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t1onal Institutes of gover nnent has
filed Augef %%?Wér TG eplipaon He qlwe?ﬂqnaﬁo UFﬁ EE’E}S‘G’FI Tegnt Apptication No.

60/831,01 RMENTLONY3 1008 olibihSse bpliefiohOfe hedbatRSpbcS 6y RRANAY
and therapeutic methods for conpl ement - nedi at ed
di seases such as age rel ated macul ar degeneration and

vascul ar di sease The_invention finds application in
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mul tifunctional protein that acts as a key regul ator

of t enent e r
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Factor H protein activities include: (1) binding to
C-reactive protein (CRP), (2) binding to C3b, (3)
bi nding to heparin, (4) binding to sialic acid; (5)
binding to endothelial ceII surfaces (6) binding to
cellular integri i ng to pat hogens,
|nclud|ng m(:rob:e]lg'iz see |gure §Ht§ﬁu S. patent

publ i cati on No. 20070020647 and (8). C3b co-factor
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e ocus contains a nunber of conpl enent

‘nﬂwﬁ%é%%aﬁ @éggﬁﬁ &d genes. One group of these genes,

referred to as the regul ators of conpl enent

activation (RCA gene cluster, contains the genes

t hat encode FERACKGROUND/OF 3 DIVENTI6Nat ed prot ei ns

(FUR-1, FHR-2, FHR-3, FHR-4 and FBIR-5 or CHRI,
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entire short consensus repeat s Facto
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to endotﬁe@i%ﬂ? LurMeds X 6) Hi_ﬂ'dﬁrglm cdtdr ﬁtegﬁﬂ&egmrswwu@l&ﬂpaﬁﬁﬁ%& including

IRk e s e
Factor Hghd; khdwn, as FAR-CRH SRR, is,lockdedl B Huymak HiRoidosame 1 Fal‘Rsﬁwn 1932. The

1932 IOCB%?({I}%E]&? P%C&i%%mgl%u%% p%&w@rsas?n)ﬁla ed ﬁeé]te[ N %?ne \grohla ots tﬁese genes,
referred &P dfeeepularon of cathiemaneicgndtion (RAHFelesDater, setnirRitlpaeire that encode
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Factor Pghf[deliaﬁtg ﬁ'rc}‘ %f/é)s ) (ngkf Ig%rﬁégzglzﬁgét %I%R—Q nown5 glrst = EFHR’?
(and also has been referred to as HFL1 or CFHT).
FHL- 1 corresponds essentially to exons | through 9 of
Factor 11 (see Ripoche et at, 1988, BiochemJ
249: 593-602). The FHL I cDNA encodes a pol ypepti de-
449 amino acids in |length having an apparent
nol ecul ar wei ght of 45-50 kna. The first 445 am no
acids of FHL and FHL1 are identical, with FHL1 having
four unique C-term nal am no acids (encoded by
alternative exon 10A, which is located in the intron
bet ween exon 9 and exon 10. cDNA and am no acid

inventio



FHR-5 Gene [0010] The FHR-5 gene is al so known as
CFHR5, CFHL5 and FHR5. The CFHR5 cDNA encodes a
pol ypepti de 569 amino acids in | ength having an

,ggg@kﬁﬁgagogecular wei ght of 65 kDa (see NbR@gbfﬁ%ﬁ%Wnsm

Chem 276:6747-6754). cDNA and

data for n CFFIRS are fqund in the
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pronoter is located 5° to the coding region of the
thorgﬁbg@ gene. BRI EF SUMVARY OF THE | NVENTI ON [00111ln

enbodi nent, the disclosure provides a screening
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creenj ng met ho determ
respeoti e 02 b RGO oG oo o 0T P G B RENA s
GenBarftniddegtionagmbdr &l060 16 dndths palyRptidd bgafreBakiactess(oiDipber Y00716. The
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has Gerdpolorpasgogmaer 05523 amgl tbmdﬂpmﬁtd@*eq@n@ lm)ﬁpﬂignlem:cssmn number
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ortion of the Factor Hrel at gene
ALO4Y (o T Foctpid pismgtseis dasated 5' {Hbe gding ffig’é'ﬁ of tﬁ'a 495)( Bgenhe
subject is at increased risk of devel oping a vascul ar
i sorder and is at decreased risk of devel opi ng AVD.
FHR-I 312] Exanpl es of vascul ar di sorders. include
[0006] aﬁela FYRMEzenesib alko laswa BRICQRIRVA CFEDE, CFEL ATTarIrand HF{ AARY FHR-1
rain i crani al
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cDNA enc Ccl:lesda ]%%}ﬁfptﬂt % amu%qnacgs dﬂ (l"lgflyha eLn &md%ﬂteéi éléo?e&l%fﬂ‘e c?%ht of 39 kDa

(see Esttﬂtee e, e@ehdelmmndblsiéﬁmﬁ&if)é)aEDNeasd arging@id seqrenagfdath lfte human
vkt SR E RN RAGL Ak DEh Ek Rl uf St b dE R M BB, pho R
gene SewnqehfefD@dHR@r GemRank sccgisior prepber AR04474le| at ed enbodi ment
.of the present invention the entire CFHR3 gene is
deleted. In a related enbodi rent the entire CFHR3
FHR-2§etge and the regi on between the CFHR3 gene and

[0007] C O FAR®HendiaQi Aot asemmd CEL CFHRI IndJ@r8. FhEFHR-2 cDNA
del et ed. %50014 ]1n . on odi ment, the met hod

encodes i rolyPeRUder 10 gAp pgids Yo Rrpictadrmalestlay gt o e e

Strausb@f edl, Proadlasl adcpd ISt (09A 99f1 689%et somBpdDNTreRid aha®ta6id sequence data for
Hrelated 1 (CFHRL) gene. In a rel ated enbodi nent the
entire protein coding region of the CHHRL gene is
deleted. In a related enbo?inent the entire CFFI Rl
gene is deleted. In a related enbodi nent the entire
CFHR1 gene and the regi on between the CFBRL gene and
conpl enment factor Hrelated 4 (CFHR4) gene are
deleted. In a related enbodi rent the entire CFHRL
gene and the region between the CFHR1L gene and CFHR3
gene are deleted. [0015]1n one enbodi nent, the nethod
di scl osed conprises detecting the presence or absence
of at least a portion of the CFHR3 gene and at | east




[ 0020] The subj ect may be honpbzygous or heterozygous
for deletions. Thus, in one enbodi nent, deletions are
present in both chronbsones 1 of the subject.

[ 0021] The presence or absence of the deletion nmay be
detected in a biological sanple froma patient by,

human fFHR Mﬁld&}n tha Eﬁdmzd}maxac IS4 TOFARYSER BRlcPdccdibich Rintbed®T032283. The
Iefromt r@;%@gtWhe
FHR-2 ,5?1@%@19@ t§rf°“§6 gféf}?& Gerbat #eestie) BEPS may be

detected by, for exanple, determ ning the presence or
bsence of protein encoded by the (deleted) DNA in a

FHR-3€8 ogi cal sanple fromthe subject, e.g., a body

[0008] f | THeGPtHRE3 ehsis dBo kwplae CBFRS, WEHE B FHEE td Ak 4 GheBHRAgDNA

oot S 80412t RO 1E T AITy hs L DE CEI Ol CEBRS 3400 o
 Strausbsnglej @c Proc. dVatlbycadeﬁs USA PRy 6891 0e3) ¢ DIOA aI@PHRP agid sEmpIRg data for
human ?ﬁ%)épa?enﬂoﬁ grgthla F@thg&ﬁmﬁ(' T8kt Qe hﬁﬁ%céﬁmu%baf de%@oog The
ect | ol ogi cal sanple is any sanple

FHR-3 BQII@ewuﬁqcemf%lnémqeeﬁ?%ccqsgo@w@%ﬂﬁlg ¥61- use in the

i nvention. Exanples of biological sanples that

i ncl ude body fluids include bl ood, serum urine,
FHR-4GgFebral spinal fluid (CSF) and saliva. In one
[0009] € MDRUHRE dene & B0 oty af CEHRY, CFHDY @@ d7HRS e Thi FHR-4 WDNA@ncodes a

I f..b t
pope SR e S e PR % SOURLH B 88 M,
1991, Jl BioloGkene NICRERTrE6M). dONA dridseine agdsrbaacy ®taa°mslk1mnn FHR-4 are found
in the Egk@gégmagkq?a%ﬂlgmgés nﬁé" a&c@ﬁBH %ml%F X387 eﬂfé%l—]]{ eﬁpﬁquence is

e, using an | mmunoassay Ssuc

found wwdan GeiRrnk Ravession aes@ys AR 9@8@%’%@11611 A3 34%@@5)5,%15?”@415
radi oi mmunoassay, fl uorophore-|abelled inmunoassay,
an ELI SA or a Western blot. Mass spectroscopy al so
FHR-5(@6%¢ be used. Variant proteins (amount or presence)

[0010] nmegﬁé{dﬁéeﬁ@i% el ki 28 KBARS, €FHIS hud FFARAS IIMF}EWSJNA @icodes a
ant L bodi.es nc r ot ei n unt
polYpol RETHHRTEEE DA R By L PR oL R A Glogos o

2001, JSB@ECHak. 1768747561 ”RDEW Méaties amdaslemtexlcardaﬂa jislh&nurcﬁiﬁsare found
Eﬁ@?{g%‘ agkoIBzXa Lll)rc'zqusﬂn%l% agcg S oﬁ EEB&FMSW t’[%e 2§2|T gase nucleotide
conprlses 'n etectlgg step deterninin é%
sequentetpd tbp refgenc o bf wnge (CEHRS has Geop ﬂ%mqmoe nurpbeg AF5ppnand the

polyp .t{& BHlas BLaehbRRe 96N fumtRf AAﬁ?S@@SﬁE CEHRS g@homlc sequenice is
gt | On 0]

correspondi n ene pr.odu §
foun s Bk gy ngheBr ALAGAS L b IRIGE380D Fifich T §11R 5
pmmo’tgJ 19106k edls! 16 kne @bdibd R gionEf tRAE #ping a vascul ar
di'sorder. [0025]1n other embodi ments, the method
conprises in the detecting. step detern1n|ng t he
absence of a BRIEFSUMMARY OGSXEHPINVENTIONr esence of a
CFHRL or CFHR3 gene or. the presence .or incy ease
001115 ¢ helnewf PR s dEpRre B e mAp el e o buman
subject@ ljarc@é‘:isit&/ﬂofdyveﬁfa atvmm@ﬁﬁ@rdéf diocgp-relandi mﬁlamc@geaeﬂaMAMD)

e su €10
mvomf%ﬁﬁ’gl &1 ?{Iaghoé & r eén%grgl e ni}[5 J&gﬁ% tﬁ% t)é' d:'@ %:nggr%rrsa?%g‘% of g eletion
in chrotnbemel emmnm@e Bepl dand? of the ergrrichent factos élr{éfé‘Hbgeneand the 5"end of
exon 1 gF O%E)fcx%n tFﬁ }ﬁ Al |4%CF1§R5 ?L% Mﬁtﬂnﬂ tHe ﬁ}csg@é%}a &Erletlgfﬁgadence
sence or a uction

correspondlng gene product (e.g., the annunt or

activity of the gene product) indicating a | ower risk

of the subject devel oping AVD. [0027]1n yet another

enbodi ment, the nmethod conpyises in the detecting

step determ ning the absence of a deletion, for

exanpl e, the presence of a CFHR1L or CFHR3 gene, ar

the presence or an increase of the correspondi ng gene

product (e g., the anobunt or activity of the gene

product) indicating a higher risk of the subject

devel opi ng AMD. The increase in gene product, for

exanpl e, can be at |least 10% at |east 20% at |east

50% or nore. [0028]1n certain enbodi nents, the



activity or amount of a gene product of the CFHR1
and/ or CFHR3 genes. Agents include antisense RNA,
si RNA or ribozyne that reduces expression of the
CFHR1 and/or CFHR3 genes. In a related aspect the
| evel of protein is reduced, for exanple by using
that t1pd sa bR e beBLBased ridndfl deadypilvasestulantisdrildraada ddeatased risk of

d lexanR%ﬁﬂ using an anti-CH M anti body and/ or an
CVEIANPE “CHI'R3 anti body. [0034]1n another enbodi ment the

[Omud}scloauﬁem@a@w&ﬂ&sP@mﬁh@mmﬁ@embﬁ&ﬁbs&@ﬁﬁgﬁhﬂhmnbrmmmmmmga

15[;? (LSl a‘gltcﬁa evg@g éﬁ’f‘%ﬁ#‘é&g@g&% fzf?l?(g' ag?ireg)aﬁeél mascular degeneration
(AM]B)rﬁamghﬂega Heledilg &etpreséidt Blabadiict imﬁms)pcem f ofrkd sluy_]ebiolﬁ dgeletion

am no-term nus a CEFHR1 | not h
that ea@&@eisest% o ABRIER Bhipr G TS a%% e Rbist iR i W ateasta
porticB Qe FhadtdrG:cARIY (CFHRY ) gdhe Wh&ﬂem@hﬂ\@esaﬁﬁelobﬂﬁylelami iAdicates the

. phar nmaceut,i ¢ ccept abl arrier..ln.on

s A e rertE Folf Qhn TS OB A Bt ol s sk g daeloping
AMDt he car boxyl -term nus of a CH R3 antibody. [0035]1n

anot her enbodl nt_t i scl osure rOV|d
012§ agnodiFEn b TR PSR oS EHES B ot pdpging] sorc
anmuyﬁﬁ?“h@mnﬁbﬁﬁhﬂ@kﬁ@&ﬂ&ﬁﬁwﬂﬂg in ﬁ sugject conpr|3|ng

nucl ei¢c acid prjner robes that det _
10013}, esené%O%Fre“&’ﬁélé‘?’?e%%ﬁfn%b%&élfswfeéﬁo’??f‘*% *‘TSREE @%Bﬁ%eﬁ%eeor
absen&%ﬂ&ﬁl@ﬁ}st b P&tich ofRRCeoRipleeat Fa2idr Hfrclbibe 3 @@F@kg rgem:t In a related

factor CFH). gene and t nd of
embo@@ﬁﬁl%%‘ﬂf AElEiP &pding @@ngﬂg %F{f%%&ﬁ&)w % %]r? "Hafg fmbodiment
of the%?ds&m}ﬁ/@ﬁfﬁm The ehﬁ&i’ﬁim RROE Bekte® Ilib@fiﬂldmr&nbbhl&ent the entirc CFHR3
scl osure provides a diagnosti c device

© gene gid dhedpgionystypep the i o%"“‘iﬁ@t?@%lp{eﬁﬁ‘tt a%t?fe‘%fef th’eI ( el RU gene are
deleteRr esence or absence of a deletion in the DNA- sequence
between the 3' end of exon 22 of the conp | ement

10014 act or BoRRTpdigEHe U8 ARF IO 5o serpiss e e B presence or

absen&UTR! RARDporki@CdAke ddn{pﬂn@hﬁdict@r [GEHES) (oremr) @dﬁe rm ARdated
chronpsone 1 inmohilized a su (9

emboﬁpn@gté]aq.qn&v prc[t% ge’qnpg]re@ﬁ%? ? E‘H’B&ﬂl ﬁlflc’tea dna reIate embodiment
the enflieSCHAIE lgglfél Pt asa &laﬁﬂd%ﬁﬂ@&fnleﬂl thel éltJeQTFfQ{l @%Qﬁd he reglon
susceptibility to a vascul ar
betwegh B GE(LR! BaEHa SRRIFmER: PP adup AL H e ppdelied T rtaca
. embodn6S SRLCRHRN CHRE @B thelrbiforCRT TR WFHRE géRfand CFHR3 gene are

. Hrelated 3 (CHR3) protein, or variant or truncated
deleteflow s t hereof, and/ or conpl enent Factor Hrelated 1

[00151 CFHR]—) Inl%ﬁ@&ﬁéoﬂlm&f (AR ABIIL diRloséd daRBAdes detg&ﬂ’ngﬁm presence or
hereof, in_ a body fluid or tissue sanmple o

absengs, pidest a pastae e iR hesne aadb ipitareriphal e §€H6§gs>rﬂ% In arelated

embodfOM bHRFhePendfePootSif C6RRE REABIMIRICHHNS 516 [(FRIRI Rehed BE deleted. Tn a
agents for use in treatin g a vascul ar di sorder. The

relatechRMGIPIT e P CENRR g HilHgepss predleetsrt — t hat

[ﬁ016]te)ég Sﬁlg)ﬁ% Qﬂ'{)?ﬁxﬁeﬁgg ée?%ur?g'd% %}ﬁ?f{iﬂé g&ﬁﬂﬁ ?ﬁﬁ%ﬂt&;\xﬁtﬂ& § dé*ulex)ce Slected
from: @mewpgﬂﬁem@be%@ esnstapdithp RFER? procihe o pagngucalstivesy) the CFHR3

gene aﬁ@ﬁp eF Hﬁggetng %} 4 ?e)d@énc@éetv%ﬁ'ﬁﬁ fa: 200 %Ene and the CFHR4 gene In yet another
eptides secreted: ntogtﬁi nmediumin t

FI R pol ypep
om %‘F%’é éhleet Sorenet the SFHggerif delfiete - ardpandan Qfaerf?}’en is deleted).
{0017}5 a' d rebes eneeinéal e p&ﬁnﬁ@oﬂab@u&c@f @k dadtiofsHdR3ctad 18/ 2680aying for a

tides ecret nto

Eene PTG e TR PSS | SRR % P SR ZA R g lme) ot 1 (CR)
CFHR3 and/ or CFHR1 pol ypept 4des secreted into the
mediumin the presence of the test agent indicates
the test agent nay be useful for treating the
vascul ar disorder. [0039]In another enbodi nent the
di scl osure provides a nmethod for identifying a CFH
protein likely to protect against AM D devel opnent,
by identifying a subject with a deletion in the DNA
sequence between the 3' end of exon 22 of the
conpl enent factor H (CFH) gene and the 5 end of exon



NGO 3), and CF1111.3 genes (SEQ ID NO 5). DETAILED
DESCRIPTION I. Definitions 100471 , The follow ng
definitions are provided to aid in understanding the
i nvention. Unless otherw se defined, all terns of
art, notations and other scientific or nmedical terns
or term nol ogy used herein are intended to have the
meani ngs conmonly understood by those of skill in the
arts of nedicine and nol ecul ar biology. In sone
gene GRASESS' erkd®F 8fn Wiof foup e Fhatorihatted tQCHHREG arcigereatheabsence of the

defined herejn for clarit f .
sene P, GBI SHAS M RAPY &y beEhs Pedep oAl resesceof dleion. o
anothehdbdimatyahd wesank obabsaassef rETHR gene producs ard/qg a CFHR3 gene product is

bstantial di . | Seldh
sac 8P | BRE PR Gl Rorh SRl e o
produictsis apuicie &samotber cpbpdinertokicaing ths@royepseerehienssypsit dilstiogifgeriormed
by anél%%x?ﬁﬁo%a SE RhudbiSRAEE , DRARPRRALHGY BEEHED as ,

aortic aneurysmor_ brain_intracrani al .
[0018neur y dmene@mhedimen) e gregsmos o5 ghseineg Pt i Lltigr s dpttgd pygssaying fora
truncYRSHIRE NS CRARS 661 PRIR}:, WS @ktbdtion 3CCiviledMdSene product is indicative of a

trans-ischem c accidents (e.g., stroke). Still other
types of vascul ar disorders include coronary artery
di sease, peripheral artery disease, varicose veins,
and peripheral vascul ar di sease. [0049] A "nucleic
acid", "polynucleotide" or "oligonucleotide" is a

pol ymeric form of nucleotides of any | ength, may be
DNA or RNA, and may be single- or double-stranded.
Nucl ei ¢ acids may include pronoters or other

- regul atory sequences. Qigonucl eotides are usually
prepared by synthetic nmeans. A reference to the
sequence of one strand of a doubl e-stranded nucleic
acid defines the conpl enentary sequence and except
where ot herw se clear fromcontext, a reference to
one strand of a nucleic acid also refers to its

‘conpl enment. For certain applications, nucleic acid
(e.g., RNA) nol ecules nay be nodified to increase
intracellular stability and half-life. Possible

nodi fications include, but are not limted to, the
use WD 2008/ 008986PCT/ 1 JS2007/ 073514 of
phosphorot hi oate or 2'-0-nethyl rather than
phosphodi est erase | i nkages within the backbone of the
nol ecul e. Modified nucleic acids include peptide
nucl ei ¢ acids (PNAs) and nucleic acids wth
nontradi ti onal bases such as inosine, queosine and
wybut osi ne and acetyl-, nethyl-, thio-, and simlarly
nodi fied forns of adenine, cytidine, guanine,

thym ne, and uridine which are not as easily

recogni zed by endogenous endonucl eases. [0050]
"Hybridi zati on probes" are nucleic acids capabl e of

bi nding in a base-specific manner to a conpl enentary
strand of nucleic acid. Such probes include nucleic
aci ds and peptide nucleic acids (N el sen et al.

