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ABSTRACT 

Therapeutics and diagnostics based on the identi?cation of 
genetic mutations, Which cause Macular Degeneration (MD) 
is disclosed. 
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MACULAR DEGENERATION DIAGNOSTICS AND 
THERAPEUTICS 

BACKGROUND OF THE INVENTION 

[0001] Macular degeneration is a clinical term that is used 
to describe a variety of diseases that are all characteriZed by 
a progressive loss of central vision associated With abnor 
malities of Bruch’s membrane and the retinal pigment 
epithelium. These disorders include very common condi 
tions that affect older patients (age related macular degen 
eration or AMD) as Well as rarer, earlier-onset dystrophies 
that in some cases can be detected in the ?rst decade of 
life1'18. The genes associated With some of these dystrophies 
have been mapped,5'14 and in three cases, blue-cone mono 
chromasy,15 pattern dystrophy,16'17 and Sorsby fundus dys 
trophy,18 actually identi?ed. HoWever, none of the latter 
genes has been found to be responsible for a signi?cant 
fraction of typical late-onset macular degeneration. 

[0002] In developed countries, AMD is the most common 
cause of legal blindness in older patients.19 The hallmark of 
this condition is the presence of drusen, Which are ophthal 
moscopically visible, yelloW-White hyaline eXcrescences of 
Bruch’s membrane. In some families, drusen are heritable in 
an autosomal dominant fashion. 

[0003] In 1875, Hutchinson and Tay published a paper 
entitled “Symmetrical Central Choroido-Retinal Disease 
Occurring in Senile Persons”.2O This paper includes one of 
the ?rst descriptions of the constellation of clinical ?ndings 

noW knoWn as age related macular degeneration Speci?cally, three of the ten patients in the report Were 

sisters affected With Whitish spots (noW referred to as 
drusen) in the macula. In 1899, Doyne21 reported a similar 
disorder in Which the abnormal spots Were nearly con?uent 
such that the macula had a “honeycomb” appearance. His 
topathologic examination of one of Doyne’s patients22 
revealed the abnormalities to be hyaline thickenings of 
Bruch’s membrane. In 1925 Vogt23 published the ?rst 
description of the ophthalmoscopic appearance of a form of 
familial drusen that had been observed in patients living in 
the Leventine valley in the Ticino canton of southern SWit 
Zerland. Klainguti24 fully characteriZed this condition in 
1932 and demonstrated its autosomal dominant inheritance 
This disorder eventually became knoWn as malattia leven 
tinese (i.e., Leventine disease). In 1948, Waardenburg25 
stated that there Was little reason to make a distinction 
betWeen malattia leventinese and the condition described by 
Doyneé This position Was strengthened When Forni and 
Babel found that the histopathologic features of malattia 
leventinese Were indistinguishable from those of Doyne’s 
honeycomb choroiditis. Piguet, Haimovici and Bird27 
recently revieWed the history of these conditions and also 
pointed out that the drusen in families With malattia leven 
tinese are frequently distributed in a radical pattern (see also 
FIGS. 2 and 3). Choroidal neovasculariZation is uncommon 
in patients With radial drusen but does occur .27 Although 
originally recogniZed in SWitZerland, families affected With 
autosomal dominant radial drusen have been identi?ed in 
Czechoslovakia, ' and the United States.30 

[0004] Currently, there is no therapy that is capable of 
signi?cantly sloWing the degenerative progression of AMD, 
and treatment is limited to laser photocoagulation of the 
subretinal neovascular membranes that occur in 10-15% of 
affected patients. 
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SUMMARY OF THE INVENTION 

[0005] In one aspect the invention features methods for 
diagnosing a subject With macular degeneration or With a 
predisposition for developing, macular degeneration. In a 
preferred embodiment, the diagnostic methods utiliZe a set 
of primers and/or probes for amplifying and/or detecting 
regions of the macular degeneration causing gene, and 
means for analyZing the macular degeneration causing gene 
for differences (mutations) from the normal coding 
sequence. For eXample, the MD causative mutation can be 
detected by any of a variety of available techniques, includ 
ing: 1) performing a hybridiZation reaction betWeen a 
nucleic acid sample and a probe that is capable of hybrid 
iZing to the allele; 2) sequencing at least a portion of the 
allele; or 3) determining the electrophoretic mobility of the 
allele or fragments thereof (e.g., fragments generated by 
endonuclease digestion). The allele can optionally be sub 
jected to an ampli?cation step prior to performance of the 
detection step. Preferred ampli?cation methods are selected 
from the group consisting of: the polymerase chain reaction 
(PCR), the ligase chain reaction (LCR), strand displacement 
ampli?cation (SDA), cloning, and variations of the above 
(eg RT-PCR and allele speci?c ampli?cation). Oligonucle 
otides necessary for ampli?cation may be selected from 
anyWhere in the IL-1 gene loci, either ?anking the marker of 
interest (as required for PCR ampli?cation) or directly 
overlapping the marker (as in ASO hybridiZation). The DNA 
in the human IL-1 region has been mapped, and oligonucle 
otides for primers can easily be selected With a commer 
cially available primer selection program. In a particularly 
preferred embodiment, the sample is hybridiZed With a set of 
primers, Which hybridiZe 5‘ and 3‘ in a sense or antisense 
sequence to the mutation, and is subjected to a PCR ampli 
?cation. In a preferred embodiment, the MD causative 
mutation results in the folloWing amino acid substitutions to 
the FBNL protein: 345Arg>Trp and 362 Arg>Gln. 

[0006] In another embodiment, the diagnostic methods 
employ antibodies to a macular degeneration causing protein 
(i.e. a protein encoded by the macular degeneration gene) in 
an immunoassay procedure to detect the presence of a 
macular degeneration causing protein in a subject’s bodily 
?uid (e.g. tears). 
[0007] In another aspect, the invention features kits for 
performing the above-described assays. The kit can include 
sample collection means and a means for determining, 
Whether a subject carries an MD causative mutation. The kit 
may also comprise control samples, either negative or posi 
tive, or standards. 

[0008] Information obtained using the assays and kits 
described herein is useful, for eXample, for identifying 
presymptomatic individuals, Who are at risk for developing 
MD, e.g. based on family history. If the diagnosis is nega 
tive, the individual Will not need to Worry about the potential 
development of the disease over time. If the diagnosis is 
positive, steps may be taken to prevent or ameliorate the 
effects of the disease before damage, such as loss of vision, 
occurs. In addition, the information can alloW a more 
customiZed approach to prolonging the onset or treating the 
symptoms associated With MD. For example, this informa 
tion can enable a doctor to: 1) more effectively prescribe a 
drug that Will address the molecular basis of MD in the 
subject; and/or 2) better determine the appropriate drug and 
dosage of a particular drug for the particular subject. 
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[0009] In yet a further aspect, the invention features meth 
ods for treating or preventing the development of MD in a 
subject by administering to the subject, a pharmaceutically 
effective amount of an MD therapeutic of the invention. In 
one embodiment, the MD therapeutic is a macular degen 
eration correcting gene or protein (i.e. a “normal” FBNL or 
related gene or protein (e.g. ?bulin 1 or ?bulin 2), Which 
corresponds to a mutated gene or defective protein that 
causes the development of macular degeneration). In 
another embodiment, the MD therapeutic is an antagonist of 
the mutant protein activity or an agonist of the Wildtype 
protein activity. 

[0010] The instant disclosed MD therapeutics correct the 
biochemical defect resulting in disease. Therefore the instant 
disclosed therapies offer a major advance over current 
treatments (e.g. laser photocoagulation of the subretinal 
neovascular membranes that only occur in 10-15% of 
affected patients. 

[0011] In still another aspect, the invention provides in 
vitro and assays for screening test compounds to identify 
MD therapeutics. In another embodiment, the invention 
features transgenic non-human animals and their use, for 
example in identifying MD therapeutics. 

[0012] Other features and advantages Will be readily 
apparent from the folloWing detailed description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a graphic representation of the family 
pedigrees involved in the studies described in Example 1. 
Individuals found to be clinically affected With radial drusen 
are represented by black symbols While unaffected individu 
als are depicted With open symbols. Individuals that are 
deceased are marked With a slash. All living affected patients 
shoWn Were included in the linkage analysis except those 
marked With an asterisk. The affection status of the deceased 
patients and of the patients marked With an asterisk Was 
obtained historically. 

