.05; linear trends were ideatifiamong genotype proportions using
Cochran-Armitage trend test based on an additineritance model. The Cochran-
Armitage trend test does not look if the genotypmpprtions differ significantly between
DDD cases and controls, but whether they show fstgnit linear trend with the ordering

of the groups. One advantage of using Cochran-agritrend test in association studies
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instead of Chi-square test is that if HWE is ndiséad, then allele-based test becomes
invalid but the Cochran-Armitage Trend test calhlsé used (Armitage 1955).

Interestingly, the same polymorphisms were assetiatith DDD in both Chi
square test and Cochran-Armitage trend test instudy. For most of these SNPs, the
best inheritance pattern was the dominant modeichmmeant that the presence of one
risk allele could influence the phenotype. Possifinctional effects of SNPs were
assessed by PolyPhen and SIFT. Three polymorphigne shown to be damaging to
protein structure and function. CR1 H1208R, CRBHR and CFHR5 P84S were
shown to be damaging in both PolyPhen and SIFTes&mutations are located in a C3b
binding site in CR1 and CFHR5 genes and thus caredse the binding of CR1 and
CFHR5 to C3b leading to diminished regulation ahptement activation.

Most of the genes associated with DDD were parthef complement system
except for ADAM19 which was a metalloprotease. e3alvcomplement proteins are
membrane proteins but are cleaved by metallopresets form a soluble form. One
example is CR1, which is an integral membrane giyai®in expressed in erythrocytes,
leukocytes and podocytes of the glomerulus. troysoluble CR1 (sCR1) is released
from leukocytes through proteolytic cleavage (DEsien, Pascual et al. 1994) by
elastase and a metalloproteinase not yet identifi@davage of CR1 is blocked by
protease inhibitors like elafin against elastag¥#43nhibition) and 1,10-phenanthroline
against metalloprotease (70% inhibition)(Sadalldkss et al. 1999). ADAM19 is a
membrane glycoprotein that has been shown to cleagekines, receptors and
transmembrane proteins. It is expressed in theo®des and glomerulus similar to the

expression pattern of CR1 (Dehmel, Janke et al7RO®@Iso, it has been shown to be
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inhibited by 1,10-phenanthroline. The role of ADARIin the complement system has
not been proven but in our study, a SNP in the hoptatease domain of ADAM19 is
associated with Dense Deposit Disease. We hypathdéisat ADAM19 can possibly
cleave CR1 in leukocytes to produce sCR1.

Besides analyzing allele frequencies and genotypeaoptions, we determined
whether there were risk or protective haplotypethan different genes we screened. A
risk haplotype in C3 which contained C3R102G and R334L was identified in the
haplotype analyses (Table 2-8). These polymorphisare associated with other
autoimmune diseases like AMD and aHUS (Finn, lalet994; Miyagawa, Yamai et al.
2008; Spencer, Olson et al. 2008; Francis, Hamah. &009; Park, Fridley et al. 2009).
We also identified the same risk haplotype in CEHP&ckering et al (Pickering, de Jorge
et al. 2007) (Table 2-6B). However, we identifemtbther protective haplotype different
from the previous study (Tables 2-6B and 2-7).er@stingly, our protective haplotype
for DDD has been shown to be a protective haplofgp&MD (Hageman, Anderson et
al. 2005; Pickering, de Jorge et al. 2007). Disaney between the two studies may be
due to the smaller number of cases (n=15) and a@lsn{n=139) in Pickering et.al.
compared to our cases (n=71) and controls (n=2E8)imating haplotype frequencies by
EM algorithm can be affected if small number caem®d controls are used (Excoffier and
Slatkin 1995).

In the analyses of gene-gene interactions assdaordte DDD, we noted that four
SNPs in CFH and C3 namely CFH Y402H, CFH V62l, ODR5 and C3 P314L were
consistently shown to be associated with DDD. Ha MDR analysis, the two-way

interaction between CFH V62l and C3 P314L was shdwnbe significant and
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synergistic. Computing the ORs of risk alleleCiRH and C3 showed that the presence
of two or more of these risk alleles increased@s in developing DDD (Table 2-11).
This implied that in DDD the interplay of genestire alternative complement pathway
could contribute to the pathogenesis of the digorde

Two SNPs in CFH, Y402H and V62l, have been showidoassociated with
AMD and aHUS (Hageman, Anderson et al. 2005; HaiHesiser et al. 2005; Tortajada,
Hakobyan et al. 2007). The presence of H402 dsese#he binding of CFH to C-
reactive protein (CRP) and heparin, and also affacirface attachments of CFH to
membrane surfaces in the eye (Herbert, Deakin.e2Cf)7; Laine, Jarva et al. 2007,
Skerka, Lauer et al. 2007). The V62l is in SCRL&H which is part of a C3b binding
site. The 162 allele has been shown to increasebthding of CFH to C3b and thus
increasing its cofactor activity (Tortajada, Mong&tsal. 2009). Since the pathogenesis of
DDD involves both systemic and local complemenivatibn, it is most likely that these
two SNPs play a role in the development of theatise

The C3 polymorphisms associated with DDD have lsf®wn to be associated
with other autoimmune disease like SLE and aHUSwes& SNPs are located in the
macroglobulin domains of C3. The C3 R102G, whillso known as C3 F/S allele, is
located in MG1 which is near the TED domain. Basedhe three dimensional structure
of C3 using SNPs3D, the variant is located on ttetem surface (Figure 2-5). With
arginine at this position, an electronegative fiaigg is created on MG1 that can interact
with the strong electropositive region on the egabsurface of the TED domain to
stabilize C3b. Glycine, in contrast, is not elenggative and in the absence of

stabilizing electrostatic interactions, the bindimigthe TED domains to target surfaces
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can be affected or there can be emergence of neehngi sites for C3 autoantibodies
(Figure 2-6). A previous study has shown an assioti between C3F or C3 G102 and
the presence of C3 NeF in the serum (Finn and igsdh 1993). The C3 P314L, also
known as the HAV4-1+/- allele, is located in MG3iahis a binding site for Factor B
(Torreira, Tortajada et al. 2009). Polyphen an@TSshowed that this SNP was probably
damaging and could affect protein function (TahW).2 This variant is positioned on the
protein surface based on SNPs3D (Figure 2-7). Oerotein with L314 allele reacts to
the monoclonal antibody, HAV4-1. The amino acidmge from proline to leucine in
residue 314 creates a structural alteration thabses an epitope recognized by the
antibody. This structural change in MG3 may enbkathe binding of Factor B to C3b
via MG3 domain leading to the increased stabilitthe C3 convertase.

The synergistic interaction of these CFH V621 arRIR314L is possibly due to
fact that the CFH variant decreases binding to @Bith makes it harder to displace
Factor B in the C3 convertase. And if the C3 P3¢dtiant, which increases binding to
Factor B, is added then CFH will have a doubly harg to displace Factor B in the C3
convertase. Hence in this scenario, C3 convertdsaot be degraded due to inability of
CFH to regulate the AP and hence the AP is higbliated.

In summary, an association study using DDD casek amtrols to identify
mutations and risk alleles associated with DDD Wwhace found mostly in the genes of
the complement system. The ones that showed sassagiation using various statistical
analyses are CFH Y402H, CFH V62l, C3 R102G and G34B. A synergistic
interaction is also noted between CFH V62| and G34R. Based on our results from

the association study, we predict that individwasying these mutations or risk alleles
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have a higher chance of developing DDD. In ordeddtermine if the novel mutations
and associated polymorphisms are pathogenic imrgdtunctional studies and assays are

necessary.
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Table 2-1. Demographics of DDD cases and controls.

60

Number
Males (%)
Females (%)

Average Age
+SD

DDD Cases
71

26 (38%)

45 (62%)

19.89+ 9.86

AMD(-)

Controls
103

38 (37%)

65 (63%)

75.38+12.11

lowa Controls
165

60 (37%)

102 (63%)

18.44+ 1.37

AMD(-) + lowa
Controls

268
98 (37%)
167 (63%)

40.32+ 28.76

Note: SD (standard deviation)
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Table 2-2. Novel mutations found in DDD patiemtsl @ot in controls.

Gene Mutation Patients (#) Conseq Polyphen SIFT
C3 K1203R Heterozygote(1) 1 Benign Affect protein
function
C3aR1 L84F Heterozygote (2) 4 Possibly  Tolerated
damaging
CR1 V12221 Heterozygote (1) 2 Benign Tolerated
ADAM19 G507S Homozygote (1) 1 Benign Tolerated
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Table 2-3. Risk and protective alleles associafti¢iul DDD.

Gene Variant Region HWE OR 95% CI

CFH Y40ZH Exon 9 0.18 1.90 1.22-2.95
CFHR5 249 TE Promoter 0.69 0.356 0.15-0.84
-20 T>C Promoter 0.69 0.356 0.15-0.84
P845 Exon 2 1.00 7.28 0.86-64.74
CR1 Q1023 Exon 20 0.64 1.86 1.02-3.37
H120&8R Exon 22 0.64 1.86 1.02-3.37
P182R Exon 33 0.64 1.86 1.02-3.37

H/L Intron 27 0.64 1.86 1.02-3.37

C3 R10Z Exon 3 0.54 1.80 1.10-2.93
ADAM19 S2845 Exon 10 0.18 1.61 1.04-2.51

C4A deletion 0.59 1.88 1.00-3.51
C5aR1 ND Exon 2 1.00 4.50 0.89-22.62
N27K Exon 2 1.00 4.50 0.89-22.62

Note: HWE (Hardy-Weinberg equilibrium); OR (OddatR); CI (confidence interval). Risk
alleles highlighted in red. Protective alleleshtighted in green.
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Table 2-4. Risk alleles for developing DDD detered by Chi-square test and Cochran-
Armitage trend test.

Gene Variant DDD DDD AMD (-) AMD(-) + Chi- Cochran-
Cases Cases +lowa lowa square Armitage
#of allelefreq Controls Controls p.ygue p-value
minor # of allelefreq
alele minor
allele
CFH Y40H 63 0.44 188 0.35 0.0051 0.008%
CFHR5  -249T% 7 0.049 65 0.12 0.0133 0.0122
-20 T>C 7 0.045 65 0.12 0.0133 0.0122
P845 5 0.035 5 0.009 0.029 0.0214
CR1 Q1022 32 0.22 81 0.15 0.0348 0.0321
H120&R 32 0.22 81 0.15 0.0348 0.0321
P182R 32 0.22 81 0.15 0.0348 0.0321
H/L 32 0.22 81 0.15 0.0348 0.0321
C3 R10Z 44 0.30 112 0.21 0.0095 0.0136
ADAM19 S2845 63 0.44 150 0.28 0.00018 0.00031
C4A deletion 25 0.18 40 0.07 0.0026  0.00018
C5aR1 ND 6 0.04 6 0.011 0.012 0.0118
N27K 6 0.04 6 0.011 0.012 0.0118

Note: Minor alleles are either highlighted in rgi$k) or green (protective). p-values<0.05 are
statistically significant.



Table 2-5. Nonsynonymous SNP effects in proteincsire and function.
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Gene
CFH
CFHR5
CR1

C3
ADAM19
C5aR1

CFH
Cc3

Variant
Y40H
P8%
Q10221
H1208
P182R
R10%
S2845
ND
N27K
V62
P314

Conseq
3

N O B O P W o1 o101 W

PolyPhen
Benign
Damaging
Benign
Damaging
Damaging
Benign
Benign
Benign
Benign
Benign

Benign

SIFT
Tolerated
Tolerated
Tolerated
Damaging
Damaging
Tolerated
Tolerated
Tolerated
Tolerated
Tolerated

Damaging
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Table 2-6. Haplotype analysis of CFH polymorphisiRsk haplotype is highlighted in pink.
Protective haplotype is highlighted in green. htga<0.05 are statistically significant.

A.
o o Controls  DDD Cases OR p-value
" < A © A Frequency Frequency  (95%Cl)
o A = A @)
= (/-\) O - < <=
5 A = I < W
5 2 3 8 B 8
g @ 8 8 & &
T ¥ > > O 0O
HL C G C A G 0.228 0.47 2.99 0.0068
(1.38-6.45)
H2 C A T A G 0.266 0.13 0.42 NS
(0.14-1.24)
H3 T G T G T 0.192 0.17 - NS
H4 C G T A G 0.167 0.17 - NS
H5 T G C A G 0.075 0.07 - NS
H6 C G T G T 0.039 - - -
Source: (Pickering, de Jorge et al. 2007)
B.
5 - Controls  DDD Cases OR (95%Cl) p-value
w < A O A Frequency  prequency
o A = A )
> (/e ) = < ~
5 A = I T oUW
= — A ™ ©
T3 8 8 & 8
T ¥ > > O 0
HL C G C A G 1.57
2 .394 .021
0.2935 0.3949 (1.07-2.31) 0.0
H2 C A T A G 0.87
0.2056 0.1798 (0.54-1.77) NS
H3 T G T G T 0.89
0.0849 0.0804 NS
(0.45-1.77)
H4 C G T A G 0.57
0.1607 0.1014 0.06
(0.31-1.04)
HS T G C A G 2.41
. .07 .021
0.0333 0.0758 (1.11-5.24) 0.0
H6 ¢ G T € T 0.0088 0.0229 2.29 NS

(0.54-9.73)
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Table 2-7. Haplotype analysis of CFH SNPs using Stdts.
. 0O ~ F Controls  DDD Cases OR p-value

8 A e £ = y
5 2 3 8 B 8
g @ 8 8 & &
T ¥ > > O 0O
HL ¢ G C A G 0.2935 0.3949 1.00 -
H2 C A T A G 0.69

0.2056 0.1798 (0.40-1.17) 0.17
H3 T G T G T 0.77

0.0849 0.0804 (0.38-1.55) 0.46
H4 C G T A G 0.46

0.1607 0.1014 (0.22-0.93) 0.033
HS T G C A G 1.34

0.0333 0.0758 (0.59-3.03) 0.48
H6 C G T G 1.61

0.0088 0.0229 (0.37-7.05) NS
Note: Protective haplotype is highlighted in greeReference haplotype which is the most

common haplotype in both groups, has OR =1. valpes<0.05 are statistically significant.
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Table 2-8. Haplotype analysis for C3 SNPs usin@ Stats.

o) a a = 2

2 O A é\) A

5 = < N © DDDCases Controls OR (95% value

g 8 3 g © Freg. Freq. Cl) P

I g 8 # B

= 4 L a

1 C G C C 0.5276 0.6304 1.00 -

2 G G T A 0.2225 0.1395 12 0.033
(1.06-3.50)

3 C A C C 0.103 0.1179 1.24 0.54
(0.63-2.44)

4 C G T A 0.0522 0.0463 0.67 0.38
(0.27-1.66)

Note: Risk haplotype is highlighted in pink. Refece haplotype which is the most common
haplotype in both groups, has OR =1. p-values<ar85tatistically significant.



Table 2-9. Summary of best inheritance model.

Polymor phism Best I nheritance M odel

CFH Y402H Dominant
C3 R102G Dominant
C3 P314L Dominant
C3 P518 Dominant

CFHRS5 -249C>T

20CST Log-additive
CR1 H1022Q
R1208H Dominant
R1827P
H/L
ADAM19 S284G Log-additive

OddsRatio (95% CI)
2.13 (1.20-3.77)
2.17 (1.27-3.69)
2.06 (1.21-3.50)
1.77 (1.04-3.02)

0.37 (0.16-0.83)

1.81 (1.05-3.11)

1.96 (1.35-2.85)

p-value
0.0075
0.0043
0.0074
0.0360

0.0069

0.0330

4E-04

Note: p<0.05 are statistically significant.




Table 2-10. Interaction of genes associated wiibD
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Multifactor Dimensionality

Testing Balance Accuracy

Cross validation consistency

Reduction (MDR) (TBA) (CVQO)
C3R102G 0.5506 5/10
CFH V62l x C3 P314L 0.5746 5/10

Focused Interaction Testing

False Discovery Rate

False Discovery Rate (FDR

Framework (FITF) Cutoff (FDRc) p-value p-value
CFH Y204H 0.00625013 0.0055939
C3 R102G 0.00625013 0.00618517
C3 P314L 0.00625013 0.0597087
Logistic Regression (LR) Odds Ratio (95% CI) p-value
YY: 1.00 (reference)
CFH Y204H HY: 1.99 (1.08-3.67) 0.0277
HH: 2.47 (1.18-5.15)
RR: 1.00 (reference)
C3 R102G RG: 2.20 (1.26-3.84) 0.0164
GG: 2.00 (0.72-5.46)
PP: 1.00 (reference)
C3 P314L PL: 2.02 (1.57-3.52) 0.0264

LL: 2.28 (0.87-5.97)

Note: For MDR, TBA>0.55 and CVC at least 5/10 &éodwonsidered statistically significant. For
FITF, FDRc>FDR to be statistically significant. rHdR, p<0.05 to be statistically significant.
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Table 2-11. Odds ratios of main effects and vamtambinations between CFH and C3.

Main effects Risk alleles
CFH Y402H H

CFH Vve62I I

C3 R102G G

C3 P314L L

Two variant combinations

CFH Y402H x CFH V62l HxV
CFH Y402H x C3R102G HxG
CFH Y402H x C3P314L HxL
CFH V62l x C3 R102G VXG
CFH V62| x C3P314L VXL
C3 R102G x C3 P314L GxL

Threevariant combinations

CFH Y402H x CFH V62l x C3 R102G HxVx G
CFH Y402H x CFH V62l x C3 P314L HxV XL

CFH Y402H x C3 R102G x C3P314L HxGxL
CFH V62l x C3 R102G x C3 P314L VxGxL

OR
2.13
0.75
2.17
2.06

1.75
2.53
3.14
1.6

2.29
1.82

2.7

4.06
2.23
2.11

95% CI

1.20-3.77

0.43-1.28
1.28-3.68
1.22-3.50

1.15-2.66
1.34-4.79
1.66-5.93
0.96-2.68
1.40-3.72
1.16-2.84

1351
28215
14090
13%87

p-value
0.0073
0.29
0.0042
0.0072

0.0096
0.0046
5.00E-0
0.072

0.001

0.009

0.0066
1.00E-04
0.048
0.016

Note: p<0.05 are statistically significant.
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Figure 2-1. Novel mutations found in DDD patien®ese mutations were not found in
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Linkage Disequilibrium
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Figure 2-2. Linkage disequilibrium (LD) block agsis of C3 polymorphisms. Using
SNPStats, three LD blocks were produced in ourystiRled squares signified marker or
SNP pairs were in LD. Yellow squares signified kearor SNP pairs were in linkage
equilibrium.
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Protective » Risk

CFH V621
1/ IV ViV
100

Protective
P/P 61
5 1 4 I 21
| e N

P/L 46

RN

C3P314L

Risk L/L

6 6 9
D LI A

Cases Controls Cases Controls Cases Controls

Figure 2-3. Summary of two-loci genotype combimasi associated with DDD. For each
cell, the cases are indicated by the left bar androls the right bar. Each multilocus

genotype combination is regarded as high risk (dadded box) when ratio of cases and
controls are over a certain threshold equal tor#i® of cases and controls in each
population. If the ratio does exceed the threskindesh the combination is considered low
risk (light shaded box). The presence of risk alielCFH V62 and C3 L314 in the

genotype combinations were considered high risk.
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C3 R304

CFH V621

l C3 P314L

’ CR1Q10222H

e CFH Y402H

e C3R102G

Weak interaction Strong Interaction

— Synergy

mmm Redundancy

Figure 2-4. Dendogram illustrating the synergistiteraction between CFH and C3.

Red lines indicate strong synergistic interacti®he lines indicate redundant interaction
or no interaction.
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Figure 2-5. Location of C3 R102G in the proteimface of C3. This variant is on the
protein surface of MG1 domain based on the 3D tiramf C3 (SNPs3D).
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Figure 2-6. Structure of C3b. C3b is composed edfegal domains including eight
macroglobulin domains (MG1-8) and a thioester donf@ED) which is important in the
binding of C3b to target surfaces. MG1 (electratieg) and TED (electropositive)
closely interact with one another and the intecacis stabilized by the differences of
charges between the two domains. The presenclyaheg in residue 102 can decrease
that electronegativity of MG1 leading to instalyiliof its interaction with TED. The
instability of the interaction between MG1 and TEEan expose epitopes for

autoantibodies (e.g. C3NeF).
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Figure 2-7. . Location of C3 P314L in the protsinface of C3 This variant is on the
protein surface of MG3 based on the 3D structur@»{SNPs3D).
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CHAPTER 1lI
FUNCTIONAL ACTIVITY OF THE ALTERNATIVE PATHWAY OF

THE COMPLEMENT SYSTEM

Introduction

Dense Deposit Disease (DDD) is a complex and rassade primarily
characterized by abnormal electron-dense depddite gglomerular basement membrane
of the capillary walls of the kidneys. It is udyadiagnosed in children 5-15 years of age
and affects both sexes equally. About half of @éid persons develop end-stage renal
disease with a comorbidity of visual impairment dwethe development of drusen
(ocular deposits in the Bruch’s membrane) (ColyiBuymer et al. 2003). DDD can
also be associated with acquired partial lipodystyo (APL) (Mathieson and Peters
1997), a condition in which subcutaneous fat is iloshe upper half of the body resulting
in a strikingly haggard facial appearance.

The pathogenesis of DDD is related to the dysreigmaof the alternative
pathway of the complement cascade in the fluid @hdsevels of serum C3, the most
abundant complement protein in the serum, are dsete as a result of continuous
autoactivation and C3 consumption (West and McAdag®9). Regulatory mechanisms
controlling activation of the alternative pathwaglude Factor H, Factor H-like 1, Factor
I, C4 binding protein (C4BP), membrane co-factootgin (MCP, CD46), decay
accelerating factor (DAF, CD55) and complement pemel (CR1, CD35), all proteins
encoded by genes in the Regulation of Complemertiv#ton (RCA) locus on

chromosome 132 except Factor I. The similar featinared by proteins in the RCA
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locus is the presence of a 60-amino acid shortewus repeat (SCR) of varying
numbers in each protein (Appel, Cook et al. 2005).

Factor H (CFH), the most abundant complement régutaotein in the serum, is
a soluble glycoprotein that is produced mainly he tiver and circulates in blood. It
destabilizes C3 convertase by binding into thréessof the C3 protein. This binding
inactivates C3 convertase and inhibiting complensativity. CFH can also bind to
other molecules on cells and membranes to prdtesetsurfaces from damage due to the
activation of the complement system. Of note, Obikids to heparin (Rodriguez de
Cordoba, Esparza-Gordillo et al. 2004). The dmsuratory activity of CFH depends on
the specific SCRs it contains, which recognizeisiatid and other negatively charged
glycoaminoglycans (Meri and Pangburn 1990). Thection of CFH has not only been
studied in humans but also in pigs and mice by ige¢img CFH deficient animal models.
Both the CFH-deficient pig and mouse models develogenal phenotype similar to
human DDD (Hogasen, Jansen et al. 1995; Hegasyudlian et al. 2002; Pickering,
Cook et al. 2002), providing evidence that DD[2asised by the uncontrolled activation
of the complement cascade.

In the previous chapter, we showed that allelicavas of C3, CFH and other
complement proteins were associated with DDD. @&heariants affect the binding
capacity of C3 and CFH for complement activatosnplement regulators, pathogens
and other substrates. Since the alternative patlsvegntinuously activated at a low rate
in human plasma, we hypothesize that the acti\fith® alternative complement pathway
differs among individuals depending on the alleliants one carries. We further

hypothesize that individuals who carry risk allefes DDD have intrinsically higher
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complement activity. In contrast, individuals witbrotective alleles have lower

complement activity.

Materials and Methods

DNA and Serum Samples
One hundred two (102) blood samples were obtaired the Mississippi Valley
Regional Blood Center in Davenport, lowa and spowrdto separate serum from blood
cells. Serum was immediately frozen and kept @C-until use. DNA was extracted
from white blood cells using standard DNA bloodragtion kit (Qiagen, Valencia, CA).
Each sample was genotyped and screened for CFKCAreNPs associated with DDD
(C3 R102G, R304, P314L, P518; CFH -331T>C, V621,034, Q673, D936E)

(Appendix F).