1991). Hybridization may be perfornmed under stringent
conditions which are known in the art. For exanple,
see, e.g., Berger and Kimrel (1987) METHODS I N
ENZYMOLOGY, VOL. 152: GUI DE TO MOLECULAR CLONI NG
TECHNI QUES, San Di ego: Academ c Press, Inc.; Sanbrook
et aL (1989) MOLECULAR CLON A LABORATORY MANUAL,
2nd Ed., Vols. 1-3, Cold Spring Harbor Laboratory;
Sanmbook (2001) 3rd Edition; Rychlik, W and Rhoads,
RE., 1989, NucL Acids Res. 17, 8543; Mueller, P.R et
alL (1993) In: CURRENT PROTOCOLS | N MOLECULAR BI OLOGY
15.5, Greene Publishing Associates, Inc. and John

Wl ey and Sons, New York; and Anderson and Young,
QUANTI TATI VE FI LTER HYBRI DI ZATI ON I N NUCLEI C ACI D
HYBRI DI ZATI ON (1985)). As used herein, the term



WD 2008/ 008986PCT/ US2007/ 073514 popul ation (e.g.,
mat ched by age, gender, race and/or ethnicity)
‘W thout the disorder, or w thout the genotype or

henonége assayed for In some contexts, the Eﬁﬁgﬁmwwmim
g and screening are used |nterchange

a pers n the can,di.agnose

seteiont Bl et ars%%{;ﬁ?wegea? Soutuh SRR BHNTRE Stapyes
polypeplidh REIIBRICL. anel "di agn05| s" refer to the ability to
[0019] g:‘; te}FlglﬂfP ee boaxmlscr(l)tﬁ %Ct seat glgggtyép% %gf {‘]qulgﬁhgluﬁ:?% g@ge c%ding region of
the CFfﬂgeaebfdhﬁ“chmmoelwmleylsmgWWMe term "screen" or
[0020] . SC rﬁ%@hﬂ}&t mgf’be%ﬁqu gﬁs%'r Be éé}?zg' Shs *ﬁfrgagtloqg afHuE]gn oﬂetembodlmcnt

i ncl udes~“processes I ntende Pt di agnosi s or for
ddﬂmmdepewwmﬁnhthhemSﬁ@@ebvﬁ%ﬂ$$ﬁ? propen3|ty ri sk, or

[0021] 1 SK PRSFSSE B ab@nc ST HRUKIBN N bk QetSdtldj iR € biokogital sample from a
devel oping a disorder later in life. Screenln

patient hypfor eigslet aaly BRI IO BE UL b fdLE £ PHE o 1c o the
subject. SKHRjpREdnc\FAbRERDE the APEDE B0 ikt B datectedtL e Example, determmmg the

ST TN R T AT

eg,a bﬁtprtﬂlmm- ntssnc tm&tof&edﬂm@t ﬂedatecﬁ:ﬁg)as@]ﬂih er thacatsl form of the CFHR1 or
orti "fr ;

CFHR3 pglg]()fp i ‘in 3 b ﬁ%ig%{‘ﬁssue% %Qéz?%fr th u Zo:rg% mE%%gﬁg 6@3%& of CFHRI

or CFPﬂ@bpcgypept@EsHRB body flid Risyye pasplsrad éhﬁé‘ﬂb)ﬁct refers to a

[0(322] n u cl eife lﬂ&b?capganﬂg:l YRS Q&rﬁﬁ@taﬁ’ﬁ %ﬁ@%ﬁtléﬁhﬁﬁt it SithtESfr use in the
an the t Sequence portion of the

1nvent10pu Exampdes gf @101@@% sa@}pleﬁ &avﬂﬁfﬂelbﬂéﬁ ﬂuujq “58&‘1’6 P]B?fi um, urine, cerebral

spinal ﬂﬁfd@@@ﬂ Rhd Qfivd TVSERBedihert %élfod‘_ﬁﬂ'lkﬁﬁ blod,Gerulglor gze Eﬁﬁmples of
i de can be at | east . 25

bioloich Gbple g S ED oo P GG P GRL ¢ g oo
mmmmmaﬁsmngﬁasmmﬂeﬁhsheaﬁﬁWSOO nucleotldes or am no acids
inle h. T caII '
[0023] of t e nplg{ éan}/ognt eyen%cg %a}p B c&egtlgd f(g Exq0 :ze; F&% Jg?xﬁ%ﬁnojassay such
as a sandwinipinet@oBE&Rsa cohPOBE mnm@aamem@pnmmmhesab'eﬂwopbeﬁ@beﬂed
mmmoggsg)d g&gugﬁ?o? E W egtgm%h%\ I(/[gss gpectr&%)als&ﬁmﬁ@k@d Wahglﬁbrokeﬁls

enco e gene. proteln codln&_ %ﬁ s _
(amounmgreewcewamww%few & UiPg YRRt ApgElTgaedies. Jrigiseleprotins

{amountor @%éﬁ@@ Rial, 88 ddddcteR) 10f Rhdbple,[H9 @ GifeABce TR HS iye ofitlie plotein by Western
roce ure wherein the presence or anmount or a
biotanagrls

BREPESy SREFEHCPESt substance, e.g., a nucleic acid or
{0024] gene Py @fldif mbddBneti] thehatodompBes intiedlccf10Q 66p Jdgmining the
ot TR B TS L Ol OB P
of conesmndlmgjgengplpdmt feal, iermowtpt aetletm ofi Hie lséneipondudhy m@e&ﬁeg a higher risk of

i oduct activity. 2. Association

the subjéct Hﬁ%@‘ﬁg Rhugalidl | 'Rl And’ CEHRS. Gones. and
[0025] Ri sk Bfotlde v:elbmqng thpvmetherrowas s indhe dojeelr gep detrpoBRLn
absence%?ﬁ Haﬂl:ti%h ' fgﬁxgﬁlglg\g%&r&%&f PR OfYEr & ICFBR3 , haRlp i%tséﬁﬁ@& an

gene t he I|keI|hood of velopln
increasi et GelsaanpeR e Svs P Sk theayenalpr at ?519‘6% mdicating a

lower ngip(;ftthe%(iﬁ}gat dex@lopi §va§<-:lxlalg%0r32r27 32; Hal nes. et at,
005, _Sci ence % :419-21: Klein et at, 2005, ;glence
10026 508, 3Eang! R fthodsgparisp s fgcing g Ferpniizhe
presencbofS deRAGE Rir cRitplel £adidton iNCFEHI (b OBRARS dedie, oe e Bbsence or a reduction
i ncorporated by reference inits entirety for al
pur poses. Both CFH ri sk hapl ot ypes and CFHprotective
hapl ot ypes are known Polyngrphisns particul arly
~associated with increased risk include a variant
allele at: rs1061170 (40211; exon 9); rs203674
"(intron 10) and the pol ynorphi smat residue 1210
(1210C; exon 22). WD 20081008986PCT1US2007/ 073514
Pol ynor phi sns particularly associated with decreased
ri sk include the protective 112 hapl otype, which
includes a variant allele in 11156 (intron 6,
rs3766404) and the 114 hapl otype, which |ncludes a

e o o~ o~ o~ p—




frequently cited herein as a nethod for genetic

anal ysi.s, many ot her anal ytical nethods are known and
are suitable for detection of a deletion. For exanple
and not limtation several are described below in the
section captioned "Analysis of Nucleic Acid Sanples."”

oL RTEATH RS FLAEXORLD: I 54 Py N0l R v

HskOﬂthmubJa@tldevﬁbp@IB)AMDom a reducti on in the anount of

rotei I
10027F7 °1 P bRl ¥ R R B AR Bbaining
the ab@mﬂf a dpldtfang foc&mlegén@sesen(capf f €HﬁRla>r (C&diRS ol the priggnce or
o incfREB e BrrdSphheis P 00, BB, HeBholiel OB Sh it BB product)
indicagrgradlighenfiskeof Horspbigy developing AP Thivencaekeini gorg producy, 8 example,
> \g egh, equenci ng, quantitative
can be%%]ﬁ%g%@%’t Zil}éa?éﬂ%g‘ph%tgéagtkngwn [ nI%t he art. For exanple,
[0028}t he anbuastiaiofmbodimerds, reauhtiod dirglpsddduntiesy ouestispsrdogecting at least one
other %g% )% z}ﬁg Qirbg%ﬁ%ké?gn&c%%et ofwﬁ) af?ti/ OIJ \%Qc%Iar aﬁe/ﬁse. @enétﬁ%ﬁants that
out or or nore conpared t nozygot e
may b@/\xlettfmﬂdnn thh ewvdeiostinchrle cQgtinvirtaats pﬂ@ﬂ@@@f&hﬁctneﬂ o) gene,

HTRA% ?ef- %Mﬁhlgrgg‘!t ﬁac:{otfl %@ﬁ?& %ﬁ%ﬁlrﬁﬁgac%gl %ﬂqgttc%%%g%gg%’j) Qén@ In an

embodirotng dhe genelis|vetianoninglivdesong nr 4 pleratioy @il miyrbelmwe @tesGREh axtbase
CFHR4 exon | but need not span the entire

desm&aél?%% Del etions of a portion of the CFERL and/ or

[6029]CHI R3 bemetber(dsprat, theallscmglrepnomdss J methyd ﬁoemaltmg @ spbject having (ie.,

.-k 0 .
exhlb%r[&ll‘%g%g%ﬁg 8@’8 Jr JC par loﬁﬂlg ts%ﬁi%@%céljaﬁn y stenngaCFHRl
polypeptidervnil/oi 2dFIBY3 polgpepfidate rd@eiulpa petShhe eolapepaldpmt b ;fuildergth CFHRI
‘ I I
polypeffRort bR e A B BBl RBARAL By b0y hiBenets cromms
polypcpiidetdne fipwAent ampebrioyn thaeafous met hods wel | known in the
o302 L+ | ACHUAENGEER AL BLh &AL 00 RL 2 P leufifdnfbofiion
blologlca sanpl e using priners se ted to
compriging b ChGIR3 ividie buveement thtrecbf@n@ atdeisichne phrmiagiufiglla cffective
 delet i . ¢
cxcipi Ll A B MR A Dk B DB Bl o
CFHR hoyntoinyg beasenf thorepfratlet lozsy gotrberesatically. e@fectIVEmmptre
[0031]1) [0@72.%1)%5}%11%‘85&%5% Blisd Povfi’cfé?'ﬂfg%@él&%%‘r&&ﬁ c&%prising the
rimers or es or ana ysi's nucl ei
gene panducd of § ltwetl al poktivowe thie rﬁ?FiHRé apd/pr CRIRIerenofor tk pospdiaiiarof a
r t abl e conbi nati ons of
medlcmn%?%&rg &t é)?: G%E]ﬂ&é{fdl%gﬁds& In an enbodi ment, the
[0032]pr i nerk aoothgwu*be@mntehmsqlcqmwrmehy@ﬁ|t1@hrezle vadiora AYmprising

nuclelcvz\ilg d%%g(%ﬂ 0%@(&%@ BZC{te(H %15 e%ﬂhéllfgp%l‘h etcg?m%clude a

sequence end o
promOtcoiﬂlpl deineyixpresseunor thd GFREHR3) or GEHER! gend it meltiple celh drpcn‘ Abwrogiively,

L

the vy By SRS R AR Bl Pl Ptede SRR QRO Bl i
specifigentigynes, fdetxemple) it selfsroé Sendma or ingbdserite. kidngy.dmotdlaed aspect
phann’%étﬂﬂ?ll gmg%&ho% Rgy {ogf?‘%gg%)ngﬁ?lngggen% &ag,&%géewuéé{%d?ng%r&fms or
CFHRHKQWmIWﬁm&m@emﬂ@O%mqaeh@EMQEuméenabsﬂﬂeawq@ﬁt 1R3 and

CFHRI qr,
[0033] enbodi %en%ﬁér\éﬁj%gdlﬁ\'j ﬁ;ﬁﬂel cg%?ols% :ﬁ'ﬁ)ﬁ%déeg g %rz}@%% Lgtreagz%t el,']s%f)}ect having
(i.e., e@éﬂt@@tsmgtoas nbreregicpribtsab de\{eaxpglgmge@ﬂatg@m@mlag degeneration
(AMDj, Bi QIR an ag&ﬁ 130 rAEAS th%%gﬁ/rgsrsﬁ)h QPhe IC%’PB%? grrd/or CFHR3 genes or

'nstance, the gene conversion results in replacenen
reducepthea 3' portion of the CFH gene with a portion of the

3" CFHR1 gene, such that a‘fhineric protein with

sequence derived fromboth the CFH gene and the CHAR

gene is produced. 3.1 Analysis of Nucleic Acid

Sanpl es 100761Met hods for detection of pol ynorphi snms

and deletions in genetic sequences are well known in

the art and can be adapted for use in the present




[0082] Al |l el e-specific probes are often used in pairs,
one nenber of a pair designed to hybridize to the
reference allele of a target sequence and the other
menber designed to hybridize to the variant allele.

. .Several pairs of probes can b& i mobilized on Ige )
activit gAY GrepnRspdiSt $hilt ST FaY/anal /ST &net Ajen' ippRde antisense

RNA, BRINAGRH BB yEdeaRat Yedubds RxirBRios aMBe CAIBEindGe TPTIRS GHIRPAR a related
LOOSBLThe design and use of allele-specific priners

aspectihsyleveh el BPR G THGICHHOf SHIBRIE DaF e TR SRS Bwﬂﬂé{%-‘?ésed

inhibitW¥e, R35:22HR6usdtn Gkt HR] 88HodBid@f hyantiat BrE ansip&B1 1 C
prinmers are designed to hybridize to a site on target
DNA over | apping a pol ynorphi smand to prinme DNA

(0034l i f kCabihenendeaRiedi e dikQosttcAnsiaded a phdfGR it &&@oSition
only when the priner exhibits perfect conplenentarity

comprisghigiap anthGFHR At bedvape a pparepgriiganacsrnighieeapifs dn one embodiment,

an antDCIHMRAtG1bJAY SYSIHCAILY NN Wi hd-eAhih@ b A IR pSloppEda ] Bother
product is fornmed. The nmethod works best when the

aspect Ez%R YrBrpIrevidss p @brgagutica) coBROSighEPTPTISIER AR Bti-HHiER 3 antibody and

a pharRfdelBdally RREAMSE AN Sin RS i fAPndnS afBEL CIEIERT alibbdyZipBGfically binds
~to elongation fromthe primer. WO

the carboytyg 1R BePEHR'SPObYY0 73514 [ 0084] Anpli fi cati on

[0035]P 0dUC {1Sang@Beino8EhcHSthd 8 sdtsdtreGRGVIRE o AR NKEEE RY dhfiRsing
use of denaturing gradient gel electrQphoresis

suscepfibikiypty a viscplpreisorior grd/ @1/ damhiech eI e HasudPEReS o
probesIRA HEBSG BreGRRENRE 8NibsORE bi NEL1RLR RAKS DRA S&gﬁincé between the 3" end of
el ectrophoretic ngggatlon in solution. See Erlich

oxon 28 g the pemplomenh Fistos By C'H) peneiapd Be S:erdiolgrpr i ehtampiemenpFactor H-

relatedANEFAIR) bdnb 6@ 5L chiaRbBE 1.7 (WH  Freeman and Co,
New York, 1992). [0085]Alleles of target seguences

[0036lcan bednptheratbefisteathe dissioputsipaggides & fieghpgtic device comprising
nuclei®R GHHRE brProbROhMIIRIBNLS Pre{eRR R hbsaRRloY & H8letidalif fHR DN sequence

allel es can be identified based on sequence- and
betweegthqt erh & <sRperdéhn complErcrdproT (G grisraat sy gy of exon 1 of
complShAgF Rt H-RRLAd CERRPS QU¥6R BuntdchiomoimeAl immddBdB2d on a substrate,

|ified PCR products can be generated according to

mWha%%ﬁﬁHEWEYprotocols, and heated or otherw se denatured
[0037]t 0 f or 1A St BabS RN HBA QUG Sid W i foddBYkil BF SlighoSing
‘ formsecondary structures that are partially |
suscepiHirie e MRSCHA dwder SukiSHER 0 § Db} Anrei g agtborligs Gaydetect the
presenSEHUBRESSHFERRoRBlekh AL B LIirahed3 {@m@%ﬁm@i oF {4HBintYr @ncated

@Srfornance I iquid chromatography (DHPLC) anal ysis. “
forms thereple s campleney Feder I éelqt?jg'nﬁd_ t FREPT BB Y Vi mhddgmeated forms
thereof inf f KIS AERADr B¥uSBIA IR KubjBetC hr omat ogr aphi ¢

m grat]on of S|n8Je st randed PC%gErOdUCtS (Frueh and

S

[0038] Noyer - Mngql:}@*re’mbz nt the discleHEpre f/EQye screening method for )
screenthd €hapdeioPdkk in #RRhd § LRENBARRIL FHE hsthERiRvafes a) combinir(ljg (i) a

%engrated according to standard ftptocols, and heat e
cell thag expesses (SRS adRat alpeptilernagd @iy p Eesiagednfidepasuring the level of

CFHR P ERAMEIT$IR1 wkﬁe?ﬁ%xe&aé@iﬁfb RS mbdHiD 58 6PRERENng the level of CFHR3
structures that are partially. dependent on the base

and/or £F &@é%@ep{i@g qufq’lét@tth%l@%% g]eth%@fgqe%i of theftest agent with a

refererR@V D EADIEIE £ AR iRGEOIR) bBOBIR Visiae CBNRI polypeptides secreted
sequenci ng procedures that are well-known in the art.

into thesmeding e gecuse ohthe taypesairhire eiighrfise! of GERBSRAT e HRI
polypeMﬁNy@éereQe%riﬁto B me kiR thd\N§WeX Q@ df ik 9B PIgeAN ATidY S ekt 8fent may be
al ., RECOVBI NANT DNA LABORATORY MANUAL (Acad. Press,
useful fogragting flsoBsTiab#BY G0t e del etions can be identified
by a variety of nethods known in the art. For
-exanpl e, in one approach DNA sanples are anplified
for further analysis. In an enbodi nent, two
CH Rl -specific priner pairs are used, for instance,
("CHI Llex6. F" [5'- AGICGGITTGGACAGIG -3' (SEQ I D NO
7)] (8z. "CHI Llex6R' [5' - GCACAAGITGGATACTCC -3' (SEQ
ID NGO 8)]; and/or "CHELlex6.F2" [5'- CATAGTCGGL
| 1GGACAGTG -3' (SEQ ID NO 9)] & "CFHL1 ex6.R' [5'-



bound protein may be detected using, for exanple, a
del ectably | abel ed anti-CFHRL or anti-CFHR3 anti body.
3.3 Screening Using Miltiple Polynorphisns and

Mar kers [0093] 1 n di agnostic nmethods anal ysis of CFHR
and/ or CFHR3 pol ynor phi snms can be conbined with

anal ysi s of polynorphisns in other genes associ at ed

(0039} t h” AMD 2Bethey g %ﬁna?nt&}%%oéure arogides aapgthod fgpidertifyigga CFH

Of 11k Q8 Frbfd KEWHTPhe d&n ORERAMEL defthi th
proteat e %t’bft%tu A9 ot G Bineg 0%20102581 on in the