[0014] FIG. 2 is a graph plotting the decline of visual 
acuity of macular degeneration patients With age. Each open 
symbol represents the visual acuity of an affected eye at one 
point in time. The acuity is expressed in decimal notation 
(20/20=1.0; 20/200=0.1). Each heavy closed symbol repre 
sents the median visual acuity for all eyes in a single decade 
of life. These median acuities are plotted at the centers of the 
relevant decades (e.g., 25 for the decade from age 20 
through 29). 
[0015] FIG. 3 shoWs tWo point linkage data and analysis 
of recombinant individuals. Eighteen genetic markers from 
the short arm of chromosome 2 are listed on the left of the 
?gure With the most centromeric marker at the bottom. Dots 
indicate markers that could be positioned on the map in an 
order that Was greater than 108 times more likely than the 
next most likely order. Bold type (Without a dot) indicates 
that a marker could be ordered With greater than 1000:1 odds 
While plain type indicates less than 100011 odds for the 
marker order. The maximum lod score (Zmax) for all four 
families combined is given for each marker as Well as the 
recombination frequency at Which Zmax occurred (theta 
hat). Each vertical group of boxes depicts the haplotypic 
data from a clinically affected individual Who exhibits a 
recombination event near the linked interval. The family 
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designations and pedigree numbers correspond to those in 
FIG. 1. A black box indicates that during the meiosis that 
gave rise to the individual, an informative recombination 
event occurred betWeen the marker and the disease gene. A 
White box indicates that the meiosis is informative (at least 
With respect to the affected parent) and that no recombina 
tion occurred betWeen the disease gene and the marker. A 
gray box indicates that the meiosis is uninformative at that 
marker. The recombination events summariZed in this ?gure 
suggest that the disease-causing mutations lie Within the 
interval bounded by D2S1761 and D2S4444. 

[0016] FIG. 4 shoWs the results of an analysis of tWenty 
SWiss Malattia Leventinese families, Which has haplotypi 
cally narroWed the interval to approximately 1 cM de?ned 
by markers D2S2352-D2S1364. 

DETAILED DESCRIPTION 

[0017] 4.1 De?nitions 

[0018] For convenience, the meaning of certain terms and 
phrases employed in the speci?cation, examples, and 
appended claims are provided beloW. 

[0019] The term “an aberrant activity”, as applied to an 
activity of a polypeptide such as FBNL, refers to an activity 
Which differs from the activity of the Wild-type or native 
polypeptide or Which differs from the activity of the 
polypeptide in a healthy subject. An activity of a polypeptide 
can be aberrant because it is stronger than the activity of its 
native counterpart. Alternatively, an activity can be aberrant 
because it is Weaker or absent relative to the activity of its 
native counterpart. An aberrant activity can also be a change 
in an activity. For example an aberrant polypeptide can 
interact With a different target peptide or polypeptide. A cell 
can have an aberrant FBNL activity due to overexpression or 
underexpression of a Wild-type or mutant FBNL polypep 
tide. 

[0020] “Biological activity” or “bioactivity” or “activity” 
or “biological function”, Which are used interchangeably, for 
the purposes herein means an effector or antigenic function 
that is directly or indirectly performed by an FBNL polypep 
tide (Whether in its native or denatured conformation), 
bioactivity can be modulated by directly affecting the bind 
ing betWeen an FBNL and an FBNL binding partner. Alter 
natively, an IL-1 bioactivity can be modulated by modulat 
ing the level of an FBNL polypeptide, such as by modulating 
expression of an FBNL gene. 

[0021] As used herein the term “bioactive fragment of an 
FBNL polypeptide” refers to a fragment of a full-length 
FBNL polypeptide, Wherein the fragment speci?cally mim 
ics or antagoniZes the activity of a Wild-type FBNL polypep 
tide. The bioactive fragment preferably is a fragment 
capable of interacting With an FBNL binding partner. 

[0022] “Cells,”“host cells” or “recombinant host cells” are 
terms used interchangeably herein. It is understood that such 
terms refer not only to the particular subject cell but to the 
progeny or potential progeny of such a cell. Because certain 
modi?cations may occur in succeeding generations due to 
either mutation or environmental in?uences, such progeny 
may not, in fact, be identical to the parent cell, but are still 
included Within the scope of the term as used herein. 

[0023] A“chimeric protein” or “fusion protein” is a fusion 
of a ?rst amino acid sequence encoding one of the subject 
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polypeptides With a second amino acid sequence de?ning a 
domain (e.g. polypeptide portion) foreign to and not sub 
stantially homologous With any domain of one of the 
polypeptides. A chimeric protein may present a foreign 
domain Which is found (albeit in a different protein) in an 
organism Which also expresses the ?rst protein, or it may be 
an “interspecies , intergenic”, etc. fusion of protein struc 
tures expressed by different kinds of organisms. 

[0024] “Complementary” sequences as used herein refer 
to sequences Which have suf?cient complementarily to be 
able to hybridiZe, forming a stable duplex. 

[0025] The terms “control” or “control sample” refer to 
any sample appropriate to the detection technique employed. 
The control sample may contain the products of the allele 
detection technique employed or the material to be tested. 
Further, the controls may be positive or negative controls. 
By Way of example, Where the allele detection technique is 
PCR ampli?cation, folloWed by siZe fractionation, the con 
trol sample may comprise DNA fragments of an appropriate 
siZe. Likewise, Where the allele detection technique involves 
detection of a mutated protein, the control sample may 
comprise a sample of a mutant protein. HoWever, it is 
preferred that the control sample comprises the material to 
be tested. 

[0026] The phrases “disruption of the gene” and “targeted 
disruption” or any similar phrase refers to the site speci?c 
interruption of a native DNA sequence so as to prevent 
expression of that gene in the cell as compared to the 
Wild-type copy of the gene. The interruption may be caused 
by deletions, insertions or modi?cations to the gene, or any 
combination thereof. 

[0027] A“delivery complex” shall mean a targeting means 
(eg a molecule that results in higher af?nity binding of a 
gene, protein, polypeptide or peptide to a target cell surface 
and/or increased cellular uptake by a target cell). Examples 
of targeting means include: sterols (e.g. cholesterol), lipids 
(eg a cationic lipid, virosome or liposome), viruses (e.g. 
adenovirus, adeno-associated virus, and retrovirus) or target 
cell speci?c binding agents (eg ligands recogniZed by 
target cell speci?c receptors). Preferred complexes are suf 
?ciently stable in vivo to prevent signi?cant uncoupling 
prior to internaliZation by the target cell. HoWever, the 
complex is cleavable under appropriate conditions Within 
the cell so that the gene, protein, polypeptide or peptide is 
released in a functional form. 

[0028] As is Well knoWn, genes for a particular polypep 
tide may exist in single or multiple copies Within the genome 
of an individual. Such duplicate genes may be identical or 
may have certain modi?cations, including nucleotide sub 
stitutions, additions or deletions, Which all still code for 
polypeptides having substantially the same activity. The 
term “DNA sequence encoding a polypeptide” may thus 
refer to one or more genes Within a particular individual. 

Moreover, certain differences in nucleotide sequences may 
exist betWeen individual organisms, Which are called alleles. 
Such allelic differences may or may not result in differences 
in amino acid sequence of the encoded polypeptide yet still 
encode a protein With the same biological activity. 

[0029] An “FBNL” gene or protein refers to a “?brillin 
like” gene or protein that encodes an extracellular matrix 
protein. cDNA encoding a portion of the protein is posted in 
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GenBank under accession number UO3877. FBNL includes 
genes, proteins and portions thereof, Which are substantially 
homologous in structure and function, including ?bulin (1 
and 2), Fibrillin, nidogen, notch, protein S and Factor IX. 

[0030] As used herein, the term “gene” or “recombinant 
gene” refers to a nucleic acid molecule comprising an open 
reading frame encoding one of the polypeptides of the 
present invention, including both exon and (optionally) 
intron sequences. A “recombinant gene” refers to nucleic 
acid molecule encoding a polypeptide and comprising pro 
tein-encoding exon sequences, though it may optionally 
include intron sequences Which are derived from a chromo 
somal gene. Exemplary recombinant genes encoding the 
subject polypeptides are represented in the appended 
Sequence Listing. The term “intron” refers to a DNA 
sequence present in a given gene Which is not translated into 
protein and is generally found betWeen exons. 

[0031] “Homology” or “identity” or “similarity” refers to 
sequence similarity betWeen tWo peptides or betWeen tWo 
nucleic acid molecules. Homology can be determined by 
comparing a position in each sequence Which may be 
aligned for purposes of comparison. When a position in the 
compared sequence is occupied by the same base or amino 
acid, then the molecules are homologous at that position. A 
degree of homology betWeen sequences is a function of the 
number of matching or homologous positions shared by the 
sequences. An “unrelated” or “non-homologous” sequence 
shares less than 40% identity, though preferably less than 
25% identity, With one of the sequences of the present 
invention. 

[0032] “Increased risk” refers to a statistically higher 
frequency of occurrence of the disease or condition in an 
individual carrying a particular polymorphic allele in com 
parison to the frequency of occurrence of the disease or 
condition in a member of a population that does not carry the 
particular polymorphic allele. 

[0033] The term “interact” as used herein is meant to 
include detectable interactions betWeen molecules, such as 
can be detected using, for example, a yeast tWo hybrid 
coimmunoprecipitation assay. The term interact is also 
meant to include “binding” interactions betWeen molecules. 
Interactions may be protein-protein or protein-nucleic acid 
in nature. 

