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DIAGNOSTICS AND THERAPEUTICS FOR 
MACULAR DEGENERATION 

FIELD OF THE INVENTION 

[0001] The invention relates to diagnostics and therapeu 
tics and animal models for macular degeneration, speci?cally 
as they relate to the association described herein betWeen 
macular degeneration and arterial Wall disruptive disorders. 

BACKGROUND OF THE INVENTION 

[0002] 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 abnormali 
ties of Bruch’s membrane, the neural retina and the retinal 
pigment epithelium. Clinically, macular degeneration is asso 
ciated With progressive diminution of visual acuity in the 
central portion of the visual ?eld, changes in color vision, and 
abnormal dark adaptation and sensitivity (Steinmetz, et al., 
1993; BroWn & Lovie-Kitchin, 1983; BroWn, et al., 1986; 
Sunness, et al., 1985; Sunness, et al., 1988; Sunness, et al., 
1989; Eisner, et al., 1987; Massof, et al., 1989; Chen, et al., 
1992). When the manifestations of macular degeneration 
occur after age 50 years, the disorder is termed age-related 
macular degeneration (AMD). 
[0003] AMD is the leading cause of legal blindness in 
North America and Western Europe (Hyman, 1992) and has 
become a signi?cant health problem as the percentage of 
individuals above the age of 50 increases. In the Beaver Dam, 
Wisconsin population, the incidence of AMD Was estimated 
to be 9.2% for persons over the age of40 (Klein, et al., 1995). 
The Framingham Eye Study found the overall incidence of 
AMD to be 8.8%, With a 27.9% incidence in the 75-85 year 
old population (Kahn, et al., 1977; LeiboWitZ, et al., 1980). In 
an Australian study, 18.5% of those over age 85 Were esti 
mated to be af?icted WithAMD (O’ Shea, 1996). Variations in 
estimated incidence are likely a result of the use of different 
criteria for a diagnosis of AMD in different studies, or they 
may result from different risk factors among the various 
populations studied. 
[0004] TWo principal clinical manifestations of AMD have 
been described, both of Which can occur in the same patient 
(Green and Key, 1977). They are referred to as the dry, or 
atrophic, form, and the Wet, or exudative, form (Sarks and 
Sarks, 1989; Elman and Fine, 1989; Kincaid, 1992). In the dry 
form, the RPE and retina degenerate Without coincident 
neovasculariZation. The region of atrophy that results is 
referred to as geographic atrophy. While atrophic AMD is 
typically considered less severe than the exudative form 
because its onset is less sudden, no treatment is effective at 
halting or sloWing its progression. In the less common, but 
more devastating, exudative form, neovascular “membranes” 
derived from the choroidal vasculature invade Bruch’s mem 
brane, leak, and often cause detachments of the RPE and/or 
the neural retina (Elman and Fine, 1989). This event can occur 
over a short period of time and can lead to rapid and perma 
nent loss of central vision. If one eye is affected, there is a high 
degree of probability that the second eye Will develop a cho 
roidal neovascular membrane Within ?ve years of the initial 
event (Macular Photocoagulation Study, 1977). Important 
clinical signs of neovascular AMD include gray-green 
neovascular membranes, dome-shaped RPE detachments, 
and disciform scars (caused by proliferation of ?broblasts and 
retinal glial cells) Which are best visualiZed by their hyper 
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?uorescence on ?uorescein angiography (Elman and Fine, 
1989). A number of studies have demonstrated that the pres 
ence of macular drusen is a strong risk factor for the devel 
opment of both atrophic and neovascular AMD (Gass, 1973; 
Lovie-Kitchin and BoWman, 1985; LeWis, et al., 1986; Sarks, 
1980; Sarks, 1982; Small, et al., 1976; Sarks, et al., 1985; 
Vinding, 1990; Bressler, et al., 1994; Bressler, et al., 1990; 
Macular Photocoagulation Study). Pauleikhoff, et al. (1990) 
demonstrated that the siZe, number, density and extent of 
con?uency of drusen are important determinants of the risk of 
AMD. The risk of developing neovascular complications in 
patients With bilateral drusen has been estimated at 3-4% per 
year (Mimoun, et al., 1990). A recent report from the Macular 
Photocoagulation Study Group shoWs a relative risk of 2. 1 for 
developing choroidal neovasculariZation in eyes possessing 5 
or more drusen, and a risk of 1 .5 in eyes With one or more large 
drusen (Macular Photocoagulation Study, 1997). The corre 
lation betWeen drusen and AMD is signi?cant enough that 
many investigators and clinicians refer to the presence of soft 
drusen in the macula, in the absence of vision loss, as “early 
AMD” (Midena, et al., 1997; Tolentino, et al., 1994), or “early 
age-related maculopathy” (Bird, et al., 1995). In addition to 
macular drusen, LeWis et al. (1986) found that the degree of 
extramacular drusen is also a signi?cant risk factor for the 
development of AMD. 
[0005] A number of population-based studies indicate that 
AMD has a genetic component, based upon the examination 
of the rates of AMD in different racial groups and the degree 
of familial aggregation of AMD (Hyman, et al., 1983). For 
example, Caucasians appear to be at greater risk than indi 
viduals of Hispanic origin (Cruickshanks, et al., 1997). In 
addition, a black population on Barbados had a loWer inci 
dence of advanced AMD than the local Caucasian population 
(Schachat, et al., 1995). Studies involving tWins and other 
siblings have demonstrated that, the more related tWo indi 
viduals are, the more likely they are to be at the same risk of 
developing AMD (Heiba, et al., 1994; Klein, et al., 1994; 
Meyers and Zacchary, 1988; Meyers, 1994; Meyers, et al., 
1995; Piguet, et al., 1993; Seddon, et al., 1997; Silvestri, et al., 
1994). These ?ndings suggest that heredity contributes sig 
ni?cantly to an individual’s risk of developing AMD, but the 
gene(s) responsible have not been identi?ed. Although a 
recent report suggested that mutations in the photoreceptor 
ABCR rim protein cause up to 15% of AMD cases in the 
United States (Allikmets, et al., 1997), more recent data has 
shoWn this not to be the case (De La PaZ, et al., 1998; Stone et 
al., 1998). Thus, no gene accounting for all AMD has been 
identi?ed. 

[0006] Other maculopathies, typically With an earlier onset 
of symptoms than AMD, have been described. These include 
North Carolina macular dystrophy (Small, et al., 1993), Sors 
by’s fundus dystrophy (Capon, et al., 1989), Stargardt’s dis 
ease (Parodi, 1994), pattern dystrophy (Marmor and Byers, 
1977), Best disease (Stone, et al., 1992), dominant drusen 
(Deutman and Jansen, 1970), and radial drusen (“malattia 
leventinese”) (Heon, et al., 1996). Several of these inherited 
disorders, including those that map to distinct chromosomal 
loci or for Which the genes have been identi?ed, are charac 
teriZed by the presence of drusen (or other extracellular 
deposits in the subRPE space). Based on this information, it is 
likely that: (1) AMD is not a single, genetic disease, since 
different diseases With distinct chromosomal loci share mor 
phologic differences (HolZ, et al., 1995a; Mansergh et al., 
1995; and (2) that drusen may develop as a result of a bio 
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logical pathway induced by a variety of different insults, 
genetic or otherwise. AMD may actually be several diseases 
most of which are genetic, with environmental factors play 
some role in its development. 