C3 and CFH Serum Level Determination
Serum levels of C3 and CFH were determined usimgneercially available kits
(Genway Biotech, Inc., San Diego, CA and Hycult tBathnnology, The Netherlands
respectively). Both kits are solid-phase enzymkdd immunosorbent assays based on
the sandwich principle. Serum concentrations wateulated from a standard plot using

either a linear or a four-parameter fit (Appendix G

Alternative Pathway Hemolytic Assay
The AP hemolytic assay was based on a standard yignassay protocol
(Whaley 1985) in which rabbit red blood cells arastved and resuspended in buffer to a
concentration of 1x®ml. Serum is diluted 1:10 and increasing volumédiluted

serum (30, 50, 60, 70, 80, 90, 100, 120 ul) areguldn a tube, adding buffer to a total
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volume of 150ul (negative control, 150ul buffer;spiwe control, 150ul distilled water).
20ul of rabbit RBCs are added to each tube andstabe incubated at 37°C for 1 hour.
Tubes are then centrifuged and 100ul of the supmmhas transferred to a microtiter
plate. Absorbance (Abs) is measured at 415nm usingcroplate reader. Fractional
hemolysis for each reading is computed as
% hemolysis (y) = (Abs sample - Abs blank)/(Absipws control - Abs blank) x 100.
Each value is plotted against serum dilution (x)dach individual to create an S-
shaped curve, which is converted to a linear fomctf serum dilution (x) vs y/(1-y).
The volume at which y/(1-y) = 1 is defined as theHS%0, i.e. that volume of serum in
which 50% of RBCs hemolyze. This definition meahattthe lower the APH50, the

more active the AP complement activity (Appendix G)

Alternative Pathway Functional Immunoassay

In brief, the assay utilized microtitre strips axhtwith specific activators of the
AP. Test serum was diluted with diluents contairspecific blockers to ensure only AP
was activated. Upon addition of test serum inowrells, complement was activated by
the specific coating. The C5b-9 formed during tdoenplement cascade was detected
with a specific alkaline phosphatase-labeled anffpboDetection of specific antibodies
was done upon addition of alkaline phosphatasetibssolution. The amount of AP
complement activity was correlated to the intenseitgolor produced in the reaction and
absorbance was measured at 405nm. %AP was caltubs (AbSmpieAbDShegative
contro)/ (ADSpositive contratADShegativecontro)X100.  The interpretation of data from this assay
that a lower %AP signifies an activated AP completmeactivity (Wieslab® COMPL

AP330 kit; ALPCO Immunoassays, Salem, NH) (Apper@)x
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Statistical Analyses

For testing association of complement protein kvéC3 and CFH) or
complement activity (APH50 and %AP) with CFH and &k alleles, two groups were
considered: one group consisted of all individdedsnozygous for the major allele; the
second group consisted of all individuals homozggou heterozygous for the minor
allele. Association with complement activity wasoadetermined using two variant
combinations so that one group consisted of mdjetea in all variants and another
group consisted of at least a minor allele in alliants. Conditional logistic regression
analysis (LR) using a full model was performed imah p-values <0.05 were considered
significant.  P-values for Pearson goodnesstdkfit was obtained to determine if the
predicted model was able to describe the data(welalue>0.05 rejected null hypothesis
that data did not fit model or simply that goodnret&it model was a good model for the
observed data). Odds ratio and 95% confidenceviaitevere computed to determine if
alleles are risk or protective. Association of diceed probabilities and observed
responses was analyzed by computing %concordanscéeatordant and concordance
index (c). Association was also analyzed by perfog a Mann-Whitney U-test (two
variables) or Kruskal-Wallis Test (three or moreiafles) by comparing mean and
standard deviation (SD) values between groups gdmaad minor alleles. All statistical

analyses were done using SAS 9.1.3.

Results
Significant association was found between APH50 &frH V621, C3 R102G
and C3 P314L polymorphisms using conditional lagistgression (p= 0.0193, 0.0166,

0.0054 respectively). Pearson goodness-of-fit pesalue for the models were p>0.05,
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which indicated that the predicted model was a goodel for the observed data. Odds
ratio indicated that presence of risk alleles CF62MC3 G102 or C3 L314 increased the
risk to 2x of developing low APH50 or high complemectivity. Concordance index
for the models was approximately about 0.56-0.57ckwimplied about 56-57% of the
time that this model could discriminate the resgon3he association between APH50
and C3 R102G and C3 P314L were verified using Mafiminey U-test by comparing
the means between homozygote for R102 or P314 amibiygote and heterozygote for
G102 or L314. The group with either G102 or L3ladtsignificantly lower APH50
compared to the group with R102 or P314 (p=0.04%1716) (Table 3-1 and Figures 3-1
and 3-2). Using two variant combinations, theugravith G102 and L314 together
demonstrated lower APH50 thus higher complemeinigctompared to the group with
R102 and P314 (Figure 3-4)

There was no association with any CFH or C3 polyhism with %AP using LR
analyses. However, comparing the two groups wigiomand minor alleles showed that
the group having the CFH H402 had lower %AP or legmplement activity than the
group homozygote for the CFH Y402 (p=0.0345) (Fegis).

A significant association was found in LR analybesveen CFH serum level and
CFH Y402H (p=0.0145). Interestingly, associatiatween CFH serum level and C3
R102G and C3 P314L was also noted in LR analyse8.Qp6, 0.043 respectively).
Pearson goodness-of-fit test for CFH Y402H, C3 R2.6ad C3 P314L indicated a good
model fit for the observed data (p>0.05). Oddmrsiiowed that presence of CFH H402,
C3 G102 or C3 L314 doubled the risk of having lowHCserum level. Concordance

index ranged from 0.55-0.568 indicating that ab®®H57% of the time that the model
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could discriminate the response (Table 3-1). Bkpaiation was found with genotypes

and C3 serum levels.

Discussion

Uncontrolled alternative pathway complement actbratan be caused by several
factors including low levels of CFH, the presen€€8 Nephritic Factor (C3NeF) which
stabilizes C3 convertase, and increased bindingdsst C3 and Factor B. Complement
activity can be measured in the serum through fonat assays like hemolytic assays,
immunoassays and determination of complement pregium levels. These functional
assays are able to gauge deficiencies in complemertein or in any specific
complement pathway. C3 and CFH serum levels cansee to assess complement
activity. Low C3 serum levels or hypocomplemennmdicate high complement
activity since C3 is being used up to produce mQ@@ convertase during the
amplification loop in the complement cascade. @&erand environmental factors can
influence CFH serum levels in humans (Esparza-BoydiSoria et al. 2004).
Interestingly, the CFH H402 allele has been shownbé a low-expressing allele
compared to Y402 in heterozygotes indicating thextegic variations can affect CFH
serum levels (Tortajada, Hakobyan et al. 2007).

Two different types of assays were used to measurglement activity. First is
the alternative pathway hemolytic assay (APHA) whigilizes rabbit red blood cells
since these cells do not have membrane-bound camepleregulators, making it an
activated surface for AP activation. During APiation, the C3 convertase forms on
the cell surface which leads to the formation ef tbmplement cascade and this lyses the

RBCs. Complement regulators present in the sem@rable to regulate the activity of
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AP in these cells and prevent the cell lysis. Afehemolytic assay is able to monitor
complement initiation to the terminal stage andsthcan directly measure functional
complement activity or regulation based on hemslggiRBCs. An advantage in using
hemolytic assays is that it can detect consumpttated complement activity and
complement protein deficiencies. The disadvantddemolytic assays is the problem in
standardization of the assay which makes it diffite adapt it as a routine laboratory
work (Jaskowski, Martins et al. 1999)..

The second assay we performed using ELISA is annative assay to determine
complement activity by measuring the formation 8b® complex in the presence of the
neoantigen in the wells of the assay plates. Thiis, assay indirectly measures
complement activity or regulation. The immunogssa more sensitive than the
hemolytic assays, which are not sensitive enoughidintify small changes in
complement activity due to difficulty in standaration and technique errors  Also,
results of hemolytic assays can be influenced engiresence of deficiencies of certain
complement proteins like Factor B, Factor D. Os tither hand, the ELISA assay
guantitates the level of C5b-9 formed in the teshpsles but it does not show if the
complex is functional to produce cell lysis whicindbe shown in the hemolytic assays.
Despite the differences, the risk alleles iderdifie our association study for DDD were
the same risk alleles identified that affect compat activity.

In our study, we determined that genetic variant€3 and CFH could influence
complement activity and levels of CFH in the serie predicted that risk alleles in C3
and CFH could lead to high complement activity &owl CFH serum levels. These risk

alleles which included CFH V621, CFH Y402H, C3 R®and C3 P314L were also the
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same variants associated with DDD in our previdudys However, possible interaction
between CFH V62| and C3 P314L had not been deteamim this study. One possible
reason was that the minor allele CFH 162 had aflequency in the sample population
which could affect results from the statistical lgeas. This was the first time that risk
alleles in CFH and C3 had been shown to affect ¢ement activity. CFH H402 has

been shown to be a low-expressing allele in serdnmalbUS patients (Tortajada,

Hakobyan et al. 2007). We had looked at possithets of CFH Y402H in the protein

expression and determined that there was a renadv@ton splice enhancer (ESE) site
for splicing factorbbbb SRp55 in H402 alleles usB8Efinder program. SR proteins
play a role in the constitutive and regulated spycof pre-mRNA (Lin and Fu 2007).

Removal of ESE sites for SR proteins like SRp55 lead to the incorrect splicing of

MRNA which can generate alternative protein forrhat tcan be nonfunctional or

dysfunctional (Manley and Tacke 1996; Long and @zxe2009). Based on the
concordance index, presence of any of these rislealcan predict complement activity
about 57% of the time. Environmental factors idahg age and history of smoking have
been considered to affect CFH serum levels (Espamdillo, Soria et al. 2004). 1t is

still possible that other unknown genetic and emvinental factors can also influence
complement activity and serum levels of complenpeatein.

Since DDD patients have highly active AP complenmsygtem which could be
due to increased activation or decreased regulafigP, we wanted to determine if we
would be able to predict the functional activitytbé AP complement system based on an
individual's genetic makeup. Since CFH and C3 thie most abundant complement

proteins in the serum, we have determined the pcesef risk alleles in these genes in
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the serum of normal individuals. Next, we have soead complement activity through
hemolytic assay and immunoassay. Our results stholat risk alleles in CFH and C3
increased complement activity which could in faead to the development of DDD
especially if the complement cascade had beenaaethor could not be regulated. Thus,
the presence of the risk alleles in normal indigldicould be used as a predictor if DDD

or other complement-mediated disease would occilrase individuals.

Future Directions

Serum and blood samples used in this study are fratividuals randomly
obtained from a blood bank. The same experiment & performed using serum
samples from DDD patients and age- and sex-matchattols which will be able to
predict more genetic factors that can influence mlement activity leading to the
development of DDD. We have only analyzed C3 aRk#i @ariants in this study but we
suspect that other complement activators and remal@an also influence complement
activity. For future experiments, serum levelgla# different complement components
and regulators (e.g. Factor B, Factor I, etc.) lsammeasured and analyzed for possible
association with the different risk alleles in thegenes. Identification of the different
genetic factors that affect complement activity tzad to determine the susceptibility of
an individual carrying risk alleles for developim@PD. Also, this can provide new
knowledge that will aid in developing appropriaiaghosis and treatment for DDD or

other complement-mediated disorders.



88

Acknowledgments

We would like to thank Dr. Yuzhou Zhang for perfangn most of the AP ELISA
assays. We are also grateful to Dr. Louis Katz @edstaff of the Mississippi Valley

Regional Blood Center in Davenport, lowa for pranglthe blood and serum samples.



89

Table 3-1. Association of complement activity wiitk alleles.
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APH50

C3R102G 0.2871 0.0166 2.387 1.172-4.865 29.9 17.4 0.562

C3 P314L 0.3472 0.0054 2.773 1.353-5.686 30.9 16.3 0.573

CFH V621 0.3591 0.0193 2.337 1.148-4.758 29.9 17.4  0.562

CFH Serum Level

CFH Y402H 0.3392 0.0145 2.388 1.188-4.796 31.4 17.8 0.568

C3 R102G 0.3817 0.0566 1.986 0.981-4.022 29.2 18.1  0.555

C3 P314L 0.5005 0.0433 2.073 1.022-4.203 29.4 17.8 0.558

Note: Analysis of effects p-value<0.05 are stiaiidlly significant. Pearson of Goodness of Fit
p-value>0.05 have a good fit of the logistic curve.
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Figure 3-1..Association between C3 R102G and APHS@g Mann-Whitney U-test.
Box plot shows that individuals with risk allele ®.have lower APH50 than those who
are homozygous of5protective allele R102 (p-valu®G450). Legends: (+) — mean; line
in box — median or 8Dpercentile ; lower side of box —2percentile; upper side of box
— 78" percentile; lower side of linear bar — minimumuesl upper side of linear bar —
maximum value.
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Figure 3-2. Association between C3P314L and APHSlg Mann-Whitney U-test.
Individuals with risk allele L314 have lower APHE@an those who are homozygous of
protective allele P314 (p-value = 0.0176). Legelitls— mean; line in box — median or
50" percentile ; lower side of box — ®®ercentile; upper side of box —7percentile;
lower side of linear bar — minimum value; uppeesid linear bar — maximum value.
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Figure 3-3. Association between two-variant combon of C3 R102G and C3 P314L
with APH50 using Mann-Whitney U-test. Individualsth G102 and L314 have lower
APH50 compared to individuals with R102 and P3lLdgends: (+) — mean; line in box —
median or 58 percentile ; lower side of box — ®%®ercentile; upper side of box =5

percentile; lower side of linear bar — minimum \eglupper side of linear bar — maximum
value.
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Figure 3-4 Association between CFH Y402H with %A$ing Mann-Whitney U-test.
Individuals with risk allele H402 have lower %APaththose who are homozygous of
protective allele Y402 (p-value=0.0345). Legen@y:— mean; line in box — median or
50" percentile ; lower side of box — ®®ercentile; upper side of box —7percentile;
lower side of linear bar — minimum value; upperesid linear bar — maximum value.



94

CHAPTER IV
DEFICIENCY OF COMPLEMENT FACTOR D ABOLISHES DENSE

DEPOSIT DISEASE IN FACTOR H-DEFICIENT MICE

The following paper by Sethi et. al. is recenthpmitted to Journal of
American Society of Nephrology (JASN) for publicati A paper we have previously
published (Abrera-Abeleda, Xu et al. 2007) have afestrated thaCfh’ mice have
abnormal renal function, active complement activéiyd abnormal renal pathology
similar to DDD in humans. On the other ha@fd”~ mice demonstrated mesangial
deposits containing C3 and IgM in the kidneys. @asults suggest the Factor D or AP
activity is needed to prevent spontaneous accuralaf C3 and IgM deposits in the
mesangium. In this study, we have generat€ha.Cfd” double knockout and assessed
the renal function, complement activity and renaémotype in comparison to wildtype,
Cfh"™ andCfd" mice.

| was involved with breeding of the double knockonice, harvesting
renal and hepatic tissues, performing renal functests, determining expression levels
and performing statistical analyses. | was alswlired in writing, editing and revising

the paper and creating figures and tables for dpep
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Abstract

Factor H and Factor D are regulatory proteins @& tomplement alternative
pathway. Glomeruli of mutant mice with a targetidetion of Factor HGfh-/- mice)
show features of Dense Deposit Disease (DDD, amsawk as membranoproliferative
glomerulonephritis type 1) with mesangial expamsiendocapillary proliferation, intense
C3 deposition along glomerular capillary walls asdbendothelial electron-dense
deposits. Mutant mice with a targeted deletiorFattor D Cfd” mice), in contrast,
develop mesangial immune-complex glomerulonephwiiith an increase in mesangial
matrix and cellularity accompanied by para-mesdngdggosition of C3 and IgM. To
determine whether Factor D plays an essentialimthe development of DDD iefh’
mice, we generated Cfh".Cfd” mice. These animals do not develop
membranoproliferative or mesangial immune-compldgamgrulonephritis and have
normal renal function. These findings suggest ttredrapy targeting Factor D or

abrogating its function in the complement cascagdcplay role in treatment of DDD.



97

Introduction

Activation of the alternative pathway (AP) of thengplement cascade leads to the
generation of two convertases that are integré@lRoamplification and the development
of membrane attack complex (MAC), the C3 and C5vedases, respectively. Because
low levels of C3 convertase are continually producea process known as ‘tick-over’,
exquisite AP control is essential if untoward coempént-mediated damage is to be
prevented (Appel, Cook et al. 2005; Turnberg an@kC2005). In the absence of AP
control, a spectrum of renal diseases can devdiapihcludes Dense Deposit Dense
(DDD, also known as membranoproliferative glomenelohritis type II) and atypical
Hemolytic Uremic Syndrome (aHUS), a type of throtnbonicroangiopathy (Rodriguez
de Cordoba, Esparza-Gordillo et al. 2004; Smitlexahder et al. 2007; Jozsi and Zipfel
2008; Skerka, Licht et al. 2009).

Factor D is a highly specific serine protease witly one known function — to
catalyze the enzymatic reaction that leads to tmmdtion of C3bBb (C3 convertase)
from C3bB. In this step factor B (93kDa) is cleaviedrelease a 30kDa activation
fragment called Ba while the larger portion calgd (63kDa) remains bound to C3b.
Factor D is indispensable for AP amplification andts absence cleavage of factor B
cannot occur and the C3 convertase cannot formaf\aklis and Narayana 1996). Mice
deficient in Factor D fd-/- mice) develop mesangial immune complex
glomerulonephritis characterized by mesangial imendeposits that stain for C3 and
IgM and are associated with both mild mesangialaespn and mild mesangial
proliferative features in the absence of infiltoatiby extrinsic cells (Abrera-Abeleda, Xu

et al. 2007).
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Factor H is the major fluid-phase regulator of Afivaation. Encoded by the
Complement Factor HQFH) gene on chromosome 1, this protein belongs to the
regulators-of-complement-activation (RCA) familydacontrols AP activity in the fluid
phase in three ways. It has: 1) decay acceleraintigity (DAA), which facilitates the
decay of C3bBb to C3b and Bb; 2) cofactor actifatyfactor I-mediated inactivation of
C3b to iC3b (inactive C3b); and, 3) competitivehatt with factor B for Cb3 binding.
Factor H also provides surface regulation of ARvagtthrough its cofactor activity and
its ability to bind to biological membranes (Rodreg de Cordoba, Esparza-Gordillo et
al. 2004). The importance of factor H in AP conisolllustrated by the observation that
individuals with genetic deficiency of factor H ddop DDD in the face of a markedly
reduced plasma C3 level, which arises as a consegqu# uncontrolled spontaneous AP
activation and C3 consumption (Pickering, Cook |et2802; Appel, Cook et al. 2005;
Smith, Alexander et al. 2007). Mice deficient icttar H (Cfh-/- mice) reflect the human
phenotype — they have extremely low plasma C3 $ewaid increased mortality
secondary to kidney failure. Renal histology shomesked mesangial matrix expansion,
mesangial hypercellularity, peripheral capillaryopo thickening with deposition of
periodic acid—-Schiff (PAS)-positive material, doedglontouring of the glomerular
basement membranes (GBMs) and the presence ofdathehal electron-dense deposits
(Pickering, Cook et al. 2002).

Since deficiency of factor H results in uncontrdll€3 convertase activity and
factor D is required for C3 convertase formatiorg ypothesized that deficiency of

factor D might protecCfh-/- mice from developing renal disease. To test thokhesis



99

we studied 8-month-ol@fh-/-.Cfd-/-mice and compared renal function and pathology of

these animals with that @ffh-/- andCfd-/- mice and wild-type controls.

Materials and Methods

Animals
Study animals included factor H deficiei@fk’), factor D deficient Cfd”) and
factors H and D deficientOfh’".Cfd™) mice congenic on a C57BL/6 background; 8-
month-old C57BL/6 mice were used as controls. Etitly group consisted of five mice
- two males and three females. All procedures appaoved by the University Animal

Care and Use Committee (UACUC) of the Universityaa.

Genotyping

Mouse genotypes were determined by a PCR-baseg assay DNA extracted
from mouse tail snips (Wizartl Genomic DNA Purification Kit; Promega Corp,
Madison, WI). Primers used were CFH forward (5’AANAGGTCCTCCTCCAAGAG-
3), CFH reverse (5-GGTATAAACAACAACCTTTGCACC-3'),CFH insert (5-
GGGGATCGGCAATAAAAAGAC-3), CFD forward (5-
ATGACGACTCTGTGCAGGTG-3’), CFD reverse (5GGTTGCTCTGCACACAT-
3’) and CFD insert (5'GGAGAACCTGCGTGCAAT-3"). PCproducts were amplified
using the following conditions: initial denatuiati at 95C for 5 minutes; 35 cycles of
denaturation at 9& for 30 seconds, annealing at’63for 30 seconds and extension at
72°C for 30 seconds; and a final extension &C7fr 10 minutes. ICfh” mice, PCR
amplification resulted in either 600bp (wild-typ®)500bp productsdfh’™ mice); inCfd

" mice, PCR products were either 580bp (wild-typeX80bp Cfd’ mice). To verify
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loss of factor H and factor D protein expressiomniunoblotting was done using protein
lysates from mouse liver or kidney (PARIS Ambion, Austin TX). Cell lysates were
run in 10% SDS-PAGE and protein expression wasaliged using antibodies against
Cfh (ab8842; Abcam Inc, Cambridge, MA) and Cfd (@#«in, sc-12402; Santa Cruz
Biotechnology, Santa Cruz, CA). Beta-tubulin (ad&0Abcam Inc, Cambridge, MA)

expression was used as a control.

Renal Function

All mice were housed in individual metabolic cagesollect urine for 24 hours
prior to being euthanized. At the time of euthamadlood was taken to assess renal
function by measuring plasma creatinine and blooeh unitrogen (BUN) using the
Vitros® 350 (Ortho Clinical Diagnostics; Langhorri®A) at the Animal Fluid Analysis
Core in the University of lowa. Urine creatininedaalbumin were measured using
colorimetric methods (QuantiChram Creatinine and BCP Albumin Assay Kits,
BioAssays Systems; Hayward, CA). Creatinine cleegaul/min) was used as an index
of glomerular filtration rate and was calculatedtlas product of the urinary creatinine
and 24-hour urinary flow rate divided by the serwmeatinine. The presence of
microalbuminuria was assessed by computing the @&tiurine albumin to creatinine
(ug/ug). All data were expressed as the meaB8Dt Statistical significance was
determined using one-way analysis of variance (AMPY{GraphPad Prism, San Diego,

CA).
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C3 Plasma and Expression Levels in Liver and Kidney

C3 plasma levels were determined using a commbBr@shilable kit utilizing a
two-site enzyme-linked immunoassay (Kamiya BiomediCo., Seattle, WA), which
detects full-length C3. Plasma concentrations wateulated from a standard plot using
third-order polynomial regression. C3 plasma IsWef each group were compared using
one-way analysis of variance (ANOVA; GraphPad PriSan Diego, CA). Total RNA
was extracted from mouse kidney and liver using &lyeMini Kit (Qiagen; Valencia,
CA). Reverse transcription was done using Supg®rlll Reverse Transcritase
(Invitrogen, Carlsbad, CA). To measure C3 mRNAtiee quantificantion in the mouse
liver and kidneys, a real-time PCR was performeshqu§500 Fast Real-Time PCR
System (Applied Biosystems; Foster City, CA). Besigned commercially available
probes for C3 (Mm437875 _g1l) and Gapdh (FAM-MGB)evesed for the PCR reaction
(Applied Biosystems, Foster City, CA). Fold chamgeere obtained relative to the

expression of control/wildtype samples.

Histology

After mice were euthanized using carbon dioxidealation followed by cervical
dislocation, kidneys were harvested and preservedl(% formaldehyde for light
microscopy, with the exception of the poles of kmneys, which were preserved in
2.5% glutraldehyde for ultrastructural analyse®l®gtron microscopy. A portion of each
kidney was also immediately frozen for immunoflismence studies.

Light Microscopy Formalin-fixed tissue was embedded in paraffind @uM
sections were stained with hematoxylin and eos&HH periodic acid Schiff (PAS) and

silver stain for histological analysis. The tataimber cells per glomerulus were counted
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(a minimum of least 20 glomeruli were counted mation). Mesangial proliferative and
endocapillary proliferation was graded as 1+ todg@pending on severity (1+ mild, 2+
moderate, 3+ severe).

Immunofluorescence Microscapigenal tissue was snap frozen and embedded in
Tissue Tek OCT (Miles Inc, Elkhart, IN). #M sections were cut and direct
immunofluorescence studies were done using fluemressothacyante (FITC)-conjugated
sheep antibody against IgM, IgG, IgA and C3c (SigBta_ouis, MO, USA and Binding
Site, CA, USA). Immunofluorescence staining wasdgd by intensity as 1+ (mild), 2+
(moderate) or 3+ (severe).