[0034] The term “isolated” as used herein With respect to 
nucleic acids, such as DNA or RNA, refers to molecules 
separated from other DNAs or RNAs, respectively, that are 
present in the natural source of the macromolecule. For 
example, an isolated nucleic acid encoding one of the 
subject polypeptides preferably includes no more than 10 
kilobases (kb) of nucleic acid sequence Which naturally 
immediately ?anks the gene in genomic DNA, more pref 
erably no more than 5 kb of such naturally occurring 
?anking sequences, and most preferably less than 1.5 kb of 
such naturally occurring ?anking sequence. The term iso 
lated as used herein also refers to a nucleic acid or peptide 
that is substantially free of cellular material, viral material, 
or culture medium When produced by recombinant DNA 
techniques, or chemical precursors or other chemicals When 
chemically synthesiZed. Moreover, an “isolated nucleic 
acid” is meant to include nucleic acid fragments Which are 
not naturally occurring as fragments and Would not be found 
in the natural state. The term “isolated” is also used herein 
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to refer to polypeptides Which are isolated from other 
cellular proteins and is meant to encompass both puri?ed 
and recombinant polypeptides. A “knock-in” transgenic ani 
mal refers to an animal that has had a modi?ed gene 
introduced into its genome and the modi?ed gene can be of 
exogenous or endogenous origin. 

[0035] A “knock-out” transgenic animal refers to an ani 
mal in Which there is partial or complete suppression of the 
expression of an endogenous gene (e.g., based on deletion of 
at least a portion of the gene, replacement of at least a 
portion of the gene With a second sequence, introduction of 
stop codons, the mutation of bases encoding critical amino 
acids, or the removal of an intron junction, etc.). 

[0036] A “knock-out construct” refers to a nucleic acid 
sequence that can be used to decrease or suppress expression 
of a protein encoded by endogenous DNA sequences in a 
cell. 

[0037] “Linkage disequilibrium” refers to co-inheritance 
of tWo alleles at frequencies greater than Would be expected 
from the separate frequencies of occurrence of each allele in 
a given control population. The expected frequency of 
occurrence of tWo alleles that are inherited independently is 
the frequency of the ?rst allele multiplied by the frequency 
of the second allele. As used herein, the term “linkage 
disequilibrium” also refers to linked sequences. Alleles that 
co-occur at expected frequencies are said to be in “linkage 
equilibrium” or “not linked”. When referring to allelic 
patterns that are comprised of more than one allele, a ?rst 
allelic pattern is in linkage disequilibrium With a second 
allelic pattern if all the alleles that comprise the ?rst allelic 
pattern are in linkage disequilibrium With at least one of the 
alleles of the second allelic pattern. 

[0038] “MD” or “Macular Degeneration” is a clinical term 
that is used to describe a variety of diseases that are all 
characteriZed by a progressive loss of central vision asso 
ciated With abnormalities of Bruch’s membrane and the 
retinal pigment epithelium. These disorders include very 
common conditions that affect older patients (age related 
macular degeneration or AMD) as Well as rarer, earlier-onset 
dystrophies that in some cases can be detected in the ?rst 
decade of life. Examples include Malattia Leventinese and 
Doyne’s Macular Dystrophy. 
[0039] An “MD therapeutic” refers to an agent that is 
useful in treating or preventing the development of a Macu 
lar Degeneration. Examples include genes, proteins (e.g. 
glycosylated or unglycosylated protein, polypeptide or pro 
tein) or other organic or inorganic molecules (e.g. small 
molecules) that interfere With or compensate for the bio 
chemical events that are causative of MD. 

[0040] A “mutated gene” or “mutation” or “functional 
mutation” refers to an allelic form of a gene, Which is 
capable of altering the phenotype of a subject having the 
mutated gene relat a subject Which does not have the 
mutated gene. The altered phenotype caused by a mutation 
can be corrected or compensated for by certain agents. If a 
subject must be homoZygous for this mutation to have an 
altered phenotype, the mutation is said to be recessive. If one 
copy of the mutated gene is sufficient to alter the phenotype 
of the subject, the mutation is said to be dominant. If a 
subject has one copy of the mutated gene and has a pheno 
type that is intermediate betWeen that of a homoZygous and 
that of a heteroZygous subject (for that gene), the mutation 
is said to be co-dominant. 
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[0041] The “non-human animals” of the invention include 
mammalians such as rodents, non-human primates, sheep, 
dog, coW, chickens, amphibians, reptiles, etc. Preferred 
non-human animals are selected from the rodent family 
including rat and mouse, most preferably mouse. The term 
“chimeric animal” is used herein to refer to animals in Which 
the recombinant gene is found, or in Which the recombinant 
is expressed in some but not all cells of the animal. The term 
“tissue-speci?c chimeric animal” indicates that one of the 
recombinant genes is present and/or expressed or disrupted 
in some tissues but not others. 

[0042] As used herein, the term “nucleic acid” refers to 
polynucleotides such as deoxyribonucleic acid (DNA), and, 
Where appropriate, ribonucleic acid (RNA). The term should 
also be understood to include, as equivalents, analogs of 
either RNA or DNA made from nucleotide analogs, and, as 
applicable to the embodiment being described, single (sense 
or antisense) and double-stranded polynucleotides. 

[0043] As used herein, the term “promoter” means a DNA 
sequence that regulates expression of a selected DNA 
sequence operably linked to the promoter, and Which effects 
expression of the selected DNA sequence in cells. The term 
encompasses “tissue speci?c” promoters, i.e. promoters, 
Which effect expression of the selected DNA sequence only 
in speci?c cells (e.g. cells of a speci?c tissue). The term also 
covers so-called “leaky” promoters, Which regulate expres 
sion of a selected DNA primarily in one tissue, but cause 
expression in other tissues as Well. The term also encom 
passes non-tissue speci?c promoters and promoters that 
constitutively express or that are inducible (i.e. expression 
levels can be controlled). 

[0044] The terms “protein”, “polypeptide” and “peptide” 
are used interchangeably herein When referring to a gene 
product. 
[0045] The term “recombinant protein” refers to a 
polypeptide of the present invention Which is produced by 
recombinant DNA techniques, Wherein generally, DNA 
encoding a polypeptide is inserted into a suitable expression 
vector Which is in turn used to transform a host cell to 
produce the heterologous protein. Moreover, the phrase 
“derived from”, With respect to a recombinant gene, is meant 
to include Within the meaning of “recombinant protein” 
those proteins having an amino acid sequence of a native 
protein, or an amino acid sequence similar thereto Which is 
generated by mutations including substitutions and deletions 
(including truncation) of a naturally occurring form of the 
protein. 
[0046] “Small molecule” as used herein, is meant to refer 
to a composition, Which has a molecular Weight of less than 
about 5 kD and most preferably less than about 4 kD. Small 
molecules can be nucleic acids, peptides, peptidomimetics, 
carbohydrates, lipids or other organic or inorganic mol 
ecules. 

[0047] As used herein, the term “speci?cally hybridiZes” 
or “speci?cally detects” refers to the ability of a nucleic acid 
molecule of the invention to hybridiZe to at least approxi 
mately 6, 12, 20, 30, 50, 100, 150, 200, 300, 350, 400 or 425 
consecutive nucleotides. 

[0048] “Transcriptional regulatory sequence” is a generic 
term used throughout the speci?cation to refer to DNA 
sequences, such as initiation signals, enhancers, and pro 
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moters, Which induce or control transcription of protein 
coding sequences With Which they are operably linked. In 
preferred embodiments, transcription of one of the recom 
binant genes is under the control of a promoter sequence (or 
other transcriptional regulatory sequence) Which controls 
the expression of the recombinant gene in a cell-type in 
Which expression is intended. It Will also be understood that 
the recombinant gene can be under the control of transcrip 
tional regulatory sequences Which are the same or Which are 
different from those sequences Which control transcription 
of the naturally-occurring forms of proteins. 

[0049] As used herein, the term “transfection” means the 
introduction of a nucleic acid, e.g., an expression vector, into 
a recipient cell by nucleic acid-mediated gene transfer. 
“Transformation”, as used herein, refers to a process in 
Which a cell’s genotype is changed as a result of the cellular 
uptake of exogenous DNA or RNA, and, for example, the 
transformed cell expresses a recombinant form of a polypep 
tide or, in the case of anti-sense expression from the trans 
ferred gene, the expression of a naturally-occurring form of 
the protein is disrupted. 

[0050] As used herein, the term “transgene” means a 
nucleic acid sequence encoding, e.g., one of the polypep 
tides, or an antisense transcript thereto, Which is partly or 
entirely heterologous, i.e., foreign, to the transgenic animal 
or cell into Which it is introduced, or, is homologous to an 
endogenous gene of the transgenic animal or cell into Which 
it is introduced, but Which is designed to be inserted, or is 
inserted, into the animal’s genome in such a Way as to alter 
the genome of the cell into Which it is inserted (e.g., it is 
inserted at a location Which differs from that of the natural 
gene or its insertion results in a knockout). A transgene can 
include one or more transcriptional regulatory sequences 
and any other nucleic acid, (eg as intron), that may be 
necessary for optimal expression of a selected nucleic acid. 