[0007] A number of gene loci have been reported as indi 
cating a predisposition to macular degeneration: 1p21-q13, 
for recessive Stargardt’s disease or fundus ?avi maculatus 
(Allikmets, R. et al. Science 27711805-1807, 1997;Anderson, 
K. L. et al.,Am. J. Hum. Genet. 5511477, 1994; Cremers, F. P. 
M. et al.,Hum. Mol. Genet. 71355-362, 1998; Gerber, S. et al., 
Am. J. Hum. Genet. 561396-399, 1995; Gerber, S. et al., 
Genomics 481139-142, 1998; Kaplan, J. et al., Nat. Genet. 
51308-31 1, 1993; Kaplan, J. et al.,Am. J. Hum. Genet. 55: 190, 
1994; MartineZ-Mir, A. et al., Genomics 401142-146, 1997; 
Nasonkin, I. et al., Hum. Genet. 102121-26, 1998; Stone, E. 
M. et al.,Nat. Genet. 201328-329, 1998); 1q25-q31, forreces 
sive age related macular degeneration (Klein, M. L. et al., 
Arch. Opthalmol. 11611082-1088, 1988); 2p16, for dominant 
radial macular drusen, dominant Doyne honeycomb retinal 
degeneration or Malattia Leventinese (Edwards, A. O. et al., 
Am. J Opthalmol. 1261417-424, 1998; Heon, E. et al., Arch. 
Opthalmol. 1141193-198, 1996; Heon, E. et al., Invest. Oph 
thalmol. VlS. Sci. 3711124, 1996; Gregory, C.Y. et al., Hum. 
Mol. Genet. 711055-1059, 1996); 6p21.2-cen, for dominant 
macular degeneration, adult vitelloform (Felbor, U. et al. 
Hum. Mutat. 101301-309, 1997); 6p21.1 for dominant cone 
dystrophy (Payne, A. M. et al. Am. J. Hum. Genet. 611A290, 
1997; Payne,A. M. et al.,Hum. Mol. Genet. 71273-277, 1998; 
Sokol, I. et al., Mol. Cell. 21129-133, 1998); 6q, for dominant 
cone-rod dystrophy (Kelsell, R. E. et al. Am. J Hum. Genet. 
631274-279, 1998); 6q11-q5, for dominant macular degen 
eration, Stargardt’s-like (Griesinger, I. B. et al., Am. J. Hum. 
Genet. 631A30, 1998; Stone, E. M. et al., Arch. Opthalmol. 
1121765-772, 1994); 6q14-q16.2, for dominant macular 
degeneration, North Carolina Type (Kelsell, R. E. et al., Hum. 
Mol. Genet. 41653-656, 1995; Robb, M. F. et al., Am. J. 
Opthalmol. 1251502-508, 1998; Sauer, C. G. et al., J Med. 
Genet. 341961-966, 1997; Small, K. W. et al., Genomics 
131681-685, 1992; Small, K. W. et al., Mol. Vis. 311, 1997); 
6q25-q26, dominant retinal cone dystrophy 1 (Online Men 
delian Inheritance in Man (TM). Center for Medical Genet 
ics, Johns Hopkins University, and National Center for Bio 
technology Information, National Library of Medicine. 
http://www3.ncbi.nlm.nih.gov/omim (1998); 7p21-p15, for 
dominant cystoid macular degeneration (Inglehearn, C. F. et 
al., Am. J. Hum. Genet. 551581-582, 1994; Kremer, H. et al., 
Hum. Mol. Genet. 31299-302, 1994); 7q3 1 .3-32, for dominant 
tritanopia, protein: blue cone opsin (FittZgibbon, J. et al., 
Hum. Genet. 93179-80, 1994; Nathans, J. et al., Science 1931 
193-232, 1986; Nathans, J. et al., Ann. Rev. Genet. 26:403 
424, 1992; Nathans, J. et al., Am. J Hum. Genet. 53:987 
1000, 1993; WeitZ, C. J. et al., Am. J Hum. Genet. 50:498 
507, 1992; WeitZ, C. J. et al.,Am. J. Hum. Genet. 511444-446, 
1 992); not 8q24, for dominant macular degeneration, atypical 
vitelliform (Daiger, S. P. et al., In ‘Degenerative Retinal Dis 
eases’, LaVail, et al., eds. Plenum Press, 1997; Ferrell, R. E. 
et al.,Am. J Hum. Genet. 35178-84, 1983; Leach, R. J. et al., 
Cytogenet. Cell Genet. 75171-84, 1996; Sohocki, M. M. et al., 
Am. J. Hum. Genet. 611239-241, 1997); 11p12-ql3, for domi 
nant macular degeneration, Best type (bestrophin) (Forsman, 
K. et al., Clin. Genet. 421156-159, 1992; Graff, C. et al., 
Genomics, 241425-434, 1994; Petrukhin, K. et al.,Nat. Genet. 
191241-247, 1998; Marquardt, A. et al., Hum. Mol. Genet. 
711517-1525, 1998; Nichols, B. E. et al.,Am. J. Hum. Genet. 
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54195-103, 1994; Stone, E. M. et al., Nat. Genet. 11246-250, 
1992; Wadeilus, C. et al.,Am. J. Hum. Genet. 5311718, 1993; 
Weber, B. et al.,Am. J. Hum. Genet. 5311099, 1993; Weber, B. 
et al.,Am. J Hum. Genet. 5511182-1187, 1994; Weber, B. H., 
Genomics 201 267-274, 1994; Zhaung, Z. et al., Am. J. Hum. 
Genet. 5311 112, 1993); 13q34, for dominant macular degen 
eration, Stargardt type (Zhang, F. et al., Arch. Opthalmol. 
1121759-764, 1994); 16p12.1, for recessive Batten disease 
(ceroid-lipo?lscinosis, neuronal 3), juvenile; protein: Batten 
disease protein (Batten Disease Consortium, Cell 82:949 
957, 1995; Eiberg, H. et al., Clin. Genet. 361217-218, 1989; 
Gardiner, M. et al., Genomics 81387-390, 1990; Mitchison, H. 
M. et al., Am. J Hum. Genet. 571312-315, 1995, Mitchison, 
H. M. et al., Am. J. Hum. Genet. 561654-662, 1995; Mitchi 
son, H. M. et al., Genomics 401346-350, 1997; Munroe, P. B. 
et al., Am. J. Hum. Genet. 611310-316, 1997; 17p, for domi 
nant areolar choroidal dystrophy (Lotery, A. J. et al., Opthal 
mol. VlS. Sci. 3711124, 1996); 17p13-p12, for dominant cone 
dystrophy, progressive (Balciuniene, J. et al., Genomics 
301281-286, 1995; Small, K. W. et al., Am. J. Hum. Genet. 
571A203, 1995; Small, K. W. et al., Am. J Opthalmol. 1211 
13-18, 1996); 17q, for cone rod dystrophy (Klystra, J.A. et al., 
Can. J. Opthalmol. 28:79-80, 1993); 18q21.1-q21.3, for 
cone-rod dystrophy, de Grouchy syndrome (Manhant, S. et 
al.,Am. J. Hum. Genet. 571A96, 1995; Warburg, M. et al.,Am. 
J. Med. Genet. 391288-293, 1991); 19q13.3, for dominant 
cone-rod dystrophy; recessive, dominant and ‘de novo’ Leber 
congenital amaurosis; dominant RP; protein: cone-rod otx 
like photoreceptor homeobox transcription factor (Belling 
ham, J. et al., In ‘Degenerative Retinal Diseases’, LaVail, et 
al., eds. Plenum Press, 1997; Evans, K. et al., Nat. Genet. 
61210-213, 1994; Evans, K. et al.,Arch. Opthalmol. 1131195 
201, 1995; Freund, C. L. et al., Cell 911543-553, 1997; Pre 
und, C. L. et al.,Nat. Genet. 181311-312, 1998; Gregory, C.Y. 
et al., Am. J. Hum. Genet. 5511061-1063, 1994; Li, X. et al., 
Proc. Natl.Acad. Sci. USA 9511876-1881, 1998; Sohocki, M. 
M. et al.,Am. J. Hum. Genet. 6311307-1315, 1998; Swain, P. 
K. et al., Neuron 1911329-1336, 1987; Swaroop, A. et al., 
Hum. Mol. Genet. In press, 1999); 22q12.1-q13.2, for domi 
nant Sorsby’s fundus dystrophy, tissue inhibitors of metallo 
proteases-3 (TIMP3) (Felbor, U. et al., Hum. Mol. Genet. 
412415-2416, 1995; Felbor, U. et al., Am. J Hum. Genet. 
60:57-62, 1997; Jacobson, S. E. et al., Nat. Genet. 11:27-32, 
1995; Peters, A. et al., Retina 151480-485, 1995; Stohr, H. et 
al., Genome Res. 51483-487, 1995; Weber, B. H. F. et al., Nat. 
Genet. 81352-355, 1994; Weber, B. H. F. et al., Nat. Genet. 
71158-161, 1994; Wijesvriya, S. D. et al., Genome Res. 6192 
101, 1996); and Xp11.4, for X-linked cone dystrophy (Bart 
ley, J. et al., Cytogenet. Cell. Genet. 511959, 1989; Bergen, A. 
A. B. et al., Genomics 181463-464, 1993; Dash-Modi, A. et 
al., Invest. Opthalmol. VlS. Sci. 371998, 1996; Hong, H.-K., 
Am. J. Hum. Genet. 5511173-1181, 1994; Meire, F. M. et al., 
Br J Opthalmol. 781103-108, 1994; Seymour, A. B. et al., 
Am. J. Hum. Genet. 621122-129, 1998), the teachings of 
which are incorporated herein by reference. In addition, the 
world wide web site http1//WWW.SPH.UTH.TMC.EDU/ 
RETNET/disease.htm lists genetic polymorphisms for macu 
lar degeneration and for additional retinal degenerations that 
also may be associated with macular degeneration. However, 
none of the above genes or polymorphisms has been found to 
be responsible for a signi?cant fraction of typical late-onset 
macular degeneration. 
[0008] “Environmental” conditions may modulate the rate 
at which an individual develops AMD or the severity of the 
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disease. Light exposure has been proposed as a possible risk 
factor, since AMD most severely affects the macula, Where 
light exposure is high. (Young, 1988; Taylor, et al., 1990; 
Schalch, 1992). The amount of time spent outdoors is asso 
ciated With increased risk of choroidal neovasculariZation in 
men, and Wearing hats and/or sunglasses is associated With a 
decreased incidence of soft drusen (Cruickshanks, et al., 
1993). Accidental exposure to microWave irradiation has also 
been shoWn to be associated With the development of numer 
ous drusen (Lim, et al., 1993). Cataract removal and light iris 
pigmentation has also been reported as a risk factor in some 
studies (Sandberg, et al., 1994). This suggests that: 1) eyes 
prone to cataracts may be more likely to develop AMD; 2) the 
surgical stress of cataract removal may result in increased risk 
of AMD, due to in?ammation or other surgically-induced 
factors; or 3) cataracts prevent excessive light exposure from 
falling on the macula, and are in some Way prophylactic for 
AMD. While it is possible that dark iris pigmentation may 
protect the macula from light damage, it is dif?cult to distin 
guish betWeen iris pigmentation alone and other, cosegregat 
ing genetic factors Which may be actual risk factors. 