Electron MicroscopySemithin (1uM) sections were stained with toluidine blue
and ultra-thin sections were stained with urangtai® and lead citrate for examination
using a Jeol 100S electron microscope. The electemse deposits were graded based on

the extent of mesangial or capillary wall involverhél+ mild, 2+ moderate, 3+ severe).
Results

Genotyping and Immunoblotting
Genomic DNA from tail snips was used for PCR-bagedotyping ofCfh’.Cfd”
mice. PCR amplification generated 480bp and 5Q0fMoplucts reflecting disruption of
the Cfd and Cfh genes, respectively. Immunoblotting of cell lysatesing antibodies
against Cfh and Cfd confirmed the absence of tpesteins inCfh”".Cfd” mice and was

consistent with genotypic data (Figure 4-1).
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Renal Function
When compared to wild-type controls, renal functioi€fh-/- mice was impaired
as evidenced by an increase in plasma creatinm@.qp13) and blood urea nitrogen
(BUN) (p=0.0054), microalbuminuria (p=0.0476) andduced creatinine clearance
(p=0.0001). In contras€fd-/- and Cfh-/-.Cfd-/-mice had normal renal function (Table

4-1, Figure 4-2).

C3 Plasma and Hepatic and Renal Expression
C3 plasma levels irCfh’.Cfd” (610+410mg/l) were similar to levels in the
wildtype (554454mg/l). On the other hand, low C3 plasma lewase noted in th€fh
" (24+18mg/l) and high levels iCfd” (10414636mg/l). TheCfh’.Cfd" had similar
tissue expression levels of C3 in the liver anchi&idwith the wildtype.Cfh’™ had 2-fold
increase in expression level of C3 in both tisswstive to the levels in the wildtype.
Cfd” had similar expression level of C3 in the liver Inaid a 1.3 fold increase in the

expression of C3 in the kidneys (Figure 4-3).

Glomerular Lesions

Wild-type miceWild-type (control) mice had normal appearingrmgéruli on light
microscopy with no significant mesangial or endadtay proliferation.
Immunofluorescence studies showed no or mild meahataining for C3, and electron
microscopy typically did not show capillary walleetron dense deposits, although
occasional mesangial deposits were noted (Figuretdp panel).

Cfh’ mice Cfh"" mice had a membranoproliferative pattern of glafarinjury
on light microscopy with mesangial hypercellularilyge to mononuclear cells. The

GBMs were thickened and other features of membratégrative glomerulonephritis
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including segmental endocapillary proliferation dobular accentuation of glomerular
tufts were noted in many glomeruli. Global glomesdlerosis was not present and
neither was there significant tubulointerstitialseise. An important and significant
diagnostic finding was the intense C3 depositioongl glomerular capillary walls on

immunofluorescence microscopy. On electron micrpgcdense deposits (arrows) were
noted in a subendothelial location along the capillwalls and in the mesangium
(Fig 4-4, 2 panel).

Cfd” mice Light microscopy showed mild-to-moderate mesdnpraliferative
glomerulonephritis with an increase in mesangiarmand mild-to-moderate mesangial
hypercellularity. Mesangial C3 staining was seanimmunofluorescence microscopy
and mesangial electron dense deposits were notedebiron microscopy.Cfd” mice
did not have endocapillary proliferation and neith€C3 deposition (by
immunofluorescence microscopy) nor dense depobigsef{ectron microscopy) were
observed along glomerular capillary walls (Figuré, 8% panel).

Cfh”.Cfd" mice Glomeruli of Cfi”.Cfd” mice had mild mesangial proliferative
changes with an average cellularity of 29.4 (x2n7ijway between wild-type mice (25 £
1.5 cells) andCfd” mice (31+ 3 cells). Immunofluorescence microscepgwed no-to-
minimal (1+) staining for C3 with no capillary wall3 staining in anyfh’".Cfd" mice.
Electron microscopy confirmed these findings — ¢herere no capillary wall dense
deposits and no or only occasional mesangial ddapesits. In all respects, glomeruli
from Cfh’.Cfd" and wild-type mice appeared very similar (Figurd,4ottom panel)

(Tables 4-2 and 4-3).
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Discussion

In this study, we generate@fh’.Cfd" mice to determine whether absence of
factor D prevents the DDD renal phenotype that b@sein Cfh”™ mice secondary to
absence of factor H. Our findings are striking tlee glomerular normalcy we observed.
The proliferative features of DDD i€fh’”" mice were absent, as were capillary C3
staining and electron dense deposits. In the masang_3 staining was minimal and
electron dense deposits were insignificant, featoeenarkably similar to those observed
in wildtype mice. Consistent with this histologiqitture, the renal function i@fh’.Cfd
" mice was similar to that in wild-type mice. In analogous study that prompted this
work, Pickering and colleagues showed that mutaoé meficient for both factors H and
B (Cfh".Cfb” mice) also have a normal renal phenotype. This conéc would be
predicted from the structure of the AP C3 convert@33bBb), which requires factor B
for its formation. Absence of factor B i@fh”.Cfb™ mice prevents generation of C3
convertase making factor H-mediated control o&i@Bvity unnecessary and therefore the
absence of factor H inconsequential (Pickering, kCebal. 2002). InCfh’".Cfd” mice,
although C3bB can form, cleavage of factor B camwmaur and C3 convertase does not
form (Volanakis and Narayana 1996). The absencaropant fluid-phase C3 convertase
activity is therefore prevented and DDD does noetl®p. It is germane to note that the
absence of factor H also prevents mesangial imnconglex glomerulonephritis i€fd
" mice. Cfd” mice develop mild mesangial cell proliferation wiprara-mesangial
deposition of C3 and IgM, which may reflect accuation of C3 at sites of synthesis

(Abrera-Abeleda, Xu et al. 2007). Consistent wiils tpossibility, we observed a slight

increase of C3 mRNA expression levels in the kidokgfd™ mice (Figure 4-3). In the
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absence of factor D, most of C3 will be in its lolgized form (C3(HO)). Like C3b,
C3(H:0) can bind to target surfaces, complement reg@daad factor B. We therefore
assayed factor B mRNA hepatic and renal expressi@hfound it to be significantly
increased in botlefh’ andCfh’.Cfd” mice as compared ©fd” and wild-type controls
(Figure 4-5). This finding raises the possibilihat in the absence of factor D, C30)
bind preferentially to factor B to form an inactipeoenzyme in the fluid phase reduces
its deposition on mesangial cells.

There are currently no disease-specific treatmdats persons with DDD,
although studies implicating fluid-phase dysregatatof both C3 and C5 convertases
make Eculizumab, a humanized anti-C5 monoclonabady, an attractive consideration
(Hogasen, Jansen et al. 1995; Sethi, Gamez €d@®) 2Data from this study suggest that
therapies targeting factor D or abrogating its fiomc by preventing factor B cleavage
should also be explored. Noteworthy in this regerdCRIT (C2 receptor inhibitor
trispanning), a three transmembrane receptordisstovered on th&histosomaarasite
surface that acts as a decoy receptor for C2 tiegroells from assembly of C4bC2 and
C2 cleavage. The 11 amino acids at the Cterminaiqgooof the first extracellular
domain of CRIT (CRIT-H17) bind the Bb fragment @icfor B to inhibit factor D-
mediated cleavage of factor B and limit AP C3 cotage activity. Binding prevents
neither DAA nor C3b-factor B coassembly, implyirat C3b and CRIT-H17 bind to
different regions of factor B. Other important ftiooal relationships, such as C3b-CR1
binding, are also preserved (Hui, Magnadottir e2@06).

The development of a monoclonal antibody to théopi on factor B recognized

by CRIT-H17 would therefore be predicted to prevéotmation of a functional
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C3convertase, which could be therapeutically releta the treatment of DDD. Possible
untoward effects of C3 convertase inhibition wobddpredicted to include increased risk
of meningococcal infection and an abnormal inflartonareaction.

In summary, our studies show that deficiency oftdacD prevents the
development of DDD inCfh’.Cfd” mice. These findings suggest that therapies to
prevent factor D-mediated cleavage of factor B rimdpce the C3 convertase should be

explored as a treatment option for DDD.
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Table 4-1 Renal function i@fh”, Cfd", Cfh".Cfd-/-andWT mice.

Average Urine
24hour Plasma Plasma Urine Urine albumin; Creatinine
Group  rine creatinine BUN  Creatinine Albumin creatinine Clearance
volume (mg/dl) (mg/dl) (mg/dl) (mg/dl) ratio (ul/min)
(ml) (ug/ug)
Cfh" 1.00 0.34 26.84 43.44 11.86 0.29 89.66
+0.03 +1.79 +4.67 +5.95 +0.11 +4.16
Cfd” 1.00 0.21 20.00 46.68 8.20 0.14 153.60
+0.04 +3.70 +5.88 +4.25 +0.06 +25.41
Cfh’ 1.08 0.19 17.10 38.27 7.35 0.15 149.70
Cfd" +0.06 +4.54 +4.81 +4.21 +0.07 +20.14
WT 1.00 0.19 16.78 42.74 7.49 0.12 156.20
+0.72 +6.59 +4.81 +6.24 +0.03 +31.63
p-value 0.0111 0.0142 0.1975 0.5259 0.0985 0.008
(ANOVA)

Note: Values are in meanstandard deviation. Normal values for plasmatoree is 0.05-0.2
mg/dl.  Normal values for plasma BUN is 12-28 mg/dINormal values for urine

albumin:creatinine ratio is 0.1-0.2 ug/ug. Normalues for creatinine clearance is 120-200
ul/min.



Table 4-2. Glomerular lesions @fh"", Cfd”, Cfh’".Cfd” andWT mice.
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Light Microscopy

Wild-type mice  No proliferative changes
cfh mice Membranoprollfer'a.tlve
glomerulonephritis
Mild-to-moderate
Cfd” mice mesangial proliferative
glomerulonephritis
Cfh.Cfd" mice Minimal-to-no

proliferative changes

I mmunofluor escence

Micr oscopy

Minimal-to-no
mesangial C3; no
capillary wall C3

Mesangial and
capillary wall C3

Mesangial C3; no
capillary wall C3

Minimal-to-no
mesangial C3; no
capillary wall C3

Electron
Micr oscopy

Rare mesangial
deposits

Mesangial and

capillary wall

electron dense
deposits

Mesangial electron
dense deposits

Rare mesangial
deposits
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Table 4-3. Cellularity per glomerulus.

Total Calularity g dﬁg?iif‘; Eg‘ﬁfﬂ'i‘g y
Wild-type mice 25 (x1.5) 20.25 (+ 4.8) 0
Cfh’ mice 41.65 (+4.2) 29.6 (+4.3) 12.05 (+3.3)
Cfd” mice 31 (+ 3.0) 23.9 (+4.5) 0
Cfh".Cfd" mice 29.4 (+2.7) 22.45 (+3.8) 0

* At least 20 glomeruli were counted per mice. Tatllularity includes all cell types including
endothelial cells (except podocytes); mesangidllegity includes mesangial cells and other

infiltrating cells in the mesangium; and endocapyill cellularity includes cells within the
glomerular capillaries and includes endothelialscel
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A. Genotyping B. Immunoblotting
Factor H Factor D
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o /-

Cfh Cfd Cfh Cfd Cfh Cfd
VAR VA VA T 200 kDa-

f R 28kDa
114 KDa-
- ‘-~| beta-Tubulin
vl
Figure 4-1. . Identification of knockout mice.. Arhe Cfh’".Cfd"~ mutant mouse was

identified by PCR-based genotyping, which generad@&)bp and 500bp products
associated with disruption of ti&fd andCfh genes, respectively. B. Disruption of these
genes was confirmed by immunoblotting.
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Figure 4-2. Renal function tests in mice. Renakfion inCfh’ mice was significantly
abnormal as compared to wild-type controls as eXéewp by increased plasma
creatinine (A), increased plasma BUN (B), mlcroaiinuurla (C) and low creatinine
clearance (D). Renal function (hfd and Cfh".Cfd" mice was not different from renal
function in wild-type controlsGfd” mlce Vs wild-type controls: p=0.2457 (A); p=0.2065
(B); p=0.4206 (C); p=0.1216 (Dy;fh .Cfd” mice vs wild- -type controls: p=0.4822 (A);
p=0.4654(B); p=0.2738 (C); p=0.1634 (D)).
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Figure 4-3. C3 plasma and tissue levels. C3pdagvels inCfh”.Cfd"” mice were not
significantly different than levels measured induiype controls (p=0.4025Cfh mice

had lower C3 plasma levels whil€fd” mice had higher C3 plasma Ievels as compared
to wild-type controls (p<0.0001 and p=0.0973, resipely)(A). Cfh’.Cfd” mice had
similar C3 mRNA expressmn levels in both hepatid aenal tissues as compared to
wild-type controls Cfh” mice had higher C3 mRNA expression levels in hitbues
while  Cfd” mice had similar hepatic but slightly increasedateexpression (B, C)
(ANOVA p=0.05).
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Figure 4-4 Glomerular histology WT, Cfh”", Cfd’”~ andCfh”".Cfd” mice.

A-C: Top panel (wild-type mice): Light microscopliavs normal appearing glomeruli
(A);immunofluorescence microscopy for C3 shows mildsangial deposition of C3 (B);
electronmicroscopy shows no significant mesangabodits (C).

D-F: 2nd panel Cfh” mice): Light microscopy shows membranoproliferativ
glomerulonephritis  (D); immunofluorescence micrgsco shows prominent C3
deposition along the capillary walls (E); electramcroscopy shows capillary wall
deposits (arrows) (F).

G-I: 3rd panel ((:fd" mice): Glomeruli from Cfd-/- mice show mild mesaigexpansion
with mild increase in mesangial cellularity (G);mmanofluorescence microscopy shows
prominent mesangial C3 staining (H); electron nscopy shows numerous mesangial
electron dense deposits (I).

J-L: bottom panel ¢fh-/-.Cfd-/- mice): Light microscopy shows normal appearing
glomeruli (J); immunofluorescence microscopy shomikkl mesangial deposition of C3
(K); electron microscopy show no significant mesahdeposits (L).
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Fold Change (Liver)
Fold Change (Kidney)

ch” cra” ool WT c’ cfd”  om”.cfd” Wt

Figure 4-5. Factor B expression levels in micactér B mRNA expressmn levels in
hepatic and renal tissues were S|gn|f|cantly eleyan Cfh’™ andCfh’.Cfd” mice relative

to expression Ievels |n wild-type controlsff” mice vs wildtype controls: p=0.004 (A),
p=0.0064 (B)Cfh’".Cfd" mice vs wild-type controls: p=0.0253 (A), p=0.0)). Factor

B mMRNA expression levels i6fd” mice and wild- -type controls were similar (p=0.0719
(A), p=0.2027 (B)).
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CHAPTER V

CONCLUSIONS AND FUTURE DIRECTIONS

My thesis work aims to understand the role of tieraative complement
pathway (AP) in the development of Dense DeposseBse. The first part of my work
was an association study using DDD cases and dentrarder to determine specific
allele variants in genes of the AP that are assatmith the DDD phenotype. The genes
screened include complement components and regsilatoFour novel missense
mutations in the genes of AP had been identifiedDD cases but not in all the controls.
Further functional analyses are required to deteen these mutations are pathogenic
and can contribute to DDD phenotype. We also ifledtpolymorphisms in the genes of
AP that were associated with DDD. Some of thedgnparphisms have been associated
with other complement-mediated disease like SLEU&Hand AMD. Out of all the
SNPs, we determined four SNPs: CFH V62I, CFH Y4028 R102G and C3 P314L,
that were identified to be associated with DDDeneyal statistical analyses. We predict
that these SNPs may contribute to the DDD phenotypeeraction between CFH V62I
and C3 P314L had also been ascertained by statianhalyses.

The second part of my thesis work involved the fiomal analyses of CFH and
C3 polymorphisms. The alternative pathway is cardusly activated at a low rate in
human plasma. Our hypothesis is that the actofityre alternative complement pathway
is different among individuals depending on theajgpes one carries. Individuals with
risk alleles have more active AP of complementesyst On the other hand, individuals
with the protective alleles have normal activity AP. In our study, complement

activity was determined using several assays imotudhemolytic assay and
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immunoassay. We also measured CFH and C3 serwats Iswmce individuals with high
complement activity could have low CFH and/or CBiselevels. Statistical analyses
had demonstrated that individuals with risk allelesCFH V62I, CFH Y402H, C3
R102G and C3 P314L had elevated AP activity congpdce individuals with the
protective alleles. The risk allele in CFH Y402lddhbeen determined to decrease
expression of CFH in the serum (Tortajada, Hakolstaal. 2007).

The last part of my thesis involved the charactian of CFH and CFD deficient
mice in comparison to CFH-deficient and CFD-defitimice. Mice that are deficient in
CFH develop similar renal pathology seen in DDDegyds. Surprisingly, CFD deficient
mice have developed mesangial deposits in the k&dméhich can be attributed to C3
accumulation in the local area. Since Factor Desded to produce the C3 convertase
during the AP complement cascade, we predict thalishing the expression of Factor D
in CFH-deficient mice will prevent the progressinrenal disease in these mice. We
had generated a mouse that was deficient in both &%l CFD. Renal function tests and
renal histology had shown that the double knockauite did not have any renal
pathology. Complement activity were also noteddéanormal in the double knockout but
there was an observed slight increase in Factok@ession which could explain the
disappearance of mesangial deposits found in tleekis of our CFD-deficient mice.
Thus, the absence of Factor D in CFH-deficient ndoald hinder the progression of
renal diseases in these mice.

DDD is a complex disorder that is not inheritechisimple Mendelian order. Itis
predicted that several genes are involved in thiegg@nesis of DDD. There are about 60

genes involved in the AP and not all of them haeerbscreened for risk alleles
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associated with DDD. Good candidates for screemiclgde complement components in
the classical, lectin and terminal complement paghw Complement C5-C9 produce the
membrane attack complex (MAC). Complement reguatolusterin and vitronectin
binds to MAC to prevent its formation. Mutationsdapolymorphisms in C5-C9 can
possibly hinder the binding of the complement ratnks to MAC leading to lysis of
target cells. Other possible candidates are mermedvaund complement regulators,
MCP and DAF. MCP is expressed in the kidneys aralao-factor for Factor-I mediated
cleavage of C3b and C4b which protects the cellrevitas anchored (Seya and Atkinson
1989; Johnstone, Russell et al. 1993). On therdihad, DAF is expressed in most
blood elements and protects host cells from autalegcomplement attack by
accelerating the decay of the C3 and C5 convert@diebolson-Weller, Burge et al.
1982; Medof, Kinoshita et al. 1984). It is inténeg to note that a soluble variant of
DAF is present in body fluids which can inhibit col@ment activation in the fluid-phase
(Medof, Walter et al. 1987; Lass, Walter et al. @9The pathogenesis of DDD involves
both systemic and local activation of the complehwascade which makes these two
complement regulators good candidates for posadseciation with DDD.

There are 5 Factor H-related genes in the RCAslo&e have screened CFHR5
for our association studies. The rest of the Fddtcelated genes are good candidates for
screening because they also have complement regufanction by binding to C3b and
heparin (Hellwage, Jokiranta et al. 1999; McRaew&woet al. 2001). A polymorphism
in CFHR1 has been shown to be associated with aHIfe. risk allotype which is most
similar to the sequence of CFH gene can possibigpete with CFH which leads to

decrease protection of cellular surfaces againshpteament activity (Abarrategui-
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Garrido, Martinez-Barricarte et al. 2009). Onefidifity in screening Factor H-related
genes is the similarity of the sequences with gwusence of Factor H gene. The CFH-
CFHR1-5 region in the RCA locus contains sevenrgdagenomic duplications involving
various exons of the CFH and CFHR1-5 genes caugegebe conversion and non-
homologous recombination. Other mutation screeneahniques can be utilized to
identify allele or copy number variants like Southeéblotting, Multiplex Ligation-
dependent Probe Amplification (MLPA), etc.

The complement system is part of the innate immyunit has been shown to
interact or “cross-talk” with other pathways in themune system or defense mechanism
of the body. One pathway is the coagulation systéhe coagulation system is involved
in hemostasis and is activated early after damagejuy. Pathogenesis of DDD may
involve renal damage which can lead to activatibrihe coagulation system. Some
DDD patients develop hematuria or blood in the ewririnteraction between these two
systems has been proposed often. The coagulataor$, FXa, FXla and plasmin are
able to cleave C5 and C3 to generate the anapkitatoC5a and C3a which are
important in the inflammatory response (Amara, iRth et al. 2008). It will be
interesting if mutations and variants in the coagah factors are associated with DDD.

Other possible candidate genes associated with Bi@Dnterleukins and tumor
necrosis factor superfamily. These are cytokiies &re involved in the inflammatory
processes. Cytokines are present in body flum$ tsssues at low concentrations.
However, an increase in mean concentrations of sydskine is noted in chronic kidney
disease and end-stage renal failure. Becauseiyfdytokines are used as prognostic

biomarkers for chronic kidney diseases (Stenvin€ekrero et al. 2008). Mutations and
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polymorphisms in interleukin-6 (IL-6), tumor neci®$actore. (TNF-o) and transforming
growth factorp (TGF{}) have been implicated in several chronic kidnegedse
including IgA nephropathy (Bantis, Heering et @08), diabetic nephropathy (Navarro,
Milena et al. 2005; Vionnet, Tregouet et al. 200&)d mesangial proliferative
glomerulonephritis (Horii, Iwano et al. 1993). E&psion of complement proteins like
C3 and Factor B are influenced by levels of intddes and tumor necrosis factor
(Ramadori, Sipe et al. 1985; Perlmutter, Dinarelftcal. 1986; Beuscher, Fallon et al.
1987; Ramadori, Van Damme et al. 1988; Circolord@iet al. 1990).

Our animal studies have shown that absence of FBctan stop the progression
of renal diseases due to low or deficient CFH esgios. This can be a possible therapy
for DDD or other complement-mediated diseases chusge deficiency and non-
functional complement regulators. Antibody agaiRattor D has been ascertained to
inhibit AP in human serum (Tanhehco, Kilgore etl®99). Another study have shown
that the Factor D antibody can inhibit complememd &ukocyte activity in the baboon
model of cardiopulmonary bypass (Undar, Eichstaedt. 2002). We can test the Factor
D antibody in outCfh”™ mice to determine if it will stop the progressiofrenal disease
in these mice.

The long term goal of my study is to develop afective treatment for
DDD. We found risk allele variants in CFH and @attare associated with DDD and
high complement activity. Possible effective tneant for DDD or other complement-
mediated diseases is to target or eliminate theamiuCFH or C3 proteins from the
system. Recently, concentrated plasma of CFH irsgbeurrently obtained for patients

with aHUS and DDD associated with CFH mutations Ziviger 2006). Replacement of
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mutant proteins can be done through plasma exchadgeever, immunologic problems
can arise in replacement therapy. An alternatouder is to use gene therapy that will
enhance expression of the wildtype protein in ty&tesn. Recent advances regarding
vector safety and transfection efficiency can mtke type of therapy viable to DDD
patients. Another way of targeting the mutant @rat for therapeutic purposes is the use
of antibodies. Antibody therapy utilizes antibaltbat target proteins or cells which can
stimulate the immune system to attack and elimitia¢ése targets. Antibodies against
CFH or C3 proteins with specific risk alleles cam developed as therapeutic agents.
Examples are CFH Y402H and C3 P314L variants irclvicertain antibodies can detect
the risk alleles CFH H402 nad C3 L314. Identificatof risk alleles associated with
DDD can lead to the development of a more effectrgatment for DDD or other

complement-mediated diseases.
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APPENDIX A

PRIMER SEQUENCES

Table A-1. Sequence of primers for PCR genotyping.