[0051] A “transgenic animal” refers to any animal, pref 
erably a non-human mammal, bird or an amphibian, in 
Which one or more of the cells of the animal contain 
heterologous nucleic acid introduced by Way of human 
intervention, such as by transgenic techniques Well knoWn in 
the art. The nucleic acid is introduced into the cell, directly 
or indirectly by introduction into a precursor of the cell, by 
Way of deliberate genetic manipulation, such as by micro 
injection or by infection With a recombinant virus. The term 
genetic manipulation does not include classical cross-breed 
ing, or in vitro fertiliZation, but rather is directed to the 
introduction of a recombinant DNA molecule. This mol 
ecule may be integrated Within a chromosome, or it may be 
extrachromosomally replicating DNA. In the typical trans 
genic animals described herein, the transgene causes cells to 
express a recombinant form of one of the proteins, e.g. either 
agonistic or antagonistic forms. HoWever, transgenic ani 
mals in Which the recombinant gene is silent are also 
contemplated, as for example, the FLP or CRE recombinase 
dependent constructs described beloW. Moreover, “trans 
genic animal” also includes those recombinant animals in 
Which gene disruption of one or more genes is caused by 
human intervention, including both recombination and anti 
sense techniques. 

[0052] As used herein, the term “vector” refers to a nucleic 
acid molecule capable of transporting another nucleic acid to 
Which it has been linked. One type of preferred vector is an 
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episome, i.e., a nucleic acid capable of extra-chromosomal 
replication. Preferred vectors are those capable of autono 
mous replication and/expression of nucleic acids to Which 
they are linked. Vectors capable of directing the expression 
of genes to Which they are operatively linked are referred to 
herein as “expression vectors”. In general, expression vec 
tors of utility in recombinant DNA techniques are often in 
the form of “plasmids” Which refer generally to circular 
double stranded DNA loops Which, in their vector form are 
not bound to the chromosome. In the present speci?cation, 
“plasmid” and “vector” are used interchangeably as the 
plasmid is the most commonly used form of vector. HoW 
ever, the invention is intended to include such other forms of 
expression vectors Which serve equivalent functions and 
Which become knoWn in the art subsequently hereto. 

[0053] The term “treating” as used herein is intended to 
encompass curing as Well as ameliorating at least one 
symptom of a condition or disease. 

[0054] The term “Wild-type allele” refers to an allele of a 
gene Which, When present in tWo copies in a subject results 
in a Wild-type phenotype. There can be several different 
Wild-type alleles of a speci?c gene, since certain nucleotide 
changes in a gene may not affect the phenotype of a subject 
having tWo copies of the gene With the nucleotide changes. 

[0055] 4.2 General 

[0056] The instant invention is based on linkage studies 
that have mapped a macular degeneration causing gene to a 
region of human chromosome 2 and on sequencing studies 
that have identi?ed mutations in the FBNL gene Within the 
mapped region. As described in detail in the attached 
Example 1, linkage has been determined based on studies 
performed on eighty-six members of four families affected 
With radial drusen. One family Was of American origin, 
While the other three originated in the Leventine valley of 
SWitZerland. The pedigrees of these families are shoWn in 
FIG. 1. 

[0057] As reported in the folloWing Example 1, the gene 
responsible for macular degeneration maps on the short arm 
of chromosome 2. When mutated, the gene is capable of 
causing the development of autosomal dominant radial 
drusen (malattia leventinese or Doyne’s honeycomb retinal 
dystrophy). All four families investigated have very similar 
clinical features and all four have positive lod scores (With 
no recombinants) With the most tightly linked markers. 

[0058] Multipoint analysis revealed a peak lod score of 12 
centered on marker GATA26H10. The lod-1 con?dence 
interval Was 8cM4O. The more conservative estimate of the 

diseased interval (de?ned by observed recombinations) is 14 
cM extending from marker D2S1761 (centromeric) to 
D2S444 telomeric. 

[0059] The interval has been haplotypically narroWed by 
analysis of the tWenty SWiss Malattia Leventinese families. 
The haplotypic interval is de?ned by markers D2S2352 
D2S1364 (approximately 1 cM). The American Malattia 
Leventinese families also share haplotypic identity With the 
SWiss families from markers CA-133 to D2S1364<1 cM. 
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[0060] Genes that fall in the haplotypically identical Swiss 
interval are set forth in the following Table 1: 

TABLE 1 

Gen Bank Expression 
Marker Accession Number (from Unigene) Description 

SGC35022 H726OO fetal liver/spleen dual speci?city 
protein kinase 

WI-1156O RO8151 fetal liver/spleen 
SGC32447 RO9316 brain 
SGC34889 M66771 fetal liver/spleen 
WI-6704 Z38691 infant brain, fetal 

heart 
WI6613 embryo retina, 

infant brain, fetal 
liver/spleen 

WI12526 similar to 
spectrin B-g 
chain 

B-fodrin brain 
WI-11791 R2801O placenta, fetal 

liver/spleen, 
melanocytes 

WI-11399 T87762 fetal liver/spleen 

(Physical and genetic mapping for each marker information can be 
obtained from the Whitehead Institute for Genome Research (http://WWW 
genome.Wi.mit.edu).) 

[0061] As described in Example 2, a genetic interval 
containing the mutated gene Was developed by linkage and 
haplotype analysis of 36 nuclear families With MD from the 
United States, SWitzerland and Australia. A list of candidate 
genes Was developed. A sequence variation Was detected in 
a candidate gene (FBNL) that altered an amino acid in a 
non-conservative Way. Speci?cally, this change alter the ?rst 
nucleotide of codon 345 from a C to a T thereby changing 
the predicted amino acid at this position from an arginine to 
a tryptophan. Since different transcription start sites are 
possible for this gene, for clarity, the involved nucleotide is 
speci?ed as being nucleotide 952 in the cDNA sequence 
posted as GenBank accession no. UO3877 (Seq. Id. No. 1). 
All 36 ML families (111 157 affected patients)share the same 
sequence variation. None of the 494 AMD patients (from the 
United States, Australia and SWitzerland and the United 
States) exhibit this change. In addition, as described in 
Example 3, the sequence of a SWiss patient Was found to 
contain a different amino acid change in exon 10: 362 
Arg>Gln. 

[0062] It is not surprising that mutations in the FBNL gene 
have been identi?ed as causing MD. This gene encodes an 
extracellular matrix protein Which is the single most likely 
class of molecule to cause the accumulation of lipofuscin 
under the retinal pigment epithelium knoWn as drusen (the 
hallmark of MD). In addition, its location is Within the 
genetically de?ned disease interval. Thirdly, it has been 
found to be upregulated in patients With a genetic form of 
premature ageing (Werner’ syndrome). 

[0063] The ?nding that mutations in FBNL cause macular 
degeneration, makes macular degeneration testing a reality. 
Diagnostic testing can noW be performed on presymptom 
atic individuals, Who are at risk of developing macular 
degeneration based on family history. In addition, tests can 
be performed on postsymptomatic individuals diagnosed 
With macular degeneration based on an ophthalmologic 
examination. 
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[0064] In addition to being used diagnostically, identi? 
cation of the involvement of mutations in the FBNL gene in 
the development of macular degenerations alloWs the pro 
duction of cell-free and cell-based screening assays and 
transgenic animals for use in further studies of the disorder 
and to identify safe and effective MD therapeutics. 

[0065] The identi?cation of a single gene knoWn to be 
responsible for AMD can also improve understanding of the 
types and classes of genes that can cause related disorders. 
In addition, the identi?cation of one gene product causing a 
disorder can make it possible to identify other genes Which 
can cause a similar phenotype. For example, the identi?ca 
tion of the dystrophin gene has led to the isolation of 
dystrophin related glycoproteins, at least one of Which plays 
a role in other forms of muscular dystrophy. Also, a gene 
capable of causing a Mendelian disorder, may contribute to 
the inheritance of a multifactorial form of the disorder. A 
striking example of this has been the identi?cation of genes 
involved in various forms of cancer (e g. colon cancer) by 
studying familial forms of cancer (e.g. hereditary nonpoly 
posis colon cancer and familial adenomatous polyposis). 
Groden, J. A. et al.,(1991) Cell 661589-600; Aaltonen, L. A. 
(1993) Science 260:812-816). For example, as shoWn 
herein, AMD appears to be allelic to Doyne’s macular 
dystrophy. 
[0066] 4.3 Predictive Medicine 

[0067] 4.3.1. MD Caussative Mutations 

[0068] The invention is based, at least in part, on the 
identi?cation of mutations that cause Macular Degeneration 
(MD). Because the particular MD mutations may be in 
linkage disequilibrium With other alleles, the detection of 
such other alleles can also indicate a predisposition to 
developing MD in a subject. 