[0009] Dietary factors may also in?uence an individual’s 
risk of developing AMD. Anecdotal evidence from Japan 
suggests that the incidence of AMD, While very loW 20 years 
ago, has increased as urban Japanese acquired a more Western 
diet and lifestyle (Bird, 1997). Chemical exposure (Hyman, et 
al., 1983), smoking (V ingerling, et al., 1996), cardiovascular 
disease/atherosclerosis (Hyman, et al., 1983; Vingerling, et 
al., 1995; BlumenkranZ, et al., 1986), hypertension (Christen, 
et al., 1997), dermal elastotic changes in non-sun exposed 
skin (BlumenkranZ, et al., 1986), dietary fat intake (Mares 
Perlman, et al., 1995b), loW concentrations of serum lycopene 
(Mares-Perlman, et al., 1995a), and alcohol consumption 
(Ritter, et al., 1995) have been identi?ed, in some studies, as 
additional risk factors for the development of Wet and/ or dry 
AMD. One recent prospective dietary study found that it is 
often possible to increase macular pigment density and/or 
serum concentrations of lutein and Zeaxanthin by dietary 
intake (Hammond, et al., 1997), although the signi?cance of 
this alteration in modulating macular disease remains to be 
determined. Thus, dietary consumption of some vegetables, 
(e.g., spinach, collard greens, kale) may be inversely associ 
ated With the risk of developing AMD (Seddon, et al., 1994), 
an effect Which is presumably due to their lutein and Zeaxan 
thin content. 

[0010] Currently, there is no therapy that is capable of sig 
ni?cantly sloWing the degenerative progression of AMD, and 
treatment is limited to laser photocoagulation of the subreti 
nal neovascular membranes that occur in 10-15% of affected 
patients, Which may halt the progression of the disease but 
does not repair the damage or improve vision. A feW clinical 
studies have shoWn that drusen regress and that visual acuity 
improves in some cases, folloWing laser photocoagulation 
(Sigelman, 1991; Little, et al., 1997; Figueroa, et al., 1994; 
Frenneson and Nilsson, 1996). While prophylactic laser treat 
ment may be helpful for some patients (Little, et al., 1997), it 
appears that other patients react adversely to laser treatment 
of the macula (Hyver, et al., 1997). In addition, While there 
may be long term bene?ts for the patient folloWing photoco 
agulation, these may not be Worth the loss of vision frequently 
associated With this procedure. lndocyanine green angiogra 
phy is a promising imaging tool that may help identify those 
patients likely to bene?t from laser therapy. 
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[0011] Better understanding of the biology of AMD may 
alloW the development of therapies that can alter the natural 
history of the disease, serving to halt or reverse its progres 
sion. It is understood in the medical arts that any therapeutic 
intervention is more likely to have a bene?cial effect on a 
patient if undertaken before irreversible pathological changes 
have occurred. In AMD, hoWever, there exists no readily 
undertaken screening test that can identify those individuals 
at risk for developing the disease or for experiencing its 
unremitting progression. Early identi?cation of AMD could 
also permit early intervention With greater likelihood of suc 
cess using established or experimental treatment modalities, 
including photocoagulation or other techniques familiar to 
skilled artisans in opthalmology. Discerning various pheno 
types of AMD may identi?ed that respond notably better or 
Worse to a particular method of local treatment, and treat 
ments may be selected accordingly. If the biological basis for 
certain phenotypes of AMD can be identi?ed, then preventive 
measures may be undertaken to forestall the onset of the 
disease or to attenuate its progression. Hence, there exists a 
need in the art for diagnostic methods adapted for early detec 
tion of the disorder When it may still be at a stage amenable to 
therapeutic intervention. 
[0012] Further, if the pathophysiological mechanisms for 
the disease can be elucidated, they can be compared to those 
mechanisms at Work in diseases that appear to coexist With 
AMD With statistically signi?cant frequency. Then, as thera 
pies are identi?ed for those coexistent diseases, there Will be 
a rational basis for applying those same therapies or their 
analogues to treat AMD. Thus there exists a need for deter 
mining those pathological mechanisms thatAMD shares With 
other disease entities, and a further need for using research in 
other ?elds of medicine to apply in the treatment of AMD. As 
common mechanisms for co-existent diseases are under 
stood, it Would be desirable to formulate therapies that ben 
e?cially affect the co-existent disease and the AMD, either by 
preventing the onset of the ocular disorder or by limiting its 
progression. 
[0013] A method for diagnosing risk for AMD Would per 
mit the clinician to undertake those dietary, environmental or 
lifestyle interventions that may prevent the onset of the dis 
ease or limit its progress. For example, eliminating certain 
risk factors such as smoking and hypertension from the 
patient’s lifestyle may positively affect the patient’s likeli 
hood of developing AMD, or may limit the severity of the 
disease. Determining an increased risk for developing AMD 
Would provide the patient motivation for making di?icult, 
though healthful, lifestyle choices, or Would provide motiva 
tion for modifying her or his environment to minimiZe the risk 
of developing the disease. Further, determining an increased 
risk for developing AMD might provide for the patient a 
rational basis for undertaking other nutritional modi?cations 
or supplementations, such as increasing intake of vegetables, 
vitamins, minerals or nutriceuticals, that may decrease the 
likelihood of developing AMD or may decrease the severity 
of its progression. Susceptible individuals could then be tar 
geted for improved health promotion and disease prevention 
measures for this disabling and highly prevalent disorder. 

SUMMARY OF THE INVENTION 

[0014] The invention relates to the discovery that the inci 
dence of arterial Wall disruptive disorders, including but not 
limited to aortic aneurysms, abdominal aortic aneurysms, etc. 
correlates With the incidence of age-related Macular Degen 
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eration (AMD). The present invention therefore provides a 
novel method for diagnosing macular degeneration or a pre 
disposition to developing macular degeneration, methods for 
treating or preventing the development of macular degenera 
tion in a subject, by administering to the subject, a pharma 
ceutically effective amount of an arterial Wall disruptive dis 
order therapeutic, and in vitro and in vivo assays for screening 
test compounds to identify macular degeneration therapeu 
tics. Though the data used to determine the correlation 
betWeen AMD With the development of arterial Wall disrup 
tive disorders used humans having an abdominal aortic aneu 
rysm (AAA, it is likely that aneurysms that develop elseWhere 
in the body, such as the thoracic aorta, iliac artery, visceral 
artery, or peripheral aneurysms (e. g., popliteal artery, femoral 
artery), for example, also correlate With the incidence of 
AMD. Moreover, it is likely that other forms of macular 
degeneration in addition to AMD correlate With the incidence 
of AAA. In a preferred embodiment, a form of aneurysm that 
is associated With arterial in?ammation, degeneration or 
autoimmunity may correlate With the incidence of AMD. Not 
to be limited to any particular theory, the aneurysm may be 
causes at least in part by atherosclerosis or infection. Alter 
natively, the aneurysm may be caused at least partially by an 
inherited connective tissue disorder. 

[0015] In one aspect, the invention provides methods for 
diagnosing, or determining a predisposition to developing, 
macular degeneration in a subject by detecting one or more 
markers for arterial Wall disruptive disorders Which is indica 
tive of macular degeneration or of a predisposition to devel 
oping macular degeneration. In one embodiment, the marker 
for arterial Wall disruptive disorders is detected in the blood, 
urine, tissue, DNA or RNA of a subject. In a preferred 
embodiment, the arterial Wall disruptive disorders is an aortic 
aneurysm, more speci?cally, it is an abdominal aortic aneu 
rysm (AAA). In another preferred embodiment, the aortic 
aneurysm is a thoracic aortic aneurysm (TAA). In yet another 
preferred embodiment, the macular degeneration is Age 
Related Macular Degeneration (AMD). 
[0016] In a preferred embodiment of the invention, the 
marker for an arterial Wall disruptive disorder is a physical 
?nding such as a pulsatile mass in the abdomen and is 
detected using a technique selected from the group consisting 
of physical exam, ultrasonography, computed tomography 
(CT scan), magnetic resonance imaging (MRI) and arteriog 
raphy. 
[0017] In another preferred embodiment, the marker is a 
cytokine, a chemokine, a protease, collagen, a collagen frag 
ment, elastin, an elastin degradation product, an elastin asso 
ciated molecule and immune cells, Wherein levels of the 
marker differ in a subject With aortic aneurysm, or With a 
predisposition to developing aortic aneurysm, as compared to 
a normal healthy subject. In another preferred embodiment, 
the cytokine or chemokine is tumor necrosis factor 0t (TNFot), 
interleukin-1B (IL-1B), interleukin-6 (IL-6), interleukin-8 
(IL-8), intracellular adhesion molecule (ICAM), soluble 
ICAM (sICAM) or oxidized loW density lipoprotein (LDL). 
In another preferred embodiment, the protease is matrix met 
alloproteases 2 and 9 (MMP2, MMP9), plasmin, plasmino 
gen activator inhibitor-1 (PAI-l), urokinase plasminogen 
activator (uPA), tissue plasminogen activators (tPAs), tissue 
inhibitors of metalloproteases (TIMPs) or otl-antitrypsin. In 
another embodiment, the elastin-associated molecule is 
serum amyloid P, emilin, ?brillinl, ?brillin2, ?brillin3, ?bu 
lins, vitronectin, lysyl oxidase, MFAPl, MFAP2, MFAP3, 
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MFAP4 or MAGP2. In another embodiment, the immune 
cells are T cells, dendritic cells, B cells or macrophages, 
preferably dendritic cells. 