DNA\mwswimyfeelath@?: VobaiEeB22 ofath@ccwglwamwra% ﬂfrf&aﬁen@mi the 5' end

of exgril-{ g&@mﬂﬂ%ﬂﬁeﬁt %Qétbltﬂl ?éilatedg 4 g 4) ¥&he OR ﬂﬂhzﬁf@ﬂm&) LAt ¢l d&Bermining
Age- Rel at ed Macul ar Degeneration") and 11/ /06, 074

the Sf\qw¢ ol tetiCFN/amicamtoded by o aplespiincdRe §igIchioBIo)sote rerjaining the

t
deletlgﬁ f%ﬁa ﬁ%%r@%%l ) 2%@ @%QHQ ;ﬂr!&te@\ge%gdg% '%Zt'gg gﬁ;’}{ geelglgg ﬁ'h@reﬁ said protein

is diffgrentiorawad-hie 6F Hotaid rseteindeiz g BV iretpia fikely to Irpfegtiagiinst AMD
develGithdnf &Y in gaﬁm@glko ﬁuvle&sawtectgé %?ﬁ%%&ﬁ oa&n&f .;mfﬂéy SKthod.

actors of AMD or” vascular disease (such
hi story). 100941For ex | e CFHRI and/ or
CFHR3 pol ynDr BWE@E%R?H %6@?%?@% be con‘ol'ned
. wtht SIS ol | e

1004011 . or PR h R e onBts A Rl 18 e o R B E e R
activatfon aRCAn)mjmebﬂalstdeOmdsqmdlqwmd tkmprargement of appiopiiately G0eymino acid

domaifd kgg\ﬂp:}s ¥l¥b§tﬁ81]:serﬁu%&%ta\ts ss in%mgvlgl%gnt p:fctoﬁ' ﬁﬁgg@g g%gor H-Like 1

regiron o one or nore O

(Cmeléﬁld(}fz@@ H-Rel@edlp P44 andss](GERRACFHR 1 ORFR37 6FHBMand CFHRS). CFH
has 20 58RO 3M& ﬂnter&[iﬁ_/ﬁ fgﬂsmo&mﬁ@a&% oPfhede REROHEs Bech |dMS4niRH and is shown on the

i nsTT) ; exon A, and rs375046; one or
top right §ERP, &reacge‘:mezs F&ﬁd’el’%‘&b Osplenspidfaciqr Hyliked (GFHL1) is a splice
isoforsk SOOI WATe, confllAé] :4Qr BREaES AO0BRY 15 (caﬂrmlesasfc c@dh@n&fded by a

R NN T TR

the numteE20 B2 byalst F&RRAMRe, CFERF G&sA02 Rsy Blﬂﬂﬁfﬂ.ﬂr?ﬂwo a¢ink similar to SCRs 6

and 7 of ?gcgc? @172;%%8%91‘3(3%&&%?&% inid e F%%L]b%lﬁn% ﬁ@?g'%ess ISn@Rsr] 5 jf‘@{éﬁ%& have
the nurghees-12d # aithid theaerispandide geatrdiceaupaihese S@Rseﬁlﬁ%%m@al@ JFG-194 4 of

FactorHQﬁ@ﬁaQQCﬁ;ﬁthf)%@fh prbe ference. 100951l n certain
enbodi nent s he anal SIS of CFHR1 and/or CFlITR3

[0041} o) y nGFEHF Shvsdsgioner £ &g Aupkipalioys) fngtheygenes encoding CFH
and thefFREMI A fHd SFkeirs N Bk d¥E ald idcitAdkd gEnaichlah&0 ReRoMNab8Rd BB the same

1 the co lene t factor B (BF) gene,
bmx@%%d?é%a%ﬁ&?%ﬂ' % %ﬁ %%(C2) gene. Genetic
mwu}varlamnﬁmahmhhaVH%RAmﬂgﬂmexmhaﬁmﬂﬁﬁmhemdepﬁﬁMQdmganamrmmmn

v it B8Pl 0 DFms e sl R 00 s, crm

and CFHR2 tréspectivelyy | The mmﬁmn CHeg ap@ﬁdﬁmnﬂﬂweé also rGdiRSpts with AFHR! and
: : ) . N ¢
crrnd 36 LA SEHR A4 BRAATLRL S (0 4K SAR0 il e 2

: ol ng Al nts o _
homozyghustdeleap df the EHRE arslcCA TR agoies, astietepytnsd by 88CRynalysis ddglirect DNA
~sm@mn&h9t rs641153 of the BF gene, or an R or Q at
position 32 of the BF protein; and/or an A or T at

[0043] | 5415 Fgee 4chows RSSER 2 of B GrTiof FiRgnd 6EERT pewes- d, 813, and 4

indicatd & dBferddt P Iphternbd8seBRABLhEpitadd B SoRb2 SR &2 gene to PCR
protein that may be detected include a Gor T a

amplify I 755 R paifems ho? 1 3gemespondip Perpozgouppongdelstion g beegoaygons
of the C2 gene, or E of D at position 318 of the C2
protein. See, e.g., Gold WO
2008/ 008986PCT/ US2007/ 0735%4 et al ., 2006 "Variation
in factor B (BF) and conpl enent conponent 2 (C2)
genes is ‘associated with age-rel ated macul ar
degeneration " Nat Genet. 38:458-62. [0096]In
addi tion, the analysis of CFHRI and/or CFHR3
pol ynor phi sns can be conbined with an anal ysis of
protein markers associated with AVD. The protein
markers may include, but are not [imted to,



proteins, and conpri se sequence from ot her proteins.
For exanple, a therapeutic Factor H pol ypeptide nmay
contain portions of human CFBR1 or CFFIR3 as well as
ortions conprised, at least in part, of S
‘@%ﬁ@@ﬂ%ﬁ@gdonalns from ot her proteins (e. gCRPé£@S§6;gB5“
MCP, DAF, C4ABP, CR2, CFH) and/or artificjal g
deletionab FEHR ans! Jeifi ed @aternasorregpends thm@%de%&@ (é HR3 ahd

cFHRi ncor porated herein by reference.

2008/ Q08986PCT/ U 2007/ Q7 Lo
(90441 ConpobRNF S e TERHING P T éﬁﬁ'&%%ﬁ%ﬁ g Sinigukoovtes

from 20[p@t1e@é];]tﬁﬁh fre bapu@ind lnﬁffoﬂfgﬁiﬂpﬂﬁﬁorﬁzhgroamwp PaymEnespaingthe G exon
22 pnm%s pgf?rgﬁ 1 t? e avﬁ ?cnggi? §¥%.\r%t ’ r%ﬂé be%g ﬁﬁh: r[FXacg?ane]t (gei)é 5 leukocyte-
~ derived DA sampls) gaclafian paignthdisflayidg SSER gatreris dr hrs anct 4 viere atbirgted to PCR
using prgrg{rg%bmﬁ{ fopb n]'{ Eﬁigl AEEZI—(I:}%C n%ﬁ‘)‘ﬁ@.? fdﬁﬁz%ﬁli éFHRﬁ QJ 1H&:{éa’ﬂzg When

e varila I 'nant fusi on pr of el ns.

SSCP atphos apbditept DN sRucnoing SPMRGOpeIGPE gelpie et B FHE3 midd R/
genes, o PER MR AU OFHRENES @PBRJI I!)IQAQFeQie@bt&S can be

reconbl nant|y produced ., Ln cult
[0045] or eukigy SehyserpPEy a%%‘gﬂ‘ﬂ?ﬂt plasCHRITHS ffadrfiycne
NO: 4), kROWHRI(SEQED A sphsteidescri bed herein. Alternatively,

CFHR1_or tJdes C e f fr :
[0046] ) ¢ uF’@B‘egQg’“’éé‘lni"%l&’?g 3Jienmety f’ﬂ’g? %Lﬂ@e@ lﬁir&‘?ﬁ% &pEQID
NO: 3),asd CEIR hhesgSEY B3NOCHHRL or CFHR3 endogenousl y.

Reconbi nant or purified pol ypeptides subject to FDA

approval nust be tested for potency and identity, be

sterile, be free JAERMLEBTHBURIFRI@N| al , and al
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injection). For intraocular adm nistration, for
exanple and not limtation, the therapeutlc agent can
be adm nistered in a Balangbd Salt Solution (BSS) or
Bal anced Salt Solution Plus (BSS Plus) (Al con
Laboratories, Fort Wrth, Texas, USA). In a rel ated
aspect, the invention provides a sterile container,
e.g. vial, containing a therapeutically acceptable
CFHR1 or CFHR3 pol ypepti des, optionally as a
| yophi li zed preparation. [0106] The anmount -of CH Rl or
CEDR3 pol ypeptide, or biologically active fragnment



[0114] Met hods for admi nistering gene therapy vectors
are known. In one enbodinment, CHRL or CH R3
expression vectors are introduced systemcally (e.g.,
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QPRSP vectors are introduced locally (i 9(2“%52097’"73514
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[0052] p@ﬁr@g}ww@degnwn%foaew v PR 1 APouhT g psrees
below tEfUalchigled 'ﬁ.ln F&lnhﬁs foNEl?ﬁcuMhﬁg Trd dre kiddbwnZdil inlvBud6 ehmaa’cei (number of

at,, . 2005, St ec Of t r
G's andy b QRePA B Pt QPR PERBdEha e rishe PR gt e
assume{)d GHGEON is eptiédvat inalle ;ﬁmbﬂcs o0t mm@nalent edtiogre Fier longer oligos, the

e o
fOHOWI?getglerfuianc@ége ‘%?rf({ gffyt RET & n% 8%(;?:91}1%5?95(3 ?ﬂqﬁ e primer 5 1SN,
where NG itle lengib@d thn grirerCAERber opm@pikRGsed Hirye t@kﬁpsemte ageet the salt

Conccm%gﬁljfver g'gzl #l}?ﬁ%é&%}&?ﬂm oolz Qtﬁ)r:—p H/fﬁkﬂ:ér %uﬂgb qnzpﬁ@l b + 16.6°C

mnthout packa |n wi t hout
x (loglQBNamh+ et t0€ﬁi°C &. @G CETINTHSF i ﬂmuwg esloptider i the
oligo. ’ﬁ%%fop&{enﬁﬁ% @J‘ﬁﬂae pgzdiﬂg% sﬁftm%&ﬁi%orﬂz@hﬁd@%héa@@ns‘ Bowever, the
mnistere In vivo expression of protein encoded
by endogenous or exogenous CFHRL or CFHR3
pol ynucl eotide (La, via cel| therapy). For exanple,
hepat ocyt e transplantationl%as been used as an
alternative to whol e-organ transplantation to support
many fornms of hepatic insufficiency (see, e.g.,
Ohashi et at, Hepatocyte transplantation: clinica
and experlnental application, J Ml Med. 2001
79:617-30). According to this nethod, hepatocytes or
ot her CFFIRl- or CF1-1123-expressing cells are
adm nistered (e.g., infused) to a patient in need of



4.2.2 Antibodies and Anti body Therapy 101231l n one
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polymofpBic RS RABRIaRehe O kth &Rk duAN L drefedmbM3 2 BINL'T INO@ Haétyhchefors to the
invention specifically bind CFEIR3 and do not
cross-react wwth CFH or other factor Il related
proteins including CFHT, | R1, CFHR2, CHI R4, or
CFBR5. Epi t ope mappi ng of e CFHR3 protein is within
the skill of the art to determ ne epitopes that nay
be i munogenic for the generation of anti-CH R3
anti bodies. W) 2008/ 008986PCT/ US2007/ 073514 [0126] It
I s understood that each of the antibodi es di scussed
above can be an intact antibody, for exanple, a
nonocl onal anti body. Alternatively, the binding
protein can be an antigen binding fragment of an
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assay systems are known in the art, and it is
mnthln the skill of the art to arrive at nmeans to
determ ne the presence of varlatlons associ at ed mnth
vascul ar disorders or AMD.}2The kit WO
2008/ 008986PCT/ US2007/ 073514 reagents, such as
multiple primers, nultiple probes, conbinations of
prinmers, or conbinations of probes, may be contai ned
in separate containers prior to their use for
di agnosi s or screening. In an enbodi nent, the kit
contains a first contai ner containing a probe,
primer, or primer pair for a first CFHRI or CFHR3
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| east six. In one enbodi nent the prinmers or probes

di stinguish alleles at rs529825. In one embodi nent

t he rlners or probes distinguish alleles at <

W‘%%‘@% S I'n one enbodi ment the priners or propeg 7/7sid

dlstlngU|sh alleles at rs3766404. I n one enbodi nent
populatibihe. gp matvbedsby ege, pendbremscatind/of wpinitghvigioptdhegdisoger, or without the
genotypl §rgp%§r;]0 Zashdygil f%g ey, 8RO AR khel 18615 Bb¥BH Sarf rscrwn&ge& used

l'es at rs1061170. In one enbodi ne
interchapgablp qummsrsmskwﬁfbﬁé%e ica FipgaTeSRToRPISRY Beewop the ase.

[0061] ' S2036HAem| "Hla?f[(‘) "%H@%Igimm refeh ® tﬁHdetS d@Ermpre@bisntify whether
di stinguish alle

| es at on 2 In one
an individys dag %@ﬁtcu‘?'rﬂés" prgc mﬁp d@&%f% q gﬂﬁe%S all el es
[po62] at I sPLS&A> sc&&ﬂ” H:SBRERMY asluseddaeindndxoistbaleregnitd dt includes

pri mer robes distinquis I XS ' t hree
s By TR0 B 9055 2 BT Sl s b
assessm&f[bﬂﬂi apinonidie sybjécnfer vdepingrastresieditstin Hifu Sepenipiglalsp ingludes the
T
the progeamofdhmtdct etseveb 0§ thppssesemenpefsfiisacyof SeppyAtan turgaky @eorder.

at r S%% pdi‘t%)gp@g " 93¢ Q04 ated BAOGIRLT @se&iﬁd‘eference o a
[0063] s203674. I n one en%%grnent the riners or

Factor f&re@ﬁqdrgg@ﬁ pstdugi(s. 5| SEHEFor CXBR gopep s pgierd e o or
polypepﬁ&ess% ’tha@Is 1dsSBROBO - @ipthls6qhéb 424 » pﬁiﬁort‘ <£f 16l Kugth gdne or

rslo I rs203674
polseriigy GAOFR EQrEPo ST & LSRR To AR TRoD SRy con o
at least I§ OB, aﬁ&dstr?s,&elaé’sgmo xtseaﬁﬁﬁm@ﬂlseas!a’aﬂﬁ,atmt 370, ertat leest 0

sloellds 0 O 1684 1[cHer A 82 two, and
mcloot e 593 KAl o AL e P 5B e R, oo
amwmmmbndmﬁbnﬂcmmﬁ66§€Rners or probes distinguish alleles

A [0064] at ( a)gi 8&@){ W8 cﬁprg%leq;m(ﬂn?@%gz&g& RIS 8OO ZHNA) or protein that is

rs1061147; rs1061170; and rs203674;
encodﬂbbvethmcﬂm doreiein efinedpgion” & WOWDHW’?\ SCqpEn5e i Zt‘%’é)%ge“ that
encodeSXFIpdif 1ﬁS375046 (c) one or both of rs529825
and rs8002 aﬁTe or .npre of r51061147p LS (@g&%@
[0065] and r é?o%amm a h@’é"é‘i SRESRF of TEBR B A Py
mmﬁmﬁ@BQQQQQENQ&dofgﬁgﬁﬁdﬁ4mdmmmﬂnnm@@sﬂ one of

rs106 s 10611 70 7 S
muaﬂr5529 %mesgégg , %@% %%%%§$¥ 8%%&%%mh§§&&daxﬁmem
expressiof 2036y, indhglingerdial @ QOIQMQ g;@l@)tmn Qﬂgyne@g@'ﬁssgg of m@fe@f,‘t actmty
and any of (a)-(g); or (i) any one or nore of
rs529825; rs800292; rs3766404; rs1061147: rsl1061170;
2. Associg/R36 Palymprpkisrenin ghe GRHBL dyd CIERIGeney wd Risk (ffevelopgg AMD and
Vasculdrsorliss (5046, and exon 22 (R1210C) and any one or. -

nmore of rs9427661, rs9427662 an 12097
100671 [ 0145 TH0elaliop RetvesPof yﬁ‘é’mﬁl&éﬁﬁrﬂrﬂg@i’g"%ﬁ B BB G spag e
hkehhdal@ bEJeRE1itnet ANED Bhd HRbEdiRbvekalD Sef Hdghranabaly €0S| Pres NattAcad. Sci.

east_three, east f
0.4 WBIT I baGesabtlodl ettt s KB o Ay S SBARE
EdwarddieSdli, P@S) Sshna@l3behHs4 atl U.$ paes pablicdtion Unezoammm incorporated

by rcfefegcgzd% egf v forg allp 2 ﬁ%g dl%nt% Iﬁ{’ﬂ?iﬁlle (Elo@hég%é@ g{ﬁg;;‘o‘toectévg haplotypes are

known chﬂymngusnstpaxabﬂaly@ssoamted Witk iperegeq sy Siuge 2 yaggnt picle 3iyys1061170
ane I I 1 22).
caoom 306 GRS R ot DR TR BBl O 1o (121 S0 20
or probes dlstlngU|sh alleles at rs1061147. In one
enbodi nent the prinmers or probes di stinguish alleles
at rsl1061170. In one enbodilhent the priners or probes
di stinguish alleles at exon 10A. |In one enbodi nent
the. prinmers or probes distinguish alleles at
rs2274700. I n one enbodi ment the priners or probes
di stinguish alleles at rs203674. |1 n one enbodi nent
the primers or probes distinguish alleles at
rs375046. I n one enbodi ment the prinmers or probes
di stinguish alleles at exon 22 (R1210C). In one



EXAVMPLES Exanpl e 1: 10155] Pol ynerase chain reaction

(PCR) anplification, single-strand conformation

pol ynmor phi sm (SSCP) anal ysis and direct DNA

uenci ng were used to characterize a deleti on in

VY‘P\%’“W%‘ and CFHR genes | ocated between t h&¢ Bﬁﬁ?o%ﬁ"’”

CFHR4 genes on chronosone 1. Exanples of priners that -
Polymorpbismiyerticsledy 4serciaRCRith dysrdafed ciak indlndeghe protecti@FHR bavtntyparihich
mcludesgf'th{nfél% eqr?l\%r(‘ﬁﬁonk E?&L@f} gn@tﬁ@ﬁ@ h C}fﬂ)t%@ t!zLh‘i”ch]irﬁ:ludes a variant

riners that can use
allele in 3% (}rgqoslm52ﬁ&2é)@pt|a|vmt @F’HQQ”(}@H’% fa?o@z%zhown in

[0068] Tabl ey {1 8. noﬁ)f)%ms@ﬁrez@ﬁ (B A RIS ploRtdfiveGaiothR iS&R6lichiBl linked to
di rect DNA sequenci ng _of the EF CFHRI and

deletionya ieDN eeaugrernts Y on 6B pic ethe? e comPlgpno e e
and the y‘@ld&ﬁ@%ﬁﬂ%@&ﬁﬁ’@%@l@ﬂﬁ&&ﬁ&ﬁﬂ(b@ﬂﬁ@ﬂ 6h inah bld(ymosome 1{ie,

ted t 1
e DN S A ek S Bk 2L 8051 P2 cve
 that delefioffal @t €FHRI 8UICAMRG floct reasniatadoviBlektidasa@imik mdkésopg%n@él) has a
tified.
number X\Pslpecﬁd %Eﬂ%catlm%s i Elr(lmgl nrgl Pglg q%w%l%gl?ic%%eﬁalg ggce{f%&%g)pmg AMD and

1dent1ﬁcat¢:bd|0f heynand optantat émgeuot appepedhas foo mdineinds Bisied with oggfdnoregsed
risk of dE&%%pﬁgpAMf)' a@h (91@&195 in ! ﬁﬁ;}e 1 Re@Rcthd Jle%'ﬁoﬁ Qen% is §¥dom1nantly

esi gil ng anot her set of ngCIfIC

associatesriieing (R ReslortroBes HRBFEn ok, GP1Sab1o6 R A7ag e VS,

102:722052, Chilul - thiCHRiRbn actS43 8 Gafkie£foPddcFERIES riNeIT Cong RIBRY ol WidchaReiH4
used to identify a deletion of CFIIR Further