[0069] 4.3.2. Detection of Alleles 

[0070] Many methods are available for detecting speci?c 
alleles at human polymorphic loci. The preferred method for 
detecting a speci?c polymorphic allele may depend, in part, 
upon the molecular nature of the polymorphism. For 
example, detection of speci?c alleles may be nucleic acid 
techniques based on hybridization, size, or sequence, such as 
restriction fragment length polymorphism (RFLP), nucleic 
acid sequencing, and allele speci?c oligonucleotide (ASO) 
hybridization. In one embodiment, the methods comprise 
detecting in a sample of DNA obtained from a subject the 
existence of an allele associated With MD. For example, a 
nucleic acid composition comprising a nucleic acid probe 
including a region of nucleotide sequence Which is capable 
of hybridizing to a sense or antisense sequence to an allele 
associated With MD can be used as folloWs: the nucleic acid 
in a sample is rendered accessible for hybridization, the 
probe is contacted With the nucleic acid of the sample, and 
the hybridization of the probe to the sample nucleic acid is 
detected. Such technique can be used to detect alterations or 
allelic variants at either the genomic or mRNA level as Well 
as to determine mRNA transcript levels, When appropriate. 

[0071] Apreferred detection method is ASO hybridization 
using probes overlapping an allele associated With MD and 
has about 5, 10, 20, 25, or 30 nucleotides around the 
mutation or polymorphic region. In a preferred embodiment 
of the invention, several probes capable of hybridizing 
speci?cally to other allelic variants involved in MD are 
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attached to a solid phase support, e.g., a “chip” (Which can 
hold up to about 250,000 oligonucleotides). Oligonucle 
otides can be bound to a solid support by a variety of 
processes, including lithography. Mutation detection analy 
sis using these chips comprising oligonucleotides, also 
termed “DNA probe arrays” is described e.g., in Cronin et 
al., Human Mutation 7:244, 1996. In one embodiment, a 
chip comprises all the allelic variants of at least one poly 
morphic region of a gene. The solid phase support is then 
contacted With a test nucleic acid and hybridiZation to the 
speci?c probes is detected. Accordingly, the identity of 
numerous allelic variants of one or more genes can be 

identi?ed in a simple hybridiZation experiment. 

[0072] These techniques may also comprise the step of 
amplifying the nucleic acid before analysis. Ampli?cation 
techniques are knoWn to those of skill in the art and include, 
but are not limited to cloning, polymerase chain reaction 
(PCR), polymerase chain reaction of speci?c alleles (ASA), 
ligase chain reaction (LCR), nested polymerase chain reac 
tion, self sustained sequence replication (Guatelli, J. C. et 
al.,Proc. Natl.Acad. Sci. USA 87:1874-78, 1990), transcrip 
tional ampli?cation system (KWoh, D. Y. et al., Proc. Natl. 
Acad. Sci. USA, 86: 1173-77, 1989), and Q-Beta Replicase 
(LiZardi, P. M. et al., Bio/Technology 6:1197, 1988). 

[0073] Ampli?cation products may be assayed in a variety 
of Ways, including siZe analysis, restriction digestion fol 
loWed by siZe analysis, detecting speci?c tagged oligonucle 
otide primers in the reaction products, ASO hybridiZation, 
allele speci?c 5‘ exonuclease detection, sequencing, hybrid 
iZation, and the like. 

[0074] PCR based detection means can include multiplex 
ampli?cation of a plurality of markers simultaneously. For 
example, it is Well knoWn in the art to select PCR primers 
to generate PCR products that do not overlap in siZe and can 
be analyZed simultaneously. Alternatively, it is possible to 
amplify different markers With primers that have detectable 
labels that are different and thus can each be differentially 
detected. Of course, hybridiZation based detection means 
alloW the differential detection of multiple PCR products in 
a sample. Other techniques are knoWn in the art to alloW 
multiplex analyses of a plurality of markers. 

[0075] In a merely illustrative embodiment, the method 
includes the steps of collecting a sample of cells from a 
patient, (ii) isolating nucleic acid (e.g., genomic, mRNA or 
both) from the cells of the sample, (iii) contacting the 
nucleic acid sample With one or more primers Which spe 
ci?cally hybridiZe to an allele associated With MD, under 
conditions such that hybridiZation and ampli?cation of the 
desired marker occurs, and (iv) detecting the ampli?cation 
product. These detection schemes are especially useful for 
the detection of nucleic acid molecules if such molecules are 
present in very loW numbers. 

[0076] An allele associated With MD can also be identi?ed 
by alterations in restriction enZyme cleavage patterns 
through RFLP analysis. For example, sample and control 
DNA is isolated, ampli?ed (optionally), digested With one or 
more restriction endonucleases, and fragment length siZes 
are determined by gel electrophoresis through siZe fraction 
iZation. 

[0077] In yet another embodiment, any of a variety of 
sequencing reactions knoWn in the art can be used to directly 
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sequence a polymorphic site having at least one allele 
associated With MD. Exemplary sequencing reactions 
include those based on techniques developed by Maxim and 
Gilbert (Proc. Natl. Acad. Sci. USA 74:560, 1977) or Sanger 
(Sanger et al., Proc. Nat. Acad. Sci. USA 74:5463, 1977). It 
is also contemplated that any of a variety of automated 
sequencing procedures may be utiliZed When performing the 
subject assays (Biotechniques 19:448, 1995), including 
sequencing by mass spectrometry (see, for example PCT 
publication WO 94/16101; Cohen et al., Aa'v. Chromatogr. 
36:127-62, 1996; and Grif?n et al.,Appl. Biochem. Biotech 
nol. 38:147-59, 1993). It Will be evident to one skilled in the 
art that, for certain embodiments, the occurrence of only 
one, tWo or three of the nucleic acid bases need be deter 
mined in the sequencing reaction. For instance A-track or the 
like, e.g., Where only one nucleic acid is detected, can be 
carried out. 

[0078] In a further embodiment, protection from cleavage 
agents (such as a nuclease, hydroxylamine or osmium 
tetroxide and With piperidine) can be used to detect mis 
matched bases in RNA/RNA or RNA/DNA or DNA/DNA 
heteroduplexes (Myers et al., Science 230:1242, 1985). In 
general the art technique of “mismatch cleavage” starts by 
providing heteroduplexes formed by hybridiZing (labelled) 
RNA or DNA containing the Wild-type allele With the 
sample. The double-stranded duplexes are treated With an 
agent Which cleaves single-stranded regions of the duplex 
such as Which Will exist due to base pair mismatches 
betWeen the control and sample strands. For instance, RNA/ 
DNA duplexes can be treated With RNase and DNA/DNA 
hybrids treated With S1 nuclease to enZymatically digest the 
mismatched regions. In other embodiments, either DNA/ 
DNA or RNA/DNA duplexes can be treated With hydroxy 
lamine or osmium tetroxide and With piperidine in order to 
digest mismatched regions. After digestion of the mis 
matched regions, the resulting material is then separated by 
siZe on denaturing polyacrylamide gels to determine the site 
of mutation. (See, for example, Cotton et al., Proc. Natl. 
Acad. Sci. USA 85:4397, 1988; Saleeba et al., Methods 
Enzymol. 217:286-95, 1992) In a preferred embodiment, the 
control DNA or RNA can have a detectable label. 

[0079] In still another embodiment, the mismatch cleav 
age reaction employs one or more proteins that recogniZe 
mismatched base pairs in double-stranded DNA (so called 
“DNA mismatch repair” enZymes). For example, the mutY 
enZyme of E. coli cleaves A at G/A mismatches and the 
thymidine DNA glycosylase from HeLa cells cleaves T at 
G/T mismatches (Hsu et al., Carcinogenesis 15:1657-62, 
1994). According to an exemplary embodiment, an appro 
priate probe is hybridiZed to a cDNA or other DNA product 
from a test cell(s). The duplex is treated With a DNA 
mismatch repair enZyme, and the cleavage products, if any, 
can be detected from electrophoresis protocols or the like. 
(See, for example, US. Pat. No. 5,459,039.) 