[0018] In another embodiment, the marker may be selected 
from the group consisting of immunoglobulins, amyloid A 
(otl amyloidA), amyloid P component, C5 and C5b-9 termi 
nal complexes, HLA-DR, ?brinogen, Factor X, and pro 
thrombin, complements 3, 5 and 9, complement reactive pro 
tein (CRP), immunoglobulin lambda and kappa light chains, 
FactorX, HLA-DR, apolipoproteinA, apolipoprotein E, anti 
chymotrypsin, [32 microglobulin, factor X, ?brinogen, pro 
thrombin, thrombospondin, elastin, collagen, vitronectin, 
ICAM-l, LFAl, LFA3, B7, IL-l, IL-6, IL-l2, TNF-alpha, 
GM-CSF, heat shock proteins, colony stimulating factors 
(GM-CSF, M-CSFs), TNFot, and IL-lO. 
[0019] In another aspect, the invention provides a method 
for diagnosing, or determining a predisposition to, macular 
degeneration in a subject by isolating a nucleic acid from a 
subject and genotyping the nucleic acid, Wherein at least one 
allele from an arterial Wall disruptive disorder-associated 
haplotype is predictive of an increased risk of macular degen 
eration. In one embodiment, the invention provides a method 
for diagnosing, or determining a predisposition to, macular 
degeneration in a subject having family members diagnosed 
With arterial Wall disruptive disorder by isolating a nucleic 
acid from a subject, amplifying the nucleic acid With primers 
Which amplify a region of a chromosome corresponding to a 
polymorphic marker for arterial Wall disruptive disorders and 
analyzing the ampli?cation product, Wherein the presence of 
a polymorphism indicative of an allele type linked to arterial 
Wall disruptive disorder is indicative of an allele type linked to 
macular degeneration or a predisposition for developing 
macular degeneration. In another embodiment, the invention 
provides a method for diagnosing, or determining a predis 
position to, macular degeneration in a subject having family 
members diagnosed With arterial Wall disruptive disorder by 
isolating a genomic nucleic acid from a subject, amplifying 
short tandem repeat sequences in the genomic DNA to obtain 
a genotype, comparing the genotype to the genotype of 
knoWn DNA sequences to detect nucleotide sequence poly 
morphisms and determining the presence or absence of a 
polymorphism in the genomic DNA of the subject, Wherein 
the presence of a polymorphism indicative of an allele type 
linked to arterial Wall disruptive disorder is indicative of an 
allele type linked to macular degeneration or a predisposition 
for developing macular degeneration. In a preferred embodi 
ment, the genotype is a polymorphism in one of the ?brillin 1, 
type III collagen, (x1 -antitrypsin, COL3A1, TIMP(l) or hap 
toglobin loci. In a preferred embodiment, the subject is a 
mammal, more preferably a human. In yet another embodi 
ment, the aortic aneurysm is an AAA or a TAA and the 
macular degeneration is AMD and preferably contains disci 
form scars and choroidal neovasculariZation (DS/CNV). In 
another embodiment, the invention provides a method for 
diagnosing, or detecting a predisposition to developing, 
macular degeneration in a subject by performing an immu 
noassay on a sample obtained from the subject using an 
antibody speci?c for a gene product indicative of aortic aneu 
rysm, Wherein detection of the presence of bound antibody 
indicates that the subject has aortic aneurysm or a predispo 
sition to developing aortic aneurysm and therefore has macu 
lar degeneration or a predisposition for developing macular 
degeneration. The invention also provides kits for performing 
the above immunoassay. In another embodiment, the inven 
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tion provides a kit for diagnosing macular degeneration, con 
taining primers for amplifying a region of a chromosome 
having a polymorphism indicative of aortic aneurysm, 
reagents for performing DNA ampli?cation and reagents for 
analyZing the ampli?ed nucleic acid. 
[0020] In another aspect, the invention provides a method 
for treating or preventing the development of macular degen 
eration in a subject by administering a pharmaceutically 
effective amount of an arterial Wall disruptive disorder thera 
peutic. In an embodiment, the arterial Wall disruptive disorder 
therapeutic is an inhibitor of MMP2, MMP9, propranolol, 
CD18, IL-l[3, IL-6, IL-8, TNFO. or IFNY. In another embodi 
ment, the therapeutic is an inhibitor of a cytokine, a chemok 
ine, a protease, collagen, a collagen fragment, elastin, an 
elastin degradation product, an elastin associated molecule or 
immune cells. In a preferred embodiment, the cytokine or 
chemokine is TNFot, IL-l[3, IL-6, IL-8, ICAM, sICAM or 
oxidiZed LDL. In another preferred embodiment, the protease 
is selected MMP2, MMP9, plasmin, PAI-l, uPA, tissue plas 
minogen activators (tPAs), tissue inhibitors of metallopro 
teases (TIMPs) and a l-antitrypsin. In another preferred 
embodiment, the elastin associated molecule is serum amy 
loid P, emilin, ?brillinl, ?brillin2, ?brillin3, ?bulins, vit 
ronectin, lysyl oxidase, MFAPl, MFAP2, MFAP3, MFAP4 
or MAGP2. The immune cells are preferably T cells, dendritic 
cells, B cells and macrophages, in particular dendritic cells. 
[0021] In another aspect, the invention relates to a pharma 
ceutical composition useful for treating or preventing macu 
lar degeneration, comprising an effective amount of an aortic 
aneurysm therapeutic and a therapeutically acceptable car 
rier. The aortic aneurysm is preferably an AAA or TAA and 
the macular degeneration is AMD, in particular the exudative 
or neovascular (Wet) form, Which contains disciform scars 
and/ or choroidal neovasculariZation (DS/CNV). 
[0022] In another aspect, the invention provides methods 
for identifying an agent for, or determining the e?icacy of, an 
agent for treating or preventing macular degeneration in a 
subject by administering to a subject an agent at a non-toxic 
dosage and determining Whether an aneurysm has stopped 
enlarging or has resolved. In another embodiment, the inven 
tion provides a method for identifying an agent for treating or 
preventing macular degeneration in a subject by contacting a 
non-human model for aortic aneurysm With an agent and 
monitoring one or more markers of aortic aneurysm, Wherein 
the absence or disappearance of one or more markers is 
indicative of the inhibition of macular degeneration. Prefer 
ably the arterial Wall disruptive disorder is anAAA or a TAA, 
and the macular degeneration is AMD, particularly the exu 
dative or neovascular (Wet) form, Which contains disciform 
scars and/or choroidal neovasculariZation (DS/CNV). In 
another preferred embodiment, the marker is a pulsatile mass 
in the abdomen Which is detected by one or more of physical 
exam, ultrasonography, computed tomography (CT scan), 
magnetic resonance imaging (MRI) and arteriography. Alter 
natively, the marker is selected from the group consisting of a 
cytokine, a chemokine, a protease, collagen, a collagen frag 
ment, elastin, an elastin degradation product, an elastin asso 
ciated molecule and immune cells, Wherein levels of said 
marker differ in a subject With arterial Wall disruptive disor 
der, or With a predisposition to developing aortic aneurysm, as 
compared to a normal healthy subject. 
[0023] In a preferred embodiment, the cytokine or chemok 
ine is tumor necrosis factor 0t (TNFot), interleukin-1B (IL 
l[3), interleukin-6 (IL-6), interleukin-8 (IL-8), intracellular 
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adhesion molecule (ICAM), soluble ICAM (sICAM) or oxi 
diZed loW density lipoprotein (LDL). In another embodiment, 
the protease is MMP2, MMP9, plasmin, PAI-l, a uPA, a tPA, 
a TIMP or al -antitrypsin. In another embodiment, the elastin 
associated molecule is serum amyloid P, emilin, ?brillinl, 
?brillin2, ?brillin3, ?bulins, vitronectin, lysyl oxidase, 
MFAPl, MFAP2, MFAP3, MFAP4 or MAGP2. In still 
another embodiment, the immune cells are T cells, dendritic 
cells, B cells or macrophages, preferably dendritic cells. 

[0024] In another aspect, the invention provides animal 
models for macular degeneration Which have or are predis 
posed for developing aortic aneurysm, Wherein the presence 
of, severity of, or predisposition for aortic aneurysm in the 
animal is indicative of the presence of, severity of, or predis 
position for macular degeneration. In a preferred embodiment 
the animal has been treated With an agent so that it develops 
aortic aneurysm. In another preferred embodiment, the ani 
mal is a transgenic animal. 

[0025] Other features and advantages of the invention Will 
be apparent from the folloWing ?gures, detailed description, 
and claims. 

DETAILED DESCRIPTION OF THE INVENTION 

[0026] The invention relates to the discovery that the inci 
dence of certain arterial Wall disruptive disorders correlates 
With the incidence of Age-Related Macular Degeneration 
(AMD). In particular, the invention relates to methods and 
kits for diagnosing AMD or for predicting risk of developing 
AMD or for determining risk of progression in established 
AMD, Wherein the diagnosis of AMD or the prediction or 
determination of risk for AMD relates to the diagnosis of an 
arterial Wall disruptive disorder. In one embodiment, the arte 
rial Wall disruptive disorder may be an aneurysm. In one 
embodiment, the aneurysm may be located in the abdominal 
aorta. 