Exon
C3

1

14
15-16
17
18
19

20-21
22-23

24
25
26
27
28
29

30-31
32-33

34-35
36
37-38
39-40
41
CFH

1

2

Forward

GGAAAGGCAGGAGCCAG
ATCCTCTCCAGGACCAGAGG
GACCAAGAATAATGGGCAGG
AGACACAGGTCGGGGAGAG
GGCTCCAGTCTTCAGCACA
GCACAGGCCCAGTATGAAAG
CACCAATTCCCAGGTCTCA
GGGACTCCTTCCCCCATC

CCCCCAACCTTTCTGTCTTT
GGGGATCCCAATTGTCAG
GAAGTCCTCCCTGGGGTC

GTGACCGCTGAGGAAGTAGG

GACCTACATGGAGGCACCC

AGCCTGGCCTTGTCCAC
AGTGCCCTGCTGACCATC

CTCGCCTGTCCCTAACCC
TTTTCCACCTCCTCGTTCTG
GAAGGCAAACCAGGCAAAC
AGCGGGGTAACACCTAGAAG
ATGCTCAGGAAGTGCTGCTC
AGGTAAGGCAGGAGCCAAGT

GATGTCCCAGCTCTGATTTG
GACCATCTCCTCTTGTCCCC

TGCTGCTATGTGGGAATCAG
TCATCTTTGCCACTTCCTCC
GGGGTTGAAGACCTAGCATC
TTCTGCTTGGGAGAGAGAGC
AGTGAGTGCTTTCCCTGCG

TGGGAGTGCAGTGAGAATTG

CCTGTGACTGTCTAGGCATTTT

Reverse MW
ATCCACAAACACCCAAATGC 291
AGGGAGAAGACAGAAGGGG 400
CCCTTCCGGTGTGTCTTTC 521
CCCACCTGGTCTTCACCTG 604
CAGGCTGGAATCCATCTTCA 593
TGCGCAGGAGAGAACCTC 630
AGTGGCAGGGAACGCAG 394

GAGAGAAAAGGAGAAAGGG 398
AGA
GCACTGCCCTCTCCAGTC 35

%

TCCCCTCCTCCCTCTCTG 613

TCCCTCCTCAGACAGGAGTC 33}
TTTTCTAGGTTGGGCTGTG 725

TCCTGGTAACAACACCTCTG 353
TG
TCAGAGCCTGGATCTCCAAC 600

GAAGGGGAAGAGAAAGGTG 464
C
GGAGGGCGTGGTCTTGAG 41

AGCGCTTGCCTGGACTCT 399
ACATGGAGGTGGGGCTC 364
GAGCTGCAAATTCCCTGAAG 324
CTAAAAGCCATGCATCCCAG 328

TTCTAGAACCTATAGATGGG 498
TTTGC
CTAGGACTGCTGGGGACAAG 553

ACTTGGAAAGTACTGAATAT 431
CATGG
CCCTACAACTCAGCAGCACA 531

GAATGCTCAAATCCCTGGAC 342
CCACACCCACAGCCTGAA 600
GGGGCGTGACAATGGTG 48]
CTGGGGATTTCAGCCTCTC 368

(o)

N

TCCTGTGAAAAGCATCATTA 351
GC
GGCAATAGTGATATAATTCA
GGCATA 86
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3

4

5

10

11

12

13

14

15

16

17

18

19

20

21
22

5UTR

Factor B
1-2
3
4
5

6

GCTTTGCTATGTTTAATTTTCCT CCAGATTTAATTATTTCCATCA

T
TGCATATGCTGTTCATTTTC

TTTCCTCCAATCTTATCCTGAG

CCTGATGGAAACAACATTTCT
G
GGACAAATAAATAACACCCA
CTTTT
CCTAGAAACCCTAATGGAATG
TG
TAGTAACTTTAGTTCGTCTTCA
G
TGAATGCTTATGGTTATCCAG
GT
TCTTAGAATGGGAAATACTCA
GATTG
ATGTAAAATTAACTTTGGCAA
TGA
CCATTCTTGATTGTTTAGGATG
C
AAAACACATACATCATGTTTT
CACAA
GTTGGTTTGATTCCTATCATTT
G
CTATGAGAATACAAGCCAAA
AGTTC
AACCCTTTGATTTTCATTCTTC
A
AATTTATGAGTTAGTGAAACC
TGAAT
ACAAAATGGCTAATATATTTT
CTCAAG
CTGTTATCAGTTGATTTGCTA
CTC
CTGTGTTTGCGTTTGCCTTA

TTTCTACATAGTTGGTTTGGAT

GTACACATTGTCTGGGTGCTG

CAAGCAGACAAGCAAAGCAA
GGAGGGATACACCTAAGGCAG

TGCTCTCTACCTTGCTCACG

GGTCAGATCCTGGTCTTCCA

GGAAAATGGAGAAGGGACAG

TAGTT
GAGACTTTAAGATATTTTAA
TGTAAGAC
TGCTGATATTCCTTAGAATG
AACG
TGAACTTTTCTGGCCCTGTT

TGCTTCCAACAGCCTTACTTT

TTTGGTCACTTTGCTTGAACA

TTAGAAAGACATGAACATGC
TAGG
GCTTTGTTCCTGCAGGTTTT

TGAAAATGAATTTCTGAAAA
ACCA
CAAAGTTCTAATTCTTATTTC
AGCAA
CAGCCATGTTCAAGTTCAGG

GACTGGAAATGTTGAGGCAT
ATC
GACACACATACCTATTACTTT
TCCAA
TTGTTTACACGAAGCACAAG
AGA
TCAATTATTCCCCTCACTTTG
A
GGTACCACTTACACTTTGAA
TGAAGA
GGCTGGGCCCACACATTA

GGAAAATAATATACCCTATT
ACTTGTG
GATTTTTCCAGCCACGTGAA
CCAAAATTTTACGTATGAAT
AAAAAGG
GATGCTCCGCCTATCAGAAA
C

CTGCCACCCTAAAACTGCTC
GAGTGCCCACTCCTCGG
ACGGGGGATCATGGGTTT

GTCTGATCCATCTAGCACCA
G
CAGGGAGCTAGTCCTGGAAG

400

279

380

491

399

464

372

372

283

287

353

346

299

495

300

283

380

426

299
299

370

593
318
394

477

266
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7
8

9-10

11-12

13-14

15-17
18

Factor |
1

9-10

11

12
13

Factor D
1

2

3

4

GTCGCTGAAATCTCCCAATC
TGGAGGTTAGTGGGAACCTG

GTGTATCCCTGCCTTTAGCC

TACCCGTGGTCTTTCCCTTT
TGAAGTTAGGAATGACACGGG

CTGGCCCAGAACCTAGCTC
GCTGGGTCCCTAGTCTGATTC

CAAAAGTACAAAGCTCTTTAG
GAGG
TTGAAGCCACCAGACAACAC

CGTAAAATGATTGCTTACTAT
TACTTG
CTTGCCCAAGCTGTAACTCC
TCCATAAGCCAGGTTTGACC
GCCTTTGCATTTTAGTAATGCT
T
GGGAGGATAAGTTTTAAGGCA
G
TCCAGCCTGTCTTGTACTGG

AAGCATTTACAAAATTCTGGG
G
CACCCTTTCATAATCCCAATG

AAGGAGAGCCCATGCTATTG

GAGTCTGGCAGGAGGTAACC
CAGTC
GAGAGCTGGGATCCCGTCAG
GCAGC
GAGTCGGCTGGCACCGACCG
CGGACTC
CTCCCCGAGCCTAGCGGCATT
CTCC
ACTAGTGAAGACCAAATTAAC
ACGG

CAGTCCATTTCTGATTGTTCCA
GTGATTCATCGATGTAGCTCTT
T
TGATGTCAGTTTTCAAAGTTT
TCC
CACATTAAATTTGTTTCTGCA
ATGA

CACCCTGAACCTCCTGACC
TGATCACAGGGCTTAGGAAG
A
GGAAGAATGAATTACTTCAG
GGG
GCAGCTTCCTGCCTCTGG

TCTCATGCCCCACTTGTCTC
AGGCTCTGCCTACCTCGAAT
CTGTTCCCCACTCCCTTG

TTGCTGACTATAGAGTGGCA
TG
GGCAACCCCTGATTTGTTTA
G
TGATGCACATAGTTAATTTTC
TTAGG
AACGAGGCATCAATCATTTG
CCATAGTTCTGCAAATGCCC
GAAAGTTTATCACACTGAGA
AAAGG
CCAAAACTACTTGTTGCTTG
AATC
CTTTGCAATTAATATAGTGG
AGTTTG
GGCTGGATGTTTACTTTTCTG
G
CCAAATGGAGGGAATTAGGG
GGCATAAACTCTGTGGAGAC
C

GCGTTCAGAGCCTTCCATTA
GTGAG
GAGTCCGCGGTCGGTGCCAG
CCGACTC
CATGCAGCAGGAGAGGTCGA
GGCTGG
TCATGCTCCGCCCATCTTCCA
GTTC
GCAGGAGTGGATGACTTCAT
TGCTCG

CCCCTTCAAATTATCCTCAGC
TTCCAGCTCCTCTGGTCATT

ATAATTAGCAAAACTGAGAG
AGTGGT
TCAAATTCTTGTTTCATCACT
TCT

253
487

450

664
06
67¢
36

329

573

431

396
698
274

252

630

539

312
496

365

283

297

383

352

493
366

314

275

6]
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Table A-1. Continued
5 CCATTTAAGCATTATTTATGG TGCAAAGTAATAGTAACTGT 265
TTTC CCTGTT
6 AAATATTTTCAGAGTAAGCAC ACAATCCCAATCAAAATGAT 280
TCATTT AAA
7 TGCAGATATTTTATTGACATA TCTTGTAAAGAAGCAACAAG 282
ATTGTT ATCAAC
8 CCATTTTCCTGAAACACTACCC TTGGGGTACAGTGCAACAGA 377
9 AATTATTTGAATTTCCAGACA GGGTTATTCTATGAAATTAG 375
CCTT TCCAAAA
10 CTTAAATGCAATTTCACTAAT CAGAATTGGCTACATAATGG 354
CTATGA CTA
CLU
1 GTTCAGGCTCTTCCCTACTG GTTGTGACTGCGAGCTGTGT 420
C
2 CATGGCAAGTCTGGTCATTTC GAGGCACTGAGCAGAATTAG 379
3 GAACTGAACGGGCCTTTCTG CTTAATTGCAGCCTCAGCAT 389
C
4 CTTGAACTGGAGCAAGGGTAG GCCAGACATTACCAATGGAG 469
5 CTGTTGGTCACTTGCTGTGTG CACCCTTGTGATATTGCTG 654
6 GCTGCAGTGAGCTATGATTG CTGCAGAGCTGGAATCCAAA 387
C
7 GTCGTGGACAATTCCAGTTTG CTGCCGTGTGATAAATGCTC 478
8-9 GCAGGAGGACTTCCTTATCAG GTTACTTGGTGACGTGCAGA 592
G
Properdin
1 GAGCACCGCACACTCACTTC CCTCGCGCTCCTCCCAGCAA 237
C
2-3 CTCTTTCCCTGCTGATTCCAG GTATGGTCACGATCAGGGCC 533
TC
4 CACTCTGGAGTCCCACATGC CTCTGTACCGATCGTTCCCAC 31%
5 GAAGCAAAGAGCCCTGAATG CTGGCAGTTCCCTGCTGTAA 307
C
6 GGAACTGCCAGGCTGAGAGGA CATGGTCACATGGCCTAGGA 362
C AC
7 GTCTGCTTCAAGGGTCTAGGG CAGCAGCAGGAGCTGGGCAG 324
C
8-9 CATTCCTTCCTCTGAACCCC GCAGATACCTTAGATTCAGC 638
10 CCTCGGCATATAGCAGGCACT GTGTTAGAGTTCCTCTTCCTC 277
C
ADAM19
1 AGTGGGCAGGTATGGCTGAG GCAGAACGTGGGAACAAAG 318
2 CTGCCGCCAGTATTTGAGTTC CTTCCGGGTTCATGCCATTC 19(
3 GTGCATGTGTGGCTTAGCTG AATGGTGATGACTGGGATTC 230
4 CAATGTTGGAGCGCTGTG CTTCCTTCCAGAACAGCGAC 248
5 ATCACTCGTTGTTGCTAGGAG GAGAGACCAACTCCATCAG 244
6 GGAAAGCTCTTTGCAGGTTG CTCAATGGACTCCTTCCCAA 325

G
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7

8
9
10
11

12
13

14

15
16

17

18-19
20

21

GTCTCACGAAGGGGTACATG

GCTTATCCAGCAGCTCTGTTTC
CTGTGGTGGGGAAGACAATTG
CAGGTGGTATTGACAGATAC
GAATGACCTGGGAAAGTCAG

CTAAGGATAAGGCAGGGATG
CTAAGGGGCCAGAATGTATG

GAGATAGTTGCTAGAGAGCTG

CTTATGAGCCCTTGGGCAAC
GAAGAGGCTGAGTATTCCCTC

GAAAGACTGAAGCTCTCTGGT
G
CCATGGGTCCTCATATGTTC

CCTGAAGAAGAAGCACGAATA
C
CCAGAGCAGACTTGGGAAAG

GTGTGTCTGTTCTCCCTTTG
CAGCTTGCTCTCCTGACTTC

CCTTCCTTCTAAAATCGGGAG

CGTGAGGACCTTCTGGTTTC

TATCTGGGTGGTGGCTTTTG
TGTTCCCTAGCGCTTCTAGC
C5aR1
TTTCCTCCCTGCATCTTCC
ATGCCTGAGCCAGGATG
ATCACCACTGGCCCTTTG
CACGCTCACGATTTGTTACAC

GTCAAAAGCATTTTGTCCCG
GCAAAATCTGTGGAACCATC

AATTGGGTAGTTGACCTGTGT

CATCATATTATGCCCATTGAA
G
TGCTGTTCCAGGGTCAGAG

ACACCAATCATAGCACCCTG

CAAAGTAAGCAACCTCAGAG
G
GCAACATTTCCCCAAAGC
CACTGCTCATTCCCTTTCAG
GCAGCCAAGGACAACACAAC
GATGACCTCTGGTCTTGAAA
GG
GCACATTTGCCTTGGTCTTC
CTCCAACTGGAAGGCTTCTT
C
GAAACTCTGTTGCCATCACA
G
GAGGTAGTATCTAGAGGTGC
CTGATTGACGTAAAGGTGCA
G
CTCAATCACTCTGCTCTGCAG

CAATGTGGATGCTCTGCAAC

GAGAGGGCAGCATGTATCTT
G
GAAAAATACAGCATGGCCCT
G
CTTCCCCACCTTTGCCATTAC

GTCCAGACCACAAGAAGCAT
G

CATGCTTCTTCAGGGTTCCAT
G

TTCAAGAGACCTGTTTTCTAG
TGG
GTGATCGTTATTGCCACGAG

CGCTGGATTGATTCTTTGAC

AGGACCCACTGGAGCAAAG
TTAAACACCAGCAGAAAGCG
AAAGAAACTGGCCACCACTG
CCATCCCACGAAAAGTGAAG

GTCTCCAGTGCGCAGAAGG

GAGCAGATGGTAATAGTTTA
GTTGTCC
TCTTCAGCCGTGTGAAGGAC

GAAAATTTGCTCCTCGACCC

ATTAGGGGAGGTCATGGGTC

GAGGGCCTGGGTTAGATATT
C

420

240

319

252
270

386
497

323

388
350

338

485
370

274

40
440

231

780

58(
681

168
492
460
507

455
338

238
687

544
358
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10
11

12

13
14-15

16
17

18
19

20
21
22-23
24
25
26

27

28

29
30-31

32
33
37
38

39
Intron27

CRIg
1

2
3
4

62

TGGCATCAAATCTACCAAGG

TCAAGGTGCCAAAATCTGTG

TGCTGTCAGGAAGTTGATGAG

AGCAAGACTCTGTCCCAAGG
CCTTGGCCAGTTTAACAGTGA
G
TCAAAATCCTGAAATTGGGG
TGCAGAATACCTCTGGTGAAA
C
TGGCATCAAATCTACCAAGG

TCAAGGTGCCAAAATCTGTG

TTGCAGTCCACAGTGAAGCC
TGGGTGACAGCAAGACTCTG
TTGTGCTAGGGAGAATTGGG
CGAAGGGAAGAGAGAAATGG
GCTTAATTGGCAACACAGTCA
AAGAGGAGGTAGGGTGGAAG
TC
TGTTTAGTATGCCACACTCCA
G
ACCTGCTATTATTTTCTAAAT
GGTG
AATATGAGCAGAACCCATATC
ATAC
TTAATAGCTGCACTCTGCAAT
G
CTGGGCCTGAACCTAAGACC
AGTTGCCTCTCAACAAAAGC
GCATTGGCAATCTGTAGTGG
GCAAAGATATCAGGAACTTA
AGGC
TCAGCCTGTAAATTCTGGGTA
G
CAGCAGAGCCAACTTCTGACC
CAGT

GGGAAGGAAGGGAAGTAAGC
GCAAAAGGGCACAGGTACAC
CTCCAAAGTCAGAAGCCCC

CAAGCAACACAGGACTTACC
A
AGTGGTTGATAACATGGTCAG
G

TTCAGAAAAGGTTTCTCATA 356
TCCC
TCTTTGTTCATTTCAATCAGG 362
AG
TCCATTCTTTGTAATTCTAGG 222
AGG
CTCCTGATCCAACAGCAACG 496
TTAGACTGATTCCCAACCCC 500
ATTGAGGGAGGCCATAGGAC 257
ATATGGAGGGGCTGGGTTAG 400
TTCAGAAAAGGTTTCTCATA 356
TCCC
TCTTGTTCATTTCAATCAGGA 362
G
CTCAACCAACAGAAGAGGAC 340
TCCTGATCCAACAGCAACAC 522
CTCCCTGGATTCTTCTTCTCC ®0
ATAATCCCATGGGGCAAAC 214
CAGAAACATGAGGGATTGGG 394
CGGTCCCACCTATGCTTTAAC 297
AAGTTGGCTCTGCTGTTCTG 240
GTACTCCAGGGGCAAGTCAG 215
TGCCAATTTCATAGTCCTTAT 679
ACAC
TCCTTAATTGGATTAACCCCT 555
G
CAGTGAGCTGTGATTGCACC 6171
GCAAAGCCATTTTCACAAGC 475
CTTTTGACTTCCAAGAGGGG 236
TGGTATCAATGACCTACCTA 332
GTGC
AATCAATTGGCTCCTTTCCC 150
GAGCCCTTGTAAGGCAAGTC 1.3K
TGGTG B
GCTGAGAAGACTCACCTGCC 280
TGCCTGTCCACTTCCTCTG 650
GGATCCTCCTCTCCCAATTC 520
TCTCTTTCCTTTTGCCTCAGA 430
TGCTTGGCACATAGCAGGTA 344
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Table A-1. Continued

6

7
8
C4A
non

del

TGGCTAGCTAAGAAGGTTAGG CTGCACCCCAACCTTAACTC 380
AG
CCTCCTCTGTACCCTTCCC CTTAGGATTGGGTCTGTGCC 235

GCAAGAATTGAGGCAGAAGG GTGTTGGTAGGCGGACACTT 440

TCTAGCTTCAGTACTTCCAGC TGGTCCCCAACATGTCTGTG 5.2kb
CTGT CATGCT

TCTAGCTTCAGTACTTCCAGC GATGACACAAAATACCAGGA 5.4kb
CTGT TGTGA




APPENDIX B

DDD CASES

Table B-1. Age, sex and genotypes of DDD cases.

129

DDD cases id

MPGN2-1

MPGN2-2

MPGN2-7

MPGN2-9

MPGN2-10
MPGN2-11
MPGN2-12
MPGN2-13
MPGN2-14
MPGN2-15
MPGN2-16
MPGN2-17
MPGN2-18
MPGN2-19
MPGN2-20
MPGN2-21
MPGN2-22
MPGN2-23
MPGN2-24

MPGN2-27-2

MPGN2-29
MPGN2-30
MPGN2-31
MPGN2-32

MPGN2-33-1

Sex
(M/F)

== s TG s T - B o TG o B o [ I o ARG o I o B M & e B » R~ B o e o B o

Age
(years)

22
29

23
16

19
10
18
49
11
16
19

CFH -331C>T
3 (rs3753394)

T
C
CIT
CIT
CIT
C/IC
C/IC
CIT
CIT
T/IT
CIT
T/IT
CIT
C/IC
C/IC
C/IC
C/IC
T/IT
C/IC
C/IC
C/IC
CIT
CIT
C/IC
C/IC

~
—

CFH V621 G>A

5 O (rs800292)

G
G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/A
G/G
G/G
G/G
G/A
G/G
G/G
G/G
G/A
G/A

CFH Y402H T>C

3 (rs1061170)

T
C
CIT
CIT
CIT
CIT
C/IC
CIT
CIT
C/IC
TT

C/IC
CIT
C/IC
C/IC
T/IT

C/IC
C/IC
C/IC
CIT

C/IC
CIT
CIT
CIT

CIT

~
—

CFH Q673 A>G
> (rs3753396)

G
G/A
G/A
G/A
AIA
AJA
AJA
G/A
G/A
AIA
G/A
AIA
G/A
AJA
AJA
G/A
AJA
AIA
AIA
AJA
AJA
AIA
AIA
AJA
AJA

CFH EQ936D G>T
(rs1065489)

G
GIT
GIT
GIT
GIT
G/G
G/G
GIT
GIT
G/G
GIT
G/G
G/G
G/G
G/G
GIT
G/G
G/G
G/G
GIG
G/G
G/G
G/G
GIG
GIG

~
_|

CFHR5 -249 T>C

(rs9427661)

T
T
T/T
T/T
T/T
T/T
TIT
T/T
T/T
TIT
CIT
TIT
TIT
TIT
TIT
T/T
TIT
TIT
TIT
T/T
TIT
TIT
TIT
T/T
T/T

I

CFHR5 -20 T>C
(rs9427662)

T
T/T
T/T
T/T
TIT
T/T
TIT
T/T
T/T
T/T
CIT
T/T
TIT
TIT
TIT
TIT
TIT
T/T
TIT
T/T
TIT
T/T
T/T
T/T
T/T

3




Table B-1. Continued

130

MPGNZ2-34-1
MPGN2-35

MPGN2-36
MPGN2-37
MPGNZ2-382
MPGN2-39
MPGNZ2-40A
MPGN2-42
MPGN2-43
MPGNZ2-44
MPGNZ2-46
MPGN2-47-1
MPGN2-48-1
MPGNZ2-49
MPGNZ2-50-1
MPGN2-52-1
MPGN2-53
MPGNZ2-54
MPGN2-55
MPGN2-56
MPGN2-57
MPGNZ2-58-1
MPGN2-59
MPGNZ2-60
MPGNZ2-61
MPGNZ2-62
MPGNZ2-63-1
MPGNZ2-64
MPGNZ2-65
MPGNZ2-66
MPGNZ2-67
MPGNZ2-68
MPGN2-26
MPGNZ2-69
MPGN2-71

<

2 <l » I » s o T - T » T » T » T » B » T » T M » T » B » T © B » - » B » B » B o

18
25
23
10
21
44
17
21
14
34
17
14
17

22
11
30

14
31
25

15
a7
21
13

17
29
14
43

14
15

C/C
CIT
CIT
C/IC
C/IC
C/IC
CIT
CIT
C/IC
CIT
CIT
C/IC
C/IC
C/IC
C/IC
CIT
C/IC
CIT
C/IC
C/IC
C/IC
C/C
CIT
C/C
CIT
C/IC
CIT
T/T
C/IC
C/IC
C/C
C/C
CIT
C/C
CIT

G/G
GIG
G/A
G/A
AJA
G/G
GIG
G/A
G/G
G/A
GIG
G/A
G/A
G/G
G/G
G/IG
AJA
G/G
G/G
AJA
G/G
G/A
G/A
G/G
G/IG
G/G
G/IG
G/G
A/A
G/G
G/G
G/G
G/A
G/A
G/A

C/C
T/T
T/T
CIT
T/T
T/T
CIT
T/T
CIT
T/T
CIT
CIT
CIT
T/T
C/C
C/C
CIT
CIT
CIT
T/T
CIT
CIT
T/IT
C/C
CIT
C/C
CIT
T/T
T/T
CIT
CIT
CIT
CIT
T/T
T/IT

A/IA
G/A
G/A
A/A
G/A
AlA
AlA
AJA
A/A
G/A
AlA
A/A
A/A
GIG
AlIA
A/A
A/A
AlA
AA
G/A
AA
AJA
AJA
AlIA
AlA
AlIA
AlA
GIG
AlA
A/A
AA
AA
AlA
AlA
AJA

GIG
G/G
GIT
GIG
G/G
GIT
GIG
GIG
G/G
GIT
GIG
GIG
GIG
T/T
GIG
G/G
GIG
GIG
G/G
GIT
G/G
GIG
GIG
GIG
GIG
GIG
GIG
T/T
G/G
G/G
G/G
G/G
G/G
G/G
GIG

T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
CIT
CIT

T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
CIT
CIT
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MPGN2-72