_ haplotypg isirgfestive.of the' CFHRI , CFHR2, CFHR3, CFHR4 and CFHRS
[0069] O€enesMaitbver, Mhas meagdlsﬁmnm d8étiohoin CREHIRBA. {cfedntabetvidln the 3'

o o3 00 BR S R R LG, o s
related AYEHHB /g nes: huiﬁh:eclmmprsfel Ge uﬂv@l dii A sequrince dneodirgriiy] (IR 1 and
CFHR3 ?ﬁ %{go HWas D, DY Eq %k 1&?851%@;1@'({?:1%%111? gtvast-.lhsr dBRP b alhortic

arires is wt he art.

ancurys 20 SSTXGBIP | i b Gsemiy e GBS G EIS G dost ae
associatbiSfith ihQe &Ik BT Rl b afwraﬁ:ﬁldﬁc!ﬁ&ﬂde@flastaﬁemt@ my@ﬂﬂi«h@phcatmns

on of the CF gene
mﬂl“d“lmc??te%‘ét“}dé’%ﬂ“%lsW""F‘I‘?ﬂ%l%‘ﬁwqfiﬁv&gi’mé &F ?féiéSP‘%ﬁﬁ {‘HFVIﬁS?“"“ of
new andAiEnal Tigape0id @pprodcis lfdt Gkeihiquals il withporhsitleredsérixrisk of developing,
stem ¢ di seases, including vascul ar di seases,

Vasc‘ﬂanﬁ PEESective of their AMD status. As shown in Table
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3. Serecl® ]‘} in -2.7%of the persons tested. Table 2.

ff'rg uency of honozygous deletion of CFHRI and CFHR3
{00701 genesB@ehot hpdisco@sighdcsmbedhermin, 4 subjectiyrsk fog A11yqr vaspiay disease

can be a%%ssgd Yy %ef&ﬁnmé%thﬂoﬁm@@ 1 0P has & (RARE WREn ﬂﬁfr@ioi of O
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different mdnnd § Or pop ai:lons or example, in one embo ment e all of most of the region
between CFH exon 22 and CFHR4 exon 1 is deleted. Alternatively, a portion of the region may be
deleted, such as, for example, a deletion of less than the entire region between CFH exon 22 and CFHR4

exon 1 but including the CFHR1 encoding sequence, or including the CFHR3 encoding sequence,
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exon 1. OhOFselt, @ 8Betfse e(OA oy RWA AcqferQerGapbelipRmingdaniog %@own methods,
such as %ﬁ_'gfh% a[)s% %Efﬁgﬁzlle?ctécﬂ@%&@f)cc QldcRenr file] B éb@éhsé é’f)an %pﬁfi%@ PCR

enes anal ysi s and
product Pengaeacpfiagissup QL(W Fe@ffé?)mﬂrvéﬂ \hﬁé’ldFrétPOq thily "’éth%ﬁg P‘éﬁ is

frequentﬂfstﬁg@ﬁe@&ﬁ N i¥indahs: g@&ff@&%%ﬂ Snaﬂ?btﬁ&rlaﬁﬁﬂyﬁ@ﬁ} richdGRHRBwn and are
CFHRI genes with v scu di sorder sets

suitable &r dft%o%%f@leb% I F@ﬁ ?X&B ](Bqlllt%rll ¥V Mgﬁgegi&elggéﬁhe
section @B@w&?&a@ﬁdomdcﬁa&mﬂ%@muenm ng. As shown in Table

[0072] an eu?;!i%,h %%ous %&:‘P alge(,[}'l SAf] en;ingb%lrdgt\%rgrgﬁtned dfor 1|1]1ustrat10n

and not t:?&thmﬁb)ﬁmmmd@&bmm itteamofnt Glfnﬂﬂbm arechoGFfHRG onfpsie sample as
compar% Q. Bgﬁ%@gﬁéﬁg I &&S&hﬁ%ﬁ qulﬁ@ﬁies Y)\f éﬁ[f& Znd or%}%’ﬁ%?g%%s EEQ)dﬁ'om a

B, a second stu y of
reductio8 & thatrhant of RiA, PNab eicvphfied PASy aroductamp ifsyesmp! Aﬁiﬂ&)oma?f gdto the .

ek deld
oo 51 0 BOPR bl icpgh Lons, it oty s

sequencigigt qyantpative BCR 8T ot mpthodsgmeyyyis the-phy, Fer epamp §b8 ARG G sene
product @fay BORBZY YRS el RzRblc®R 2tasIBRAt l@RP0GHIRIstgeYiedowd 50T or or

more coﬁl'%aAredAto a%omoyygote without the deletion. Quantitative PCR and methods are available that
would be able to detect a two-fold difference in mRNA or DNA in a sample.

10073] As noted, a deletion lies in the region between CFH exon 22 and CFHR4 exbn 1 but need
not span the entire region. Deletions of a portion of the CFHR1 and/or CFHR3 genes ("partial
deletions") may result in truncated forms of CFHIR1 and/or CFHR3 RNAs and polypeptides. Such partial
deletions can be identified by a difference in size of a protein in a body fluid or tissue sample compared to
the fu_ll—length protein, by detecting a size difference in the RNA, and by various methods well known in
the art, including PCR amplification of DNA or RNA in a biological sample using primers selected to
distinguish between a nucleic acid comprising a deletion and a nucleic acid not containg a delefion.
Mcthods known in the art can be used to distinguish homozygotes from heterozygotes (see, ¢.¢., Example
1). o

[0074i The selection, design and manufacture of suitable primers or probes for analysis of
nucleic acid is well known in the art. A person of ordinary skill in the art can use suitable corabinations

of primers to detect deletions. In an embodiment, the primers or probes are designed to hybridize at any
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Genotype Controls AAA Count +/+, +/A 126 19 Count A/ A
7 7 Total +/+, +/ A A A 133 26 *Cenotype refers to
the deletion (A) or non-deletion +) of the CFHRL- and

CFHR3 genes by SSCP anal ysis and direct sequencing. -
VEO 20880F9%%2  Genot ype Controls AAA Count +/ +, P(H/RSZ%%W'S“

86 Count A/A 12 11 Tot al
position in the DNA sequence between the 3' end of exon 22 of the complement factor H (CFH) gene and

the 5'end of exon 1 of complement Factor H-related 4 (CFHR4) gene. For instance, both primers may be
located in the CHFR3 gene to detect ifs presence or absence. In another example. In other examples, one
or more primers are located within intergenic (non-coding) sequence, e.g., inlergenic sequence between
Between CFHR3 and CFHRI or between CFFHRI and CFHR4. _

[0075] In another embodiment, the invention includes a method of detecting a nonreciprocal transfer of
geneﬁc information, such as gene conversion. In one instance, the gene conversion results in replacement
ofad’ portibn of the CFH gene with a portion of the 3° CFHRI gene, such that a chimeric protein with
sequence derived from both the CFH gene and the CFHR gene is produced.

3.1 Analysis of Nucleic Acid Samples _ _

[0676] Methods for detection of polymorphisms and deletions in genetic sequences are well
known in the art and can be adapted for use in the present invention. ) '

[0077] In one embodiment, genomic DNA i$ analyzed. For assay of genomic DNA, viI;Lually
any biological sample containing genomic DNA or RNA, e.g., nucleated cells, is suitable. For example,
genomic DNA can be obtained from peripheral blood leukocytes collected from case and control subjects
(QIAamp DNA Blood Maxi kit, Qiagen, Valencia, CA). Other suitable samples include saliva, cheek
scrapings, biopsies of retina, kidney, skin, or liver or other organs of tissues; amniotic fluid, cerebral
spinal fluid (CSF) samples; and the like. Altemaﬁvely RNA or cDNA can be assayed. Methods for 4
purification or partial purification of nucleic acids from patient samples for use in diagnostic or other
assays are well known 7

[6078] " Methods for detecting polymorphisms and deletions in nucleic acids include, without
limitation, Southern blot analysis (see Kees et él. , "Homazygous Deletion of the pl6/MTS1 Gene in
Pediatric Acute Lymphoblastic Leukemia Is Associated With Unfavorable Clinical Outcome," Blood
89:4161-4166, Fizzotti et al., "Detection of homozygous deletions of the cyclin-dependent kinase 4
inhibitor (p16) gene in acute lymphoblastic leukemia and association with adverse prognostic features,”
Blood 85(10):2685-2690, Kitada et al., "Mutations in the parkin gene canse autosomal recessive juvenile
parkinsonism,” Nature 392 (9):605-608); Northern Blot Analysis (see Fieschi ef al., "A novel form of
complete I1.-12/IL-23 receptor bl deficiency with cell surface-expressed nonfunctional receptors,"

' Immunobiology 104(7):2095-2101) and amplification based method such as PCR-based methods are used
to detect deletions in samples. PCR primers may be designed to target DNA sequences flanking a known
mutation, in which a change in PCR product size in comparison to amplification reactions using WT
DNA identifies a mutant template. Primers may also be targeted to deleted sequences, wherein an
absence of a PCR product identifies a mutant template (Kitada er af., "Mutations in the parkin gene cause
autosomal recessive juvenile parkinsonism," Nature 392:665—608) inchuding multiplex PCR (Chong et al,, '
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+/+, +/ A AJA 233 97 *Cenotype refers to the
deletion (A) or non-deletion (+) of the CFH121 and
CFHR3 genes by SSCP anal ysis and di rect sequenci ng.
01601To determ ne whether previously identif]

e
VP 208184898 hapl ot ypes in the CFH gene were agg'gﬁfﬂg%”d’“l“
with the del (A) CFHRI allele, haplotype analysis was-

"SingleRBE frliFREPCRScredadwmtoinmon dedties:| Botertatmantt dfe-hebatmiah8libH95
(I)-360-S ween the del (A) CFHRI allele and SNPs in the CFH

e reveal ed strong |inkage WO
[0079] 200819@&&8&9@@(&)@2&%&&7@5 2o bk detegrad sittsrallel arspedifie prgigEguse of

allele- SpﬁCl?lC P]Illme éc'ct Qzalpe!nge %@?smag a%ﬁﬁ Qfﬁe%t %@@lgd’tﬂoﬂﬁgreézp(ﬂéi(_‘%)

e &t on 70
analysist englestsnfi @mématt@n g@nmrglpsérs(Séﬁw qna}ﬁ%% pust depatusing high pefopnance

liquid c%ln;tg%rﬁg% pglfﬂ%%) alilse @tlﬁeggéﬂl ﬁ@%@r&aﬁ&is & JERe @Wobbﬁisﬁis in DNA
include PrecRObafosr BescmR BAGIOEFBGE el att Brrors ol P oD 16:359-63
Tyagi, a@f ﬁﬁuﬁ%@ 1 @@NaﬁBzote&h%@lZéaa 943-pEB A 2gi, £ AR IBNPaaBi0Benol.

16:49 53), Invader technology (see, e.g., Neri et al., 2000, Advances in Nucleic Acid and Protein Analysis
3826:117-125 and U.S. Patent No. 6,706,471), nuclenc acid sequence based amplification (Nasba)
(Compton, 1991), Scorpion technology (Thelwell ez al., 2000, Nuc. Acids Res, 28:3752-3761 and Solinas
et al., 2001, "Duplex Scorpion primers in SNP analysis and FRET applications" Nuc. Acids Res, 29:20),
restriction fragment length polymorphism (RFLP) analysis, and the like.

[0080] The design and use of allele-specific probes for analyzing polymorphisms are described
by e.g., Saiki et al., 1986; Dattagupta, EP 235,726, and Saiki, WO 89/11548. Briefly, allele-specific
probes are designed to hybridize to a segment of target DNA from one individual but not to the
corresponding segment from anoi:her individual, if the two segments represent different polymorphic
forms. Hybridization conditions are chosen that are sufficiently stringent so that a given probe essentially
hybridizes to only one of two alleles. Typically, allele-specific probes ére designed to hyBridiZe toa
segment of target DNA such that fhe polymorphic site aligns with a centfal positioh of the probe.

{0081} . Exemplary probes for analyzing deletions and polymorphisms are shown in Table 10of
Example 1, but many others may be designed by one of skill.

[0082] * Allele-specific probes are often used in pairs, one member of a pair designed to hybridize
to the reference allele of a target sequence and the other member designed to hybridize to the variant
allele. -Several paifs of probes can be immobilized on the same suppért for simultaneous analysis of
multiple polymorphisms within the same target gene sequence.

{0083] The design and use of allele-specific primers for analyzmg polymorphisms are described
by, e.g., WO 93/22456 and Gibbs, 1989. Briefly, allele-specific primers are designed to hybridize to a
site on target DNA overlapping a polymorphism and to prime DNA amplification according to standard
PCR protocols only when the primer exhibits perfect complementarity to the particular allelic form. A
single-base mismatch prevents DNA amplification and no detectable PCR product js formed. The
method works best when the polymorphic site is at the extreme 3'-end of the primer, because this position

is most destabilizing to elongation from the primer.
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[0084] Amplification products generated using PCR can be analyzed by the use of denaturing
gradient gel electrophoresis (DGGE). Different alleles can be identified based on sequence-dependent
melting properties and electrophoretic migration in solution. See Erlich, ed., PCR Technology, Principles
and Applications for DNA Amplification, Chapter 7 (W.H. Freeman and Co, New York, 1992).

[0085] Alleles of target sequences can be differentiated using single-strand conformation
polymorphism (SSCP) analysis. Different alleles can be identified based on sequence- and structure-
dependent electrophoretic migration of single stranded PCR products (Orita et al., 1989). Amplified PCR
products can be -gencrated according to standard protocols, and heated or otherwise denatured to form
single stranded prodﬁcts, which may refold or form secondary structures that are partially dependent on
base sequence. ' |
[0086} Alleles of target sequences can be differentiated using denaturing high performance
liquid chromatography (DHPLC) analysis. Different alleles can be identified based on base differences
by alteration in chromatographic migration of single stranded PCR products (Frueh and Noyer-Weidner,

2003, Clin Chem Lab Med. 41(4):452-61). Amplified PCR products can be generated according to

- standard protocols, and heated or otherwise denatured to form single stranded products, which may refold
or form secondary structures that are partially dependent on the base sequence. '

[0087] ' Direct sequence analysis of polymorphisms can be accomplished using DNA sequencing -
. proce&ures that are well-known in the art. See Sambrook ef al., MOLECULAR CLONING, A LABORATORY
MANUAL (2nd Ed., CSHP, New York 1989) and Zyskind et al., RECOMBINANT DNA LABORATORY
MANUAL (Acad. Press, 1988).

[0088] Homozygote deletions can be identified by a variety of methods known in the art. For
example, in one approach DNA samples are amplified for further analysis. In an embodtment, two
'CFHRI-specific primer pairs are used, for instance, (“CFHL1ex6.F” [5’- AGTCGGTTTGGACAGTG -3’
(SEQ ID NO: 7)] & “CFHL1ex6R” [5°- GCACAAGTTGGATACTCC -3° (SEQ ID NO: 8)}; and/or
“CHFL1ex6.F2” [5’- CATAGTCGGTTTGGACAGTG -3’ (SEQ ID NO: 9)] & “CFHL1ex6.R” [5°-
GCACAAGTTGGATACTCC -3° (SEQ ID NO: 8)]). In another embodiment, CFHR3-specific primer
pairs are used. for instance, (“CFHL3ex3.F” [5’- TCATTGCTATGTCCTTAGG -4’ (SEQ ID NO: 10)] &
“CFHL3ex3.R” [5’- TCTGAGACTGTCGTCCG -3’ (SEQ ID NO: 11D7; and/or “CFHL3ex3seq.F” [57-
TTTTGGATGTTTATGCG -3’ (SEQ IDNO: 12)] & “CFHL3ex3seq.R” [5°- AAATAGGTCCGTTGGC
-3’ (SEQ ID NO: 13)]). Absence of the correct-sized PCR product indjcates that the CFHL] and/or
CFHLS3 gene(s) are deleted.

[0089] Similarly, heterozygote deletions can be identified by a variety of methods known in the
art. For example, in one approach DNA samples are amplified for further analysis, for example with the

samie primers listed above, followed by direct sequencing. Heterozygotes are characterized, for instance,
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by chromatograms in which one peak is approximately half the height of the second peak (in contrast to
equal sized peaks) at the SNP positions (rs460897, 1516840561, rs4230, rs414628 for CFHR1; 151061170
for CFHR3). In another embodiment, a protocol employing ParAllele genotyping data, a copy number
analysis is performed, in which samples that fail to genotype key markers (MRD_3855, MRD 3856,
MRD_3857, rs385390, rs389897) in the region of these two genes are identified. All samples assigned a
copy number of 0 (desi’gnated CNO) allow the haplotypes that contain the deletion to be defined. Having
defined a deletion haplotype, linkage disequilibrium is used to infer whether samples could not carry a
deletion. Speciﬁcally, if a sample is homozygous for a different allele than one that defines the

haplotype, then it does not camry a deletion.

[0090] A wide variety of other methods are known in the art for detecting polymorphisms in a
biological sample. For example and not limitation, see, e.g., Ullman et al. *Methods for single nucleotide
polymorphism detection” U.S. Pat. No. 6,632,606: Shi, 2002, "Technologies for individual genotyping:
detection of genetic polymoxphismé in drug targets and disease genes" Am J Pharmicogenomics 2:197-

205; and Kwok ef al., 2003, "Detection of single nucleotide potymorphisms" Curr Issues Biol. 5:43-60).

3.2 -Analysis af Protein Samples , ) ,

[0091] Methods for protein analysis that can be adapted for detection of proteins such as the
CFHRI1 and CFHR3 gene products and variants or fragments thereof are well known. These methods
include analytical biochemical methods such as electrophoresis (including capillary electrophoresis and
one- and two-dimensional electrophoresis), chromatographic methods such as high performance liquid
chromatography (HPLC), thin layer chromatography (TLC), hyperdiffusion chromatography, mass
spectrometry, and various immunological methods such as fluid or gel precipitin reactions,
immunodiffusion (single or double), immumoelectrophoresis, radioimmnunoassay (RI1A), enzyme-linked

immunosorbent assays (ELISAs), immunofluorescent assays, Western blotting and others.

[6092] For example, a number of well established immunological binding assay format;s suitable
for the practice of the invention are known (see, e.g., Harlow, E.; Lane, D. ANTIBODIES: A LABORATORY
MANUAL. Cold Spring Harbor, N.Y: Cold Spring Harbor Laboratory; 1988; and Ausubel ef al., (2004)
CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley & Sons, New York NY. The assay may be,
for example, competitive or non-competitive. Typically, immunological binding assays (or
immunoassays) utilize a "capture agent" to specifically bind to and, often, immobilize the analyte. In one
embodiment, the capture agent is a moiety that specifically binds to a variant or wi1d~type‘ CFHRI or
CFHR3 polypeptide or subsequence (e.g., a fragment or truncated form of CFHR1 or CFHR3). The
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bound protein may be detected using, for example, a detectably labeled anti-CFHR1 or anti-CFHR3
antibody.

3.3 Screening Using Multiple Polymorphisms and Markers

[0693] In diagnostic methods, analysis of CFHRI and/or CFHR3 polymorphisms can be
combined with analysis of polymorphisms in other genes associated with AMD or vascular disease (e.g.,
AAA), detection of protein markers of AMD (see, e.g., Hageman ef al., patent publications US
20030017501; US 20020102581; WO0184149; and WO0106262; and US patent applications 11/706,154
(entitled “Protective Complement Proteins and Age-Related Macular Degeneration™) and 11/706,074
(entitled *Variants in Complement Regulatory Genes Predict Age-Related Macular Degeneration™); Gorin
et al., US20060281120; and Hoh, WO2007/044897, each of which are incorporated herein by reference in
their entirety for all purposes), assessment of other risk factors of AMD or vascular discase (such as
family history). 7 _

[0094] For example, analysis of CFHR! and/or CFHR3 polymorphisms (e.g., deleﬁons) can be
combined with the analysis of polymorphisms in the Complement Factor H gene (CFH). VGenetic variants
of the CFH gene that may be detected include, but are not limited to, a genotype of a T at position 1277 of
the coding region of human CFH, any one or more of 15529825, rs800292; rs3766404; rs1061147;
rs1061170; and rs203674; any one of more of intron 2 (IVS2 or insTT); rs2274700; exon 10A; and
15375046; one or both of 15529825 and 1s800292; one or more of 151061147, rs1061170 and 15203674; at
least one of 1529825 and rs800292; and rs3766404; and at least one of 11061147, 151061170 and
rs203674; at least rs529825, rs800292, r33766404,'rs.1061 170, and rs203674; and/or exon 22 (R1210C).
See. e.g., Hartman ef al., 2006, "HTRA1 promoter polymorphism in wet age-related macular
degeneration" Science 314:989-92, incorporated herein by reference.