[0080] In other embodiments, alterations in electro 
phoretic mobility Will be used to identify an allele associated 
With MD. For example, single strand conformation poly 
morphism (SSCP) may be used to detect differences in 
electrophoretic mobility betWeen mutant and Wild type 
nucleic acids (Orita et al., Proc. Natl. Acad. Sci. USA 
86:2766, 1989, see also Cotton, Mutant Res. 285:125-44, 
1993; and Hayashi, Genet. Anal. Tech. Appl. 9:73-79, 1992. 
Single-stranded DNA fragments of sample and control are 
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denatured and allowed to renature. The secondary structure 
of single-stranded nucleic acids varies according to 
sequence, the resulting alteration in electrophoretic mobility 
enables the detection of even a single base change. The DNA 
fragments may be labeled or detected With labeled probes, 
such as primers With a detectable label. The sensitivity of the 
assay may be enhanced by using RNA (rather than DNA), in 
Which the secondary structure is more sensitive to a change 
in sequence. In a preferred embodiment, the subject method 
utiliZes heteroduplex analysis to separate double stranded 
heteroduplex molecules on the basis of changes in electro 
phoretic mobility (Keen et al., Trends Genet. 715, 1991). 
[0081] In yet another embodiment, the movement of an 
allele associated With MD in polyacrylamide gels containing 
a gradient of denaturant is assayed using denaturing gradient 
gel electrophoresis (DGGE) (Myers et al., Nature 3131495, 
1985). When DGGE is used as the method of analysis, DNA 
Will be modi?ed to insure that it does not completely 
denature, for example by adding a GC clamp of approxi 
mately 40 bp of high-melting GC-rich DNA by PCR. In a 
further embodiment, a temperature gradient is used in place 
of a denaturing agent gradient to identify differences in the 
mobility of control and sample DNA (Rosenbaum and 
Reissner, Biophys. Chem. 265112753, 1987). 
[0082] Examples of other techniques for detecting alleles 
associated With MD include, but are not limited to, selective 
oligonucleotide hybridiZation, selective ampli?cation, or 
selective primer extension. For example, oligonucleotide 
primers may be prepared in Which the knoWn mutation or 
nucleotide difference (e.g., in allelic variants) is placed 
centrally and then hybridiZed to target DNA under condi 
tions Which permit hybridiZation only if a perfect match is 
found (Saiki et al., Nature 3241163, 1986); Saiki et al., Proc. 
Natl. Acad. Sci. USA 8616230, 1989). Such ASO hybridiZa 
tion techniques may be used to test one mutation or poly 
morphic region per reaction When oligonucleotides are 
hybridiZed to PCR ampli?ed target DNA or a number of 
different mutations or polymorphic regions When the oligo 
nucleotides are attached to the hybridiZing membrane and 
hybridiZed With labelled target DNA. 

[0083] Alternatively, allele speci?c ampli?cation technol 
ogy Which depends on selective PCR ampli?cation may be 
used in conjunction With the instant invention. Oligonucle 
otides used as primers for speci?c ampli?cation may carry 
the mutation or polymorphic region of interest in the center 
of the molecule (so that ampli?cation depends on differential 
hybridiZation) (Gibbs et al., Nucleic Acids Res. 1712437 
2448, 1989) or at the extreme 3‘ end of one primer Where, 
under appropriate conditions, mismatch can prevent, or 
reduce polymerase extension (Prossner, Tibtech 111238, 
1993. In addition it may be desirable to introduce a novel 
restriction site in the region of the mutation to create 
cleavage-based detection (Gasparini et al., Mol. Cell Probes 
611, 1992). It is anticipated that in certain embodiments 
ampli?cation may also be performed using Taq ligase for 
ampli?cation (Barany, Proc. Natl. Acad. Sci USA 881189, 
1991). In such cases, ligation Will occur only if there is a 
perfect match at the 3‘ end of the 5‘ sequence making it 
possible to detect the presence of a knoW mutation at a 
speci?c site by looking for the presence or absence of 
ampli?cation. 
[0084] In another embodiment, identi?cation of the allelic 
variant is carried out using an oligonucleotide ligation assay 
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(OLA), as described, e g., in US. Pat. No. 4,998,617 and in 
Landegren et al, Science 24111077-80, 1988. The OLA 
protocol uses tWo oligonucleotides Which are designed to be 
capable of hybridiZing to abutting sequences of a single 
strand of a target. One of the oligonucleotides is linked to a 
separation marker, e.g., biotinylated, and the other has a 
detectable label. If the precise complementary sequence is 
found in a target molecule, the oligonucleotides Will hybrid 
iZe such that their termini abut, and create a ligation sub 
strate. Ligation then permits the labeled oligonucleotide to 
be recovered using avidin, or another biotin ligand. Nick 
erson, D. A. et al. have described a nucleic acid detection 
assay that combines attributes of PCR and OLA (Nickerson 
et al., Proc. Natl. Acad. Sci. USA 8718923-27, 1990. In this 
method, PCR is used to achieve the exponential ampli?ca 
tion of target DNA, Which is then detected using OLA. 

[0085] Several techniques based on this OLAmethod have 
been developed and can be used to detect alleles associated 
With MD. For example, US. Pat. No. 5,593,826 discloses an 
OLA using an oligonucleotide having 3‘-amino group and a 
5‘-phosphorylated oligonucleotide to form a conjugate hav 
ing a phosphoramidate linkage. In another variation of OLA 
described in Tobe et al., Nucleic Acids Res. 2413728, 1996, 
OLA combined With PCR permits typing of tWo alleles in a 
single microtiter Well. By marking each of the allele-speci?c 
primers With a unique hapten, i.e. digoxigenin and ?uores 
cein, each OLA reaction can be detected by using hapten 
speci?c antibodies that are labeled With different enZyme 
reporters, alkaline phosphatase or horseradish peroxidase. 
This system permits the detection of the tWo alleles using a 
high throughput format that leads to the production of tWo 
different colors. 

[0086] Several methods have been developed to facilitate 
analysis of single nucleotide polymorphisms. In one 
embodiment, the single base polymorphism can be detected 
by using a specialiZed exonuclease-resistant nucleotide, as 
disclosed, e.g., in US. Pat. No. 4,656,127 (Mundy et al.). 
According to the method, a primer complementary to the 
allelic sequence immediately 3‘ to the polymorphic site is 
permitted to hybridiZe to a target molecule obtained from a 
particular animal or human. If the polymorphic site on the 
target molecule contains a nucleotide that is complementary 
to the particular exonuclease-resistant nucleotide derivative 
present, then that derivative Will be incorporated onto the 
end of the hybridiZed primer. Such incorporation renders the 
primer resistant to exonuclease, and thereby permits its 
detection. Since the identity of the exonuclease-resistant 
derivative of the sample is knoWn, a ?nding that the primer 
has become resistant to exonucleases reveals that the nucle 
otide present in the polymorphic site of the target molecule 
Was complementary to that of the nucleotide derivative used 
in the reaction. This method has the advantage that it does 
not require the determination of large amounts of extraneous 
sequence data. 

[0087] In another embodiment of the invention, a solution 
based method is used for determining the identity of the 
nucleotide of a polymorphic site. French Patent 2,650,840; 
PCT Appln. No. WO91/02087. As in the Mundy method of 
US. Pat. No. 4,656,127, a primer is employed that is 
complementary to allelic sequences immediately 3‘ to a 
polymorphic site. The method determines the identity of the 
nucleotide of that site using labeled dideoxynucleotide 
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derivatives, Which, if complementary to the nucleotide of the 
polymorphic site Will become incorporated onto the termi 
nus of the primer. 

[0088] An alternative method, knoWn as Genetic Bit 
Analysis or GBATM is described by Goelet et al. in PCT 
Appln. No. 92/15712. The method of Goelet et al. uses 
mixtures of labeled terminators and a primer that is comple 
mentary to the sequence 3‘ to a polymorphic site. The 
labeled terminator that is incorporated is thus determined by, 
and complementary to, the nucleotide present in the poly 
morphic site of the target molecule being evaluated. In 
contrast to the method of Cohen et al., French Patent 
2,650,840 and PCT Appln. No. WO91/02087, the method of 
Goelet et al. is preferably a heterogeneous phase assay, in 
Which the primer or the target molecule is immobiliZed to a 
solid phase. 

[0089] Recently, several primer-guided nucleotide incor 
poration procedures for assaying polymorphic sites in DNA 
have been described (Komher et al., Nucleic Acids Res. 
1717779-84, 1989; Sokolov, Nucleic Acids Res. 1813671, 
1990; Syvanen et al., Genomics 81684-92, 1990; Kup 
pusWamy et al., Proc. Natl. Acad. Sci. USA 8811143-47, 
1991; PreZant et al., Hum. Mutat. 11159-64, 1992; UgoZZoli 
et al., GAIA 91107-12, 1992; Nyren et al., Anal. Biochem. 
2081171-75, 1993). These methods differ from GBATM in 
that they all rely on the incorporation of labeled deoxynucle 
otides to discriminate betWeen bases at a polymorphic site. 
In such a format, since the signal is proportional to the 
number of deoxynucleotides incorporated, polymorphisms 
that occur in runs of the same nucleotide can result in signals 
that are proportional to the length of the run (Syvanen, et al., 
Amer J. Hum. Genet. 52146-59, 1993). 