MPGN2-73
MPGN2-74
MPGN2-82
MPGN2-85
MPGNZ2-87
MPGN2-92
MPGNZ2-93
MPGNZ2-94
MPGNZ2-96
MPGNZ2-98

MPGN2-1

MPGN2-2

MPGN2-7

MPGN2-9

MPGN2-10
MPGN2-11
MPGN2-12
MPGN2-13
MPGN2-14
MPGN2-15
MPGN2-16
MPGN2-17
MPGN2-18
MPGN2-19
MPGN2-20
MPGN2-21

<

S 11T < 1mTnn < <Z

DDD cases id Sex
(M/F)

b e e TG » T & B M o [ R » IO~ M o B o B o

20

16
26
15
19
12
30
13

18

Age
(years)

22
29

23
16

CFHR5 P84S C>T
(rs12097550)

C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
CIT
CIT
CIT
C/IC
C/IC
C/IC
C/IC
CIT
C/IC

CR1 Q1022H G>T
(rs3738467)

G/G
G/G
G/G
G/G
GIT
G/G
G/G
G/G
GIT
GIT
G/G
G/G
G/G
G/G
GIT
G/G

CIT
T/T
C/C
C/C
T/T

T/T

CIT
CIT
CIT
T/T

C/C

CR1 H1208R A>G
(rs2274567)
CR1 P1827R C>G

AJA
AJA
AJA
AJA
AIG
AJA
AJA
AJA
AIG
AIG
AJA
AJA
AJA
AJA
AIG
AJA

A/A
AJA
AlA
AlA
AlA
AlA
A/A
G/A
A/A
G/A
AlA

(rs3811381)

C/IC
C/IC
C/IC
C/IC
CIG
C/IC
C/IC
C/IC
CIG
CIG
C/IC
C/IC
C/IC
C/IC
CIG
C/IC

GIG
GIG
GIG
GIG
G/G
G/G
GIG
GIT
GIG
G/G
GIG

CR1 H/L alleles

H/H
H/H
HIH
HIH
HIL
HIH
HIH
H/H
HIL
HIL
H/H
H/H
H/H
H/H
HIL
HIH

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T

ADAM19 S284G A>G
(rs1422795)

2z 2z 22
OO e >

G/G
AJA
AIG
AIG
G/IG
AJA
AIG
AJA
AJA
G/IG
G/G

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T

C4A deletion
(nd, del)

nd/nd
nd/del
nd/del
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/del
nd/del
nd/del
nd/nd
nd/del
nd/nd
nd/de




Table B-1. Continued

132

MPGN2-22
MPGN2-23
MPGNZ2-24
MPGN2-27-2
MPGN2-29
MPGNZ2-30
MPGNZ2-31
MPGN2-32
MPGNZ2-33-1
MPGNZ2-34-1
MPGN2-35
MPGN2-36
MPGN2-37
MPGNZ2-382
MPGNZ2-39
MPGNZ2-40A
MPGN2-42
MPGN2-43
MPGNZ2-44
MPGNZ2-46
MPGN2-47-1
MPGN2-48-1
MPGNZ2-49
MPGNZ2-50-1
MPGN2-52-1
MPGN2-53
MPGNZ2-54
MPGN2-55
MPGN2-56
MPGN2-57
MPGNZ2-58-1
MPGN2-59
MPGNZ2-60
MPGNZ2-61
MPGNZ2-62

T

i B I BREG-e » I » H » H  H B » T » - - T » -G & B » e & B & - » I » I » T » B

19
10
18
49
11
16
19
18
25
23
10
21
44
17
21
14
34
17
14
17

22
11
30

14
31
25

15
a7
21
13

C/C
C/C
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/C
C/C
C/C
C/C
C/IC
C/IC
C/C
C/IC
C/IC
C/C
C/C
C/IC
C/C
C/IC

T/T
G/G
G/G
GIT
GIT
G/G
G/G
GIT
GIT
GIT
G/G
GIT
G/G
G/G
G/G
G/G
G/G
GIT
GIT
GIT
T/T
GIT
G/G
G/G
GIT
G/G
GIT
G/G
GIT
G/G
GIT
GIT
G/G
GIT
GIT

GIG
AJA
AJA
AIG
AIG
AJA
AJA
AIG
AIG
AIG
AJA
AIG
AJA
AJA
AJA
AJA
AJA
AIG
AIG
AIG
GIG
AIG
AJA
AJA
AIG
AJA
AIG
AJA
AIG
AJA
AIG
AIG
AJA
AIG
AIG

GIG
C/C
C/C
C/IG
C/IG
C/C
C/C
C/IG
C/IG
C/IG
C/C
C/IG
C/C
C/C
C/C
C/C
C/C
C/IG
C/IG
C/IG
GIG
C/IG
C/C
C/C
C/IG
C/C
C/IG
C/C
C/IG
C/C
C/IG
C/IG
C/C
C/IG
CIG

L/L
H/H
H/H
H/L
H/L
H/H
H/H
H/L
H/L
H/L
H/H
H/L
H/H
H/H
H/H
H/H
H/H
H/L
H/L
H/L
L/L
H/L
H/H
H/H
H/L
H/H
H/L
H/H
H/L
H/H
H/L
H/L
H/H
H/L
H/L

AIG
G/IG
AlA
AIG
AlA
G/IG
AlA
G/IG
AlA
AIG
AlA
AIG
G/IG
AIG
AIG
AA
G/IG
G/IG
AIG
AIG
AlA
AIG
AIG
AIG
AIG
AIG
AIG
AIG
AlA
AlA
AIG
AlA
AlA
AIG
AIG

nd/nd
nd/nd
nd/del
nd/nd
nd/nd
nd/nd
nd/del
nd/nd
nd/nd
nd/nd
nd/del
nd/nd
nd/nd
nd/nd
nd/del
nd/nd
nd/nd
nd/de
nd/del
nd/nd
nd/del
nd/del
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/del
nd/del
nd/nd
nd/del
nd/del
nd/nd
nd/del
nd/nd
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MPGNZ2-63-

MPGNZ2-64
MPGNZ2-65
MPGNZ2-66
MPGNZ2-67
MPGNZ2-68
MPGN2-26
MPGNZ2-69
MPGN2-71
MPGN2-72
MPGN2-73
MPGN2-74
MPGN2-82
MPGNZ2-85
MPGNZ2-87
MPGNZ2-92
MPGNZ2-93
MPGNZ2-94
MPGNZ2-96
MPGNZ2-98

DDD cases

MPGN2-1
MPGN2-2
MPGN2-7
MPGN2-9
MPGN2-10
MPGN2-11
MPGN2-12
MPGN2-13

1

T

S 1T 1T T < 1T T <1 22 2117 T

.. Sex
4 e

I ¢ T s T o B o e o

17
29
14
43

14
15

20

16
26
15
19
12
30
13

18

Age
(years)

22
29

23
16

G/G
G/G
G/G
G/G
G/G
G/G
GIG
G/G
GIT
GIT
GIT
GIT
G/G
G/G
GIT
G/G
G/G
G/G
GIT
GIT

C3 R304 G>A
(rs12230201)

G/G
G/G
G/G
G/A
G/G
G/G
G/G
G/G

SRS SRS EEEEEEEEEEEE

C3 P314L C>T
(rs1047286)

CIT
T/IT
C/IC
CIT
CIT
CIT
C/IC
C/IC

C/C
C/C
C/C
C/C
C/C
C/C
C/IC
C/C
C/IG
C/IG
C/IG
C/IG
C/C
C/C
C/IG
C/C
C/C
C/C
C/IG
C

o)

C3 P518 C>A
(rs2230203)

C/IA
AIA
C/IC
C/IC
C/IA
C/IA
C/IC
C/IC

H/H
H/H
H/H
H/H
H/H
H/H
H/H
H/H
HIL
HIL
HIL
HIL
H/H
H/H
HIL
H/H
H/H
H/H
HIL
H

~
—

C5aR1 D2N A>G
(rs4467185)

AIA
AlA
AlA
A/A
AIA
A/A
AlA
AlA

AIG
G/IG
AlA
G/IG
AIG
AlA
AIG
AIG
AIG
AIG
AIG
G/IG
AIG
AlA
AIG
AIG
AA
AlA
G/IG

S

C5aR1 N279K T>G
(rs11880097)

T/T
TIT
TIT
T/T
T/T
T/T
TIT
TIT

nd/del
nd/nd
nd/nd
nd/nd
nd/del
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/del
nd/del
nd/nd
nd/nd
nd/de
nd/nd
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MPGNZ2-14
MPGN2-15
MPGNZ2-16
MPGN2-17
MPGNZ2-18
MPGN2-19
MPGN2-20
MPGNZ2-21
MPGN2-22
MPGN2-23
MPGNZ2-24
MPGN2-27-2
MPGN2-29
MPGN2-30
MPGNZ2-31
MPGN2-32
MPGNZ2-33-1
MPGNZ2-34-1
MPGN2-35
MPGN2-36
MPGN2-37
MPGNZ2-382
MPGN2-39
MPGNZ2-40A
MPGN2-42
MPGN2-43
MPGNZ2-44
MPGNZ2-46
MPGNZ2-47-1
MPGN2-48-1
MPGNZ2-49
MPGNZ2-50-1
MPGN2-52-1
MPGN2-53
MPGNZ2-54

T

i B s = » e & - » e » - § - » e & H & - » I » I » M o B » B » M » M e » M M o

19
10
18
49
11
16
19
18
25
23
10
21
44
17
21
14
34
17
14
17

22
11
30

C/C
C/IG
G/IG
C/IC
C/IC
C/IC
C/IG
C/IC
G/IG
G/IG
C/IC
C/IG
C/IG
C/IG
C/IC
C/IG
C/IG
C/IG
C/IC
C/IG
C/IG
C/IG
C/C
C/C
G/G
C/IG
C/IG
C/C
C/IG
C/IG
C/C
C/C
C/IC
C/C
C/IC

G/G
G/G
G/G
G/G
AJA
AJA
G/G
G/A
G/G
A/A
G/G
G/G
G/A
G/G
G/G
G/G
G/G
G/G
G/A
G/G
G/A
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
A/A
G/G
G/G
G/G

C/C
T/T
T/T
C/C
C/C
C/C
CIT
C/IC
T/T
C/C
C/C
CIT
CIT
CIT
CIT
CIT
CIT
C/IC
C/IC
CIT
CIT
C/IC
C/C
CIT
T/T
CIT
CIT
C/C
CIT
CIT
C/IC
C/C
CIT
C/C
C/C

C/C
AlA
AlA

C/C
C/C
C/C
C/IA
C/C
C/C
C/C

C/C
C/iC
C/IC
C/IA
C/IC
C/IA
C/IA

C/IC
C/C
C/IA
C/IA
C/IC
C/C
C/IA
AlA
C/IA
C/IA
C/IC
C/IA
C/IA
C/IC
C/C
C/IA
C/C
C/IC

AlA
AlA
AlA

AlA
AlA
AlA
A/A

AlA

AlA
AlA

AlA

A/A
AIG
A/A

AJA
A/A
A/A

AlA
AlA
A/A
AJA

AlA

AlA
A/A
AlA
A/A
AIG

AIG
A/A
A/A

AlA
AlA
A/A

AlA

AlA

T/T
T/T
T/T

T/T
T/T
T/T
T/T

T/T

T/T
T/T

T/T

T/T

T/G
T/T

T/T
T/T
T/T

T/T
T/T
T/T
T/T

T/T

T/T
T/T
T/T
T/T
T/G

T/G
T/T
T/T

T/T
T/T
T/T

T/T

T/T
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MPGN2-55
MPGNZ2-56
MPGN2-57

MPGNZ2-58-1

MPGN2-59
MPGNZ2-60
MPGNZ2-61
MPGNZ2-62

MPGNZ2-63-1

MPGNZ2-64
MPGNZ2-65
MPGNZ2-66
MPGNZ2-67
MPGNZ2-68
MPGN2-26
MPGNZ2-69
MPGN2-71
MPGN2-72
MPGN2-73
MPGN2-74
MPGN2-82
MPGNZ2-85
MPGNZ2-87
MPGN2-92
MPGNZ2-93
MPGNZ2-94
MPGNZ2-96
MPGNZ2-98

B 1 e s B e ¢ T § <= » T s B o [« T & [ o B & BRG- » [ s B 1

<

14
31
25
15
47
21
13
4
17
29
14
43
9
14
15

20
16
26
15
19
12
30
13
8
18

C/C
C/C
C/IG
C/IG
C/IC
C/IG
C/IG
C/IC
C/IG
C/IG
C/IC
C/IG
C/IC
C/IG
C/IC
C/IG
C/IG
C/IC
C/IC
C/IC
C/IC
C/IG
C/C
C/IG
C/IG
C/IC
C/IC
C/IG

G/G
G/G
G/G
G/A
AJA
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/A
G/G
G/G
G/A
G/G
G/G
G/G
G/G

C/C
C/C
CIT
CIT
C/C
CIT
T/T
C/C
CIT
CIT
C/C
CIT
C/C
T/T
C/C
CIT
CIT
C/C
C/C
C/C
CIT
C/IC
C/C
CIT
CIT
C/C
C/C
CIT

C/C
C/C
C/IA
C/IA

C/C

C/IA
AlA

C/C
C/IA
C/IA
C/C
C/IA
C/C
AlA

C/IC
C/IA
C/IA
C/C
C/C
C/C
C/IA

C/IC
C/C
C/IA

C/IA
C/IC
C/IC
C/IA

AlA
AIG
AJA
AJA
AlA
AJA
AlA
AIG
A/A
A/A
AlA
A/A
AlA
AlA
AlA
A/A
A/A
AlA
AlA
AlA
AJA
AIG
AlA
AJA
A/A
AlA
AlA
A/A

T/T
T/G
T/T
T/T
T/T
T/T
T/T
T/G
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/G
T/T
T/T
T/T
T/T
T/T
T/T

Note: (-) — unknown; nd — nondeletion; del-deletio
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APPENDIX C

AMD(-) CONTROLS

Table C-1. Age, sex and genotypes of AMD(-) cdstro

@) [ O O

O ST S B <

DDD cases id Sex Age (g) § N § o E 2 § ? % §I§ E%

(M/F)  (years) o 9a Yo 8 ® o vy i

L0 o © L0 o xxd Td

ID I8 IS Eh E3 &3 5%

O O O O= Os=s O =
269-00 F 91 C/iC GIG C/iC AlA GIG TIT TIT
287-00 F 87 C/iC GIG CIT A/A GIG CIT C/T
365-00 F 85 C/iC A/A T/T G/A GIT TIT TIT
366-00 M 88 CIT GIG TIT A/A GIG CIT CIT
370-00 F 88 CIT GIG TIT A/A GIG CIT CIT
374-00 M 85 C/iC G/A CcIT A/A GIG T/T TIT
388-00 F 87 CIT G/A TIT A/A GIG T/T TIT
45-01 M 85 CIT GIG CIT A/A GIG CIT CIT
101-01 F 89 C/iC GIG CIT A/A GIG T/T TIT
106-01 F 86 CIT GIG TIT A/A GIG CIT CIT
107-01 F 87 C/iC GIG CIT A/A GIG CIT C/T
411-01 M 87 C/iC GIG cIT G/A GIT TIT TIT
139-02 F 90 C/iC G/A T/T A/A GIG TIT T/T
190-02 F 90 TIT GIG T/T G/A GIT T/T TIT
191-02 M 93 C/iC A/A TIT A/A GIG T/T T/T
192-02 F 88 TIT GIG C/C AlIA GIG TIT TIT
207-02 F 93 CIT GIG CIT AlIA GIG TIT TIT
209-02 F 88 TIT GIG T/T G/IG TIT TIT TIT
215-02 M 89 C/iC GIG CIT A/A GIG T/T TIT
266-00 F 73 C/iC G/A CIT A/A GIG T/T TIT
274-00 F 77 C/iC G/A T/T AlA GIG TIT T/T
276-00 F 76 CIT G/A TIT G/A GIT TIT T/T
293-00 F 83 C/iC GIG CIT A/A GIG CIT C/T
367-00 F 80 C/iC GIG T/T AIA GIG CIT CIT
369-00 F 75 CIT GIG TIT G/A GIT CIT CIT
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371-00
380-00
382-00
385-00
386-00
390-00
397-00
103-01
104-01
105-01
111-01
113-01
359-01
403-01
405-01
406-01
115-02
116-02
117-02
120-02
140-02
143-02
145-02
161-02
162-02
164-02
167-02
168-02
169-02
170-02
172-02
173-02
174-02
177-02
178-02

<
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83
77
77
82
81
84
83
82
83
83
75
79
77
71
83
68
78
77
70
72
82
75
84
84
80
79
71
72
70
74
72
76
78
72
77

C/C
C/C
C/C
C/C
C/C
CIT
CIT
T/T
CIT
C/C
C/C
C/C
CIT
C/C
CIT
CIT
C/C
CIT
C/C
C/C
CIT
CIT
CIT
C/C
CIT
CIT
CIT
CIT
C/C
C/C
C/C
C/C
CIT
C/C
C/C

G/A
G/A
G/A
GIG
GIG
G/G
G/G
GIG
G/A
AlA
G/A
GIG
GIG
G/A
G/A
G/A
G/A
GIG
G/A
GIG
G/G
G/G
G/G
G/A
G/A
GIG
GIG
G/A
GIG
G/A
GIG
GIG
G/A
G/A
GIG

CIT
CIT
T/T
CIT
CIT
CIT
CIT
T/T
T/T
T/T
CIT
CIT
CIT
CIT
CIT
CIT
CIT
C/C
T/T
T/T
CIT
C/C
C/C
CIT
T/T
CIT
T/T
T/T
CIT
CIT
C/C
C/C
T/T
T/T
C/C

AlA
AlA
G/A
AlA
AlA
AIA
AIA
G/A
AlA
G/A
AlA
AlA
AJA
AlA
A/A
A/A
AlA
AlA
A/A
AJA
A/A
AlA
AlA
AlA
GIG
G/A
AlA
G/A
AlA
AlA
AIA
AIA
G/A
G/A
AlA

G/IG
GIG
GIT
G/IG
G/IG
G/G
G/G
GIT
G/IG
GIT
G/IG
G/IG
GIG
G/IG
GIG
GIG
G/IG
G/IG
GIG
GIG
G/G
GIG
GIG
G/IG
G/IG
GIT
G/IG
G/IG
G/IG
G/IG
G/G
G/G
GIT
GIT
G/G

T/T
T/T
T/T
CIT
CIT
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
C/C
T/T
T/IT
T/IT
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
CIT
T/T

T/T
T/T
T/T
C/T|
C/T|
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
C/C
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
CIT
T/T
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179-02
180-02
181-02
186-02
188-02
194-02
195-02
198-02
199-02
200-02
201-02
202-02
206-02
208-02
211-02
212-02
213-02
283-00
109-01
356-01
358-01
379-01
382-01
384-01
15-02
16-02
359-02
430-99
431-99
435-99
308-00
345-00
444-00
21-01
50-01

<
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72
76
74
77
76
77
81
79
80
82
74
78
83
74
81
78
75
50
52
31
50
46
45
41
48
42
88
69
68
64
74
67
52
60
72

C/C
C/C
C/C
T/T
C/C
C/C
C/C
C/C
T/T
CIT
CIT
C/C
C/C
C/C
C/C
T/T
T/T
CIT
CIT
CIT
C/C
CIT
T/T
T/T
T/T
CIT
CIT
CIT
C/C
CIT
C/C
CIT
CIT
C/IC
CIT

G/IG
G/A
G/A

GIG
G/A
GIG
GIG
GIG
GIG
G/A
G/A
AlA
G/A
AlA

GIG
G/IG
G/IG
G/G
GIG
G/G
GIG
GIG
G/IG
G/IG
GIG
G/A
G/G
G/A
G/A
GIG
G/A
G/G
G/A
GIG
G/A

CIT
T/T
CIT
T/T
T/T
CIT
CIT
CIT
T/T
T/T
T/T
T/T
T/T
T/T
c/iC
T/T
T/T
C/C
T/T
T/T
C/C
CIT
T/T
CIT
T/T
T/T
CIT
T/T
T/T
C/C
T/T
CIT
T/T
T/T
T/T

AlA
G/A
AlA
A/A
A/A
AlA
AlA
AlA
G/A
AlA
G/A
A/A
A/A
AlIA
A/A
G/A
G/A
AlA
G/A
G/A
AlA
G/A
G/G
G/A
G/A
AJA
AA
AlA
A/A
AlA
A/A
AA
AlA
AlIA
AlIA

G/G
GIT
G/IG
GIG
GIG
G/IG
GIT
G/IG
G/G
G/IG
G/IG
GIG
GIG
GIG
G/G
G/G
G/G
G/IG
G/IG
GIT
G/G
G/G
G/G
G/IG
G/IG
GIG
G/G
G/IG
GIG
G/IG
GIG
G/G
G/IG
G/G
GIG

T/T
CIT
T/T
T/T
CIT
CIT
CIT
T/T
T/T
T/T
T/T
T/T
CIT
T/T
CIT
T/T
T/T
T/IT
CIT
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
CIT
CIT
T/T

T/T
CIT
T/T
T/T
CIT
C/T|
CIT
T/T
T/T
T/T
T/T
T/T
CIT
T/T
CIT
T/T
T/T
T/T
CIT
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/IT
T/T
CIT
T/T
CIT
CIT
T/T
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148-01
149-01
292-01
236-03
286-03
325-03
340-03
361-02

DDD cases id

269-00
287-00
365-00
366-00
370-00
374-00
388-00
45-01

101-01
106-01
107-01
411-01
139-02
190-02
191-02
192-02
207-02
209-02
215-02
266-00

M

=T 01 L L

Sex
(M/F)

s G s T & B o TG » TR o T » T & B o TG » (= » <G & B s B o

64
69
75
83
59
83
75
70

Age
(years)

91
87
85
88
88
85
87
85
89
86
87
87
90
90
93
88
93
88
89
73

C/C
T/T
C/C
CIT
CIT
CIT
C/C
C

o

CFHR5 P84S C>T
(rs12097550)

C/IC
C/IC
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C

G/IG
G/IG
GIG
GIG
G/A
GIG
GIG
GIG

CR1 Q1022H G>T
(rs3738467)

GIG
GIG
GIG
GIT
GIG
GIG
GIG
GIG
GIG
GIG
GIT
GIG
GIG
GIG
GIG
GIG
G/IG
GIT
GIT
T/T

CR1 H1208R A>G

CIT
T/T
c/iC
T/T
T/T
T/T
CIT
c/iC

(rs2274567)

G/IG

CR1 P1827R C>G

AlA
AJA
A/A
G/A
GIG
AlA
AlA

(rs3811381)

C/C
C/C
C/C
C/IG

C/C
C/IC

C/C
C/C

C/C
C/C
C/G
C/IC

C/C
C/C
C/IC

C/C
C/IC
C/IG
C/IG

G/IG

CR1 H/L alleles

G/G
GIG
G/G
GIT
T/T
G/IG
G/IG
G/G

H/H
H/H
H/H
HIL
H/H
H/H
H/H
H/H
H/H
H/H
HIL
H/H
H/H
H/H
H/H
H/H
H/H
HIL
HIL

L/L

ADAM19 S284G A>G

T/T
T/T
T/T
CIT
T/T
T/T
T/T
T

_|
~

(rs1422795)

AIG
GIG
GIG
AIG
A/IA
AIG
AlA

AIG

C4A deletion

T/T
T/T

T/T
CIT
T/T
T/T
T/T
T/T

(nd, del)

nd/nd
nd/de
nd/nd
nd/nd

nd/de
nd/nad

nd/nd

nd/no

nd/nd
nd/nd

nd/ng
nd/nd
nd/n
nd/n
nd/n
nd/n
nd/ng
nd/n
nd/nd

nd/n
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274-00
276-00
293-00
367-00
369-00
371-00
380-00
382-00
385-00
386-00
390-00
397-00
103-01
104-01
105-01
111-01
113-01
359-01
403-01
405-01
406-01
115-02
116-02
117-02
120-02
140-02
143-02
145-02
161-02
162-02
164-02
167-02
168-02
169-02
170-02

T
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77
76
83
80
75
83
77
77
82
81
84
83
82
83
83
75
79
77
71
83
68
78
77
70
72
82
75
84
84
80
79
71
72
70
74

C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C

C/C
C/C
C/C
C/C
C/C
CIT
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C

GIT
GIG
GIG
GIG
GIG
GIT
GIG
GIG
GIG
GIG
GIG
GIG
GIG
GIG
GIG
GIT
GIG
GIG
GIG
G0
GIG
GIT
GIT
GIG
GIG
T
GIG
GIG
GIG
GIT
GIG
GIG
GIG
GIG
GIG

AIG
AlA
AlA
AlA
AlA
AIG
AlA
AlA
AlA
AlA
AlA
AlA
AlA
AlA
AlA
AIG
AlA
AA
AlA
I<
AlA
AIG
AIG
AlA
AA
GIG
AlA
AlA
AlA
AIG
AA
AA
AlA
AA
AA