[0095] In certain embodiments, the analysis of CFHR1 and/or CFHRS polymorphisms can be
combined with analysis of polymorphisms in the HTRA1 gene (also known as the PRSS11 gene), the
complement factor B (BF) gene, and/or the complement component 2 (C2) gene. Genetic variants of the
HTRAI gene that may be detected include, bt are not limited to, at least one of 1510490924, 1311200638,
18760336, and r5763720. Each of the single nucleotide polymorphisms (SNPs) within the HTRA! gene
are associated with increased risk of develdping AMD. The genetic variants of the BF gene that may be
detected include the presence of an A or G at rs641153 of the BF gene, or an R or Q at position 32 of the
BF protein; and/or an A or T af 134151667 of the BF gene, or L or H at position 9 of the BF pfote’in- The
genetic variants of the C2 protein that may be detected include 2 G or T at 1s547154 of the C2 gene;
and/or a C or G at 159332379 of the C2 gene, or EofDat position 318 of the C2 profein. See, e.g., Gold
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et al., 2006 "Variation in factor B (BF) and complement component 2 (C2) genes is associated with age-
related macular degeneration " Natr Genet. 38:458-62.

[0096] In addition, the analysis of CFHR! and/or CFHR3 polymorphisms can be combined with
an analysis of protein markers associated with AMD. The protein markers may include, but are not
limited to, fibulin-3, vitronectin, B-crystallin A2, B-crystallin A3, B-crystallin A4, f-crystallin S, glicose-
regulated protein 78 kD (GRP-78), calreticulin, 14-3-3 protein epsilon, serotransferrin, albumin, keratin,
pyruvate carboxylase, villin 2, complement 1 q binding protein/hyaluronic acid bindirig protein
("complement 1 q component"), amyloid A (al amyloid A), amyloid P component, C5 and CSb-9 terminal
complexes, HLA-DR, fibrinogen, Factor X, prothrombin, complements 3,5 and 9, complement reactive
protein (CRP), HLA-DR, apolipoprotein A, apolipoprotein E, antichymotrypsin, p2 microglobulin,
thromboépondin, elastin, collagen, ICAM-1, LFAl, LFA3, B7, -1, IL-6, IL-12, TNF-alpha, GM—CSF,
heat shock proteins, colony stimulating factors (GM-CSF, M-CSFs), and IL-10.

4. Therapeutic Methods

[0097] -In an embodiment, the invention provides methods of treatment and/or prophylaxis of
discases associated with a deletion within a CFHR1 and/or CFHR3 gene, or with reduced amount or
activity of a CFHR1 and/or CFHR3 gene product, though the administration of 2 CFHR1 or CFHR3
polypeptide, or at Jeast one pbrtion of a CFHR1 and/or a CFHR3 polypeptide, or mixtures thereof, toa
* subject. In one instance, the disease is vascular disease.

{0098} In an embodiment, the invention provides methods of treatment and/or prophylaxis of
diseases associated with an absence of a deletion within a CFHR1 and/or CFHR3 gene, or with -
unchanged or increased amount or activity of a CFHR1 and/or CFHR3 gene product, though the
administration of at least one agent that reduces or inhibits CFHR 1 or CFHR3 polypeptide to a subject.

In one instance, the disease is AMD.

4.1 Prevention and Treatment of Vascular Disorders

[0099] A subject identified as having an elevated likelthood of developing a vascular disorder
(e.g., aneurysm} can be‘treated by administering CFI—tR] and/or CFHR3 polypeptides or biologically
active fragments or variants thereof. The therapeutic polypeptide can be administered systemically (e.g.,
by intravenous infusion) or locally (e.g., directly to an organ or tissue, such as the eye or thé liver). The
polypeptides may have the sequence of wild-type (naturally occurring) polypeptides or may have an
amino acid sequence substantially identical to the naturally occurring form.
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10100} CFHR and CFHR3 polypeptides or biologically active fragments or variants thereof
may be isolated from blood (serum or plasma) or produced using conventional recombinant téchnology
(see Ausubel er al., 2004, CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, Greene Publishing and
Wiley-Interscience, New York). Recombinant expression generally involved introducing the CFHRI or
CFHR3 gene into an expressidn vector that include a promoter to drive transcription of the DNA which is
adapted for expression in prokaryotic (e.g., E. coli} and eukaryotic (e.g., yeast, insect or mammalian célls)
hosts. Suitable host cells inelude bacteria such as E. coli, yeast, filamentous fungi, insect cells, and
mammalian cells, which are typically immortalized, including mouse, ha_mster, human, and monkey cell
line. Usually, the promoter is a eukaryotic promoter for expression in a mammalian cell. Usually,
transcription regulatory sequences comprise a heterologous promoter and optionally an enhancer, which
is recognized by the host cell. Commercially available expression vectors can be nsed. Expression
vectors can include host-recognized replication systems, amplifiable genes, selectable markers, host
sequences useful for insertion into the host genome, and the like.

[0101] In another embodiment the recorﬁbinant CFHR1 or CFHRA is a full-length polypeptide, a
variant thereof, or fragment thereof. In one embodimént the fragménl: is a biologically active fmgnent.
In this context, a biologically active CFHR1 or CFHR3 polypeptide has an activity associated with wild-
type CFHR1 or CFHR3. For examplc; in some embodiments the fragment has heparin and/or CRP and/or
C3b-protein binding activity. Preferably the fragment has substanﬁal sequence identity to at least a
portion of the wild-type proteins. Biologically active fragments may comprise varying lengthé of
sequence substantially identical to wild-type proteins, such a-s, for example, at least 100, 200, 500, 700,
900 or 1100 residues. Alternatively, biologically active fragments may comprise at least one SCR
substantially identical to CFHR1 or CFHR3, preferably at least 2, 3, 4, or 5 SCRs.

{0102} In specific embodiments, the biologically active fragment includes at least SCR 6-7. In
another embodiment, the biologically active fragment includes at least SCR 19-20, In another
embodiment, the biologically active CFH includes at least SCR1.

[0103] In certain embodiments the thefapeutic Factor H polypeptides are chimeric or fusion
proteins, and comprise sequence from other proteins. For example, a therapeutic Factor H polypeptide
may c.ontaiﬁ portions of human CFHR1 or CFHR3 as well as portions comprised, at least in part, of SCR
(or CCP) consensus domains from other proteins (¢.g., CR1, MCP, DAF, C4BP, CR2, CFH) and/or
artificial SCR. (CCP) consensus sequences. See U.S. Pat. No. 5,545,619, mcorporated herein by

reference.
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4.1.1 Therapeutic Compositions Containing CFHRI or CFHR3 Polypeptides

[0104] The invention provides therapeutic preparations of CFHR /! or CFHR3 polypeptides,
which may be wild-type or variants (e.g., neutral or protective variants), and may be full length forms,
truncated forms, or biologically active fragments, including splice variants and recombinant fusion
proteins. Therapeutic CFHR1 or CFHR3 polypeptides can be made recombinantly. Therapeutic proteins
can be recombinantly produced (e.g., in cultured bacterial or eukaryotic cells) and purified using methods
well known in the art and described herein, Alternatively, CFHR1 or CFHR3 polypeptides can be
isolated from cultured RPE cells (e.g., primary cultures) or other cells that expréss CFHR] or CFHR3
endogenously. Recombinant or purified polypeptides subject to FDA approval must be tested for potency
and identity, be sterile, be free of extraneous material, and all ingredients in a product (i.e., preservatives,
diluents, adjuvants, and the like) must meet standards of purity, quality, and not be deleterious to the
patient.

[0105] The invention provides a composition comprising a CFHR1 polypeptide or CFHR3
polypeptide, and a pharmaceutically acceptable excipient or carrier. The term “pharmaceutically
acceptable excipient or carrier” refers to a medium that is used to prepare a desired dosage form of a
compound. A pharmaceutically acceptable excipient or carrier can include one or more solvents, diluents,
or other liquid vehicles; dispersion or suspension aids; surface active agents; isotonic agents; thickening
or emulsifying agents; preservatives; solid binders; lubricants; ahd the like. Reﬁlington’s Pharmaceutical
Sciences, Fifteerith Edition, EW. Martin (Mack Publishing Co., Easton, PA, 1975) and Handbook of
Pharmaceutical Excipients, Third Edition, A.H. Kibbe ed. (American Pharmaceutical Assoc. 2000),
disclose various carriers used in formulating pharmaceutical compositions and known techniques for the
preparation thereof. The pharmaceutical compositions may be formulated using slow release agents or
biodegradeable agents following techniques known in the art. In one embodiment, the pharmacentically
acceptable excipient is not deleterious to a mammal (e.g., human patient) if administered to the eye (e.g.,
by intraccular injection). For infraocular administration, for example and not limitation, the therapeutic
agent can be administered in a Balanced Salt Solution (BSS) or Balanced Salt Solution Plus (BSS Plus)

{ Alcon Laboratories, Fort Worth, Texas, USA). In a related aspect, the invention provides a sterile
contaiﬁer, e.g. vial, containing a therapeutically acceptable CFHR1 or CFHR3 polypeptides, optionally as
a lyophilized preparation. ‘ i

[0106] - The amount of CFHR1 or CFHR3 polypeptide, or biologically active fragment thereof, to
be administered to an individual can be determined. In one embodiment, exogenous CFHR1 or CFHR3
can be administered to an individual in an amount sufficient to achieve a level similar to the plasma
concentration of CFHR1 or CFHR3 in a healthy individual, i.e., an amount sufficient to achieve a plasma

tevet of from about 50 to 600 midrograms/nﬂ, such as from about 100 to 560 micrograms/ml. The
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amount of CFHR1 or CFHR3 to be administered to an individual (e.g., a 160 pbund subject) can be, for
éxampIe and not for limitation, from about 10 milligrams to about 5000 milligrams per dose, from about
50 milligrams to about 2000 milligrams per dose, from about 100 milligrams {o about 1500 milligrams
per dose, from about 200 miltigrams to about 1000 milligrams per dose, or from about 250 milligrams to
about 750 milligrams per dose. The frequency with which CFHR1 or CFHR3 can be administered to an
individual can be, for example and not for limitation, twice per day, once per day, twice per week, once
per week, once every two weeks, once per month, once every two months, once every six months, or once
per year. The amount and frequency of administration of CFHR1 or CFHR3 to an individual can be
readily determined by a physician by monitoring the course of treatment.

{0167} Alternatively, the CFHR1 or CFHR3 polypeptide, or biologically active fragment thereof,
can be administered to an individual using gene therapy or cell therapy methods as described further

below.

4.1.2 Gene Therapy Methods

[0108] In another approach, CFHR1 or CFHR3 polypeptide is administered by in vivo expression
of protein encoded by exogenous polynucleotide (i.e., via gene therapy). In one example, gene thefapy '
involves introducing into a cell a vector that expresses CFHRI or CFHR3 _polypeptides or biologically
active fragments of CFHR1 or CFHR3. The cell may be an endogenous cell (i.2., a cell from the patient)
or engineered exogehous cell. '

[0109] Vectors can be viral or nonviral. A number of vectors derived from animal viruses are
available, including those derived from adenovirus, adeno-associated virus, retroviruses, pox viruses,
alpha viruses, rhadboviruses, and papillomaviruses. Usually the vinises have been attenuated to no longet
" replicate (see, e.g., Kay et al. 2001, Nature Medicine 7:33-40).

[0114] The nucleic acid encoding the polypeptide is typically linked to regulatory elements, such
és a promoters and an enhancers, which drive transcription bf thp DNA in the target cells of an individual.
The promoter may drive expression of the gene in all cell types. Alternatively, the promoter may drive
expression of the CFHRI or CFHR3 gene only in specific cell types, for example, in cells of the retina,
the -Iiver or the kidniey. The regulatory elements, operably linked to the nucleic acid encoding the
polypeptide, are often cloned into a vecior. A _ _

[0111] As will be understood by those of skill in the art, gene therapy vectors contain the
necessary elements for the trémscﬂption and translation of the mserted coding sequence (and may inciude,
for example, a promoter, an enhancer, other regulatory elements). Promoters can be constitutive or
inducible. Promoters can be selected to target preferential gene expréssion in a target tissue, such as the

RPE (for recent reviews see Sutanto e al., 2005, "Development and evaluation of the specificity of a
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cathepsin D proximal promoter in the eye” Curr Eye Res. 30:53-61; Zhang ef af., 2004, "Concurrent
enhancement of transcriptional activity and specificity of a retinal pigment epithelial cell-preferential
promoter” Mol Vis. 10:208-14; Esumi et al., 2004, "Analysis of the VMD2 promoter and implication of
E-box binding factors in its regulation” J Biol Chem 279:19064-73; Camacho-Hl_;bner et al., 2000, "The
Fugu rubripes tyrosinase gene promoter targets transgene expression to pigment cells in the mouse"
Genesis. 28:99-105; and references therein).

[0112) Suitable viral vectors include DNA virus vectors {such as adenoviral vectors, adeno-
associated virus vectors, lentivirus vectors, and vaccinia virus vectors), and RNA virus vectors (such as
retroviral vectors). In one embodiment, an adeno-associated viral (AAV) vector is used. For recent
reviews see Auricchio ef af., 2005, "Adeno-associated viral vectors for retinal gene transfer and treatment
of retinal diseases" Curr Gene Ther. 5:339-48; Martin et al., 2004, Gene therapy for optic nerve disease,
Eye 18:1049-55; Ali, 2004, “Prospects for gene therapy" Novartis Found Symp. 255:165-72; Hennig et
. al., 2004, "AAV-mediated intravitreal gene therapy reduces lysosomal storage in the retinal pigmented
‘epithelium and improves retinal function in adult MPS VII mice" Mo/ Ther. 10:106-16; Smith et él.,
2003, "AAV-Mediated gene transfer slows photoreceptor loss in the RCS rat model of retinitis
pigmentosa" Mol Ther. 8:188-95; Broderick et al., 2005, "Local adiministration of an adeno-associated
viral vector expressing I1.-10 reduces monocyte infiltration and subsequent photoreceptor damage during
experimental autoimmune uveitis" Mof Ther. 12:369-73; Cheng ét 'al., 2005, "Efficient gene transfer to
retinal pigmént epithelium cells with long-term expression. Retina 25:193-201; Rex et al., " Adenovirus-
mediated delivery of catalase to retinal pigment epithelial cells protects neighboring photoreceptors from
"photo-oxidative stress. Hum Gene Ther. 15:960-T; and references cited therein).

[0113] Gene therapy vectors must be producéd in compliance with the Good Manufacturing
Practice (GMP) requirements rendering the product suitable for administration to patients. The present
invention provides gene therapy vectors suitable for administration to patients including gene therapy
vectors that are produced and tested in compliaﬁce with the GMP requirements. Gene therapy vectors
subject to FDA approval must be tested for potency and identity, be sterile, be free of extraneous material,
and all ingredients in a product (i.e., preservatives, diluents, adjuvants, and the like) must meet standards
of purity, quality, and not be deleterious to the patient. For example, the nucleic acid preparation is -
demonstrated to be mycoplasma-free. See, e.g, Islam ez al., 1997, An academic centre for gene therapy
research and clinical grade manufacturing capability, Anr Med 29, 579-583.

[0114] Methods for administering gene therapy vectors are known. In one embodiment, CFHR1
or CFHR3 expression vectors are introduced systemically (e.g., intravenously or by infusion). In one -
embodiment, expression vectors are introduced locally (i.e., directly to 2 particular tissue or organ, e.g.,

liver). In one embodiment, expression vectors are introduced directly into the eye (e.g., by intraocular
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tnjection). As will be understood by those of skill in the art, the promoter chosen for the expression

vectors will be dependent upon the target cells expressing the CFHR1 or CFHR3 polypeptides. In some

em-bd.di.mcnts, a cell type-specific pmmdter is used and in other embodiments, a constitutive or general

. promoter is used. For recent reviews see, e.g., Dinculescu et al., 2005, "Adeno-associated virus-vectored
gene therapy for retinal disease” Hum Gene Ther. 16:649-63; Rex et al., 2004, "Adenovirus-mediated
delivery of catalase to retinal pigment epithelial cells protects neighboring photoreéeptors from photo-
(;xidative stress” Hum Gene Ther. 15:960-7; Bennetit, 2004, "Gene therapy for Leber congenital
amaurosis" Novartis Found Symp. 255:195-202; Hauswirth et al., "Range of retinal diseases potentially
Vtreatable by AAV-vectored gene therapy" Novartis Found Symp. 255:179-188, and references cited
therein}. ‘
[0115] Thus in one aspect, the invention provides a pﬁ:paration comprising a gene therapy vector
eﬁcoding. a CFHR1 or CFHR3 polypeptide, optionally a viral vector, where the gene therapy vector is
suitable for administration to a human subject and in an excipient suitable for administration to a human

-subject (e.g., produced using GLP techniques). Optionally the gene therapy vector comprises a promoter
that is expressed prefercﬁtially or speciﬁcaily in retinal pigmented epithelium cells, '
[0116} Nonviral methods for introduction of CFHRI or CFHR3 gene sequences, such as
encapsulation in biodegradable pdlymé:rs (e.g., polylactic acid (PLA); polyglycolic acid (PGA); and co-
polymers (PLGA) can also be used (for reﬁent reviews see, e.g., Bejjani et al., 2005, "Nanoparticles for
gene delivery to retinal pigment epithelial cells” Mol Fis. 11:124-32; Mannermaa ef al., 2005, "Long-
lasting secretion of transgene product from differentiated and filter-grown retinal pigment epithelial cells
after nowviral gene transfer™ Curr Eye Res. 2005 30:345-53; and references cited therein). Alternatively,
the nucleic acid encoding a CFHR1 or CFHR3 polypeptide may be péckaged into liposomes, or the

nucleic acid can be delivered to an individual without packaging without using a vector.

4.1.3. Cell Therapy Methods

[0117] In another approach, CFHR1 or CFHR3 polypeptide is administered by ir vivo
expression of protein encoded by endogenous or exogenous CFHR1 or CFHR3 polynucleotide (i.e., via
cell therapy), For example, hepatocyte transplantation has been used as an alternative to whole-organ
transplantation to support many forms of hepétic insunfficiency (seé, e.g., Ohashi ef al., Hepatocyte
transplantation: clinical and experimental application, J Mol Med. 2001 79:617-30). According to this -
method, hepatocytes or other CFHR1- or CFHR3-expressing cells are administered (e.g., infused) to a
patient in need of treatment. These cells migrate to the liver or other organ, and produce the therapeutic
protein. Also see, e.g., Alexandrova ef al., 2005, "Large-scale isolation of human hepatocyteé for
therapeutic application" Cell Transplant. 14(10):845-53; Cheong et al., 2004," Atteropted treatment of

26



14 15 16 17 48 AA 19

WO 2008/008986 PCT/US2007/073514

factor H deficiency by liver transplantation” Pediatr Nephrol. 19:454-8,; Ohashi er al., 2001, "Hepatocyte
transplantaiion: Vclinical and experimental application” J Mol Med. 79:617-30; Serralta et al., 2005,
"Influence of preservation solution on the isolation and culture of human hepatocytes from liver grafts”
Cell Transplant. 14(10):837-43; Yokoyama et al., 2006, "In vivo engineering of metabolically active
hepatic tissues in a neovascularized subcutaneous cavity" Am. J. Tfans,:alant. 6(1):50-9; Dhawan ef al.,
20035, "Hepatocyte transplantation for metabolic disorders, experience at King's College hospital and
review of literature." Acta Grastroenterol. Belg. 68(4):457-60; Bruns et al., 2005, "Injectable liver: a
novel approach using fibrin gel as a matrix for culture and infrahepatic transplantation of hepatocytes”
Tissue Eng. 11(11-12):1718-26. Other cell types that may be used include, for illustration and not
limitation, kidney and pancreatic cells. In one embodiment, the administered cells are engineered to
express a recombinant form of the CFHR1 or CFHR3 protein.