[0090] For mutations that produce premature termination 
of protein translation, the protein truncation test (PTT) offers 
an ef?cient diagnostic approach (Roest et. al., Hum. Mol. 
Genet. 211719-21, 1993; van der Luijt et. al., Genomics 
2011-4, 1994). For PTT, RNA is initially isolated from 
available tissue and reverse-transcribed, and the segment of 
interest is ampli?ed by PCR. The products of reverse 
transcription PCR are then used as a template for nested 
PCR ampli?cation With a primer that contains an RNA 
polymerase promoter and a sequence for initiating eukary 
otic translation. After ampli?cation of the region of interest, 
the unique motifs incorporated into the primer permit 
sequential in vitro transcription and translation of the PCR 
products. Upon sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis of translation products, the appearance of 
truncated polypeptides signals the presence of a mutation 
that causes premature termination of translation. In a varia 
tion of this technique, DNA (as opposed to RNA) is used as 
a PCR template When the target region of interest is derived 
from a single exon. 

[0091] In still another method knoWn as Dynamic Allele 
Speci?c Hybridization (DASH), a target sequence is ampli 
?ed by PCR in Which one primer is biotinylated. The 
biotinylated product strand is bound to a streptavidin or 
avidin coated microtiter plate Well, and the non-biotinylated 
strand is rinsed aWay With alkali. An oligonucleotide probe, 
speci?c for one allele, is hybridiZed to the target at loW 
temperature. This forms a duplex DNA region that interacts 
With a double strand-speci?c intercalating dye. Upon exci 
tation, the dye emits ?uorescence proportional to the amount 
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of double stranded DNA (probe-target duplex) present. The 
sample is then steadily heated While ?uorescence is con 
tinually monitored. A rapid fall in ?uorescence indicates the 
denaturing (or “melting”) temperature of the probe-target 
duplex. When performed under appropriate buffer and dye 
conditions, a single-base mismatch betWeen the probe and 
the target results in a dramatic loWering of melting tempera 
ture (Tm) that can be easily detected (HoWell, W. M. et al., 
(1999) Nature Biotechnology 17:)87-88. 
[0092] Any cell type or tissue may be utiliZed in the 
diagnostics described herein. In a preferred embodiment the 
DNA sample is obtained from a bodily ?uid obtained by 
knoWn techniques. Alternatively, nucleic acid tests can be 
performed on dry samples (e.g. hair or skin). 

[0093] Diagnostic procedures may also be performed in 
situ directly upon tissue sections (?xed and/or froZen) of 
patient tissue obtained from biopsies or resections, such that 
no nucleic acid puri?cation is necessary. Nucleic acid 
reagents may be used as probes and/or primers for such in 
situ procedures (see, for example, Nuovo, PCR in situ 
Hybridization: Protocols and Applications (Raven Press, 
NY. 1992)). 

[0094] In addition to methods Which focus primarily on 
the detection of one nucleic acid sequence, pro?les may also 
be assessed in such detection schemes. Fingerprint pro?les 
may be generated, for example, by utiliZing a differential 
display procedure, Northern analysis and/or RT-PCR. 

[0095] Another embodiment of the invention is directed to 
kits. This kit may contain one or more oligonucleotides, 
including 5‘ and 3‘ oligonucleotides that hybridiZe 5‘ and 3‘ 
to a polymorphic site having as allele associated With MD or 
detection oligonucleotides that hybridiZe directly to an allele 
associate With MD. The kit may also contain one or more 
oligonucleotides capable of hybridiZing near or at other 
alleles that are in linkage disequilibrium With an MD caus 
ing allele (mutation). PCR ampli?cation oligonucleotides 
should hybridiZe betWeen 25 and 2500 base pairs apart, 
preferably betWeen about 100 and about 500 bases apart, in 
order to produce a PCR product of convenient siZe for 
subsequent analysis. 

[0096] For use in a kit, oligonucleotides may be any of a 
variety of natural and/or synthetic compositions such as 
synthetic oligonucleotides, restriction fragments, cDNAs, 
synthetic peptide nucleic acids (PNAs), and the like. The 
assay kit and method may also employ oligonucleotides 
having detectable labels to alloW ease of identi?cation in the 
assays. Examples of labels Which may be employed include 
radio-labels, enZymes, ?uorescent compounds, streptavidin, 
avidin, biotin, magnetic moieties, metal binding moieties, 
antigen or antibody moieties, and the like. Oligonucleotides 
useful in kits as Well as other aspects of the present invention 
are selected from the group consisting of any oligonucle 
otides that overlap or are contained in SEQ. ID. Nos. 3 and 
4. 

[0097] One of skill in the art can readily determine addi 
tional useful oligonucleotide sequences based on the 
sequences provided herein. 

[0098] The kit may, optionally, also include DNA sam 
pling means; DNA puri?cation reagents such as NucleonTM 
kits, lysis bluffers, proteinase solutions and the like; PCR 
reagents, such as 10>< reaction buffers, thermostable poly 
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merase, dNTPs, and the like; and DNA detection means such 
as appropriate restriction enzymes, allele speci?c oligo 
nucleotides, degenerate oligonucleotide primers for nested 
PCR. 

[0099] 4.3.3. Pharmacogenomics 

[0100] Knowledge of the particular MD associated muta 
tions, alone or in conjunction With information on other 
genetic defects contributing to MD (the genetic pro?le of 
MD) alloWs a customiZation of the therapy to the individu 
al’s genetic pro?le, the goal of “pharmacogenomics”. Thus, 
comparison of a subject’s particular genetic pro?le to the 
genetic pro?le of MD, permits the selection or design of 
drugs that are expected to be safe and ef?cacious for a 
particular patient or patient population (i.e., a group of 
patients having the same genetic alteration). 

[0101] The ability to target populations expected to shoW 
the highest clinical bene?t, based on genetic pro?le, can 
enable: 1) the repositioning of marketed drugs With disap 
pointing market results; 2) the rescue of drug candidates 
Whose clinical development has been discontinued as a 
result of safety or ef?cacy limitations, Which are patient 
subgroup-speci?c; and 3) an accelerated and less costly 
development for drug candidates and more optimal drug 
labeling (e.g. since measuring the effect of various doses of 
an agent on an MD causative mutation is useful for opti 
miZing effective dose). 

[0102] Cells of a subject may also be obtained before and 
after administration of a candidate MD therapeutic to detect 
the level of expression of genes other than FBNL, to verify 
that the therapeutic does not increase or decrease the expres 
sion of genes Which could be deleterious. This can be done, 
e.g., by using the method of transcriptional pro?ling. Thus, 
mRNA from cells exposed in vivo to a therapeutic and 
mRNA from the same type of cells that Were not exposed to 
the therapeutic could be reverse transcribed and hybridiZed 
to a chip containing DNA from numerous genes) to thereby 
compare the expression of genes in cells treated and not 
treated With the therapeutic. 

[0103] 4.4. MD Therapeutics 

[0104] 4.4.1 MD Therapeutics 

[0105] Agents that are useful in treating or preventing the 
development of a Macular Degeneration can comprise 
nucleic acids (eg genes, fragments thereof, antisense mol 
ecule, proteins (e.g. glycosylated or unglycosylated protein, 
polypeptide or protein) or other organic or inorganic mol 
ecules (e.g. small molecules) that interfere With or compen 
sate for the biochemical events that are causative of MD. 
The folloWing describes in vitro and in vivo assays for 
identifying and/or testing candidate MD therapeutics. 

[0106] 4.4.2. Cell Based and Cell Free Assays for Identi 
fying MD Therapeutics 

[0107] In many drug screening programs Which test librar 
ies of compounds and natural extracts, high throughput 
assays are desirable in order to maximiZe the number of 
compounds surveyed in a given period of time. Assays 
Which are performed in cell-free systems, such as may be 
derived With puri?ed or semi-puri?ed proteins, are often 
preferred as “primary” screens in that they can be generated 
to permit rapid development and relatively easy detection of 
an alteration in a molecular target Which is mediated by a test 
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compound. Moreover, the effects of cellular toxicity and/or 
bioavailability of the test compound can be generally 
ignored in the in vitro system, the assay instead being 
focused primarily on the effect of the drug on the molecular 
target as may be manifest in an alteration of binding affinity 
With upstream or doWnstream elements. 

[0108] Accordingly, in an exemplary screening assay of 
the present invention, the compound of interest is contacted 
With a protein Which may function upstream (including both 
activators (enhancers) and repressors of its activity) or to 
proteins and/or nucleic acids (eg promoter) Which may 
function doWnstream of the FBNL polypeptide, Whether 
they are positively or negatively regulated by it. To the 
mixture of the compound and the upstream or doWnstream 
element is then added a composition containing an FBNL 
polypeptide. Detection and quanti?cation of complexes of 
FBNL With it’s upstream or doWnstream elements provide a 
means for determining a compound’s efficacy at antagoniZ 
ing (inhibiting) or agoniZing (potentiating) complex forma 
tion betWeen an FBNL protein and an FBNL binding ele 
ment (e.g. protein or nucleic acid). The ef?cacy of the 
compound can be assessed by generating dose response 
curves from data obtained using various concentrations of 
the test compound. Moreover, a control assay can also be 
performed to provide a baseline for comparison. In the 
control assay, isolated and puri?ed FBNL polypeptide is 
added to a composition containing the FBNL binding ele 
ment, and the formation of a complex is quantitated in the 
absence of the test compound. 