C/G
C/IC
C/C
C/C
C/C
C/IG
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/G
C/C
C/IC
C/C

C/IC
C/IG
C/IG
C/C
C/IC
GIG
C/C
C/C
C/C
C/IG
C/IC
C/IC
C/C
C/IC
C/IC

H/L
H/H
H/H
H/H
H/H
H/L
H/H
H/H
H/H
H/H
H/H
H/H
H/H
H/H
H/H
H/L
H/H
H/H
H/H
TT

H/H
H/L
HIL
H/H
H/H
L/L
H/H
H/H
H/H
H/L
H/H
H/H
H/H
H/H
H/H

AIA
AIA
AIG
AIG
AIG
AIA

AIA
AIG
AIA
AIG
AIA
AIG
AIA
AIA
AIG
GIG
AIG
AIA

AIA

a0

AIG
AIG
AIA

AIG
AIG

AIG
AIA
AIA
AIG
AIA
AIG

AIA

AIA
AIA

AIA

nd/ng
nd/ng
nd/n

nd/de

nd/n
nd/de
nd/de
nd/n
nd/ng
nd/n
nd/ng
nd/n
nd/ng
nd/ng
nd/n
nd/d
nd/n
nd/de
nd/ng

c <
nd/n

nd/de

nd/nd
nd/n
nd/de
nd/n
nd/ng
nd/ng
nd/n
nd/ng
nd/ng
nd/de
nd/ng
nd/nd

nd/nad
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172-02
173-02
174-02
177-02
178-02
179-02
180-02
181-02
186-02
188-02
194-02
195-02
198-02
199-02
200-02
201-02
202-02
206-02
208-02
211-02
212-02
213-02
283-00
109-01
356-01
358-01
379-01
382-01
384-01
15-02

16-02

359-02
430-99
431-99
435-99

T
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72
76
78
72
77
72
76
74
77
76
77
81
79
80
82
74
78
83
74
81
78
75
50
52
31
50
46
45
41
48
42
88
69
68
64

C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C

G/IG
G/IG
GIT
GIT
GIG
GIT
GIG
GIG
GIG
GIG
GIG
GIT
GIG
G/IG
GIG
GIG
GIG
GIG
GIT
GIT
GIG
GIT
GIG
GIG
GIG
GIG
GIG
GIG
GIT
G/G
G/G
G/IG
GIG
GIG
GIT

AlA
AlA
AIG
AIG
AlA
AIG
AlA
AA
AlA
AlA
AlA
AIG
AlA
AlA
AlA
AlA
AlA
AA
AIG
AIG
AlA
AIG
AlA
AA
AlA
AlA
AA
AA
AIG
AlIA
AlIA
AlA
AlA
AA
AIG

C/IC
C/IC
C/IG
C/IG
C/C
C/IG
C/C
C/IC
C/C
C/C
C/C
C/IG
C/C
C/C
C/C
C/C
C/C
C/IC
C/IG
C/IG
C/IC
C/IG
C/C
C/IC
C/C
C/C
C/IC
C/IC
C/IG
C/C
C/C
C/IC
C/C
C/IC
C/IG

H/H
H/H
HIL
HIL
H/H
HIL
H/H
H/H
H/H
H/H
H/H
HIL
H/H
H/H
H/H
H/H
H/H
H/H
HIL
HIL
H/H
HIL
H/H
H/H
H/H
H/H
H/H
H/H
HIL
H/H
H/H
H/H
H/H
H/H
HIL

AlIA
AlIA
GIG
AlA

AlIA
GIG
AlIA
GIG
AIG
AIG
AlIA
AIG
AIG
AIG
AlA
GIG
AIG
AlA

AIG

AlA

GIG
AlIA
GIG
AlA

AlA
GIG
AlA

AlA

AlA

AA

A/A

AIG
AIG
GIG
GIG

nd/ng
nd/ng

nd/de

nd/nad
nd/ng

nd/de

nd/ng
nd/n
nd/n
nd/n
nd/de

nd/de

nd/n
nd/n
nd/ng
nd/n
nd/n
nd/nd
nd/de
nd/nd
nd/n
nd/ng
nd/n
nd/de
nd/ng
nd/n
nd/nd
nd/nd
nd/de
nd/nc
nd/nc
nd/n
nd/n
nd/n

nd/de

D
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308-00
345-00
444-00
21-01

50-01

148-01
149-01
292-01
236-03
286-03
325-03
340-03
361-02

269-00
287-00
365-00
366-00
370-00
374-00
388-00
45-01

101-01
106-01
107-01
411-01
139-02
190-02
191-02
192-02

<

T T2 22
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(M/F)
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74
67
52
60
72
64
69
75
83
59
83
75
70

Age
(years)

91
87
85
88
88
85
87
85
89
86
87
87
90
90
93
88

C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C

o)

C3 R102G C>G
(rs2330199)

G/IG
G/IG
GIG
GIT
GIG
GIT
GIG
GIG
GIG
GIG
GIG
GIG
GIG

C3 R304 G>A
(rs12230201)

G/G
G/G
G/G
G/G
G/G
G/A
G/G
G/A
G/G
G/A
G/G
G/A
G/A
G/G
G/G

AlA
AlA
AA
AIG
AlA
AIG
AA
AA
AA
AlA

AA
AA

C3 P314L C>T
(rs1047286)

C
T/IT
C/IC
C/IC
C/IC
CIT
C/IC
C/IC
C/IC
CIT
C/IC
C/IC
C/IC
C/IC
CIT
C/IC

o)

C/IC
C/IC
C/IC
C/IG
C/C
C/IG
C/IC
C/IC
C/IC
C/C
C/IC
C/IC
C/IC

C3 P518 C>A
(rs2230203)

C/IC
AIA

C/IC
C/IC
C/IC
C/IA
C/IC
C/IC
C/IC
C/IA
C/IC
C/IC
C/IC
C/IC
C/IA
C/IC

H/H
H/H
H/H
HIL
H/H
HIL
H/H
H/H
H/H
H/H
H/H
H/H
H/H

C5aR1 D2N A>G
(rs4467185)

AlA
AlA
AlA
AlA
AlA
AIA
AlA
AlA
AlA
AIA
AlA
AlA
AlIA
AlIA
A/A
AlA

AIG
AIG
AIG
AIG
A/A
AlA
AIG
AIG
AIG
AlIA

AlA
AlA

C5aR1 K279N T>G
(rs11880097)

3

T
T/T
TIT
TIT
TIT
T/T
TIT
TIT
TIT
T/T
TIT
TIT
TIT
TIT
T/T
TIT

nd/nd
nd/de
nd/nd
nd/nd
nd/na
nd/nd

nd/ng
nd/ng
nd/ng
nd/ng
nd/del
nd/nd
nd/del
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207-02
209-02
215-02
266-00
274-00
276-00
293-00
367-00
369-00
371-00
380-00
382-00
385-00
386-00
390-00
397-00
103-01
104-01
105-01
111-01
113-01
359-01
403-01
405-01
406-01
115-02
116-02
117-02
120-02
140-02
143-02
145-02
161-02
162-02
164-02

T
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93
88
89
73
77
76
83
80
75
83
77
77
82
81
84
83
82
83
83
75
79
77
71
83
68
78
77
70
72
82
75
84
84
80
79

C/C
C/C
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IG
C/IG
G/IG
C/IC
C/IC
C/IG
C/IC
C/IG
C/IG
C/IC
C/IG
C/IC
C/IG
C/C
C/IG
C/C
C/C
G/IG
C/IG
C/C
C/IC
C/IG
C/C
C/IG
C/IC
C/IG
C/IG

G/IG
G/IG
G/A
G/A
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/A
G/G
G/G
G/G
G/A
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/A
G/A
G/G
G/G
G/G
G/G
G/G

C/C
C/C
C/IC
C/IC
C/C
CIT
C/C
C/C
CIT
CIT
T/T
C/C
C/C
CIT
CIT
CIT
CIT
CIT
CIT
C/C
CIT
C/C
CIT
C/C
C/C
T/T
CIT
C/C
C/IC
C/IC
C/IC
CIT
C/IC
CIT
CIT

c/iC
c/iC
C/C
C/C
C/C
C/IA
C/C
C/C
C/IA
C/IA
AlA
C/C
C/C
C/IA
C/IA
C/IA
C/IA
C/IA
C/IA
C/C
C/IA
C/C
C/IA
C/C
C/IC
AlA
C/IA
C/IC
C/C
C/C
C/IC
C/IA
C/IC
C/IA
C/IA

A/A
A/A
AlA
AlA
AlA
AJA
AlA
AlA
A/A
A/A
AlA
AlA
AlA
A/A
AJA
A/A
AJA
AJA
A/A
AlA
A/A
AlA
A/A
AlA
AIG
AlA
A/A
AlA
AlA
AIG
AlA
A/A
AlA
A/A
A/A

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/G
T/T
T/T
T/T
T/T
T/G
T/T
T/T
T/T
T/T
T/T
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167-02
168-02
169-02
170-02
172-02
173-02
174-02
177-02
178-02
179-02
180-02
181-02
186-02
188-02
194-02
195-02
198-02
199-02
200-02
201-02
202-02
206-02
208-02
211-02
212-02
213-02
283-00
109-01
356-01
358-01
379-01
382-01
384-01
15-02

16-02

<
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71
72
70
74
72
76
78
72
77
72
76
74
77
76
77
81
79
80
82
74
78
83
74
81
78
75
50
52
31
50
46
45
41
48
42

GIG
C/C
C/IG
C/IG
C/C
C/C
C/C
C/C
C/C
C/C
C/IG
C/C
C/C
GIG
C/IG
C/C
C/IG
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/IG
C/C
C/IG
C/C
C/C
C/C
C/C
C/C
C/IG
C/IC
C/IG

G/IG
AlA
GIG
GIG
GIG
GIG
GIG
G/A
G/A
G/A
GIG
GIG
GIG
GIG
G/IG
GIG
G/IG
GIG
GIG
GIG
GIG
GIG
GIG
GIG
GIG
G/A
G/IG
G/A
GIG
GIG
GIG
GIG
GIG
G/G
G/G

T/T
C/C
CIT
CIT
C/C
C/C
c/iC
CIT
Cc/iC
C/IC
C/C
c/iC
C/C
CIT
C/C
C/C
CIT
C/C
C/C
C/C
C/C
T/T
c/iC
c/iC
C/C
c/iC
CIT
C/C
CIT
C/C
c/iC
c/iC
C/C
C/IC
CIT

A/A
C/C
C/IA
C/IA
c/iC
c/iC
C/IC
C/IA
C/IC
C/C
c/iC
C/IC
c/iC
C/IA
c/iC
c/iC
C/IA
Cc/iC
Cc/iC
Cc/iC
Cc/iC
A/A
C/IC
C/IC
c/iC
C/IC
C/IA
C/IC
C/IA
C/iC
C/IC
C/IC
C/C
C/C
C/IA

AlA
A/A
AlA
AlA

AJA
AJA
AJA

AIA
AJA
A/A

A/A
AJA
AJA
AlA
A/A
A/A
AlA
A/A
A/A
A/A
A/A

AlIA
AJA
AJA

AA
A/A
AlA
AJA
AlA
A/A
A/A
A/A
A/A
AlA
AJA

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
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359-02
430-99
431-99
435-99
308-00
345-00
444-00
21-01

50-01

148-01
149-01
292-01
236-03
286-03
325-03
340-03
361-02

T T2 222

<

88
69
68
64
74
67
52
60
72
64
69
75
83
59
83
75
70

C/C
C/C
C/C
C/IG
C/C
GIG
C/C
C/C
CIG
C/IG
C/C
C/C
C/IG
C/C
C/C
C/IG
C/IG

G/IG
G/IG
GIG
GIG
GIG
GIG
GIG
GIG
GIG
GIG
GIG
GIG
GIG
AlIA
GIG
GIG
GIG

C/C
C/C
c/iC
T/IT

T/T

C/C
c/iC
C/C
T/T

T/IT

CIT
CIT
C/C
C/IC

CIT
C/C
C/C

C/IA
c/iC
C/IC
A/A
A/A
C/C
C/IC
C/C
AlA
A/A
C/IA
C/IA
C/IC
C/C
C/IA
C/IC
C/IC

AJA
A/A
AJA
AlIA
AlA
AA
AJA
AlA
A/A
AlIA
AlA
AlA
AJA
A/A
AlA
AJA
AJA

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T

Note: (-) — unknown; nd — nondeletion; del-deletio
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DDD cases id

IAO004
IAOOO5
IAOOO6
IA0010
IA0023
IA0024
IA0025
IA0052
IAO0S3
IAO0S5
IAO056
IAO0S7
IAO0S8
IAOO60
IAOO61
IA0062
IAOO65
IAOO67
IAOO68
IAO069
IAOO71
IAOO78
IAOO79
IAO081
IA0082

Sex
(M/F)

T 1T T 1T M 2 1M1 2 21 Z 2 21 <

Age
(years)

17
18
16
16
17
17
18
18
17
17
16
17
17
16
17
17
17
16
16
17
17
17
16
18
16

CFH -331C>T

O O (rs3753394)

C
C
TIT

C/IC
CIT
CIT
CIT
C/IC
C/IC
CIT
C/IC
CIT

C/IC
C/IC
C/IC
C/IC
CIT

C/IC
CIT

C/IC
CIT
C/IC
CIT
T/IT

CIT

CFH V62| G>A
(rs800292)

2
>

G
G/G
GIG
G/G
G/A
G/G
G/IG
G/IG
G/A
G/A
G/A
G/IG
G/A
GIG
GIG
G/G
G/A
G/A
AJA
G/A
G/A
G/G
G/IG
G/G

@

CFH Y402H T>C

3 (rs1061170)

C
C
T/T
CIT
CIT
TIT
TIT
C/IC
C/IC
TIT
CIT
TIT
CIT
CIT
CIT
C/IC
CIT
C/IC
TIT
C/IC
T/IT
CIT
CIT
TIT
TT

i~

CFH Q673 A>G
(rs3753396)

2
>

AJA
G/G
AJA
AIA
G/A
G/A
AIA
AIA
G/A
AJA
G/A
AJA
AJA
AJA
AIA
AJA
AJA
G/A
AJA
AJA
AJA
AIA
G/G
AJA

CFH D936E G>T

S (rs1065489)

G
G/IG
TT
G/IG
G/G
GIT
GIT
G/G
G/G
GIT

G/G
GIT
G/G

G/IG
G/IG
G/G
G/G
G/G
GIT
G/G

G/G

G/G
G/G
TT
G/G

CFHR5 -249 T>C

(rs9427661)

C
CIT
T/T
CIT
TIT
T/T
T/T
T/T
T/T
T/T
T/IT
T/T
T/T
T/IT
CIT
TIT
C/C
T/T
T/T
T/T
T/IT
T/IT
CIT
T/T
CIT

~
—

CFHR5 -20 T>C
(rs9427662)

CIT
CIT
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
TIT
T/T
TIT
TIT
CIT
T/T
C/C
T/T
T/T
T/T
TIT
TIT
CIT
T/T
CIT
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IA0O084
IA0091
IA0094
IA0095
IA0O097
IA0099
IA0100
IA0101
IA0102
IA0103
IA0106
IA0108
IA0109
IA0110
IA0112
IA0113
IA0114
IA0172
IA0195
IA0233
IA0336
IA0337
IA0416
IA0469
IA0473
IA0475
1A0482
IA0483
1A0484
IA0542
IA0597
IA0599
IAO611
IA0632
IAO671

<

i A e e o A= » I M B B o B o OG- & I o B o G o [ o (e o A M A B o M & M & HE-G-G & I o - »

13
20
18
19
18
18
19
18
19
18
18
20
20
19
20
18
18
20
17
13
18
19
17
18
18
20
19
18
19
16
20
18
17
19
20

T/T

C/IC
C/C
CIT
C/C
CIT
CIT
CIT
C/C
C/C
C/C
CIT
CIT
C/C
C/C
CIT
C/C
CIT

T/T

T/T
CIT
C/C
C/C
T/T

C/C
CIT
C/C
C/C
C/C
C/C
C/IC
CIT
CIT
C/C
CIT

GIG
GIG
G/A
G/G
GIG
G/A
G/A
G/G
GIG
G/A
G/A
G/IG
G/A
GIG
AlA
G/A
GIG
G/A
GIG
GIG
G/A
G/A
GIG
GIG
GIG
G/A
GIG
G/A
AlA
G/A
GIG
G/IG
G/A
GIG
G/A

T/T
C/C
T/T
T/T
C/IC
T/T
T/T
T/T
CIT
CIT
CIT
CIT
C/IC
CIT
T/T
T/T
C/IC
T/T
T/T
CIT
T/T
CIT
CIT
T/T
C/C
T/T
T/T
T/T
T/T
CIT
C/C
CIT
T/T
T/T
T/T

G/A
AlA
AlA
A/IA
AlA
AlIA
G/A
A/IA
A/A
AJA
AJA
AlA
AJA
A/A
AA
AlIA
AlA
AlA
AIA
G/A
G/A
AJA
AJA
G/A
AlA
AlA
G/A
G/A
G/A
AJA
AlA
G/A
G/G
AlA
AlIA

GIT
G/G
G/IG
GIG
G/IG
GIG
GIT
GIG
GIG
GIG
GIG
G/IG
GIG
GIG
G/G
GIG
G/G
GIG
G/G
GIT
GIT
GIG
GIG
GIT
G/IG
GIG
GIT
GIT
GIT
GIG
G/IG
GIT
T/T
G/IG
GIG

T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
CIT
CIT
CIT
T/T
CIT
T/T
T/T
T/T
C/IC
T/T

T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/IT
T/IT
T/T
T/IT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/IT
CIT
T/T
T/T
CIT
CIT
CIT
T/T
CIT
T/T
T/T
T/T
C/C
T/T
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IAO673
IAO756
IA0760
IAO775
IA0790
IAO807
IA0824
IA0828
IA0850
IA0O863
IA1026
IA1059
IA1071
IA1095
IA1096
IA1098
IA1100
IA1104
IA1109
IA1116
IA1164
IA1185
IA1187
IA1190
IA1191
IA1199
IA1200
IA1201
IA1202
IA1204
IA1211
IA1251
IA1277
IA1279
IA1299

<

S T T TnTTn T T TmTZTmTmnm I 1mmmamTmmTtnmTtnmTmTtnI 1TmnmI < Z nmnn< 1 Z

17
18
20
17
20
19
19
19
19
20
17
17
17
18
20
18
19
18
19
19
20
18
19
18
19
18
20
19
18
20
19
19
18
19
20

C/IC
C/IC
CIT
C/C
CIT
T/T
CIT
C/C
C/C
C/C
C/C
CIT
C/C
C/C
CIT
CIT
C/C
C/C
C/C
CIT

C/C
CIT
C/C
CIT
C/C
C/C
CIT
CIT
C/C
C/C
CIT
C/C
CIT

CIT
C/C

G/A
G/A
G/IG
GIG
G/G
GIG
G/A
G/A
AlA

G/A
G/A
G/IG
GIG
GIG
G/IG
G/IG
AlA
GIG
GIG
G/G
GIG
G/IG
GIG
G/A
G/A
GIG
G/IG
G/IG
AlA

AlA

G/A
AlIA

G/G

G/A
GIG

T/T
CIT
CIT
C/IC
CIT
T/T
T/T
CIT
T/T
T/T
T/T
CIT
C/C
C/IC
CIT
T/T
CIT
C/IC
C/IC
CIT
CIT
CIT
C/C
T/T
CIT
C/C
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
CIT

G/A
AlIA
G/A
AlA
AlA
AlA
G/A
AlIA
AA
A/A
AlA
AlA
AlA
AlA
AlA
G/A
A/A
AlA
AlA
G/A
A/A
G/A
AlA
G/A
AJA
AlA
G/A
G/A
AlA
AlA
AlA
AlA
AlA
G/A
AJA

GIT
GIG
GIT
G/IG
G/IG
G/IG
GIT
GIG
G/G
G/G
G/IG
G/IG
G/IG
G/G
G/IG
GIT
GIG
G/IG
G/IG
GIT
GIG
GIT
G/IG
GIT
GIG
G/G
GIT
GIT
G/G
G/G
GIG
G/G
G/IG
GIT
GIG

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
CIT
T/T
T/T
CIT
T/T
T/T
T/T
T/T

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/IT
T/T
CIT
CIT
T/T
T/T
CIT
T/T
T/T
T/T
T/T
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IA1304
IA1335
IA1344
IA1345
IA1347
IA1348
IA1349
IA1353
IA1354
IA1356
IA1368
IA1370
IA1371
IA1374
IA1375
IA1376
IA1377
IA1379
IA1383
IA1384
IA1390
IA1399
IA1401
IA1402
IA1407
IA1409
IA1416
IA1433
IA1465
IA1524
IA1525
IA1526
IA1527
IA1528
IA1530

Tn

i A e e (e TR » E-G » B & BE-G-G-<e & I o B o e o = o [ o A o B o B B & HE-G-G & B & B & B » - ¢ |

18
20
18
19
19
20
20
20
18
18
19
19
19
18
19
19
19
20
20
20
19
19
20
18
19
19
20
16
20
18
19
18
19
19
18

T/T

C/C
C/C
CIT
T/T

C/C
CIT
C/C
CIT
CIT

T/T

C/C
C/C
C/C
CIT
C/C
CIT
C/IC
CIT
CIT
C/C
CIT
CIT

CIT

C/C
C/C
CIT
CIT
C/C
C/IC
C/C
CIT
CIT
CIT
C/C

GIG
G/A
G/A
G/A
GIG
G/A
G/IG
GIG
G/A
G/G
GIG
AlA
GIG
G/A
G/A
AlA
G/A
GIG
G/A
G/IG
AlA
G/IG
G/G
G/G
GIG
G/A
G/IG
G/G
G/A
AlA
GIG
G/A
G/IG
G/IG
G/A

T/T
CIT
CIT
T/T
T/T
T/T
C/IC
CIT
T/T
CIT
T/T
T/T
C/IC
CIT
T/T
T/T
T/T
CIT
T/T
T/T
T/T
CIT
CIT
CIT
C/C
T/T
CIT
CIT
CIT
T/T
CIT
T/T
T/T
T/T
CIT

G/A
AJA
AlIA
G/A
AlA
A/A
A/A
A/A
AlIA
AlA
G/A
AIA
AlA
AJA
AlIA
AA
AlIA
AJA
AlIA
G/A
AA
G/A
G/A
AlA
AlA
AlA
AlA
AlA
G/A
AA
A/A
AlA
A/A
G/A
AJA

GIT
GIG
GIG
GIT
G/G
G/G
GIG
GIG
GIG
G/IG
GIT
G/G
G/IG
GIT
GIG
G/G
GIG
GIG
GIG
GIT
G/G
GIT
GIT
G/G
G/IG
G/IG
G/G
GIT
GIG
G/G
GIG
GIG
GIG
GIT
GIG

T/T
T/T
T/T
CIT
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
CIT
CIT
CIT
T/T
T/T

T/T
T/IT
T/T
CIT
T/T
T/T
T/IT
CIT
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
CIT
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
CIT
CIT
CIT
T/T
T/IT
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IA1532
IA1533
IA1534
IA1535
IA1536
IA1537
IA1539
IA1540
IA1541
IA1544
IA1550
IA1551
IA1552
IA2074
IA2075
IA2076
IA2077
IA2078
IA2079
IA2083
IA2084
IA2085
IA2086
IA2087
IA2093
IA2103
IA2123
IA2127
IA2128
IA2129
IA2136
IA2139
IA2159
IA2169
IA2173

Tn

T ZZ 1T mTmI <= 1M1 < 1N < MM TTT T T T T 7T T

18
18
20
18
20
20
20
18
20
18
19
18
20
23
18
21
20
17
16
20
19
18
18
20
19
19
19
20
19
19
20
19
18
19
18

CIT
CIT
C/C
C/C
CIT
C/C
CIT
C/C
C/C
C/C
CIT
CIT
C/C
C/C
CIT
C/C
C/IC
CIT
C/C
CIT
C/C
CIT
CIT
C/C
C/C
C/C
C/C
C/C
CIT
CIT
C/C
CIT
CIT
C/C
T/T

G/G
G/A
G/A
G/A
G/IG
GIG
G/IG
G/A
GIG
GIG
G/IG
G/G
GIG
G/A
G/IG
AlA
G/A
G/G
GIG
G/G
GIG
G/A
G/A
GIG
G/A
GIG
GIG
G/A
G/A
G/IG
GIG
G/IG
G/G
G/A
GIG