[0027] In one embodiment, described in detail herein, the 
invention relates to the discovery that the incidence of aneu 
rysmal disorders correlates With the incidence ofAge-Related 
Macular Degeneration. While the invention Will be described 
by particular reference to aortic aneurysmal disorders, it is 
understood that those pathological processes implicated in 
these disorders are at Work on a more generaliZed basis Within 
the vascular system. (Baxter B T, et al., “Abdominal aortic 
aneurysms are associated With altered matrix proteins of 
nonaneurysmal aortic segments”, J Vasc Surg, l9(5):797 
802; discussion 803 1994 May.) Other locations for aneurys 
mal disorders are familiar to practitioners in the relevant arts. 
In certain of these locations, pathological processes have 
been identi?ed that are similar to those detected in aortic 
aneurysms. For example, pathological processes have been 
identi?ed in aneurysm formation in the cerebral vasculature 
that are similar to those associated With aortic aneurysms. 
(Gaetani P, et al., “Metalloproteases and intracranial vascular 
lesions”, Neurol Res, 21 (4):385-90 1999 June). HoWever, the 
anatomy of the aorta, With its variable distribution of struc 
tural elements such as collagen and elastin, makes this vessel 
a particularly exemplary one to study. (Halloran B G, et al., 
“Localization of aortic disease is associated With intrinsic 
differences in aor,” J Surg Res, 59(l):l7-22 1995 July). 
Hence, While the present invention Will be illustrated by ref 
erence to the aorta, it is understood that the kits and methods 
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described herein may be related to the presence of arterial 
Wall disruptive disorder in any artery of the body. 

4.1: DEFINITIONS 

[0028] The meaning of certain terms and phrases as used in 
the following detailed description and claims are de?ned as 
folloWs: 
[0029] The term “agonist”, as used herein, is meant to refer 
to an agent that enhances or upregulates (e.g., potentiates or 
supplements) the production or activity of a gene product. An 
agonist can also be a compound Which increases the interac 
tion of a gene product, molecule or cell With another gene 
product, molecule or cell, e. g., of a gene product With another 
homologous or heterologous gene product, or of a gene prod 
uct With its receptor. A preferred agonist is a compound Which 
enhances or increases binding or activation of a transcription 
factor to an upstream region of a gene and thereby activates 
the gene. Any agent that activates gene expression, e.g., by 
increasing RNA or protein synthesis or decreasing RNA or 
protein turnover, or gene product activity may be an agonist 
Whether the agent acts directly on the gene or gene product or 
acts indirectly, e.g., upstream in the gene regulation pathWay. 
Agonists may be RNAs, peptides, antibodies and small mol 
ecules, or a combination thereof. 
[0030] The phrase “AMD associated fundus ?ndings,” 
refers to those abnormal ?ndings indicative of AMD. As 
examples, AMD associated fundus ?ndings may include the 
presence of multiple drusen in the periphery, a greyish 
macula, peripapillary atrophy, choroidal neovascular mem 
brane and/or disci form scars or geographic atrophy (GA). 
AMD associated fundus ?ndings may include those ?ndings 
detected in vivo by conventional optical methods knoWn in 
the opthalmological arts or by any other method that is non 
destructive to the fundus. 
[0031] The term “animal model”, as used herein, includes 
transgenic animals, naturally occurring animals With genetic 
mutations and non-transgenic animals that have been treated 
With one or more agents, or combinations thereof (e. g., a skid 
mouse), any of Which may serve as experimental models for 
a disease, e.g., macular degeneration or aortic aneurysm. For 
example, a transgenic mouse may be a mouse in Which a gene 
is knocked out or in Which a gene is overexpressed. 
[0032] The term “antagonist” as used herein is meant to 
refer to an agent that doWn-regulates (e.g., suppresses or 
inhibits) the production or activity of a gene product. Such an 
antagonist can be an agent Which inhibits or decreases the 
interaction betWeen a gene product, molecule or cell and 
another gene product, molecule or cell. A preferred antago 
nist is a compound Which inhibits or decreases binding or 
activation of a transcription factor to an upstream region of a 
gene and thereby blocks activation of the gene. Any agent that 
inhibits gene expression or gene product activity may be an 
antagonist Whether the agent acts directly on the gene or gene 
product or acts indirectly, e.g., upstream in the gene regula 
tion pathWay. An antagonist can also be a compound that 
doWnregulates expression of a gene or Which reduces the 
amount of gene product present, e. g., by decreasing RNA or 
protein synthesis or increasing RNA or protein turnover. 
Antagonists may be RNAs, peptides, antibodies and small 
molecules, or a combination thereof. 
[0033] The term “arterial Wall disruptive disorder” refers to 
those abnormalities of arterial Walls characterized by the 
formation of aneurysms or by the formation of frank disrup 
tions such as dissections. 

Nov. 6, 2008 

[0034] The term “associate” or “interact” as used herein is 
meant to include detectable relationships or associations 
(e.g., biochemical interactions) betWeen molecules, such as 
interaction betWeen protein-protein, protein-nucleic acid, 
nucleic acid-nucleic acid, protein-carbohydrate, carbohy 
drate-carbohydrate, protein-lipid, lipid-lipid, etc., and pro 
tein- small molecule or nucleic acid- small molecule in nature. 
[0035] The term “dendritic cell” or “DC” as used herein 
refers to hematopoietic cells characterized by their unusual 
dendritic morphology, their potent antigen-presenting capa 
bility and their lack of lineage-speci?c markers such as CD3, 
CD19, CD16, CD14, Which distinguishes them respectively 
from T cells, B cells, NK cells, and monocytes. Currently 
there are at least tWo ontogenic pathWays for dendritic cell 
development: those that derive from myeloid-committed 
hematopoietic precursors and those that derive from lym 
phoid-committed hematopoietic precursors. Myeloid-com 
mitted precursors Which give rise to granulocytes and mono 
cytes can also differentiate into Langerhans cells of the skin 
and myeloid related dendritic cells in the secondary lymphoid 
tissue. (See LotZe, M. T. and Thomson, A. W. (Eds.) (1999) 
“Dendritic Cells”, Academic Press, San Diego, Calif., for a 
number of revieWs on dendritic cells, the teachings of Which 
are incorporated herein by reference). 
[0036] The term “dendritic cell precursor” or “DC precur 
sor” as used herein refers to cell types from Which a dendritic 
cell is derived upon differentiation and maturation. A den 
dritic cell precursor may be a bone marroW stem cell, a lym 
phoid cell lineage-committed cell or a myeloid cell lineage 
committed cell from Which a dendritic cell may develop after 
exposure to certain DCRMs. For example, DC precursors of 
the myeloid lineage can be induced to differentiate into DCs 
by treatment With GM-CSF. 
[0037] The term “dendritic cell process” refers to a portion 
of a dendritic cell Which projects or extends aWay from the 
center of the dendritic cell. 