[0118] In another, related approach, thera‘pct;tic organ transplantation is used. Most of the
body's systemic CFHR1 and CFHR3 is produced by the liver, making transplantatioﬁ of liver tissue the
preferred method. See, Gerber et al., 2003, "Successful (?) therapy of hemolytic-uremic syndrome with
factor H abnormality” Pediatr Nephrol. 18:952-5.

[0119] In another approach, a CFHR! or CFHR3 protein is delivered to the back of the eye by
injection info the eye (e.g., intravitreal) or via encapsulated cells. Neurotech’s Encapsulated Cell
Téchnology (ECT), as an example, is a unique technology that allows for the sustained, longterm deiivery
of therapeutic factors to the back of the eye. See (http://www .neurotech.fr). ECT hﬁplants consist of
cells that have been genetically modified to produce a specific therapeutic protein that are encapsulated in
a semi-permeable hollow fiber membrane. The cells continuously produce the therapeutic protein that h
diffuses out of the implant and into the eye (Bush et al., 2004, "Encapsulated cell-based intraocular
delivery of ciliary neurotrophic factor in normal rabbit: dose-dependent effects on ERG and retinal
histology* Invest Ophthalmol Vis Sci. 45:2420-30.). CNTF delivered to the human eye by ECT devices
was recently shown to be completely successful and associated with minimal coraplications in 10 patients.
enrolled in a Phase I clinical trial (Sieving et al., 2006, "Ciliary neurotrophic factor (CNTF) for human
retinal degeneration: phase I trial of CNTF delivered by encapsulated cell intraocular implants™ Proc Natl
Acad Sei US4 103(10):3896-901). Also see Song et al., 2003, "Photoreceptor protection by
cardiotrophin-1 in transgenic rats with the rhodopsin mutation s334ter" IOVS, 44(9):4069-75; Tao et al.,
2002, "Encapsulated Cell-Based Delivery of CNTF Reduces Photoreceptor Degeneration in Anitnal
Models df Retinitis Pigmentosa" fOVS, 43 1(:3292-3298; and Hammang ef al., U.S. Pat. No. 6,649,184.
In one embodiment of the present invention, a form of CFHR1 or CFHR3 is expressed in cells and

administered in an encapsulated form. In one embodimcﬁt, the cells used are the NTC-201 human RPE
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line (ATCC # CRI-2302) available from the American Type Culture Collection P.O. Box 1549,
Manassas, VA 20108.

4.2 Prevention and Treatment of AMD

[0120] A subject identified as having an elevated likelihood of developing AMD, exhibiting
symptoms of AMD, or susceptible to AMD, can be treated by reducing the expression, activity or amount
of a gene product of the CFHRI and/or CFFIR3 penes. Any method of reducing levels of CFHR1 or
CFHR3 in the eye or systemically may be used for treatment including, for example, inhibiting
transcription of a CFHRI or CFHR3 gene, inhibiting translation of CFHR1 or CFIIR3 RNA, decreasing
the amount or activity of CFHRI or CFHR3 proteins (e.g., by plasmaphoresis, antibody-directed
plasmaphoresis, or complexing with a CFHR1 or CFHR3 binding moiety (e.g., heparin or antibody), or
by administration of inhibitory nucleic acids. In some embodiments levels of CFHR1 or CFHR3 are
preferentially reduced in the eye (e.g., RPE) relative to other tissues. For iltustration and not limitation,

séveral methods are briefly described below.

4.2.1 Inhibitory Nucleic Acids

[0121] Inhibitory nucleic acids are known and include antisense nucleic acids, intérfeﬁng RNAs,
ribozymes and others (sec, e.g., Gomes et al., 2005, "Intraocular delivery of oligonucleotides” Curr
Pharm Biotechnol. 6:7-15; and Henry ef al., 2004, "Setting sights on the {reatment of ocular angiogenesis
using antisense oligonucleotides™ Trends Pharmacol Sci 25:523-7; PCT Publications WO 98/53083; WO
99/32619; WO 99/53050; WO 00/44914; WO 01/36646; WO 01/75164; WO 02/44321; and U.S. Patent
No. 6,107,094; Sui et al., 2002, "A DNA vector-based RNAI technology to suppress gene expression in
mammalian cells" Proc Natl Acad Sci US4 99:5515-20; and Kasahara and Aoki, 2005, "Gene silencing
using adenoviral RNA vector in vascular smooth muscle cells and cardiomayocytes" Methods Mol

Med. 112:155-72; US Patent Nos. US6180399; US5869254; US6025167; US5854038; US5591610;

- US5667969; US5354855;U85093246; UUS5180818; US51 16742; US5037746; and 1US4987071; Dawson
et al., 2000, "Hammerhead ribozymes selectively suppress mutant type I collagen mRNA in osteogenesis
imperfecta fibroblasts" Nucleic Acids Res. 28:4013-20; Blalock et al., 2004 "Hammerhead ribozyme
targeting connective tissue growth factor mRNA blocks transforming growth factor-beta mediated cell
prdliferation" Exp Eye Res. 78:1127-36; Kuan ef al., 2004, "Targeted gene modification using triplex-
forming oligonucleotides™ Methods Mol Biol. 262:173-94.

[0122] It will be understood that inhibitory nucleic acids can be administered as a
pharmaceutical composition or using gene therapy or cell therapy methods.
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4.2.2 Antibodies and Antibody Therapy
[G123] In one aspect, an anti-CFHR or anti-CFHR3 binding agents (e.g., antibodies) that reduce
the activity or amount of the proteins is administered to an individual with or at risk for AMD. The
antibody can be administered systemically or locally (see, e.g., Gaudreault et 2/, 2003, "Preclinical
pharmaqokinetics of Ranibizumab (rhuFabV2) after a single intravitreal administration” Invest
Ophthalmol Vis Sci. 46:726-33).
[0124] In one embodiment, an anti~-CFHR1 antibody specifically binds an epitope of CFHR!, in
particular human CFIHRI. In certain embodiments, an anti-CFHR1 antibody specifically binds an epitope
located within the amino-terminus of a CFHR1 polypeptide. In particular, an anti-CFHR1 antibody
specifically binds an epitope located between éinino acidsr 1-143 of SEQ ID NO: 4 as shown in Figure 6.
In other embodiments, an anti-CFHRI antibody specifically binds an epitope within the CFHR1 short
consensus repeats (SCRs) 6 and/or 7 as shown in Figure 1. The amino acid sequence of CFHR1 SCR6 is
35% homologous to the corresponding CFH SCR, and the amino acid sequence of CFHR SCR7 is 45% '
homologous to the corresponding CFH SCR. Anti-CFHR1 antibodies of the invention specifically bind
CFHR 1 and do not cross-react with CFH or other factor H related proteins including CFHT, CI*;IL[RZ,
CFHR3, CFHR4, or CFHRS. A variety of immunoassay formats may be used to select antibodies that are
| specifically immunoreactive with a particular protein. For example, solid-phase ELISA immunoassays are
routinéiy used to select monoclonal antibodies specifically immunoreactive with an antigen. See Harlow
“and Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor Publications, New York.
Epitope mapping of the CFHR1 protein is within the skill of the art io determine epitopes that are most
immunogenic for the generation of anti-CFHIR1 antibodies.
[0125] I another embodiment, an anti-CFHR3 antibody specifically binds an epitope of
CFHR3, in particular human CFHR3. In certain embodiments, an anti-CFHR3 antibody specifically
binds an epitope located within the carboxyl-terminus of a CFHR3 polypeptide. For example, an anti-
CFHR3 aﬁtibody may si:eciﬁcally bind to an epitope between. amjﬁo acids 144-330 of SEQ ID NO: 6 as
shown in Figure 6. In other embodiments, an anti-CFHR3 antibody specifically binds an epitope within
“the CHFR3 SCRs 8, 19 and/or 20 as shown in Figure 1. The amino acid sequence of CFHIR3 SCRS is
63% homologous to the corresponding CRII SCR, the amino acid sequence of CFHR3 SCR19 is 62%
homologous to the corresponding CFH SCR, and the amino acid setiﬁence of CFHR3 SCR20 is 36%
homologous to the corresponding CFH SCR. Anti-CFHR3 antibodies of the invention specifically bind
CFHR3 and do not cross-react with CFH or other factor H related proteins including CFHT, CFHRI,
CFHR2, CFHRA4, or CFHRS. Epitope mapping of the CFHR3 protein is within the skill of the art to

determine epitopes that may be immunogenic for the generation of anti-CFHR3 antibodiés.
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[0126] It is understood that each of the antibodies discussed above can be an intact antibody, for
example, a monoclonal antibody. Alternatively, the binding protein can be an antigen binding fragment
of an antibody, or can be a biosynthetic antibody binding site. Antibody fragments include Fab, Fab’,
(Fab’), or Fv fragments. Techniques for making such antibody fragments are known to those skilled in
the art. A numbér of biosynthetic antibody binding sites are known in the art and include, for example,
single Fv or sFv moiécules, described, for example, in U.S. Patent Nos. 5,476,786. Other biosynthetic
antibody binding sites include bispecific or bifunctional binding proteins, for example, bispecific or
bifunctional antibodies, which are ahtibodies or antibody fragments that bind at least two different
antigens. For example, bispecific binding proteins can bind CFHR1, CFHR3, and/or another antigen.
Methods for making bispecific antibodics are known in art and, include, for example, by fusing
hybﬁdomas or by linking Fab’ fragments. See, e.g., Songsivilai ef al. (1990) CLIN. EXp. IMMUNOL. 79:
315-325; Kostelny ef al. (1992) J. IMMUNOL. 148: 1547-1553.

[0127] . Anti-CFHR! and anti-CFHR3 antibodies can be produced using techniques well known
in the‘art. Monoclonal antibodies can be produced using standard fusion techniques for forming
hybridoma cells. See G. Kohler, et al., Nature, 256:456 (1975). Alternatively, monoclonal antibodies can
be produced from cells by the method of Huse, et al., Science, 256:1275 (1989). .

[0128] It is understood that the CDRs of the antibodies described hcrem confer the binding
specificity to CFHR1 or CFHR3. The antibodies described herein can be used as diagnostic and/or
therapeutic agents. It is understood that the antibodies of the invention can be modified to optimize
performance depending upon the intended use of the antibodies. For example, when the antibody is being
used as a therapeutic agént, the antibody can be modified to reduce its immunogenicity in the intended
recipient. Alternatively or in addition, the antibody can be fused or coupled to another protein or peptide,
for example, a growth factor, cytokine, or cytotoxin. Such modifications can be achieved by using

routine gene manipulation techniques known in the art.

[0129} Various technigues for reducing the antigenicity of antibodies and antibody fragments are
known in the art. These techniques can be used to reduce or eliminate the antigenicity of the antibodies of
the invention. For example, when the antibodies are to be administered to a human the antibodies
preferably are engineered to reduce their antigenicity in humans. Thls process oﬁcn 1s referred to as
humanization. Preferably, the humanized binding proteins have the same or substantially the same

affinity for the antigen as the original non-humanized binding protein it was derived from.

[0130] In one well known humanization approach, chimeric proteins are created in which
immunoglobulin constant regions of antibodies from one species, ¢.g., mouse, are replaced with

immunoglobulin constant regions from a second, different species, e.g., a human. In this example, the
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resulting antibody is a mouse-human chimera, where the human constant region sequences, in principle,
are less immunogenic than the counterpart murine sequences. This type of antibody engineering is
described, for example, Morrison, ez al. (1984) Proc. Nat. Acad. Sei. 81: 6851-6855, Neuberger et af.,
1984, Nature 312: 604-608; U.S. Patent Nos. 6,893,625 (Robinson); 5,500,362 (Robinson); and
4,816,567 (Cabilly).

[6131] In another approach, known as CDR grafting, the CDRs of the light and heavy chain
variable regions of an antibody of interest are grafted into frameworks (FRs) from another species. For
example, murine CDRs can be grafted into human FR sequences. In some embodiments, the CD.Rs of the
light and heavy chain variable regions of an anti-CFHR1 antibody or an anti-CFHR3 antibody are grafted
into human FRs or consensus human FRs. In order to create consensus human FRs, FRs from several
Jhuman hcévy chain or light chain amino acid sequences are aligned to identify a consensus amino acid
sequence. CDR grafting is described, for example, in U.S. Patent Nos. 7,022,500 (Queen); 6,982,321
(Winter); 6,180,370 (Queen); 6,054,297 (Carter); 5,693,762 (Queen); 5,859,265 (Adair); 5,693,761
(Queen); 5,565,332 (Hoogenboom); 5,585,089 {Queen); 5,530,101 (Queen); Jones et al. (198:6)"NATURE
321: 522-525; Riechmann et al. (1988) NATURE 332: 323-327; Verhoeyen ef al. (1988) SCIENCE 239:
1534-1536; and Winter (1998) FEBS LETT 430: 52-94. '

[0132] - In addition, it is possible to create fully human antibodies in mice. In this approach,

- human antibodies are prepared using a transgenic mouse in which the mouse’s antibody-producing genes
have been replaced by a substantial portion of the human antibody producing genes. - Such mice produce '
human immusoglobulin instead of murine immunoglobulin molecules. See, e.g., WO 98/24893
(Jacobovitz et al.) and Mendez ef al., 1997, Nature Genetics 15: 146-156. Fully human anti-CFHR1
and/or anti-CFHR3 monoclonal antibodies can be produced using the following approach. Transgenic
mice containing human immunoglobulin genes are immunized with the antigen of interest, e.g., CFHR1
or CFHR3. Lymphatic cells from the mice then are obtained from the mice, which are thén fused with a
myeloid-type cell line to prepare immortal hybridoma cell lines. The hybridoma cell lines are screened
and selected to identify hybridoma cell lines that produce antibodies specific to CFHR1 or CFHR3.

5. Drug Screening/Antagonists of Risk ‘Variant Factor H or Variant CFHRS5

[0133] The invention provides a drug screening method for screening for agents for use in
treating vascular disorders. The method involves combining (i) a cell that expresses CFHR3 and/or
CFHRI1 polypeptides; and (ii) a test agent; b) measuring the level of CFHR3 and/or CFHR1 gene
expression in the cell and ) comparing the level of CFHR3 and/or CFHR1 gene expression in the cell

with a reference value, where the reference value is the level of CFHR3 and/or CFHR1 gene expression in
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the absence of the test agent, where a higher level of CFHR3 and/or CFHR1 gene expression in the
presence of the test agent indicates the test agent may be useful for treating the vascular disorders.
Compounds from natural product libraries or synthetic combinatorial libraries may be screened. The
level of CFIIR3 and/or CTHR1 gene expression using a variety of approaches including measuring
protein levels, measuring mRNA levels or other methods.

[0134] In one embodiment the method involves combining (i) a cell that expresseés CFHR3
and/or CFHR polypeptides; and (i) a test agent; b) measuring the level of CFHR3 and/or CFHR ]
polypeptides produced by the cell (e.g., secreted into the medium); and ¢) comparing the level of CFHR3
and/or CFHR1 polypeptides secreted into the medium in the presence of the test agent with a reference
value, said reference value being the level of CFHR3 and/or CFHR1 polypeptides produced (or secreted
into the medium) in the absence of the test agent, where a higher level of CFHR3 and/or CFHRI
polypeptides secreted into the medium in the presence of the test agent indicates the test agent may be
useful for treating the vascular disorders. Compounds from natural product libraries or synthetic

combinatorial libraries may be screened.

6. Identifying Protective Forms of Comp[ement Factor H Proteins

[0135] As described above, deletions at the CFHRI and CFIIR3 loci are linked to the presence
ofa pfotective.hapiotype. Protective haplotypes and protective forms of CFH proteins are described in
Hageman et al., 2005, Proc. Natl. Acad. Sci. U.S.A. 102:722732 and U S. patent publication No.
20070020647 In one aspect, the inivention provides a method for identifying a CFII protein likely to
protect against development of AMD when administered to a subject having, or at risk of developing;
AMD. The method involves identifying a subject with a deletion in the DNA sequence between the 3
end of exon 22 of the complement factor H (CFH) gene and the 5' end of exon 1 of complement Factor H-
related 4 (CFHR4) gene on human chromosome 1; determining the sequence of the CFH gene encoded by
the gene contained in the chromosome containing the deletion; and determining the sequence of the
protein encoded by the CFH gene, wherein said protein is different from wild-type CFH, said protein

. being a CFH protein likely to protect against AMD development. The invention also provides a
protective CFH protein obtained using the method. U.S. patent publication No. 20070020647 discloses
the use of protective forms of CFH protein to protect against AMD development and to treat AMD.

7. Kits and Diagnostic Devices
[0136] : The invention provides reagents, devices and kits for detecting CFHR/ or CFHR3

deletions. A nember of assay systems are known in the art, and it is within the skill of the art to arrive at

means to determine the presence of variations associated with vascular disorders or AMD. The kit
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reagents, such as multiple primers, multiple probes, combinations of primers, or combinations of probes,
may be contained in separate containers prior to their use for diagnosis or screening. In an embodiment,
the kit contains a first container containing a probe, primer, or primer pair for a first CFHRI or CFHR3
allele described herein, and a second container containing a probe, primer, or primer pair for a second
CFHR! or CFHR3 allele described herein.

[0137} The kits may contain one or more pairs of CFHRJ and/or CFHR3 allele-specific
oligonucleotides hybridizing to different forms of a polymorphism. The allele-specific oligonucleotides
- may be provided immobilized on a substrate. K
[0138] The invention also provides devices and reagents useful for diagnostic, prognostic, drug
screening, and other methods are provided. In one aspect, a device comprising immobilized primer(s) or
probe(s)r specific for detéct'mg deletions in the CFHR1 and/or CFHR3 genes and optionally also including
immobilized primer(s) or probe(s) specific for detecﬁhg polymorphic sites in CFH that are associated
- with AMD. Exemplary probes and polymorphic sites are described in U.S. patent publication No.
20070020647. o '
[0139] In one aspect, a device comprising immobilized primer(s) or probe(s) specific for one or
more Factor H and/or CFHRS and/or CFHR1 and/or CFHR3 gene products (polynucleotides or proteins)
is provided. The primers or probes can bind polynucleotides '(e. g, based on hybridization to specific
polymorphic sit-es)' or polypeptides (e.g., based on specific bindi‘ng to a variant polypeptide).
[0146] In onc embodiment, an array format is used in which a plurality (at least 2, usually at-
least 3 or more) of different primers or probes are immobilized. The term "array™ is used in its usual
sense and means that each of a plurality of primers or probes, usually immobilized on a substrate, has a
defined location (address) e.g., on the substrate. The number of primers or probes on the array can vary
depending on the nature and use of the device. For example, a dipstick format array can havé as few as 2
distinct primers or probes, although usually more than 2 primers or probes, and often many more, will be
present. One method fér attaching the pucleic acids to a surface is by making high-density
oligonucleotide arrays (see, Fodor ez al., 1991, Science 251:767-73; Lockhart et al., 1996, Nature Biotech
14:1675; and U.S. Pat. Nos. 5,578,832; 5,556,752; and 5,510,270). It is also contemplated that, in some
embodiments, a device comprising a single immobilized probe can be used.
[o141)] In one embodiment, an array format is used in which a plurality (at least 2, usually at
least 3 or more) of different primefs or probes are immobilized. The term "array" is used in its usual sense
and means that each of a j}lurality of primers or probes, usually immobilized on a substrate, has ﬁ defined
location (address) e.g., on the substrate. The number of primers or probes on the array can vary depending

on the nature and use of the device.
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[0142] In one embodiment, the immobilized probe is an antibody or other CFHR1 or CFHR3
binding moiety.