C/IC
CIT
T/T
CIT
T/T
CIT
T/T
T/T
C/IC
CIT
CIT
C/IC
C/C
CIT
T/T
T/T
CIT
CIT
C/IC
C/IC
CIT
CIT
T/T
T/T
CIT
CIT
C/C
T/T
T/T
CIT
CIT
CIT
CIT
CIT
T/T

G/A
G/A
AlA
AJA
A/A
A/A
A/A
AlA

AlA
A/A
AlA
AJA
AlA
AJA
G/A
AA
AlA
G/A

AlA
AJA

A/A
AlA
AlA
AlA
AlA
AJA
AlA
AIA
AlA
AlA

A/A
AlA
G/A
G/A
GIG

GIT
GIT
G/IG
GIG
GIG
GIG
GIG
G/IG
G/IG
GIG
G/IG
GIG
G/IG
GIG

GIT
G/G
GIG
GIT

G/IG
GIG
GIG
G/IG
GIG
G/IG
GIG
GIG
G/IG
G/G
GIG
G/IG
GIG
G/G
GIT
GIT

T/T

T/T
T/T
T/T
T/T
CIT
T/T
T/T
CIT

T/T
CIT
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T

T/T
T/T

CIT
T/T
T/T
CIT
T/T
CIT
T/T
T/T
T/T
T/T

CIT
T/T
T/T
T/T
T/T

T/T
T/T
T/T
T/IT
CIT
T/T
T/T
CIT
T/T
CIT
T/T
T/T
T/T
T/IT
CIT
T/T
T/T
T/T
T/T
T/T
CIT
T/T
T/T
CIT
T/T
CIT
T/T
T/T
T/T
T/T
CIT
T/T
T/T
T/T
T/T
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DDD cases id

IA0004
IA0005
IA0006
IA0010
IA0023
IA0024
IA0025
IA0052
IA0O0S53
IA0055
IA0056
IA0057
IA0O058
IA0060
IA0061
IA0062
IA0065
IAO067
IAO068
IA0069
IA0071
IAO078
IA0079
IA0081
IA0082
IA0084
IA0091
IA0094

Sex
(M/F)

T Z Z 1M1 T 1T 211 12 Z2Z 211 <L

Age
(years)

17
18
16
16
17
17
18
18
17
17
16
17
17
16
17
17
17
16
16
17
17
17
16
18
16
13
20
18

CFHR5 P84S C>T
(rs12097550)

C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
CIT
C/IC
C/IC
C/IC
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/IC
C/C

CR1 Q1022H G>T
(rs3738467)

GIG
GIG
GIT
GIG
GIG
GIG
GIT
GIG
GIG
GIG
GIG
GIG
GIT
GIG
GIG
GIT
GIT
GIG
GIG
GIT
GIT
GIG
GIG
GIT
GIG
GIG
GIG
GIT

CR1 H1208R A>G
(rs2274567)

5553835885353 5058303383383%5838385353

CR1 P1827R C>G

(rs3811381)

C/C
C/C
CIG
C/C
C/C
C/C
C/IG
C/C
C/C
C/C
C/C
C/C
CIG
C/C
C/C
C/IG
CIG
C/C
C/C
C/IG
C/IG
C/C
C/C
C/IG
C/C
C/C
C/C
C/IG

CR1 H/L alleles

H/H
H/H
HIL
H/H
H/H
H/H
HIL
H/H
H/H
H/H
H/H
H/H
HIL
H/H
H/H
HIL
HIL
H/H
H/H
HIL
HIL
H/H
H/H
HIL
H/H
H/H
H/H
HIL

ADAM19 S284G A>G

(rs1422795)

G/G

AIG
AIG
AJA
AIG
AJA
AJA
AIG
AJA
A/A
A/A
AIG
AIG
A/A
AlA
AIG
A/A
A/A
AIG
A/A
A/A
AIG
A/A
G/IG
A/A
AIG
AIG

C4A deletion
(nd, del)

nd/nc
nd/nd
nd/ng
nd/nc
nd/na
nd/de
nd/nd
nd/nd
nd/na
nd/na
nd/nd
nd/nd
nd/na
nd/na
nd/na
nd/nd
nd/na
nd/nd
nd/nd
nd/de
nd/de
nd/nd
nd/nc
nd/ng
nd/de
nd/nd
nd/na
nd/de
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IA0095 M 19 C/C GIT AIG CIG H/L G/G  nd/nd
IA0097 F 18 C/C GIT AG CIG HL A/G nd/nd
IA0099 F 18 C/C GIG A/A CIC HH A/G nd/nd
IA0100 M 19 C/IC GIT AIG C/IG H/L  A/G nd/nd
IA0101 M 18 C/IC GIG A/A CIC HH A/G nd/ng
IA0102 F 19 C/C GIT AG CIG H/L  A/G nd/del
IA0103 F 18 C/C GIG A/A CIC HH A/A  nd/nd
IA0106 F 18 C/C GIT AG CIG HL A/G nd/nd
IA0108 F 20 C/C GIG A/A CIC HH A/G nd/nd
IA0109 F 20 C/C GIG A/A CIC HH A/A  nd/nd
IA0110 F 19 C/C GIG A/A CIC HH A/A  nd/nd
IA0112 F 20 C/C GIG A/A CIC HH A/A  nd/nd
IA0113 F 18 C/C GIT AG C/IG HL A/G nd/nd
IA0114 F 18 C/C T/T GIG GIG L/L A/A  nd/ng
IA0172 M 20 C/C GIG A/A CIC HH A/A  nd/nd
IA0195 M 17 C/C GIG A/A CIC HH A/A  nd/nd
IA0233 F 13 C/C GIT AG C/IG H/L  A/A  nd/ngd
IA0336 F 18 C/C GIG A/A CIC HH  A/A  nd/de|
IA0337 F 19 C/C GIG A/A CIC HH A/G nd/nd
IA0416 M 17 C/C GIG A/A CIC HH A/G nd/ng
IA0469 M 18 C/C GIG A/A CIC HH A/A  nd/nd
IA0473 F 18 C/C GIG A/A CIC HH A/IG nd/nd
IA0475 F 20 C/C T/T GIG GIG L/L A/A  nd/ng
1A0482 F 19 C/C GIG A/A CIC HH A/IG nd/nd
IA0483 F 18 C/C GIG A/A CIC HH  A/A  nd/nd
I1A0484 F 19 C/C GIG A/A CIC HH  A/A  nd/nd
IA0542 F 16 C/C GIT AG C/IG H/L G/G  nd/nd
IA0597 M 20 C/C GIT AIG CIG HL A/A  nd/nd
IA0599 F 18 C/C GIG A/A CIC HH A/A  nd/nd
IAO611 F 17 C/C GIG A/A CIC HH  A/A  nd/de|
IA0632 F 19 C/C GIT AG C/IG HL A/G nd/nd
IA0671 F 20 C/C GIG A/A CIC HH A/A  nd/nd
IA0673 M 17 C/IC GIG A/A CIC HH A/A  nd/nd
IAO756 M 18 C/IC T/T GIG GIG L/L A/A nd/nd
IA0760 F 20 C/C GIT AG C/IG HL A/G nd/nd
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IAO775
IA0790
IA0807
IA0824
IA0828
IA0850
IA0863
IA1026
IA1059
IA1071
IA1095
IA1096
IA1098
IA1100
IA1104
IA1109
IA1116
IA1164
IA1185
IA1187
IA1190
IA1191
IA1199
1A1200
IA1201
1A1202
IA1204
IA1211
IA1251
IA1277
IA1279
1A1299
IA1304
IA1335
IA1344

Tn
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17
20
19
19
19
19
20
17
17
17
18
20
18
19
18
19
19
20
18
19
18
19
18
20
19
18
20
19
19
18
19
20
18
20
18

C/C
C/C
C/C
C/C
C/IC
C/IC
C/IC
C/C
C/C
C/IC
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/IC
C/C
C/C
C/IC

GIG
GIG
GIT
GIG
GIT
GIG
GIT
GIG
GIG
GIG
GIG
GIT
GIG
T/T
GIG
GIT
GIG
GIG
GIT
GIT
GIT
GIT
GIG
GIG
GIG
GIT
GIG
GIG
GIG
GIG
GIG
GIT
GIG
GIT
GIG

AlA
AlA
AIG
AlA
AIG
AlA
AIG
AlA
AlA
AlA
AlA
AIG
AlA
GIG
AlA
AIG
AlA
AlA
AIG
AIG
AIG
AIG
AlA
AlA
AlA
AIG
AlA
AlA
AlA
AlA
AlA
AIG
AlA
AIG
AlA

C/C
C/C
C/IG
C/C
C/IG
C/C
C/IG
C/C
C/C
C/C
C/C
C/IG
C/C
GIG
C/C
C/IG
C/C
C/C
C/IG
C/IG
C/IG
C/IG
C/C
C/C
C/C
C/IG
C/C
C/C
C/C
C/C
C/C
C/IG
C/C
C/IG
C/C

H/H
H/H
HIL
H/H
HIL
H/H
HIL
H/H
H/H
H/H
H/H
HIL
H/H
LIL
H/H
HIL
H/H
H/H
HIL
HIL
HIL
HIL
H/H
H/H
H/H
HIL
H/H
H/H
H/H
H/H
H/H
HIL
H/H
HIL
H/H

AIG
A/A
A/A
AJA
AIG
A/A
AJA
AIG
AJA
AIG
AJA
A/A
AIG
A/A
AIG
A/A
A/A
AIG
A/A
A/A
A/A
AIG
AIG
AJA
AIG
AIG
A/A
AIG
AJA
A/A
AJA
AIG
AJA
A/A
A/A

nd/del
nd/nd
nd/ng
nd/na
nd/na
nd/nd
nd/de
nd/nd
nd/na
nd/na
nd/na
nd/ng
nd/nd
nd/ng
nd/del
nd/na
nd/nd
nd/nd
nd/na
nd/nd
nd/na
nd/nd
nd/nd
nd/na
nd/nd
nd/nd
nd/ng
nd/nd
nd/na
nd/nd
nd/de|
nd/ng
nd/na
nd/na
nd/nd
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IA1345
IA1347
IA1348
IA1349
IA1353
IA1354
IA1356
IA1368
IA1370
IA1371
IA1374
IA1375
IA1376
IA1377
IA1379
IA1383
IA1384
IA1390
IA1399
IA1401
IA1402
IA1407
IA1409
IA1416
IA1433
IA1465
IA1524
IA1525
IA1526
IA1527
IA1528
IA1530
IA1532
IA1533
IA1534

Tn
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19
19
20
20
20
18
18
19
19
19
18
19
19
19
20
20
20
19
19
20
18
19
19
20
16
20
18
19
18
19
19
18
18
18
20

C/C
C/C
C/IC
C/C
C/C
C/C
C/IC
C/IC
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/IC
C/C
C/C
C/IC
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C
C/C

GIG
GIG
GIG
GIG
GIT
GIT
GIG
GIG
GIG
GIG
GIG
GIG
GIT
GIG
GIT
GIG
GIG
GIG
GIG
GIG
GIG
GIT
GIT
GIG
GIG
GIG
GIT
GIG
GIT
GIG
GIG
GIG
GIG
GIG
GIT

AlA
AlA
AlA
AlA
AIG
AIG
AlA
AlA
AlA
AlA
AlA
AlA
AIG
AlA
AIG
AlA
AlA
AlA
AlA
AlA
AlA
AIG
AIG
AlA
AlA
AlA
AIG
AlA
AIG
AlA
AlA
AlA
AlA
AlA
AIG

C/C
C/C
C/C
C/C
CIG
CIG
C/C
C/C
C/C
C/C
C/C
C/C
C/IG
C/C
CIG
C/C
C/C
C/C
C/C
C/C
C/C
CIG
C/IG
C/C
C/C
C/C
C/IG
C/C
C/IG
C/C
C/C
C/C
C/C
C/C
C/IG

H/H
H/H
H/H
H/H
HIL
HIL
H/H
H/H
H/H
H/H
H/H
H/H
HIL
H/H
HIL
H/H
H/H
H/H
H/H
H/H
H/H
HIL
HIL
H/H
H/H
H/H
HIL
H/H
HIL
H/H
H/H
H/H
H/H
H/H
HIL

AlA
AlA

AIG

AlA
AlA
AlA
GIG
AlA

AlA
AlA
AlA
AlA
AlA
AlA
AlA

AlA
AlA
AlA
AIG
GIG
AlA

AlA

AIG
AIG
AIG

AIG
AlA

AIG
AIG
AIG
GIG
AIG
AlA
AlA
AlA

nd/nd
nd/del
nd/nd
nd/del
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/del
nd/nd
nd/nd
nd/nd
nd/nd
nd/del
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/nd
nd/de|
nd/nd
nd/nd
nd/nd
nd/nd
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IA1535 F 18 CIT GIG A/A C/C HH A/G nd/nc
IA1536 F 20 C/C GIT AG CIG H/L  A/A  nd/ngd
IA1537 F 20 C/C GIT AG C/IG H/L  A/A  nd/ngd
IA1539 F 20 C/C GIT AG CIG HL A/G nd/nd
IA1540 F 18 C/C GIG A/A CIC HH A/A  nd/nd
IA1541 F 20 C/C GIG A/A CIC HH A/A  nd/nd
IA1544 F 18 C/C GIG A/A CIC HH  A/A  nd/de|
IA1550 F 19 C/C GIT AG CIG H/L  A/A  nd/ngd
IA1551 M 18 C/IC GIG A/A CIC HH A/G nd/ng
IA1552 M 20 C/IC GIG A/A CIC HH A/A  nd/nd
IA2074 F 23 C/C GIT AG CIG H/L  A/A  nd/ngd
IA2075 F 18 C/C GIT AG C/IG HL A/G nd/nd
IA2076 F 21 C/C GIT AG C/IG H/L  A/A  nd/ngd
IA2077 M 20 C/C GIG A/A CIC HH A/G nd/ng
1A2078 M 17 C/C GIG A/A CIC H/H G/G nd/nd
1A2079 F 16 CIT GIG A/A C/C HH A/A  nd/nd
1A2083 M 20 C/C GIG A/A CIC HH A/A  nd/nd
1A2084 F 19 C/C GIG A/A CIC HH A/G nd/nd
1A2085 F 18 C/C GIG A/A CIC HH A/G nd/nd
1A2086 M 18 C/C GIG A/A CIC HH A/A  nd/nd
1A2087 F 20 C/C GIT AG C/IG H/L  A/A  nd/ngd
1A2093 M 19 C/IC GIG A/A CIC HH A/A  nd/nd
IA2103 M 19 C/IC GIG A/A CIC HH A/G nd/ng
1A2123 M 19 C/IC GIG A/A CIC H/H G/G nd/nd
1A2127 M 20 C/IC GIT AIG CIG H/L G/G nd/nd
1A2128 F 19 C/C GIG A/A CIC HH A/IG nd/nd
1A2129 F 19 C/C GIG A/A CIC H/H G/G  nd/nd
IA2136 F 20 CIT GIG A/A C/C HH A/A  nd/nd
IA2139 F 19 C/C GIG A/A CIC H/H G/G  nd/nd
IA2159 M 18 C/C GIG A/A CIC HH A/G nd/ng
1A2169 M 19 C/IC GIG A/A CIC HH A/A  nd/nd
IA2173 M 18 C/IC GIG A/A CIC H/H  A/A  nd/de




Table D-1. Continued

156

DDD cases id Se

IAO004
IAO005
IAOO0O6
IAO010
IA0023
IA0024
IA0025
IA0052
IAO0S3
IAO0S5
IAO056
IAO0S7
IAO0S8
IAO060
IAO061
IA0062
IAO065
IAO067
IAO068
IAO069
IAOO71
IAOO78
IAOO79
IAO081
IAO082
IAO084
IA0091

(MIF)

ST 11T T 1T <1112 2 2111 <L <Z

Age
(years)

17
18
16
16
17
17
18
18
17
17
16
17
17
16
17
17
17
16
16
17
17
17
16
18
16
13
20

C3 R102G C>G
(rs2330199)

C3 R304 G>A
(rs12230201)

G/A
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/G
G/A
G/A
G/G
G/G
G/G
AJA
G/G
G/G
G/G
G/A
G/G
G/G
G/G
G/A
G/G

C3 P314L C>T
(rs1047286)

C
CIT
C/IC
CIT
CIT
CIT
CIT
C/IC
CIT
C/IC
CIT
C/IC
CIT
CIT
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC

o)

C3 P518 C>A
(rs2230203)

C/IC
C/IA
C/IC
C/IC
C/IC
C/IC
C/IA
C/IC
C/IC
C/IC
C/IC
C/IC
C/IA
C/IA
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC

C5aR1 D2N A>G
(rs4467185)

AIG
AIA
AIG
AJA
AJA
AIG
AJA
AIA
AJA
AIA
AJA
AIA
AJA
AJA
AIA
AIA
AIA
AA
AIA
AIA
AIA
AIA
AIA
AIA
AIA
AIA
AIA

C5aR1 K279N T>G
(rs11880097)

TIG
T/T
T/G
T/T
T/T
T/G
T/T
TIT
T/T
TIT
T/T
TIT
T/T
T/T
TIT
TIT
TIT
T/T
TIT
TIT
TIT
TIT
TIT
TIT
TIT
TIT
TIT

~
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IA0094
IA0095
IA0097
IA0099
IA0100
IA0101
IA0102
IA0103
IA0106
IA0108
IA0109
IA0110
IA0112
IA0113
IA0114
IA0172
IA0195
IA0233
IA0336
IA0337
IA0416
IA0469
IA0473
IA0475
1A0482
IA0483
1A0484
IA0542
IA0597
IA0599
IAO611
IA0632
IA0671
IA0673
IAO756

Tn
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18
19
18
18
19
18
19
18
18
20
20
19
20
18
18
20
17
13
18
19
17
18
18
20
19
18
19
16
20
18
17
19
20
17
18

C/IG
G/IG
G/IG
C/IC
C/IG
G/IG
C/IC
C/IC
C/IC
C/IG
C/IC
C/IC
C/IC
C/IC
C/IC
C/IG
C/IC
C/IC
C/IC
C/IG
C/IC
C/C
C/C
C/C
C/C
C/C
C/IG
C/IG
C/C
C/C
C/C
C/C
C/C
C/IC
C/IC

G/G
G/G
G/A
G/G
G/A
G/G
G/A
G/G
G/A
G/G
G/A
G/G
G/G
G/G
G/G
G/G
G/G
G/A
G/G
G/A
G/G
G/G
G/G
G/G
GIG
GIG
G/G
AlIA
GIG
GIG
G/A
GIG
G/A
GIG
AlA

CIT
T/T
CIT
C/C
CIT
CIT
C/IC
CIT
C/IC
CIT
C/IC
C/C
C/C
C/C
C/C
CIT
C/C
C/IC
C/C
CIT
C/C
C/C
C/C
C/C
C/C
C/C
CIT
C/C
CIT
C/C
C/C
C/C
C/C
C/C
C/C

c/iC
AlA
C/IC
C/C
C/IA
C/IA
C/C
C/IA
C/C
C/IA
C/C
C/C
C/C
C/IC
C/IC
Cc/iC
C/IC
C/C
C/C
C/IA
C/C
C/C
C/C
C/C
C/C
C/C
C/IA
C/C
C/IA
C/C
C/C
C/C
C/C
C/C
Cc/iC

A/A
AIG
A/A
AlA
AJA
AJA
AlA
AJA
AlA
A/A
AlA
AlA
AlA
AlA
AlA
A/A
AlA
AlA
AlA
AJA
AlA
AlA
AlA
AlA
AlA
AlA
AlIA
AA
AlA
AlA
AlA
AlA
AlA
AlA
A/A

T/T
T/G
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
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IA0760
IAO775
IA0790
IA0807
IA0824
IA0828
IA0850
IA0863
IA1026
IA1059
IA1071
IA1095
IA1096
IA1098
IA1100
IA1104
IA1109
IA1116
IA1164
IA1185
IA1187
IA1190
IA1191
IA1199
1A1200
IA1201
1A1202
IA1204
IA1211
IA1251
IA1277
IA1279
1A1299
IA1304
IA1335

Tn
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20
17
20
19
19
19
19
20
17
17
17
18
20
18
19
18
19
19
20
18
19
18
19
18
20
19
18
20
19
19
18
19
20
18
20

C/IG
C/C
C/IC
C/C
C/C
C/IC
G/G
CIG
C/C
G/G
C/IC
C/C
C/C
C/C
C/C
C/IG
C/C
C/C
C/C
C/IG
C/C
C/C
C/IG
C/IG
C/C
C/C
C/IG
C/C
C/IG
C/IG
G/G
C/C
C/IC
C/IG
C/C

G/A
GIG
GIG
G/A
G/A
GIG
GIG
GIG
GIG
G/G
GIG
GIG
GIG
GIG
GIG
G/G
GIG
AlA

GIG
G/G
GIG
G/A
G/G
G/G
GIG
GIG
G/G
GIG
G/A
G/G
GIG
A/IA
AlA

G/G
GIG

CIT
C/IC
C/IC
C/C
C/C
C/IC
T/T
CIT
C/C
T/T
C/C
C/C
C/IC
C/C
C/C
CIT
C/C
C/C
C/C
C/IC
C/C
C/C
CIT
CIT
C/C
C/C
CIT
C/IC
CIT
CIT
T/T
C/C
C/C
CIT
C/C

C/IA
C/C
C/C
C/C
C/C
C/C
AlA
C/IA
C/C
AlA
C/C
C/C
C/C
C/C
C/C
C/IA
C/C
c/iC
C/C
C/IA
C/C
C/C
C/IA
C/IA
C/C
C/C
C/IA
C/C
C/IA
C/IA
AlA
C/C
Cc/iC
C/IA
C/C

AlA
AlA
AlA
AlA
AlA
AlA

A/A

AlA
AlA

A/A
AlA
AlA
AlA
AlA
AlA
AlIA
AlA

A/A
AlA
AlA
AlA
AlA
A/A
A/A
AlA
AlA
AlIA
AlA

AlA
AlIA

A/A
A/A

A/A
A/A
AlA

T/T
T/T
T/T
T/T
T/T
T/T

T/T

T/T
T/T

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T

T/T
T/T

T/T
T/T

T/T
T/T
T/T
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IA1344
IA1345
IA1347
IA1348
IA1349
IA1353
IA1354
IA1356
IA1368
IA1370
IA1371
IA1374
IA1375
IA1376
IA1377
IA1379
IA1383
IA1384
IA1390
IA1399
IA1401
IA1402
IA1407
IA1409
IA1416
IA1433
IA1465
IA1524
IA1525
IA1526
IA1527
IA1528
IA1530
IA1532
IA1533

<
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18
19
19
20
20
20
18
18
19
19
19
18
19
19
19
20
20
20
19
19
20
18
19
19
20
16
20
18
19
18
19
19
18
18
18

C/C
C/IG
C/IC
C/IC
C/C
C/C
C/C
CIG
CIG
C/C
C/IG
C/IG
C/C
C/C
C/C
C/C
C/C
G/G
C/C
C/IG
CIG
C/IC
C/IC
C/C
C/IG
C/C
C/C
CIG
C/C
C/C
C/C
C/C
C/C
C/C
C/C

GIG
G/A
AlA

G/A
GIG
GIG
GIG
G/A
GIG
GIG
G/G
G/G
GIG
GIG
GIG
GIG
GIG
AlIA

GIG
G/G
GIG
GIG
G/A

G/A
G/G
GIG
GIG
GIG
G/A
AlIA

G/A
GIG
GIG
GIG
GIG

C/C
CIT
C/C
C/C
C/C
C/C
C/C
CIT
CIT
C/C
CIT
CIT
C/IC
CIT
C/C
C/C
C/C
CIT
C/C
CIT
CIT
C/C
C/C
C/C
CIT
C/C
C/IC
CIT
C/C
C/C
C/C
C/C
C/C
C/C
C/C

C/C
C/IA
c/iC
C/C
C/C
C/C
C/C
C/IA
C/IA
C/C
C/IA
C/IA
C/C
C/IA
C/C
C/C
C/C
C/IA
C/C
C/IC
C/IA
C/C
C/C
C/C
C/IC
C/C
C/C
C/IA
C/C
C/C
C/C
C/C
C/C
C/C
C/C

AlA
AlA
A/A
AIA
AlA
AlA
AlA
AlA
AlA
AlA
AlIA
AlIA
AlA
AlIA
AlA
AlA
AlA
AlA
AlA
AJA
AlIA
AlA
AA
AlA
AJA
AlA
AlA
AlIA
AlA
A/A
AlA
AlA
AlA
AlA
AlA