[0038] A “disease” is a disorder, as de?ned herein, charac 
teriZed by clinical events including clinical symptoms and 
clinical signs. Clinical symptoms are those experiences 
reported by a patient that indicate to the clinician the presence 
of pathology. Clinical signs are those objective ?ndings on 
physical or laboratory examination that indicate to the clini 
cian the presence of pathology. 
[0039] A “disorder” refers broadly to any abnormality of an 
organ, Whether structural, histological, biochemical or any 
other abnormality. 
[0040] The term “drusen” as used herein encompasses a 
number of phenotypes, all of Which develop, betWeen the 
inner collageous layer of Bruch’s membrane and the RPE 
basal lamina. Hard drusen are small distinct deposits com 
prised of homogeneous eosinophilic material and are usually 
round or hemispherical, Without sloped borders. Soft drusen 
are larger, usually not homogeneous, and typically contain 
inclusions and spherical pro?les. Some drusen may be calci 
?ed. The term “diffuse drusen,” or “basal linear deposit,” is 
used to describe the amorphous material Which forms a layer 
betWeen the inner collagenous layer of Bruch’s membrane 
and the retinal pigment epithelium (RPE). This material can 
appear similar to soft drusen histologically, With the excep 
tion that it is not mounded. 
[0041] The term “drusen associated marker” refers to a 
phenotype or genotype that is involved With the development 
of drusen formation and ultimately the development of a 
drusen associated ocular disease ocular disorder. Examples of 
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phenotypic markers include: dysfunctional and/ or RPE 
death, immune mediated events, dendritic cells proliferation, 
migration and differentiation extrusion of the DC process into 
the sub RPE space (eg by detecting the presence of level of 
a dendritic cell marker such as CD68, CDla and S100), the 
presence of geographic atrophy or disciform scars, the pres 
ence of choroidal neovasculariZation and/or choroidal ?bro 
sis, especially in the macula. Examples of genotypic markers 
include mutant genes and/or a distinct pattern of differential 
gene expression (Drusen Development Pathway”), including 
genes that are upregulated or doWnregulated in drusen form 
ing ocular tissue associated With drusen biogenesis. For 
example genes expressed by dysfunctional and/or dying RPE 
cells include: HLA-DR, CD68, vitronectin, apolipoprotein E, 
clusterin and S-lOO, heat shock protein 70, death protein, 
proteasome, Cu/Zn superoxide dismutase, cathepsins, and 
death adaptor protein RAIDD. Markers involved in immune 
mediated events include: autoantibodies (e. g. directed against 
drusen, RPE and/ or retina components), leukocytes, dendritic 
cells, myo?broblasts, type VI collagen, and a cadre of 
chemokines and cytokines. Molecules associated With drusen 
include: immunoglobulins, amyloid A, amyloid P compo 
nent, HLA-DR, ?brinogen, Factor X, prothrombin, comple 
ments 3, 5, 9, and 56-9, creactive protein (CRP) apolipopro 
tein A, apolipoprotein E, antichymotrypsin, [32 
microglobulin, thrombospondin, and vitronectin autoanti 
bodies (e.g. directed against drusen, RPE and/or retina com 
ponents), leukocytes and type VI collagen. Molecules asso 
ciated With drusen include: immunoglobulins, amyloid A (otl 
amyloid A), amyloid P component, C5 and C5b-9 terminal 
complexes, HLA-DR, ?brinogen, FactorX, and prothrombin, 
complements 3, 5 and 9, complement reactive protein (CRP), 
immunoglobulin lambda and kappa light chains, Factor X, 
HLA-DR, apolipoprotein A, apolipoprotein E, antichymot 
rypsin, [32 microglobulin, factor X, ?brinogen, prothrombin, 
thrombospondin, elastin, collagen, and vitronectin. Markers 
of drusen associated dendritic cells include: CDla, CD4, 
CD14, CD68, CD83, CD86, and CD45, PECAM, MMP14, 
ubiquitin, and FGF. Important dendritic cell-associated 
accessory molecules that participate in T cell recognition 
include lCAM-l, LFAl, LFA3, and B7, lL-l, lL-6, lL-l2, 
TNF-alpha, GM-CSF and heat shock proteins. Markers asso 
ciated With dendritic cell expression include: colony stimu 
lating factor, TNFot, and 11-1. Markers associated With den 
dritic cell proliferation include: GM-CSF, lL-4, ll-3, SCF, 
FLT-3 and TNFot. Markers associated With dendritic cell dif 
ferentiation include lL-lO, M-CSF, IL-6 and IL-4. 
[0042] The term “drusen-associated ocular disease” as used 
herein refers to any disease in Which drusen formation takes 
place and for Which drusen causes or contributes thereto. 
Macular degenerations, the accumulation of drusen creates a 
physical barrier that appears to impede normal metabolite and 
Waste diffusion betWeen the choriocapillaris and the retina. 
As a result, the diffusion of oxygen, glucose, and other nutri 
tive or regulatory serum-associated molecules required to 
maintain the health of the retina and RPE are inhibited. 

[0043] A “drusen-associated molecule” or “DRAM” as 
used herein refers to any protein, carbohydrate, glycoconju 
gate (e.g., glycoprotein or glycolipid), other lipid, nucleic 
acid or other molecule Which is found in association With, or 
interacting With, a drusen deposit. DRAMS may include cel 
lular fractions or organelles that are not normally found 
deposited in, or in association With, a tissue unless it is 
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affected by drusen or Which is not present in drusen-affected 
and normal tissue in equivalent amounts. 
[0044] The term “extracellular matrix” (“ECM”) refers to, 
e.g., the collagens, proteoglycans, non-collagenous glyco 
proteins and elastins that surround cells and provide struc 
tural and functional support for cells as Well as maintain 
various functions of cells, such as cell adhesion, proliferation, 
differentiation and protein synthesis. A skilled artisan Will 
appreciate that the precise composition and physical proper 
ties of ECM, as Well as its function, vary betWeen various cell 
types, betWeen various tissues, and betWeen various organs. 
[0045] A “?brosis associated reaction” is any process that 
relates to tissue repair, including the formation of neW blood 
vessels (angiogenesis), the migration and proliferation of 
?broblasts, the deposition of extracellular matrix and the 
maturation and organization of ?brous tissue. 
[0046] An “immune mediated event” refers to any event 
that occurs as part of the processes of acute or chronic in?am 
mation. The histological, biochemical and genetic processes 
of acute and chronic in?ammation are familiar to practitio 
ners of ordinary skill in the art. 
[0047] The term “inhibit” as used herein means to prevent 
or prohibit and is intended to include total inhibition, partial 
inhibition, reduction or decrease. 
[0048] The term “macular degeneration” refers to any of a 
number of conditions in Which the retinal macula degenerates 
or becomes dysfunctional, e.g., as a consequence of 
decreased groWth of cells of the macula, increased death or 
rearrangement of the cells of the macula (e. g., RPE cells, loss 
of normal biological function, or a combination of these 
events. Macular degeneration results in the loss of integrity of 
the histoarchitecture of the cells of the normal macula and/or 
the loss of function of the cells of the macula. Any condition 
Which alters or damages the integrity or function of the 
macula (e.g., damage to the RPE or Bruch’s membrane) may 
be considered to fall Within the de?nition of macular degen 
eration. Other examples of diseases in Which cellular degen 
eration has been implicated include retinal detachment, 
chorioretinal degenerations, retinal degenerations, photore 
ceptor degenerations, RPE degenerations, mucopolysaccha 
ridoses, rod-cone dystrophies, cone-rod dystrophies and cone 
degenerations. 
[0049] The term “marker” is used herein to refer to any 
phenotype or genotype that is characteristic of a disorder or a 
disease. The phenotype may include physical ?ndings, bio 
chemical components, or any molecule or gene product 
Which is upregulated or doWnregulated in the disorder or 
disease, and When measured is therefore indicative of the 
disorder or disease When levels are measured. Genotypes that 
can act as markers include any polymorphism or mutation 
that is associated With a particular disorder or disease. 

[0050] The terms “modulation”, “alteration”, “modulate”, 
or “alter” are used interchangeably herein to refer to both 
upregulation (i.e., activation or stimulation (e.g., by agoniZ 
ing or potentiating)) and doWnregulation (i.e., inhibition or 
suppression (e.g., by antagonizing, decreasing or inhibiting)) 
of an activity. For example, the activity that is modulated may 
be gene expression or may be the groWth, proliferation, 
migration or differentiation of dendritic cells. “Modulates” or 
“alters” is intended to describe both the upregulation or 
doWnregulation of a process, since, as is Well knoWn to a 
skilled artisan, a process Which is upregulated by a certain 
stimulant may be inhibited by an antagonist to that stimulant. 
Conversely, a process that is doWnregulated by a certain 
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stimulant may be inhibited by an antagonist to that stimulant. 
Thus, e.g., the identi?cation of an agent that induces a cellular 
response modulates or alters cellular behavior in an inductive 
manner and it is inherently understood that the response may 
be modulated in an inhibitory manner by an inhibitor of that 
agent (e.g., by an antibody or antisense RNA, as is Well 
understood and described in the art). 
[0051] The term “nucleic acid” as used herein refers to 
polynucleotides or oligonucleotides such as deoxyribo 
nucleic 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 nucle 
otide analogs and as applicable to the embodiment being 
described, single (sense or antisense) and double-stranded 
polynucleotides. 
[0052] The term “physical ?nding,” as the term is used 
herein, refers to any sign or symptom that is elicitable during 
the face-to-face evaluation of a patient by a health care pro 
vider. A physical ?nding then may include a symptom, such 
as pain, described by the patient during medical history 
taking. A physical ?nding may refer to those features of the 
patient’s anatomy identi?ed during the observation, auscul 
tation, percussion or palpation of the patient’s body. A physi 
cal ?nding may also refer to those aspects of the patient’s 
anatomy that are discerned by observation, auscultation, per 
cussion or palpation ampli?ed by instrumentation directly 
manipulated by the health care provider, instrumentation 
such as endoscopes, stethoscopes, otoscopes and fundo 
scopes. Other, more sophisticated instruments for observa 
tion, such as slit lamps, are capable of discerning “physical 
?ndings,” as the term is used herein. Within the scope of this 
invention are those ?ndings produced by amplifying the 
observational capacity of the health care provider during the 
direct encounter With the patient. For example, administering 
?uoroscein and observing its effect on a tissue With a slit lamp 
at a preselected Wavelength Would result in the determination 
of a set of physical ?ndings, as the term is used herein. Other 
types of physical ?ndings consistent With this de?nition Will 
be readily apparent to practitioners of ordinary skill in the 
relevant arts. Physical ?ndings for aortic aneurysms could 
include, for example, a pulsatile abdominal mass, a tender 
abdominal mass, back pain, alteration of peripheral pulses or 
an abdominal bruit. 