{0143] It wiil be apparent to the skilled practitioner guided by this disclosure than various
polymorphisms and haplotypes can be detected, and used in combination with a deletion in the DNA
sequence between the 3" end of exon 22 of the complement factor H (CFH) gene and the 5' end of exon 1
of complement Factor H-related 4 {CFHR4) gene on human chromosome 1, 1o assess the propensity of an
individual to develop a Factor H related condition. Examples of CFH polymorphisms that may be
assayed for include the following SNPs and combinations of SNPs: rs529825; rs800292; rs3766404;
rs1061147; rs1061170; rs203674; and optionally including exon 22 (R1210C). In one embodiment the
array includes primers or probes to determine the allele at at feast one of the following polymorphic sites:
rs529825; rs800292; intron 2 (IVS2 or insTT); rs3766404; rs1061147; rs1061170; exon 10A; rs203674;
15375046; and optionally including exon 22 (R1210C). In an embodiment the array includes primers or
probes to determine the allele at at least one of the following polymorphic sites: (a) 153753394; (b)
rs529825; (c) rs800292; (d) intron 2 (IVS2-or insTTY); (e} rs3766404; (f) rs1061147; (g) rs1061170; (h)
rs2274700; (1) r3203674; {3} rs3753396; (j) rs1065489; and optionally including exon 22 (R1210C). In
one embodiment, the array includes primers or probes to determine the allele at at least one of the
following polymorphic sites: 15800292 (162V); IVS 2 (-18insTT); rs1061170 (Y402H); and rs2274700
{A473A). In one embodiment, the array includes primers or probes to determine the allele at at least one
of the following polymorphic sites: 19427661 (-2497>C); 1s9427662 (-20T>C); and 1512097550 (P46S).
[0144] The array can include primers or probes to determine the allele at two of the above sites,
at least three, at least four, at least five or at least six. In one embodiment the primers or probes
distinguish alleles at rs529825. In one embodiment the primers or probes distinguish alleles at rs800292.
In one embodiment the primers or probes distinguish alleles at 1s3766404. In one embodiment the
primers or probes distinguish alleles at rs1061147. In one embodiment the primers or probes distinguish
alleles at rs1061170. In one embodiment the primers or probes distinguish alleles at rs203674. In one
embodiment the primers or probes distinguish alleles at exon 22 (R1210C). In one embodiment the
priners or proEes distinguish alleles at rs529825 and 15800292, In one embodiment the primers or probes
distinguish alleles at two or three of rleGi 147, rs1061170 and 15203674, In one embodiment the primers
ér probes disfinguish alleles at rs529825 and rs800292, at 153766404, two or three of rs1061 147,
151061170 and 1s203674. In one embodiment the primers or probes distinguish atleles at 15529825,
r$800292, 13766404, rs1061170 and rs203674. In one embodiment, the primers or pfobes distinguish
alleles at exon 22 (R1210C) and at rs529825; at rs800292; at 153766404; at rs1061147; at rs1061170; at
1s203674; at 1529825 and rs800292; at two or three of 1310061147, 1061170 and rs203674; at rs529825
and rs800292, rs3766404, and two or three of rs1061147, rs1061170 and rs203674; or at 15529825,
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rs800292, rs3766404, rs1061170 and rs203674. In one embodiment, the primers or probes distingunish
alleles at (a) any one or more of rs529825; rs800292; rs3766404; rs1061147; rs1061170; and 15203674,
(b)any one of more of intron 2 (IVS2 or insTT); rs2274700; exon 10A; and rs375046; (c) one or both of
rs529825 and rs800292; (d) one or more of rs1061147, rs1061170 and rs203674; (e) at least one of
5529825 and rs800292; and rs3766404; and at least onc of rs1061147, rs1061170 and rs203674; (f) at
least rs529825, rs800292, rs3766404, rs1061170, and rs203674; (g) exon 22 (R1210C); (h) exon 22
(R1210C) and any of (a)-(g); or (i) any one or more of rs529825; rs800292; rs3766404; rs1061147;
rs1061170; rs203674; intron 2 (TVS2 or insTT); rs2274700; exon 10A; 15375046; and exon 22 (R1210C)
and any one or more of 189427661, 159427662 and rs12097550.

[¢145] The array can include primers or probes to determine the allele at two of the above sites,
at least three, at least four, at least five or at least six. In one émbodiment the primers or probes
distinguish alleles at rs529825. In one embodiment the primers or probes distinguish alleles at rs800292.
In one embodiment the primers or probes djstingui'sh alleles at intron 2 (IVS2 or insTT). Inone
embodiment the primers or probes distinguish alleles at rs3766404. In one embodiment the primers or
probes distinguish alleles at rs1061147. In one embodiment the pﬁ-mers or probes distinguish alleles at
rs1061170. In one embodiment the primers or probes distingnish alleles at exon 10A. In one
embodiment the primers or probes distinguish alleles at rs2274700. In one embodiment the primers or
probes distinguish alleles at £rs203674. In one embddiment the primers or probes distinguish alleles at
r8375046. In one embodiment the ﬁrimers or probes distinguish alleles at exon 22 (RIQIOC). In one
embodiment the primers or probes distinguish alleles at rs529825 and rs800292. In one embodiment the
primers or probes distinguish alleles at two or three of rs1061147, 151061170 and 5203674, In one
embodiment the primers or probes distingnish alleleé at of rs529825 and rs800292, at intron 2, at
183766404, at two or three of rs1061147, rs1061170 and rs203674, at exon 10A, at rs2274700, and at
rs375046. In one embodiment the primers or probes distinguish alleles at rs529825, 15800292, intron 2
(IVS2 or insTT), rs3766404, rs1061170, exon 10A, 152274700, 1s203674, and 1s375046. In one
embodiment, the primers or probes distinguish alleles at exon 22 (R1210C) and at either at 1s529825; at
r5800292; at intron 2 (TVS2 or insTT); at rs3766404; at r51061147; at rs1061170; at rs2274700, at cxon
10A; at 5203674; at 1rs375046; at 15529825 and rs800292; at two or three of rs1061147, 151061170 and -
15203674; at rs529825 and rs800292, intron 2 (IVS2 or insTT), rs3766404, two or three of rs1061147,
151061170 and 15203674, 152274700, exon 10A, and rs375046; or at rs529825, rs800292, intron 2 (IVS2
or insTT), rs3766404, rs1061170, rs2274700, exon 104, 15203674, and rs375046. In one embodiment,
the device distinguishes any combination of allelles at the sites listed above in the context of kits.

[0146] In one embodiment, the substrate comprises fewer than about 1000 distinct primers or
probes, often fewer than about 100 distinct primers or probes, fewer than about 50 distinct primers or
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probes, or fewer than about 10 distinct primers or probes. As used in this context, a primer is "distinct"
from a second primer if the two primers do not specifically bind the same polynucleotide (i.e., such as
¢DINA primers for different genes). As used in this context, a probe is "distinet” from a second probe if
the two probes do not specifically bind the same polypeptide or polynucleotide (i.e., such as cDNA
probes for different genes). Primers or probes may also be described as distinct if they recognize different
alleles of the'same gene (i.e., CFH or CFHRS5). Thus, in one embodiment diagnostic devices of the
invention detect alleles of CFH only, CFHRS only, CFH and CFHRS only, or CFH, CFHRS and up to 20,
preferably up to 10, or preferably up to 5 genes other than CFH and/or CFARS. That is, the device is
particularly suited to screening for AMD and related complement-associated diseases. In one
embodiment, the device comprises primers or probes that recognize CFH and/or one or more of CFHRI-5
only. In a related embodiment, the device contains primers and probes for up to 20, preferably up to 10,
ot preferably up to 5 other genes than CFH or CFHRI-3.

i0147] In one embodiment, the immobilized primer(s) is/are an allele-specific primer(s) that can
diétinguish between alleles at a polymorphic site in the Factor H or CHRFS gene. Exemplary allele-
specific primeré to identify alleles at polymorphic sites in the Factor H gene are shown in TABLE 16A of
U.S. patent publication No. 20070020647, incorporated by reference in its entirety for afl purposes. The
immobilized allele-specific primers hybridize preferentially to nucleic acids, either RNA or DNA, that
have sequences complementary to the primers. The hybridizétioh may be detected by various methods,
including single-basé extension with fluorescence detection, the oligonucleotide ligation aséay, and the
like {see Shi, M.M., 2001, Enabling large-scale pharmacogenetic studies by high-throughput mutation
detection and genotyping technologies” Clin. Chem. 47(2):164-172). Microatray-based devices to detect
polymorphic sites are commercially available, including Affymetrix (Santa Clara, CA), Protogene (Menlo
Park, CA), Genometrix (The Woodland, TX), Motorola BioChip Systems (Northibrook, IL), and Perl'egeﬁ
Sciences (Mountain View, CA). _

[0148] . The invention provides reagents and kits for détecting CFHR1 and/or CFHR3 proteins.

A pumber of assay systems are known in the art, and it is within the skill of the art to arrive at means to
determine the presence or absence of CFHR1 and/or CFHR3, or variant or truncated forms thereof,
associated with vascular disorders or AMD. The kit reagents, such as anti-CFHR3 or CFHR1 antibodies
or other CFHR3 or CFHR1 binding moieties, may be contained in separafe containers prior to their use
for diagnosis or screening. In an embodiment, the kit contains a first container containing an antibody or -
binding moiety that specifically binds to CFHR1 protein, or a variant or truncated form thereof, and a

. second container containing an aptibody or binding moicty that specifically binds to CFHR3 protein, or a
variant or fruncated form thereof. In some embodiments the binding moieties is an aptaﬁer, such s a

nucleic acid aptamer. Aptamers are RNA or DNA molecules selected in vitro from vast populations of
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& random sequence that recognize specific ligands by forming binding pockets. Aptamers are nucleic acids
that are capable of three dimensional recognition that bind specific proteins or other molecules. See, e.g.,
US20050176940 "Aptamers and Antiaptamers”. .
[0149] Thus, the invention provides reagents for conducting the screening methods of the
invention, comprising a binding moiety capable of specifically binding CFHR1 and/or CFHR3 protein or
a portion thereof (e.g., a labeled binder that reacts preferentially with CFHR1 and/or CFHR3 protein or a
portion thereof or a labeled binder that reacts preferentially with CFHR1 mRNA and/or CFHR3 mRNA
or a portion thereof, or a labeled binder that reacts preferentially with CFHR1 DNA and/or CFHR3
DNA). The binding moiety may comprise, for example, a member of a ligand-receptor pair, i.e., a pair of
molecules capable of having a specific binding interaction (such as antibody-antigen, protein-protein,
nucleic acid-nucleic acid, protein-nucleic acid, or other specific binding pair known in the arf).
Optionally the binding moiety is labled (e.g., directly labeled) or is accompanied by a labeled molecule
that fcacts with the binding moiety (indirectly labeled). Detectable labels can be directly attached to or
mcorporated into the detection reagent by chemical or recombinant methods. Examples of detectable
Iabels include, but are not limited to, radioisotopes, fluorophores, chromophores (¢.g., colored particles),
mass labels, electron dense particles, magnetic particles, spin labels, and molecules that emit
chemiluminescence. Methods for Iabelfng are well known in the art.

[0150} The kits may contain an instruction manual with instructions how to use the anti-CFHR3
or CFHRI1 antibodies or other CFHR3 or CFHR1 binding moietics to detect CFHR3 or CFHR1 proteins
in body fluids or in tissue samples.

{6151] The kits may contain a control antibody or binding moiety. An example of a control
antibody or binding moiety is an antibody that spéciﬁcally binds to CFH protein.

[0152] The kits may contain one or more pairs of antibodies or binding moieties that specifically
bind to differeni (i.e., not wild-type or full-length) forms (e.g., variant or truncated) of CFHR1 or CFHR3
proteins. 7 : 7

{0153] In one embodiment, the antibodies or binding moieties are immobilized to a solid support
such as an ordered array.

[6154] In one embodiment, the antibodies or binding moieties are used in Western blots.

37



GO 3CCEOXOTT 71 1CCEOEOEOI9 I CC O O
GO 10 1 CC GO GO &O
WO 2008/008986 PCT/OS2007/073514
EXAMPLES
Example 1: _
[0155] Polymerase chain reaction (PCR) amplification, single-strand conformation

~ polymorphism (SSCP) analysis and direct DNA sequencing were used to characterize a deletion in the

CFHR3 and CFHR1 genes located between the CFH and CFHR4 genes on chromosome 1. Examples of
-pn'mers that can be used for PCR amplification of the CFH gene and CFH-related genes 1 to 5 are shown
in Table 1A. Examples of primers that can be used for SSCP analysis of the CFH and CFHR3 genes are
shown in Table 1B, Examples of primers that can be used for direct DNA sequencing of the CFH,
CFHR! and CFHR3 genes are shown in Table 1C and 1D.
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[0156] in a study directed toward further characterization of CFH and its associated haplotypes
on chromosorﬁe 1q, a complete deletion of the entire CFHL1 and CFHL3 genes was identified. In
examining SSCP gels generated using CFH exon 22 primers (Table 1), several additional patterns of
variation were observed due to the amplification of CFHR/ in addition to CFH. By designing another set
of CFH-specific primers, it was detcmﬁned that there were no variations in exon 22 of CFH. CFHRI-
specific primers were generated and used to identify a deletion of CFHRI. Further analysis of the
CFHRI, CFHR2, CFHR.?, CFHR4 and CFHRS geries and intervening sequence 5' to CFHR3 (Table 1D}
using specific primers revealed a deletion that extends across the entire length of the CFHRI and CFHR3
genes. The precise boundaries of the complete deletion have not be determined, but the mapping of the
boundaries is within the skill of the art. | 4

10157] SSCP énalysis and direct DNA sequencing was used to determine the frequency of the
homozygous deletion of the CFHR3 and CFHR/ genes in a set of 1074 patients with and without a
clinical history of AMD. The cohort incloded patients who had other systemic discases, including
vascular dis_;eases, irrespective of their AMD status. As shown in Table 2, homozygous deletion of the

CFHR1 and CFHR3 genes was found in ~2.7% of the persons tested.

Table 2. Frequency of homozygous deletion of CFHRI and CFHR3 genes

Genotype* Count ' Percent
T, /A | 1046 97.3%
AA 28 2.7%

++, A, AIA 1074 100%

*Genotype refers to the deletion (A) or non-deletion (+) of the CFHRI and CFHR3 genes by SSCP
analysis and direct sequencing,

[0158] Initial analysis suggested that the deletion homozygotes were more common in control
individuals than in AMD cases. To determine whether there was an association of the homozygous
deletion of the CFHR3 and CFHRI genes with AMD, a subset of the above pafient population was
analyzed by SSCP analysis and direct DNA. sequencing. As shown in Table 3, in a study of 576 AMD
patients and 352 age-matched non-AMD control patients, deletion homozygotes make up 5.1% of
confrols and 1.2% of cases. The homozygous deletion of CFHRI and CFHR3 is strongly associated with
confrols, with 42 = 10.2 and P value = 0.0014, demonstrating a highly significant protective effect of the
homozygous CFHRI/CFHR3 deletion for AMD,
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Exon 17a Exon 17b Exon 18a Exon 18b Exon 19a
rs1065489 rs1065489 rs534399 A892V E936D E936O
V10071, C2748T (X2881T 02881T G3092T 26

W%xgﬁr(}sﬂ%g%ﬁto Exon22 split (detects both CFH a&dm%':'gﬂ?)

Table 3. Association of homozygons deletion of CFHRI and CFHR3 genes with non-AMD

Genotype Non-AMD patients AMD patients
Count +/+, +HA 352 576
Count A/D 18 7
Frequency +i+, HA 0.951 0.988
Frequency AA 0.049 0.012

*Genotype refers to the deletion (A) or non-deletmn {+) of the CFHR/ and CFHR3 genes by SSCP
analysis and direct sequencing.

[0159] - To determine whether there was an association of the homozygous deletion of the
CFHR3 and CFHR!I genes with vascular disorders, two subseis of the above patient population were
analyzed by SSCP analysis and direct DNA sequencing. As shown in Table 4A, a study of 26 patients
with abdominal aortic aneurysm (AAA) and 133 non-AAA patients revealed that the homozygous
deletion of CFHRI and CFHR3 was strongly associated with AAA, with ¥2 = 6.982329 and P =10.0082.
A$ shown in Table 4B, a second study of 86 patients with abdominal aortic aneurysm (AAA) and 221
non-AAA patlents revealed that the homozygous deletion of CFHR/I and CFHR3 was associated with
AAA, with ¥2 = 4.05'and P = 0.0442.

Table 4. Association of homozygous deletion of CFHRT and CFHR3 genes with AAA -
A. Study 1

Genotype -t Controls AAA
Count ++, HA . 126 19
Count ‘ A/A : 7 7
Total ) +H, A, AA 133 26

*Genotype refers to the deletion (A) or non-deletion (+) of the CFHRI. and CFHR3 genes by SSCP
analysis and direct sequencing.

B. Study 2

Genotype Controls AAA
Count i, A 221 86
Count AA 12 11
Total ++, HA, AlA 233 97

*(Genotype refers to the deletion (A) or non-deletion (+) of the CFHRI and CFHR3 genes by SSCP
analysis and direct sequencing.

[0160] To determine whether previously identified protective haplotypes in the CFH gene were
associated with the del {A) CFHR]I allele, haplotype analysis was performed. As shown in Tables SA-5E,
the relationship between the del (A) CFHRI allele and SNPs in the CFH gene revealed strong linkage
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Exon 20b Exon 226 Exon 22split 1191/ 1197/ 1210
1197 4 4 2 4 4 44424

WO 2008/008986 PCT/US2007/073514

disequilibrium. The SNPs used in this haplotype analysis are described in U.S. patent publication No.

20070020647, In the table, letters refer to genotypes and numbers refer to SSCP shift patterns.