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
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IA1534
IA1535
IA1536
IA1537
IA1539
IA1540
IA1541
IA1544
IA1550
IA1551
IA1552
IA2074
IA2075
IA2076
IA2077
1A2078
1A2079
1A2083
1A2084
1A2085
1A2086
1A2087
1A2093
IA2103
1A2123
1A2127
1A2128
1A2129
IA2136
IA2139
IA2159
1A2169
IA2173

Tn

= s B & I & e © BE--G-<G » - » B o G & G~ « I » B o << » B o (R M A & B o B & B o

<

20
18
20
20
20
18
20
18
19
18
20
23
18
21
20
17
16
20
19
18
18
20
19
19
19
20
19
19
20
19
18
19
18

C/C
C/C
C/C
C/IG
C/C
C/C
G/G
C/IG
C/C
C/IC
C/IC
C/C
C/C
C/C
C/C
C/C
C/IG
C/C
C/IG
G/G
CIG
C/IG
CIG
CIG
C/IC
C/C
C/C
C/C
C/C
C/IG
CIG
G/G
CIG

GIG
GIG
GIG
G/G
GIG
GIG
G/G
G/G
GIG
GIG
G/A
GIG
G/A
G/A
GIG
G/A
G/G
GIG
G/G
G/G
GIG
G/G
GIG
G/A
G/A
GIG
GIG
G/A
GIG
G/G
GIG
GIG
GIG

C/IC
C/IC
CIT
C/IC
CIT
C/C
T/T
CIT
C/C
C/C
C/C
CIT
C/C
C/C
C/C
C/C
CIT
C/C
CIT
T/T
CIT
CIT
CIT
C/C
C/C
C/C
C/IC
C/C
C/C
CIT
CIT
CIT
T/T

C/C
C/C
C/IA
C/C
C/IA
C/C
AlA
C/IA
C/C
C/C
C/C
C/IA
C/C
C/C
C/C
C/C
C/IA
C/C
C/IA
AlA
C/IA
C/IA
C/IA
C/C
C/C
C/C
C/C
C/C
C/C
C/IA
C/IA
C/IA
AlA

AlA
AlA
AlA
AlA
AlA
AlA
A/A
AlIA
AlA
AlA
AIA
AlA
AlA
AlA
AlA
A/A
AlIA
AlA
A/A
AlA
AlIA
A/A
AlIA
AA
AA
AlA
AlA
AlA
AlA
AlIA
AlIA
AlA
A/A

T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T
T/T

Note: (-) — unknown; nd — nondeletion; del-deletio



APPENDIX E

BEST INHERITANCE MODELS

Table E-1. Best inheritance model by SNPStats.
CFHY402H association with response status (n=339, crude analysis)

Model

Codominant

Dominant

Recessive

Overdominant

Log-additive

Genotype status=Control status=Case

T
c/T
c/c
T
c/T-C/C
T/T-C/T
c/c
T/T-C/C
c/T

122 (45.5%)
104 (38.8%)
42 (15.7%)
122 (45.5%)
146 (54.5%)
226 (84.3%)
42 (15.7%)
164 (61.2%)
104 (38.8%)

20 (28.2%)
34 (47.9%)
17 (23.9%)
20 (28.2%)
51 (71.8%)
54 (76.1%)
17 (23.9%)
37 (52.1%)
34 (47.9%)

OR (95% CI)
1.00
1.99 (1.08-3.67) 0.023
2.47 (1.18-5.15)

1.00
0.0073
2.13 (1.20-3.77)
1.00
0.11
1.69 {(0.90-3.20)
1.00
0.17

1.45 (0.86-2.45)
1.60 (1.12-2.28) 0.0091

P-value AIC

346.4

344.8

349.4

350.1

345.2

C3R102G association with response status (n=339, crude analysis)
OR (95% CI) P-value AIC

Model

Codominant

Dominant

Recessive

Overdominant

Genotype status=Control status=Case

c/c
C/G
G/G
c/C
C/G-G/G
c/C-C/G
G/G
C/C-G/G
C/G

Log-additive ---

C3P314L association with response status (n=339, crude analysis)
Genotype status=Control status=Case

Model

Codominant

Dominant

Recessive

Overdominant

c/c
c/T
TIT
c/c
C/T-T/T
c/c-CfT
T
c/C-T/T
/T

Log-additive ---

175 (65.3%)
77 (28.7%)
16 (6%)
175 (65.3%)
93 (34.7%)
252 (94%)
16 (6%)
191 (71.3%)
77 (28.7%)

172 (64.2%)
80 (29.9%)
16 (6%)
172 (64.2%)
96 (35.8%)
252 (94%)
16 (6%)
188 (70.2%)
80 (29.9%)

33 (46.5%)
32 (45.1%)
6 (8.4%)
33 (46.5%)
38 (53.5%)
65 (91.5%)
6 (8.4%)
39 (54.9%)
32 (45.1%)

33 (46.5%)
31 (43.7%)
7 (9.9%)
33 (46.5%)
38 (53.5%)
64 (90.1%)
7 (9.9%)
40 (56.3%)
31 (43.7%)

1.00
2.20 (1.26-3.84) 0.016
1.99 (0.72-5.46)

1.00
0.0042
2.17 (1.28-3.68)
1.00
0.46
1.45 (0.55-3.86)
1.00
0.01

2.04 (1.19-3.48)
1.69 (1.13-2.53) 0.011

345.7

343.8

351.4

345.4

345.6

OR (95% CI) P-value AIC

1.00
2.02 (1.16-3.53) 0.026
2.28 (0.87-5.97)

1.00
0.0072
2.06 (1.22-3.50)
1.00
0.27
1.72 (0.68-4.36)
1.00
0.03

1.82 (1.06-3.12)
1.69 (1.13-2.52) 0.011

346.7

344.7

350.7

347.2

345.5



Table E-1. Continued

CR1Q1022H association with response status (n=339, crude analysis)

Model

Codominant

Dominant

Recessive

Overdominant

Log-additive

Genotype status=Control status=Case

G/G
G/T
/T
G/G
G/T-T/T
G/G-G/T
T
G/G-T/T
G/T

191 (71.3%)
71 (26.5%)
6 (2.2%)
191 (71.3%)
77 (28.7%)
262 (97.8%)
6 (2.2%)
197 (73.5%)
71 (26.5%)

41 (57.8%)
28 (39.4%)
2 (2.8%)
41 (57.8%)
30 (42.2%)
69 (97.2%)
2 (2.8%)
43 (60.6%)
28 (39.4%)

OR (95% CI) P-value AIC
1.00
1.84 (1.06-3.19) 0.099 349.3
1.55 (0.30-7.97)

1.00
0.032 347.4
1.82 (1.06-3.12)
1.00
0.786 351.9
1.27 (0.25-6.41)
1.00
0.037 347.6

1.81 (1.04-3.12)

1.62 (1.01-2.61) 0.048 348

CFHR55UTR association with response status (n=339, crude analysis)

Model

Codominant

Dominant

Recessive

Overdominant

Log-additive

Genotype status=Control status=Case

T
c/T
c/C
T
C/T-C/C
T/T-C/T
c/C
T/T-C/C
c/T

206 (76.9%)
59 (22%)
3 (1.1%)

206 (76.9%)

62 (23.1%)

265 (98.9%)
3 (1.1%)
209 (78%)
59 (22%)

64 (90.1%)
7 (9.9%)
0 (0%)
64 (90.1%)
7 (9.9%)
71 (100%)
0 (0%)
64 (90.1%)
7 (9.9%)

OR (95% CI) P-value AIC
1.00
0.38 (0.17-0.88) 0.022 346.4
0.00 {0.00-NA)

1.00
0.0085 345
0.36 (0.16-0.83)
1.00
0.23 350.5
0.00 (0.00-NA)
1.00
0.014 346

0.39 (0.17-0.89)
0.37 (0.16-0.83) 0.0068 344.6

ADAM195284G association with response status (n=339, crude analysis)

Model

Codominant

Dominant

Recessive

Overdominant

Log-additive

Genotype status=Control status=Case

AJA
AJG
G/G
AJA
AJG-G/G
AJA-ASG
G/G
AJA-G/G

145 (54.1%)
97 (36.2%)
26 (9.7%)
145 (54.1%)
123 (45.9%)
242 (90.3%)
26 (9.7%)
171 (63.8%)
97 (36.2%)

22 (31%)
35 (49.3%)
14 (19.7%)
22 (31%)
49 (69%)
57 (80.3%)
14 (19.7%)
36 (50.7%)
35 (49.3%)

OR (95% CI) P-value AIC
1.00
2.38 (1.32-4.30) 0.0013 340.6
3.55 (1.61-7.82)

1.00
Se-04 339.7
2.63 (1.50-4.58)
1.00
0.028 347.1
2.29 (1.12-4.65)
1.00
0.046 348
1.71 (1.01-2.91)
1.96 (1.35-2.85) 4e-04 339.3



APPENDIX F

BLOOD DONOR SAMPLES

Table F-1. Genotypes of blood donor samples.

163

Sample

P50569
P50570
P50571
P50574
P53334
P53335
P53339
P53340
P53341
P53342
P53343
P53344
P53345
P53346
P53347
P53348
P53349
P53350
P53351
P53352
P53353
P53354
P53355
P53356

CFH -331C>T
(rs3753394)

C/IC
C/IC
CIT
TIT
C/IC
C/IC
C/IC
C/IC
C/IC
C/IC
CIT
TIT
C/IC
C/IC
C/IC
TIT
C/IC
CIT
CIT
C/IC
C/IC
C/IC
C/IC
CIT

CFH V62l G>A

(rs800292)

G/A
G/G
G/A
G/G
G/G
G/G
G/A
G/A
G/G
AJA
GIG
G/G
G/G
AJA
G/A
G/G
G/A
GIG
GIG
G/G
G/A
G/G
G/A
GIG

CFH Y402H T>C

(rs1061170)

TIT
C/IC
T/IT
TIT
C/IC
T/IC
T/IC
TIT
C/IC
T/T
T/IC
TIT
C/IC
T/T
T/IC
TIT
TIT
TT
C/IC
C/IC
TIT
C/IC
T/IC
T/IC

CFH Q673 A>G

(rs3753396)

G/G
A/A
AIG
AJA
AIA
AJA
AIA
AIA
AIA

CFH D936E G>T

(rs1065489)

G/IG
G/IG
G/G
GIT
GIG
G/G
G/G
G/IG
G/IG
G/G
G/IG
GIT
GIG
GIT
G/IG
TT
G/G
GIT
G/G
G/IG
G/G
GIG
G/G
G/G

C3 R102G C>G

(rs2330199)

C/IC
C/IC
CIG
C/IC
CIG
C/IC
CIG
CIG
G/IG
CIG
CIG
C/IC
G/IG
C/IC
CIG
C/IC
C/IC
CIG
C/IG
C/IC
C/IC
C/IC
C/IC
C/IC

C3 R304 G>A

(rs12230201)

G/A
G/G
G/G
G/G
G/G
G/A
G/G
G/A
G/G
G/IG
G/G
G/A
G/G
G/A
G/IG
G/A
AIA
G/G
G/G
G/G
G/G
G/A
G/G
G/G

C3 P314L C>T

(rs1047286)

C/IC
C/IC
CIT
C/IC
CIT
C/IC
CIT
CIT
TIT
CIT
C/IC
C/IC
TIT
C/IC
CIT
C/IC
C/IC
CIT
CIT
C/IC
C/IC
C/IC
C/IC
C/IC

C3 P518 C>A
(rs2230203)

C/IC
C/Iq
C/IA
C/IG
C/A
CIG
C/IA
C/IA
AIA
C/IA
C/G
C/IC
AIA
C/IC
C/IA
C/C
C/IC
CIA
CIA
Cc/Iq
C/C
C/Q
CIQ
C/Q




Table F-1. Continued
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P53357
P53358
P53359
P53360
P53361
P53363
P53364
P53365
P53366
P53367
P53368
P53369
P53370
P53371
P53372
P53373
P53374
P53375
P53376
P53377
P53378
P53379
P53380
P53382
P53383
P53384
P53385
14778
14779
14873
14874
14875
14876
14878
14880

CIT
C/C
C/C
C/C
C/C
CIT
CIT
CIT
CIT
CIT
CIT
C/IC
CIT
C/C
CIT
CIT
C/C
C/C
C/C
C/C
C/C
T/T

C/C
CIT
C/C
C/IC
CIT
C/IC
C/IC
T/T

T/T

C/IC
C/IC
C/C
C/IC

G/A
G/IG
G/IG
G/A
G/IG
G/A
GIG
GIG
G/A
GIG
GIG
G/A
GIG
G/IG
G/A
G/A
G/A
AlA
G/A
G/A
G/IG
G/IG
G/A
G/A
G/A
G/IG
GIG
G/IG
G/IG
G/IG
G/IG
G/IG
A/A
AA
G/A

T/T
C/IC
T/IC
T/T
C/C
T/T
T/C
T/T
T/T
T/C
T/T
T/IC
T/T
T/IC
T/T
T/T
T/IC
T/T
C/C
T/C
T/T
T/T
T/T
T/T
T/IC
C/IC
T/IC
C/C
T/C
T/T
T/C
C/C
T/T
T/T
T/IC

AIG
AlA
AIG
AlA
AlA
G/G
AlA
AIG
G/G
AlA
AIG
AJA
AIG
A/A
AIG
AIG
AJA
AlA
AlA
AJA
AlA
G/IG
AlA
AIG
AJA
AlA
AlA
AlA
AJA
AIG
AIG
AlA
AIG
A/A
AlIA

GIT
GIG
G/IG
GIG
GIG
T/T
GIG
GIT
T/T
GIG
GIT
G/G
GIT
G/G
GIT
GIT
G/IG
GIG
GIG
G/IG
GIG
T/T
GIG
GIT
G/IG
GIG
GIT
GIG
G/G
T/T
GIT
GIG
GIT
G/IG
G/G

C/C
C/C
C/C

C/IG
C/IG
C/IC
C/C
C/IG
C/IC
GIG
C/IG
C/IG
C/C
G/IG
C/C
C/C
C/IG

C/C
GIG
C/C
C/C
C/IG
C/IG
C/IG
C/C
C/IC
G/G
C/C
C/IC

CIG
C/C
C/C

C/IC

C/C
C/C

G/G
G/IG
GIG
G/G
G/IG
G/IG
G/A
G/G
G/IG
G/G
G/G
GIG
G/G
GIG
G/G
G/A
GIG
GIG
G/G
GIG
G/A
G/G
G/G
G/G
AlA
G/IG
GIG
G/G
GIG
GIG
G/G
G/G
G/IG
AlA
G/IG

C/IC
C/C
C/C
CIT
CIT
C/C
C/C
CIT
C/C
T/T
CIT
CIT
C/C
T/T
C/IC
C/C
CIT
C/C
CIT
C/C
CIT
CIT
CIT
CIT
C/C
C/IC
T/T
C/C
C/C
CIT
CIT
C/C
C/IC
C/C
c/iC

C/C
C/IC
C/IC

C/IA
C/A
C/G

C/C
C/IA
C/G

A/A
C/IA

C/A
C/C

AlIA

C/C

C/C

C/IA

C/IC
C/IA
C/C

C/IA
C/IA

C/C

C/IA

C/C
C/IC

AlA
C/C
C/G

C/IA
C/IA
C/C

C/C

C/C

C/C
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165

14935
14936
14937
14938
17410
17500
17501
17502
17503
17504
17505
17506
17507
17508
17509
17510
17511
17512
17513
17514
17515
17516
17517
17518
17519
17520
17521
17522
17523
17524
17525
17526
17527
17528
17529

C/C
C/C
CIT
CIT
CIT
C/C
C/C
T/T
CIT
C/C
C/C
C/C
CIT
C/C
CIT
C/C
CIT
C/C
C/C
C/C
CIT
T/T
CIT
C/C
C/C
T/T
C/IC
C/IC
CIT
C/IC
C/IC
C/IC
C/IC
CIT
C/IC

G/IG
G/IG
G/A
G/A
G/A
G/IG
G/IG
G/IG
G/A
G/IG
G/IG
G/IG
GIG
G/A
GIG
G/A
G/A
G/IG
G/A
G/IG
GIG
G/G
GIG
G/IG
G/IG
G/G
G/IG
G/IG
G/A
G/IG
G/IG
G/IG
G/A
GIG
G/IG

C/C
T/C
T/T
T/T
T/IC
T/C
T/C
T/T
T/T
C/C
T/C
C/C
T/IC
T/T
T/IC
T/T
T/T
C/C
T/T
C/C
T/T
T/T
T/C
C/C
T/T
T/T
C/C
T/C
T/IC
C/C
T/C
C/C
T/IC
C/IC
T/C

AlA
A/A
AIG
AIG
AlIA
AJA
AIG
AIG
AlA
AlA
AIG
AlA
AIG
AIG
AIG
AlA
AlA
AlA
A/A
AlA
A/A
AIG
AlA
AlA
AIG
AIG
AlA
AJA
AIG
AlA
AIG
AlA
AlA
AJA
AIG

GIG
G/IG
GIT
GIT
GIG
G/IG
GIT
GIT
GIT
GIG
GIT
GIG
GIT
GIT
GIT
GIG
G/G
GIG
G/IG
GIG
G/G
GIT
GIG
GIG
GIT
GIT
GIG
G/G
GIT
GIG
GIT
GIG
G/G
G/IG
GIT

C/C
C/IG
C/C
CIG
C/C
C/IG
C/C
C/IC
c/iC
C/IC
C/IG
C/IC
C/IC
C/C
C/IG
C/C
C/C
C/C
C/C
C/IG
C/C
C/C
C/C
C/C
C/IC
C/IG
C/IG
C/IG
C/IG
C/C
C/C
C/IG
C/C
C/IC
C/C

G/A
GIG
GIG
GIG
GIG
GIG
G/A
G/IG
GIG
G/G
G/G
G/G
GIG
G/IG
GIG
GIG
G/IG
G/A
G/A
G/G
GIG
G/IG
G/G
G/G
G/A
GIG
G/G
GIG
G/IG
G/G
G/G
G/G
G/IG
GIG
G/G

C/C
CIT
C/C
CIT
C/C
CIT
C/C
C/IC
C/C
C/C
CIT
C/C
C/C
C/IC
CIT
C/C
C/IC
C/IC
C/C
CIT
c/iC
C/IC
C/IC
C/C
C/IC
CIT
C/C
CIT
CIT
C/C
C/C
CIT
c/iC
C/C
C/C

C/C
C/IA
C/IC
C/IA
C/C
C/A
C/C
C/C
C/C
C/C
C/IA
C/C
C/G
C/C
C/IA
C/IC
C/C
C/C
C/C
C/IA
C/C
C/C
C/C
C/C
C/C
C/IA
CIC
C/IA
C/IA
C/C
C/C
C/IA
C/C
C/C
C/C
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Table F-1. Continued
17530 CIT GIG TIT A/A GIG C/G GIG CIT C/A
17531 C/iC GIG TIC A/A GIG C/C GIG C/iC C/C
17532 TIT GIG TIT AIG GIT C/C GIG Cc/C C/IC
17535 CIT GIG C/IC A/A GIG C/C GIG CIT C/A
17536 CIT G/A T/IC A/A GIG C/iC G/A C/iC C/C
17537 C/iC GIG C/iC A/A GIG C/iC A/A C/iC C/C
17538 C/iC GIG TIC AIA GIG C/G GIG C/iC C/C
17539 CIT GIG TIT A/A GIG C/iC GIG Cc/C C/IC
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APPENDIX G

COMPLEMENT SERUM LEVELS

Table G-1. CFH and C3 serum levels and complementity of blood donor samples.

Sample id CFH(;Z;lrJan level - C3 (Sn‘:;l;rr:l)'eve' APH50 (U) %AP
P50569 1.05 0.94 54.54 103.8
P50570 2.45 4.09 81.17 88.8
P50571 0.96 1.68 71.73 87.7
P50574 3.58 2.3 63.14 123.7
P53334 1.47 4.25 87.91 73.9
P53335 1.18 5.74 62.41 86.2
P53339 253 2.79 60.5 95.3
P53340 1.4 1.31 58.88 1115
P53341 2.36 0.63 57.73 98.5
P53342 2.08 3.14 48.9 112.8
P53343 2.36 0.59 76.39 88.8
P53344 1.68 0.91 74.45 92.9
P53345 2.19 2.49 70.9 115.3
P53346 1.31 1.19 77.3 63.7
P53347 2.7 1.89 46.56 123.3
P53348 2.23 233 62.26 111.4
P53349 1.47 0.12 59.31 74
P53350 2.29 212 58.88 100.8
P53351 1.76 0.51 67.22 77.6
P53352 251 1.96 122.86 92.6
P53353 1.45 214 76.44 83.2
P53354 277 1.34 52.12 102.9
P53355 1.55 1.63 89.26 783
P53356 1.05 1.4 57.38 94.9
P53357 254 0.34 85.25 104.42
P53358 211 1.61 62.21 111.8
P53359 2.14 1.31 73.92 87.2
P53360 1.85 2.06 97.8 84.6
P53361 2.01 1.22 63.56 90.3




Table G-1. Continued

P53363
P53364
P53365
P53366
P53367
P53368
P53369
P53370
P53371
P53372
P53373
P53374
P53375
P53376
P53377
P53378
P53379
P53380
P53382
P53383
P53384
P53385
14778
14779
14873
14874
14875
14876
14878
14880
14935
14936
14937
14938
17410

2.01
2.48
1.16
1.86
1.46
0.94
2.19
1.50
0.82
2.05
2.87
1.73
1.90
2.37
1.67
1.07
1.59
1.49
1.66
1.64
1.05
1.48
3.11
3.47
3.06
3.08
2.18
1.57
3.01
411
3.32
1.96
1.75
2.76
2.77

1.08
0.98
0.87
0.33
1.46
0.75
1.61
1.01
0.29
1.44
1.54
0.97
2.50
251
1.99
2.11
1.54
2.69
2.05
1.95
2.87
1.56
0.84
1.11
1.22
0.91
0.71
1.07
0.35
1.00
1.14
0.59
0.5
0.65
0.91

84.44
63.86
68.7
74.31
65.75
73.08
74.86
71.03
59.11
83.4
73.59
39.9
49.32
48.9
47.21
54.22
48.53
41.63
44.55
48.73
53.13
47.96
105.114
99.937
98.932
110.874
134.812
66.142
95.992
89.668
73.209
176.671
98.846
93.222
145.041

101.4
108.28
94.11
78.23
83.01
107.2
92.41
99.63
106.88
79.14
67.01
86.88
69.53
85.13
68.22
69.43
79.07
104.17
78.45
81.09
79.66
50
70.41
62.9
65.02
72.19
94.32
99.92
86.54
94.05
71.89
51.37
75.88
73.96
53.1
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Table G-1. Continued

17500
17501
17502
17503
17504
17505
17506
17507
17508
17509
17510
17511
17512
17513
17514
17515
17516
17517
17518
17519
17520
17521
17522
17523
17524
17525
17526
17527
17528
17529
17530
17531
17532
17535

1.73
2.31
2.26
1.73
2.55
2.14
2.78
4.63
2.88
2.73
3.1
2.53
4.66
2.74
2.27
4.84
1.22
3.97
2.55
3.56
2.24
2.37
2.52
2.19
2.49
3.19
2.23
2.68
2.13
2.39
3.13
2.81
2.81
4.88

0.55
0.61
0.86
0.24
0.72
0.29
0.59
0.78
0.87
0.53
0.87
0.57
1.16
0.53
0.34
1.43
0.07
1.19
0.75
0.67
0.45
0.27
0.64
0.42
0.46
0.32
0.41
0.73
0.41
0.31
0.79
0.98
1.17
0.72

113.551
83.558
113.015
144913
130.567
196.854
143.77
101.252
79.772
79.571
172.902
103.644
97.717
98.203
99.64
87.29
119.119
178.223
91.634
66.836
103.273
114.459
114.459
128.185
258.46
83.601
130.321
131.382
79.061
222.834
86.506
119.699
93.59
75.496

75.58
51.48
92
68.71
90.87
84.28
79.56
88.51
90.41
68.69
92.39
60.06
95.24
96.47
63.38
50.62
52.08
71.91
54.11
94.78
94.49
91.29
46.73
67.05
67.1
77.81
47.66
69.05
73.1
52.52
63.36
74.38
75.26
62.55
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Table G-1. Continued
17536 3.75 0.92 83.555 62.79
17537 4.5 1.33 216.653 54.11
17538 3.89 0.79 125.753 99.69
17539 3.00 0.93 100.98 82.12
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