[0053] The term “polymorphism” refers to the coexistence 
of more than one form of a gene or portion (e.g., allelic 
variant) thereof. A portion of a gene of Which there are at least 
tWo different forms, i.e., tWo different nucleotide sequences, 
is referred to as a “polymorphic region of a gene”. A poly 
morphic region can be a single nucleotide, the identity of 
Which differs in different alleles. A polymorphic region can 
also be several nucleotides long. A “polymorphic gene” refers 
to a gene having at least one polymorphic region. 
[0054] The terms “protein”, “polypeptide” and “peptide” 
are used interchangeably herein When referring to a gene 
product comprising amino acids. The term “recombinant pro 
tein” refers to a polypeptide of the present invention Which is 
produced by recombinant DNA techniques, Wherein gener 
ally DNA encoding a polypeptide is inserted into a suitable 
expression vector Which is in turnused to transform a host cell 
to produce the heterologous protein. Likewise the term 
“recombinant nucleic acid” or “recombinant DN ” refers to 

a nucleic acid or DNA of the present invention Which is 
produced by recombinant DNA techniques, Wherein gener 
ally DNA encoding a polypeptide is inserted into a suitable 
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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 polypep 
tide, 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 
polypeptide. 
[0055] A “radiological ?nding,” as used herein, refers to 
any digital or graphic representation resulting from the diag 
nostic administration of a dose of electromagnetic radiation 
or sound Waves to a patient. A radiological ?nding Would 
include the output of tests such as MRI, CT scan, IV contrast 
angiography, conventional XRay, ultrasound, echocardio 
graphy, doppler angiography, or radionuclide scans. Other 
types of radiological ?ndings Will be apparent to practitioners 
of ordinary skill in the medical arts. Radiological ?ndings 
consistent With a AAA might include, for example, calci?ca 
tion on lateral lumbosacral spine ?lms, a mass discernible on 
ultrasound, or a characteristic appearance of the infrarenal 
aorta on angiography, CT scan or MRI. 

[0056] “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, polypeptides, pep 
tidomimetics, carbohydrates, lipids (e. g., glycolipids and pig 
tail lipids) or other organic (carbon containing) or inorganic 
molecules. Many pharmaceutical companies have extensive 
libraries of chemical and/ or biological mixtures, often fungal, 
bacterial, or algal extracts, Which can be screened With any of 
the as says of the invention to identify therapeutic compounds. 
[0057] A “therapeutic” as used herein refers to an agonist or 
antagonist of the bioactivity of a drusen associated marker. 
Preferred therapeutics reduce or inhibit RPE cell death, fac 
tors involved in the in?ammatory response, factors involved 
in ?broblast proliferation and migration resulting in ?brosis 
and/or dendritic cell proliferation, migration or differentia 
tion into drusen. Other preferred therapeutics include agents 
that have shoWn some ef?cacy in treating or preventing aortic 
diseases (e.g.AAA), including: antiin?ammatory agents (eg 
anti CD-l8 antibody), protease inhibitors, inhibitors of elas 
tolytic MMPs (eg the hydroxamate based RS312908, bati 
mastat, antibiotics (e.g. doxycycline), tetracycline), inhibi 
tors of prostaglandin synthesis and beta-blockers (e.g. 
propanalol). 
[0058] The term “transcriptional regulatory sequence” is a 
generic term used throughout the speci?cation to refer to 
DNA sequences, such as initiation signals, enhancers, and 
promoters, Which induce or control transcription of protein 
coding sequences With Which they are operably linked. 
[0059] As used herein, the term “transfection” means the 
introduction of a nucleic acid, e. g., via 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. 

[0060] As used herein, the term “transgene” means a 
nucleic acid sequence (encoding, e.g., one of the polypeptides 
of the invention, or an antisense transcript thereto) Which has 
been introduced into a cell. A transgene could be partly or 
entirely heterologous, i.e., foreign, to the transgenic animal or 
cell into Which it is introduced, or can be homologous to an 
endogenous gene of the transgenic animal or cell into Which 
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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 or may result in over expres 
sion). A transgene can also be present in a cell in the form of 
an episome. A transgene can include one or more transcrip 
tional regulatory sequences and any other nucleic acid, such 
as 5' UTR sequences, 3' UTR sequences, or introns, that may 
be necessary for optimal expression of a selected nucleic acid. 

[0061] A “transgenic animal” refers to any animal, prefer 
ably 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 intro 
duction into a precursor of the cell, by Way of deliberate 
genetic manipulation, such as by microinjection or by infec 
tion With a recombinant virus. The term genetic manipulation 
does not include classical cross-breeding, or in vitro fertili 
Zation, but rather is directed to the introduction of a recom 
binant DNA molecule. This molecule may be integrated 
Within a chromosome, or it may be extrachromosomally rep 
licating DNA. In the typical transgenic animals described 
herein, the transgene causes cells to fail to express a speci?c 
normal gene product, to express a recombinant form of one or 
more DRAM polypeptides, e.g., either agonistic or antago 
nistic forms, or molecules that regulate the biosynthesis, 
accumulation or resorption of DRAMs or dendritic cells. 
Transgenic knockouts may, for example, be produced Which 
cause alterations in dendritic cell behavior (e.g., cell groWth, 
proliferation, migration, differentiation or gene expression). 
For example, mice Whose Rel-B, transforming groWth factor 
bl (TGF-b l) or Ikaros genes are disrupted lack dendritic cells 
from various cell lineages (see Caux, C. et al., 1999). HoW 
ever, transgenic animals in Which the recombinant DCRM or 
DRAM gene is silent are also contemplated, as for example, 
the FLP or CRE recombinase dependent constructs. More 
over, “transgenic animal” also includes those recombinant 
animals in Which gene disruption is caused by human inter 
vention, including both recombination and antisense tech 
niques. 
[0062] The term “treating” or “treatment” as used herein is 
intended to encompass curing as Well as ameliorating at least 
one symptom of the condition or disease. As applied to an 
aneurysm, for example, “treating” may refer to preventing the 
expansion of an existent aneurysm, or to increasing the struc 
tural stability of the Wall of the aneurysmal artery. 
[0063] The terms “vector, cloning vector,” or“replicative 
cloning vector,” are interchangeable as used herein, and refer 
to a nucleic acid molecule, Which is capable of transporting 
another nucleic acid to Which it has been linked. One type of 
preferred vector is an episome, i.e., a nucleic acid capable of 
extra-chromosomal replication. Preferred vectors are those 
capable of autonomous replication and/or expression of 
nucleic acids to Which they are linked. Vectors capable of 
directing the expression of genes to Which they are opera 
tively linked are referred to herein as “expression vectors.” 
The term “expression system” as used herein refers to an 
expression vector under conditions Whereby an mRNA may 
be transcribed and/ or an mRNA may be translated into pro 
tein. The expression system may be an in vitro expression 
system, Which is commercially available or readily made 
according to art knoWn techniques, or may be an in vivo 
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expression system, such as a eukaryotic or prokaryotic cell 
containing the expression vector. 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 a plasmid is the 
most commonly used form of vector. HoWever, 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. 

[0064] 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. 

4.2: PATHOPHYSIOLOGY OF MACULAR 
DEGENERATION AND ARTERIAL WALL 

DISRUPTIVE DISORDERS 

[0065] In one embodiment, the methods and kits of the 
present invention rely upon the novel discovery disclosed 
herein that there are signi?cant pathophysiological and bio 
logical similarities betWeen those patients afflicted With 
AMD and those patients afflicted With arterial Wall disruptive 
disorders, in particular AAA. Some of these similarities are 
summarized beloW. 

AANAMD Similarities 

AAA Features AMD Data Support 

Heritable 
Age-related 
Elastin destruction & other 
ECM 
Collegen and elastin 
neosynthesis 
Exacerbated by hypertension 
Smoking as a risk factor 
Autoimmune involvement 
Aortic neovascularization 
Assoc. With atherosclerosis 
Potential assoc. With COPD 
Loss ofvascular smooth 
muscle cells 
In?ux of dendritic cells 
Chronic in?ammation 

(subset) 
Upregulation ofMMPZ & X 
MMP9, t-PA, uPA, PAI-l, 

DoWnreg. of TIMP, GAG, 7 
PG 
Assoc. With alpha-l 7 
antitrypsin de?ciency 
(subset) 

University of IoWa data 

University of IoWa data 

University of IoWa data 

University of IoWa data 
University of IoWa data 

University of IoWa data 
University of IoWa data Nay: 