[0109] Complex formation betWeen the FBNL polypep 
tide and a binding element may be detected by a variety of 
techniques. Modulation of the formation of complexes can 
be quantitated using, for example, detectably labeled pro 
teins such as radiolabeled, ?uorescently labeled, or enZy 
matically labeled FBNL polypeptides, by immunoassay, or 
by chromatographic detection. 

[0110] Typically, it Will be desirable to immobiliZe either 
FBNL protein or its binding protein to facilitate separation 
of complexes from uncomplexed forms of one or both of the 
proteins, as Well as to accommodate automation of the assay. 
Binding of FBNL to an upstream or doWnstream element, in 
the presence or absence of a candidate agent, can be accom 
plished in any vessel suitable for containing the reactants. 
Examples include microtitre plates, test tubes, and micro 
centrifuge tubes. In one embodiment, a fusion protein can be 
provided Which adds a domain that alloWs the protein to be 
bound to a matrix. For example, glutathione-S-transferase/ 
FBNL (GST/FBNL) fusion proteins can be adsorbed onto 
glutathione sepharose beads (Sigma Chemical, St. Louis, 
M0.) or glutathione derivatiZed microtitre plates, Which are 
then combined With the cell lysates, eg an 35S-labeled, and 
the test compound, and the mixture incubated under condi 
tions conducive to complex formation, eg at physiological 
conditions for salt and pH, though slightly more stringent 
conditions may be desired. FolloWing incubation, the beads 
are Washed to remove any unbound label, and the matrix 
immobiliZed and radiolabel determined directly (e.g. beads 
placed in scintillant), or in the supernatant after the com 
plexes are subsequently dissociated. Alternatively, the com 
plexes can be dissociated from the matrix, separated by 
SDS-PAGE, and the level of FBNL-binding protein found in 
the bead fraction quantitated from the gel using standard 
electrophoretic techniques . 
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[0111] Other techniques for immobilizing proteins on 
matrices are also available for use in the subject assay. For 
instance, an FBNL protein or its cognate binding protein can 
be immobilized utiliZing conjugation of biotin and strepta 
vidin. For instance, biotinylated molecules can be prepared 
from biotin-NHS (N-hydroxy-succinimide) using tech 
niques Well knoWn in the art (e.g., biotinylation kit, Pierce 
Chemicals, Rockford, Ill.), and immobiliZed in the Wells of 
streptavidin-coated 96 Well plates (Pierce Chemical). Alter 
natively, antibodies reactive With FBNL or With a protein 
encoded by a gene that is up- or doWn- regulated by FBNL 
can be derivatiZed to the Wells of the plate, and protein 
trapped in the Wells by antibody conjugation. As above, 
preparations of a binding protein and a test compound are 
incubated in the protein presenting Wells of the plate, and the 
amount of complex trapped in the Well can be quantitated. 
Exemplary methods for detecting such complexes, in addi 
tion to those described above for the GST-immobilized 
complexes, include immunodetection of complexes using 
antibodies reactive With the protein binding element, or 
Which are reactive With the FBNL protein; as Well as 
enZyme-linked assays Which rely on detecting an enZymatic 
activity associated With the binding element, either intrinsic 
or extrinsic activity. In the instance of the latter, the enZyme 
can be chemically conjugated or provided as a fusion protein 
With the binding partner. To illustrate, the binding partner 
can be chemically cross-linked or genetically fused With 
horseradish peroxidase, and the amount of polypeptide 
trapped in the complex can be assessed With a chromogenic 
substrate of the enZyme, e.g. 3,3‘-diamino-benZadine terahy 
drochloride or 4-chloro-1-napthol. Likewise, a fusion pro 
tein comprising the polypeptide and glutathione-S-trans 
ferase can be provided, and complex formation quantitated 
by detecting the GST activity using 1-chloro-2,4-dinitroben 
Zene (Habig et al. (1974) J Biol Chem 24917130). 

[0112] For processes Which rely on immunodetection for 
quantitating one of the proteins trapped in the complex, 
antibodies against the protein can be used. Alternatively, the 
protein to be detected in the complex can be “epitope 
tagged” in the form of a fusion protein Which includes, in 
addition to the FBNL sequence, a second polypeptide for 
Which antibodies are readily available (eg from commercial 
sources). For instance, the GST fusion proteins described 
above can also be used for quanti?cation of binding using 
antibodies against the GST moiety. Other useful epitope tags 
include myc-epitopes (e.g., see Ellison et al. (1991) J Biol 
Chem 266121150-21157) Which includes a 10-residue 
sequence from c-myc, as Well as the pFLAG system (Inter 
national Biotechnologies, Inc.) or the pEZZ-protein A sys 
tem (Pharamacia, N.J.). Transcription factor-DNA binding 
assays are described in US. Pat. No. 5,563,036, Which is 
oWned by Tularik and is speci?cally incorporated by refer 
ence herein. 

[0113] Further, an in vitro assays can be used to detect 
compounds Which can be used for treatment of MD. For 
example, cells can be engineered to express an FBNL gene 
(Wildtype or mutant) in operative linkage With a reporter 
gene construct, such as luciferase or chloramphenicol acetyl 
transferase, or other reporter gene knoWn in the art. Cells can 
then be contacted With test compounds and the rate or level 
of FBNL expression can be assayed to identify agonists or 
antagonists. 
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[0114] Also, a DNA footprinting assay can be used to 
detect compounds Which alter the binding of an FBNL 
protein to nucleic acids (see for example, Zhong et al. 1994 
Mol. Cell Biol. 1417276). Further, FBNL may be transition 
ally or post-transitionally modi?ed by processes such as 
mRNA editing or protein truncation. Assays to speci?cally 
monitor these processes can be performed according to 
protocols, Which are Well-knoWn in the art. 

[0115] In addition to cell-free assays, such as described 
above, the FBNL proteins provided by the present invention 
also facilitates the generation of cell-based assays for iden 
tifying small molecule agonists/antagonists and the like. For 
example, cells can be caused to overexpress a recombinant 
FBNL protein in the presence and absence of a test agent of 
interest, With the assay scoring for modulation in FBNL 
responses by the target cell mediated by the test agent. As 
With the cell-free assays, agents Which produce a statistically 
signi?cant change in FBNL-dependent responses (either 
inhibition or potentiation) can be identi?ed. 

[0116] Exemplary cell lines may include retinal pigment 
epithelial cell lines. Further, the transgenic animals dis 
cussed herein may be used to generate cell lines, containing 
one or more cell types involved in MD, that can be used as 
cell culture models for this disorder. While primary cultures 
may be utiliZed, the generation of continuous cell lines is 
preferred. For examples of techniques Which may be used to 
derive a continuous cell line from the transgenic animals, see 
Small et al., 1985, Mol. Cell Biol. 51642-648. 

[0117] For example, the effect of a test compound on a 
variety of end points could be tested. Similarly, epithelial 
cells can be treated With test compounds or transfected With 
genetically engineered FBNL genes. Monitoring the in?u 
ence of compounds on cells may be applied not only in basic 
drug screening, but also in clinical trials. In such clinical 
trials, the expression of a panel of genes may be used as a 
“read out” of a particular drug’s therapeutic effect. 

[0118] In yet another aspect of the invention, the subject 
FBNL polypeptides can be used in a “tWo hybrid” assay 
(see, for example, US. Pat. No. 5,283,317; Zervos et al. 
(1993) Cell 721223-232; Madura et al. (1993) J Biol Chem 
268112046-12054; Bartel et al. (1993) Biotechniques 
141920-924; IWabuchi et al. (1993) Oncogene 811693-1696; 
and Brent WO94/ 10300), for isolating coding sequences for 
other cellular proteins Which bind to or interact With an 
FBNL(e.g., FBNL binding proteins” or “FBNLbp”). 
[0119] Brie?y, the tWo hybrid assay relies on reconstitut 
ing in vivo a functional transcriptional activator protein from 
tWo separate fusion proteins. In particular, the method makes 
use of chimeric genes Which express hybrid proteins. To 
illustrate, a ?rst hybrid gene comprises the coding sequence 
for a DNA-binding domain of a transcriptional activator 
fused in frame to the coding sequence for an FBNL polypep 
tide. The second hybrid protein encodes a transcriptional 
activation domain fused in frame to a sample gene from a 
cDNA library. If the bait and sample hybrid proteins are able 
to interact, e.g., form an FBNL dependent complex, they 
bring into close proximity the tWo domains of the transcrip 
tional activator. This proximity is suf?cient to cause tran 
scription of a reporter gene Which is operably linked to a 
transcriptional regulator) site responsive to the transcrip 
tional activator, and expression of the reporter gene can be 
detected and used to score for the interaction of the FBNL 
and sample proteins. 




