Table 5. CFH gene haplotype analysis in subjects with the del/de]l (A/A) CFHRI allele

A. Promoter 1 to Exon 3

Promoter 1 Promoter4 }  Exon?2 Exon 3a Exon 3
153753394 rs800292 same SNP as 3a
162v
: C-257T G184A IVS2-18insTT

1 AA TT ~ GG SS 788

2 AA cC GG . S sS

3 AA CT GG SS SS

4 AA CcC GG 88 + G100R het SS + G100R het
5 AA CT GG 38 sS

6 AA CT GG SS SS
7 AA cC GG SS SS

8 AA TT GG SS SS

9 AA CT GG 55 ' SS
10 AA CC GG S8 ' $S
11 AA cC GG SS © 8§
12 AA cC GG SS S8
13 AA CT GG . SS SS
14 GG S8
15 GG 8§
16 GG SS
17 GG SS
18 GG SS
19 GG . 88
20 GG " 88
21 GA SS
22 GG ‘ SS
23 sS
24 $S
25 88
26 SS

B. IVS 6 to Exon 7b _
VS 6 IVS 6 IVSé IVS6 B Exon 7b

shift N or Del 1516840419 183766404 151061147
A307A
A9Z1C
1 3 NN GA CT - CC
5 NDel 5{(GG) 5 {CCY) cC
3 2 NN GG CC CC
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VS 6 VS 6 IVs6 1VS6 Exon 7b
shift N or Del 1516840419 rs3766404 rs1061147
4 2 NN GG CcC cC
5 3 NN GA CT cC
6 1 NN AA TT AC
7 5 _NDel 5(GG) 5(CCYH CcC
8 1 NN AA CTT cC
9 3 NN GA CT -CC
10 2 NN GG CC cC
11 | No DNA (3) NN No DNA (GA) No DNA (CT) -AC
12 2 NN GG CcC cC
13 1 NN AA T cC
14
15
16
17
18 AA
19
20
21
22
23
24
25
26
C. Exon 9 to Exon 16b
Exon 9 Exon 10A Exon 10a Exon 13b Exon 16b
51061170 52274700 133753396 15375046
Y402H AATIA Q6720 IV§15
C1204T CFHtrune G2016A A2089G
1 TT 1 AA AA
2 IT AA AA
3 " TT 1 AA AA AA
4 TT 1 " AA AA AA
5 TT 1 AA AA 4
6 CT 1 GA AA
7 TT AA
g TT 1 AA AA AA
9 TT 1 AA AA AA
10 TT 1 AA AA AC?
11 CT 1 GA AA
12 TT AA
13 TT
14 T 1 AA
15 TT 1 AA
16 CT 1 GA




4 13 4 14 15 4 4 16 4 4 17 18 4 4 19 4 4
20
WO 2008/008986 PCT/US2007/0733514
Exon 9 Exon 10A Exon 1{a Exon 13b Exon 16b
rsl061170 rs2274700 153753396 15375046
Y402H A473A 6720 IVSis
C12047T CFHtrunc G2016A A2089G
17 TT 1 -~ AA AA CC
18 CcC i GG -
19 1T 1 AA
20 T 1 AA
21 T 1 AA
22 TT 1 AA
23 T
24 TT
25 T
26 T
D. Exon 17aio Exon 19a
Exon 17a Exon 17b Exon 18a Exon 18b Exon 19a
151065489 rs1065489 15034390
A892V . E936D E936D VI1007L
) C2748T G2881T G2881T G3092T
1 1 CC GG GG GG
2 1 CC
3 1 CC GG GG GG
4 1 CC GG GG GG
5 1 CC GG GG GG
6 3 CC GG GG TT
7 1
8 L CC GG GG GG
9 i CC GG GG GG
10 1 CC GG GG GG
11 1 CC GG GG GG
12 1 CC
13 i CC
14 GG
15 GG
16 GG
17 _ GG
13 1 CcC GG GG GG
19 GG
20 GG
21 GG
22 GG
23 GG
24 ‘GG
25 GG
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[0161] As shown in Tabl e 6,
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in two studies it was

found that the deletion of the CFERL and CFM23 genes

was associ ated with 402T-contai ni ng hapl ot ypes.
VRRM%PEMB6i s al nost never found on the sane FPCT/US2007/073514

Thi s

402C-cont ai ni ng hapl otype as the major CFl/risk

{0161}

CFHR3 genes was associated with 402T-containing ]iaplotypes. This deletion is almost never found on
the same 402C-containing haﬁlotype as the major CFH risk allele, Y402H. The del (A) CFHRI mutation
is predominantly associated with the CFH H4 haplotype, a haplotype with T at position 1277 of the
coding region of CFH (codon 402) shown previously shown to be protective for AMD. However, not
every del (A) CFHRI chromosome is on H4, and the protection of del/del (A/A) CFHRI homozygotes for

4l | el exonVi49211 Exdines del £xHd 1seFHRI  mithagy ON| | SExon 19a
predom nantTy associ af edsivéseP t he Choblddo hapl ofysase a
hapllotype W th sy ppsiteossmw 12)7 Odgséhe cPdl Rgoorr
Hegiion of CFH (cosan f0Znghown| pr edeawsl Y| SNgwso T O
besprotective Tor AVD]  HOwever, | not gyery del (A
CFARI—_chronobsone 15 on 1174, —and the protectiom of
' del / del” (Al A) CFFI Rl honozygotes for
E. Exon 20b to Exon22 split (detects both CFH ahd CFHR )
Exon 20b Exon 22b Exon 22split
1191/1197/1210 1197

I 4 4 4

2 4

3 4 4 4

4 2 4 4

5 4 4 4

6 4 4 4

7 4

8 4 4 4

9 4 4 4

10 6 4 4

11 4 4 4

i2 4

13 - 4

14 4

15 4 4

16 4 4

17 _ 4

13 4 4

19 4 4

20 6 4

21 4 4

22 4 4

23 4 4

24 4 4

25 4 4

26 4 4

46

As shown in Table 6, in two studies it was found that the deletion of the CFHRI and




WO 2008/ 008986PCT/ US2007/ 073514 AMD i s even stronger
than H4 honpbzygotes. Heterozygous del etion of the
CFHR3 and CFHRI genes was detected by direct DNA
sequenci ng of the CFH, CFHRI and CFHR3 genes
WOROHY08622 priner. Table 6. Association of pclidotbsis
honmozygous del etion of CFHR | and CFHR3 genes with

AMD istehen stinggethot Ylenatygows | Hétapeyd@iF delgion pfibe EBHRhepdr(&F@iRd genes

v was dete%réed g?hzr&?l?ﬂ}g %J_eeﬂ%%)nég ut{!}l?&'_lﬂ yC}gHI%I anggﬂ“f}gpéx gqg‘?:%:o %@'{-f exon 22

primer. A/ A 11 2 0 Count +/+, + A A A 113 211 150

Table 6. Association of homozygous deletion of CFHR! and CFHR3 genes with the TT genotype at
position 1277 of the ch_ing region of CFH (codon 402)

A. Study 1
’ CFHA402 Genotype

Genotype TT TC CC

Count T+, HA 102 , 209 150

Count NA 11 2 0

Count |+, HA, AA 113 211 150

*(Genotype refers to the deletion (A) or non-deletion (+) of the CFHR1 and CFHR3 gencs by SSCP
analysis and direct sequencing.

*+*CFEH402 Genotype refers to the nucleotide on both alleles at posmon 1277 of the coding region of
human CFH. A T results in a tyrosine at codon 402, whereas a C results in a histidine at codon 402.
***Of the 474 patients, approximately 22+/-4% are heterozygous (+/A) for the deletion of the CFHR{
and CFHR3 genes, as determined by direct DNA sequencing,

B. Study 2 _
. CFH402 Génotype
Genotype TT 7 TC CcC
Count +H, +HA 192 303 283
Count AA 23 3 0
Count ++, +HA, AA 215 396 283

*(enotype refers to the deletion (A) or non-deletion (+) of the CFHR1 and CFHR3 genes by SSCP
analysis and direct sequencing.

*kCFH402 Genotype refers to the nucleotide on both alleles at position 1277 of the coding region of
human CFH. A T results in a tyrosine at codon 402, whereas a C results in a histidine at codon 402.

[0162] By Western blotting, it was determined that CFHR1 protein, normally an abundant serum
p’rotéin, is absent in sera derived from individuals homozygous for the CFARI/CFHR3 deletion. Figure 3
shows a representative Western blot of serum proteins from seven (out of 2 sample set of 52) patients
using an anti-human CFH antibody. Serum proteins were separated by one-dimensional SDS-
polyacrylamide gel electrophoresis and transferred to a nitrocellulose membrane. After transfer, the
membrane was blocked with 5% non-fat dry milk, washed, and then incubated with a goat anti-human
CFH (Calbiochem, 1:1000 dilﬁtién). After incubation, the membranc was washed, and then incubated
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*CGenotype refers to the deletion (A) or non-deletion
(+) of the CFHRL and CFHR3 genes by SSCP anal ysis and
di rect sequencing. **CFH402 Cenotype refers to the
nucl eoti de on both alleles at position 1277 of
WOWPHYSBEGi on of. human CFH. A T results in aP(ETy&égmf%bm
, at codon 402, whereas a Cresults in a histidine at
with hogseyadiph pp(pzzdasem@gaquéabhry antineep ig mt@odya{ﬂbqa@x I Af0alilytion). After
mcubatxgn? b ibAREw e BEAZ4Y &u@m&%}d o0 eﬁrtaﬁdlg @1' Bob Qi.'ihn@ﬁ) tsL}ﬁples

HRI and CFHR3 genes, _as determ ned by direct

19702 zg@&&%%\wﬁa froeratlgtlta &fg}h Q'IT A0 gepptrys Q@tﬁ%kv9 EgH H4éé1ﬂgww gnd have
homozyﬂ,c]zs dlet 0L o CONFNE ! ahll €EFHRS ﬁen&@gs c@&ﬁmgﬁ%y @SQB ﬁnaﬁ/sré\alzfdu%cto

/ f
seavenciho T &PIogh 0 IO RS e BT AL s TeBPRA hsons
deleuon@FBRE‘Fgﬁnml (RHR3gGRs.anal ysi s and direct sequenci ng.

[0163] CFI-%,Q&C Gﬁlntﬂ»,%/ {:1) mg l?efgl.r?%anth% ! heCﬂ-&I g tl%gc}y uga% us% (%Eect CFH and

all el es e~ co
CFHRI npamm [QEHN aﬁdlfronab@mau@tsx aqp@amkﬂc@ﬁlmo éBCE mid'@ms Y@ the CFH

exon 22%5@.31551&@119 5 @cﬁ'l-élsﬁoﬁd orhoﬁoaﬂgccﬂsf (ﬁi h&@ro%or.ﬁqg?ﬁbnfhgl%non of CFHRI
and CFHR3 (+/+,+/A), and pattern 4 corresponds to homozygous deletion of CFHRI and CFHR3 (A/A)
(sce Figure 4). All 10 of the serum samples from patients displaying SSCP pattern 4 show no CFHRI1,
whereas all 30 of the serum samples from patients displaying SSCP patterns 1-3 show at least some
CFHR! (data not shown). Thus, analysis of serum from individuals with a CFHRI del/del (A/A)
genotype shows that they lack any detectable CFHR1 protein. This protéin analysis confirms that these
individuals lack both the CFHRI gene énd encoded protein. Individuals who are heterozygous for
deletion of CFHRI and CFHR.? can be recognized by protein analysis of serum samples by virtue of the
intensity of the band corresponding to CFHRI1 being roughly half the 1ntcn31ty in heterozygous (+/A)
patients as compared to homozygous non-deletion (+/+) patients.

[0164] PCR experiments using leukocyte-derived DNA were performed to confirm that patients
having a homozygous deletion of CFHRI and CFHR3 do not have CFHR! and CFHR3 DNA. Figure 5
shows a PCR analysis of CFH and CFHRI-5 from DNA samples from 20 patients, sepairated into four
groups according to SSCP pattei"ns using the CFH exon 22 primers mentioned above. Patterns 1-3
correspond to homozygous non-deletion or heterozygous deletion of CFHR{ and CFHR3 (++, +/A), and
pattern 4 corresponds to homozygous deletion of CFHRI and CFHR3 (A/A). From left to right, 5
samples each from patients displaying SSCP patterns 1, 2, 3 and 4 were subjected to PCR using primers
specific for CFH, CFHRI, CFHR2, CFHR3, CFHR4 and CFHR3J, as indicated. This figure shows that
CFH, CFHR4 and CFHRS DNA are amplified in all of the samples, whereas CFHRI and CFHR3 DNA.
are anplified in samples from patients displaying SSCP patterns 1-3, but not from patients displaying
SSCP pattern 4. The CFIR2 DNA was amplified in some, but not all, of the samples. Thus, when SSCP
and direct sequencing show a homozygous deletion of the CFHRI and CFHR3 gianes, no PCR
amplifiable CFHRI and CFHR3 DNA are detected in samples.
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shows that CFH, CFBR4 and CF. HR5 DNA are anplified in
all of the sanples, whereas CFHRI and CFHR3 DNA are
anplified in sanples from patients displayi ng SSCP
patterns 1-3, but not fron1pat|ents dlsplaylng SSCP
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20assaying for a CFHR3 gene product, where the
absence of a gene product, or a reduced | evel of

" expression of the gene product, is indicative of the
del eti on. ' 5. The method of claim3 or claim
4 wherein the gene product is a protein. 25
6. The nethod of claim5 wherein the protein is
det ect ed usi ng an i mrunoassay oOr mass spectroscopy.
7. -The nmethod of claim1l wherein the nmethod conprises

CLAmA%ssaylng for a 30truncated CFHR1 gene product, where

‘et ection of a truncated gene product is indicative
of t he del eti on. 8. The method of claim1 or

claim7 wherein the nethed . avyi f0 :
Cruncht ed eFEn 5 BIgPS B EETHAES HARRR K BRcis brgPonsity to
devglbjlgl aaﬁts@ﬁiargmmedh ermndﬁm gge—;aatfam diacaler vegepbratibe (AMD) comprising:
el etjon. 9.The nmethod of clai j eL.al: _
the pleliing e présogn s pSo e MubrinoShte & G EECHEeb: of o
deldWipn angtl ¥idor@asseshabRmsioamonionnok thei coraérderitr foaviarhid-related 3
ject. 5 - _ . 0...The 0 i
(RS 65 et st apertiap b P E bR D CrriRAlghe
11. Thereethogreséng! dfite delwiiver iedicateh theneiblestlis at increased risk
conpri ses detecting a del etion of an intrageni
of oS eprA & vassr i s nd B S Bearce SR UALIAHIE Aepes
gene l1l0and the CFHR1 gene and a sequence between the
CFHR1 gene_and the HR4 gene. . . 12, )
ot had of EIamerE fer e | oREreDelts Priefseglg deign of the
CFHRY géreis deletdd o whErk. sties prtdindodifg cdgidrmoftheVBEHRITrgene is
t he subj ect has been di agnosed with AMD. )

~ delefefl. The method of claim 1 wherein the nethod

conprises anal yzing a blood, serum wurine or tissue
sanpl e obtained fromthe qatie

t. 20 . 15. .
The reet hod' 6 Mathad P clajge eprn c@% 2? WBF'}?H‘( t%argzetali:og comprises
assmﬁyp@ CHHR @en?oﬁrﬁadmﬂwﬁ&é?tmf abé&ecemxﬂimgemeﬁg'rcmitnct, or a
- of the CFH gene of the chro ome .conpri.sing,t.he :
rodugf SVELRT CXpIEBIOTAL 11AdNE B HCE I HICTIVELS Hfafeltor.

conprising detecting genetic variants of conpl enent

UG ) GG I 00RLE LA 05y B et comorises

ass&Yird PorCHTHHII j@ndf pro@)cknyvhereether apaenee aff a §82DPRHuct, or a

rs800292; rs3766404; rs1061147; rsl06117Q; .

rodiogS(E3EhoF e RRy AN BIROTP PRSIt MRENG or e felony,
i nsTT); rs2274700; exon -

5. The method of claim 3 or claim 4 wherein the gene product is a

protein.

6. The method of claim 5 wherein the protein is detected using an

immunoassay or mass spectroscopy.

7. The method of claim 1 wherein the method comprises assaying for a
truncated CFHR1 gene product, where detection of a truncated gene product is

indicative oftthe deletion.

8. The method of claim 1 or claim 7 wherein the method comprises

assaying for a truncated CFHR3 gene product, where detection of a truncated gene
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10A; and rs375046;- c) one or both of rs529825 and

rs800292; d) one or nore of rsl1061147, rs1061170 and

rs203674; e) at |east one of rs529825 and rs800292;

and rs3766404; and at |east one of rsl 061147;

rs1061170; and rs203674; f) at |east rs529825,

rs800292, rs3766404, rs1061170 and rs203674; g) exon

22 (R12100); and h) exon 22 (R1210C) and any of

(a)-(g). 17.The nethod of claim1 further conprising
: ecti.n r degeneration-associ ated nol ecule =
mo@ﬁﬁ5%9@8%WF8ERFHE{§PBUp consisting of fibulin-3, =~

vitronectin, 8-crystallin A2, 8- crystallln AB

| 3-crystallin A rystallin ose-

oguid ed Jﬁweowsf’wdfg&% ¥ B ol 2t R prents pgasegce o
the peletict B derstddwy, arsBizblradrsdmbsonit oralubiuiti aaid fken &el dubject.

pyruvat e carboxylase, villin 2, conplenent 1 q

bi ndi ng protein/hyal uronic acid binding protein

(" comgl. eneTHe rhethof ORPlbBIE RIhe)ein hByLckid abid(ig DNan IRNA

A), anyloid P conmponent, C5 and C5b-9 term na

conpl exes, HLA-DR, fibrinogen, Factor X, prothronbin,

COTTD|1GITTEﬂt'Ehe3meﬁwo@n& 8zinf anph&BRthe IMedkdd vemprisdseddlecting a

CRP HLA- DR, apolip tein A e
delefoy @Eﬁ@%@m@?ﬁqueﬁ s sobrbgdpm ¢ ﬁeq'lﬁﬂ%ohﬁb@sg%ﬁtﬁ #‘*'53 gene
and BheASEHRY geft hadaReqlém¥bbiwddnAlke CERR3 geRd and thelGFHR4 gene.
IL-6, IL-12, TNFal pha, G\t CSF, heat shock proteins,
col ony stlnulatlng factors (G CSF, M CSFs), and
I'L-1Q2, , 2fhbSmElRdnait digith @fwitsréih e stibjeéthieThomozygous for the
conprising detecting genetic variants of the HTRAL-
delefighe conprising detecting a pol ynorphic site sel ected
- fromthe group consisting of: at |east one of
rle490924 rs11200638, rs760336, 763720. _
2519.1¥he nkherBethed of clgimn11herpinbs s @%‘?Fﬁ?‘?%ibﬁﬁn diagnosed with
AMDlet ecting genetic variants of the conplenent factor B
(BF) gene and/or the conpl enent conponent- 2 (C2) gene
conprising detecting a polynorphic site selected from

t he ggoup mnﬁnbﬁwbﬂrtﬁ Mim RwHrélh e HetHodbdhlHBedTanbeing a
gene, or R or p05|t|on 32 of the BF protein;

b’ooﬁ(ﬁﬂ“% Ginepr él?sqes'iﬁfﬂ%él?taﬁ‘ﬁ fiem BePglst or L or H at
position 9 of the BF pr otel n; c) G or Tat r3547154 of
the C2 gene; and ?‘ 332379 of the
gene15or gh@fmﬁhﬁtj 95(5%‘1'%6?4" §URieC a“bPeré'Ppre of T at

position 1277 of the coding region of the CFH gene of the chromosome comprising the

deletion.

16. - The method of claim 1 further comprising detecting genetic variants of
complement factor H (CFH) gene comprising detecting one or a plurality of polymorphic

sites selected from the group consisting of:
' a) any one or more of rs529825; rs800292; rs3766404;

- rs1061147; rs1061170; and rs203674;

b}  any one or more of intron 2 (IVS2 or insTT); rs2274700; exon
10A; and rs375046;

c) one or both of rs529825 and rs800292; _

d) one or more of rs1061147, rs1061170 and rs203674;

e) at least one of rs528825 and rs800292; and rs3766404; and
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at least one of rs1061147; rs1061170; and rs203674;
f) at least rs529825, rs800292, rs3766404, rs1061170 and

rs203674;
' a) exon 22 (R1210C); and
h) exon 22 (R1210C) and any of (a}{g).
17. The method of claim 1 further comprising detecting a macular

.degeneration—asso_ciated molecule selected from the group consisting of fibulin-3,
vitronectin, B—crystaliih A2, B-crystalin A3, B-crystallin A4, B-crystallin S, glucose-

regulated protein 78kD (GRP-78), calreticulin, 14-3-3 protein epsilon, serotransferrin,

albumin, keratin, pyruvate carboxylase, villin 2, complement 1 g binding

-protein/hyaluronic acid binding protein (“complement 1 g complement”), amyloid A (al

amyloid A), amyloid P component, C5 and C5b-9 ferminal complexes, HLA-DR,
fibrinogen, Factor X, prothrombin, complements 3. 5and 9, complement reactive profein

(CRP), HLA-DR, apdiipoproteﬁn A, apolipoprotein E, antichymotrypsin,. p2 microgobulin,

‘thrombospondin, elastin, collagen, ICAM-1, LFAT1, LFA3, B7, IL-1, IL-8, IL-12, TNF-
~ alpha, GM-CSF, heat shock proteins, colony stimulating factors (GM-CSF, M-CSFs), and

fL-10.

18. The methaod of claim 1 further compriéing detecting genetic variants of
the HTRA1 gene comprising detecting a polymorphic site selected from t_he'group

consisting of: ‘ _
at least one of rs10490924: rs11200638, rs760336, and rs763720.

19 The method of claim 1 further comprising detecting genetic variants of
the complement factor B (BF) gene and/or the complement component 2 (C2) gene
comprising detécting a polymorphic site selected from the group consisiing of:

a) A or G at rs641153 of the BF gene, or R or Q at position 32 of the BF

protein; .

b)Aor T ét rs4151667 of the BF gene, or L or H at position 9 of the BF
protein; ) ' T

c) G or T at rs547154 of the C2 gene; and

d) C or G at rs8332379 of the C2 gene, or E of D at position 318 of the C2
protein. ‘
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