University of IoWa data 

Certain of these associations are supported by data presented 
in more detail in the Examples incorporated herein. Other 
associations not speci?ed above Will be readily apparent to 
practitioners of ordinary skill in the relevant arts. The descrip 
tions presented beloW of the disease processes of macular 
degeneration and arterial Wall disruptive disorder Will alloW 
the ordinarily skilled practitioner to determine, With no more 
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than routine experimentation, other associations betWeen 
these disease processes that Will fall Within the scope of the 
present invention. 
[0066] 4.2a1 Macular Degeneration 
[0067] 4.2a(i) General 
[0068] 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 abnormali 
ties of Bruch’s membrane, the neural retina and the retinal 
pigment epithelium (RPE). 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 (Best F. Z., Augenheilkal, 131199-212, 1905; 
Sorsby,A., et al., Br]. Opthalmol. 33167-97, 1949; Stargardt, 
K., Albrecht Von Graefes Arch Klin Exp Opthalmol. 711 534 
550, 1909; Ferrell, R. E., et al., Am JHum Genet. 35178-84, 
1983; Jacobson, D. M., et al., Opthalmolagy, 961885-895, 
1989; Small, K. W., et al. Genomics 131681-685, 1992; Stone, 
E. M., et al., Nature Genet. 11246-250, 1992; Forsman, K., et 
al. Clin Genet. 421156-159, 1992; Kaplan, J. S., et al. Nature 
Genet. 51308-311, 1993; Stone, E. M., et al. Arch Opthalmol. 
1121763-772, 1994; Zhang, K., et al. Arch Opthalmol. 1121 
759-764, 1994; Evans, K., et al. Nature Genet. 61210-213, 
1994; Kremer, H., et al. Hum Mol. Genet. 31299-302, 1994; 
Kelsell, R. E., et al. Hum Mal. Genet. 411653-1656, 1995; 
Nathans, 1., et al. Science 2451831-838, 1989; Wells, 1., et al. 
Nature Genet. 31213-218, 1993; Nichols, B. E., et al. Nature 
Genet. 31202-207, 1993a; Weber, B. H. F., et al. Nature Genet. 
81352-355, 1994). Macular degeneration diseases include, for 
example, Age Related Macular Degeneration, North Carolina 
macular dystrophy, Sorsby’s fundus dystrophy, Stargardt’s 
disease, pattern dystrophy, Best disease, malattia leventinese, 
Doyne honeycomb choroiditis, dominant drusen and radial 
drusen. 
[0069] Histopathologically, the condition is characterized 
by accumulation of membranous debris on both sides of the 
retinal pigment epithelium (RPE) basement membrane. 
Pathophysiological hallmarks include the formation of 
drusen, atrophy of the RPE/choriocapillaris, RPE detach 
ment, and choroidal neW vessel (CNV) formation. Histo 
pathologic studies have documented signi?cant and Wide 
spread abnormalities in the extracellular matrices associated 
With the RPE, choroid, and photoreceptors of aged individu 
als and of those With clinically-diagnosedAMD (Sarks, 1976; 
Sarks, et al., 1988; Bird, 1992a; van der Schaft, et al., 1992; 
Green and Enger, 1993; Feeney-Burns and Ellersieck, 1985; 
Young, 1987; Kincaid, 1992). The most prominent extracel 
lular matrix (ECM) abnormality is drusen, deposits that accu 
mulate betWeen the RPE basal lamina and the inner collag 
enous layer of Bruch’s membrane (FIG. 1). Drusen appear to 
affect vision prior to the loss of visual acuity; changes in color 
contrast sensitivity (Frennesson, et al., 1995; Holz, et al., 
1995b; Midena, et al., 1994; Stangos, et al., 1995; Tolentino, 
et al., 1994), macular recovery function, central visual ?eld 
sensitivity, and spatiotemporal contrast sensitivity (Midena, 
et al., 1997) have been reported. 
[0070] Drusen also cause a lateral stretching of the RPE 
monolayer and physical displacement of the RPE from its 
immediate vascular supply, the choriocapillaris. This dis 
placement creates a physical barrier that may impede normal 
metabolite and Waste diffusion betWeen the choriocapillaris 
and the retina. It is likely that Wastes may be concentrated 
near the RPE and that the diffusion of oxygen, glucose, and 
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other nutritive or regulatory serum-associated molecules 
required to maintain the health of the retina and RPE are 
inhibited. It has also been suggested that drusen perturb pho 
toreceptor cell function by placing pressure on rods and cones 
(Rones, 1937) and/or by distorting photoreceptor cell align 
ment (Kincaid, 1992). 
[0071] The terminology most commonly used to distin 
guish drusen phenotypes is hard and soft (see, for example, 
Eagle, 1984; LeWis, et al., 1986; Yanoff and Fine, 1992; 
NeWsome, et al., 1987; Mimoun, et al., 1990; van der Schaft, 
et al., 1992; Spraul and Grossniklaus, 1997), although numer 
ous phenotypes exist (Mullins and Hageman, Mol. Vision, 
1999). Hard drusen are small distinct deposits comprised of 
homogeneous eosinophilic material. Histologically, they are 
round or hemispherical, Without sloped borders. Soft drusen 
are larger and have sloped, indistinct borders. Unlike hard 
drusen, soft drusen are not usually homogeneous, and typi 
cally contain inclusions and spherical pro?les. An eye With 
many largelsoft drusen is at a signi?cantly higher risk of 
developing complications of AMD than is an eye With no 
drusen or a feW, small drusen. The term “diffuse drusen,” or 
“basal linear deposit,” is used to describe the amorphous 
material Which forms a layer betWeen the inner collagenous 
layer of Bruch’s membrane and the RPE. This material can 
appear similar to soft drusen histologically, With the excep 
tion that it is not mounded. 

[0072] Our knoWledge of drusen composition, especially 
as it relates to phenotype, is scant. Wolter and Falls (1962) 
observed that drusen stain With oil red 0, indicating the pres 
ence of neutral lipids in at least some drusen. Pauleikhoff, et 
al. (1992) used lipid-based histochemical staining 
approaches to shoW that different phenotypes of drusen con 
tain either phospholipids or neutral lipids. These “hydro 
philic” drusen Were also bound by an anti-?bronectin anti 
body. Pauleikhoff et al. (1992) concluded that phospholipid 
containing, but not neutral lipid-containing, drusen Were anti 
?bronectin antibody-reactive. Other investigators have not 
been able to reproduce the observation of an association of 
?bronectin With drusen (van der Schaft, et al., 1993; Mullins 
et al., 1999). These data suggest that drusen are either hydro 
phobic or hydrophilic, and that different drusen classes may 
indicate signi?cantly different pathologies, suggesting the 
existence of different compositional classes of drusen, not 
solely based on morphology (i.e., hard and soft). 
[0073] Farkas, et al. (1971b) analyzed drusen composition 
by enzymatic digestion, organic extraction, and histochemi 
cal staining methods for carbohydrates and other molecules. 
They concluded that drusen are comprised of sialomucins 
(glycoproteins With O-glycosidically-linked oligosaccha 
rides) and cerebrosides and/or gangliosides. 
[0074] NeWsome et al. (1987) described labeling of soft 
drusen With antibodies directed against ?bronectin, and to 
hard and soft drusen With antibodies directed against IgG and 
IgM. In addition, Weak labeling of drusen With antibodies 
directed against beta amyloid (Loef?er, et al., 1995) and 
complement factors (Clq, C3c, C3d, and C4) (van der Schaft, 
et al., 1993), and more intense labeling With antibodies 
directed against ubiquitin (Loef?er and Mangini, 1997) and 
TlMP-3 (Fariss, et al., 1997), has been reported. Antibodies to 
other ECM molecules, including collagen types I, III, IV, and 
V, laminin, and heparan sulfate proteoglycan, have also been 
reported as being components of drusen in “diffuse, mottled 
or super?cial laminar” patterns (NeWsome, et al., 1987). 
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[0075] Discrepancies between the results of the immuno 
histochemical studies described above are likely due to dis 
agreement upon a universal classi?cation system for drusen, 
the use of dehydrated, para?in-embedded tissues (Which 
potentially resulting in the extraction of some drusen con 
stituents) as opposed to frozen sections, and the use of anti 
bodies directed against different epitopes of the same protein. 
Additionally, the use of tissues that are ?xed or frozen Within 
a short period after death reduces false negatives (due to 
post-mor‘tem autolysis and loss of antigenicity) and false 
positives (due to post-mor‘tem diffusion and loss of physi 
ologic barriers). 
[0076] In addition to the lipid, protein and carbohydrate 
composition of drusen, several investigators have identi?ed 
plasma membrane or cellular organelles in drusen. Farkas et 
al. (1971a) described the presence of numerous degenerating 
organelles in drusen, including What appeared to be lysos 
omes. Based on the observation that similar material Was 
present on the RPE side of Bruch’s membrane prior to drusen 
formation, they suggested that drusen constituents Were 
derived from the RPE. HoWever, lysosomal enzyme activity 
Within drusen has not been veri?ed (Feeney-Burns, et al., 
1987). Burns and Feeney-Burns (1980) described the pres 
ence of “cytoplasmic debris” in small drusen, Which they 
inferred Was derived from the RPE. Feeney-Burns and Eller 
sieck (1985) later described a paucity of debris in Bruch’s 
membrane directly beneath drusen, and suggested that drusen 
may result from an inability of the choroid to clear debris 
from sites of drusen deposition. 
[0077] Drusen contain a number of drusen-associated mol 
ecules (DRAMs), including amyloid A protein, amyloid P 
component, antichymotrypsin, apolipoprotein E, [32 micro 
globulin, complement 3, complement C5, complement C5b-9 
terminal complexes, factor X, ?brinogen, immunoglobulins 
(kappa and lambda), prothrombin, thrombospondin or vit 
ronectin. 

[0078] A comprehensive understanding of drusen biogen 
esis is lacking. At least tWelve pathWays for drusen genesis 
have been suggested in the literature (Duke-Elder and 
Dobree, 1967; Wolter and Falls, 1962; lshibashi, et al., 
1986a). These fall into tWo general categories based on 
Whether drusen are derived from the RPE or the choroid. 
Theories related to the derivation of drusen from RPE cells 
include the concepts that: drusen result from secretion of 
abnormal material derived from RPE or photoreceptors 
(“deposition theories”iMuller, 1856; lshibashi, et al., 1986; 
Young, 1987); transformation of degenerating RPE cells into 
drusen (“transformation theories”iDonders, 1854; Rones, 
1937; Fine, 1981; El Baba, et al., 1986) or some combination 
of these pathWays. Speci?cally, some investigators have con 
cluded, based on ultrastructural data, that drusen are formed 
When the RPE expels its basal cytoplasm into Bruch’s mem 
brane (lshibashi, et al., 1986a), possibly as a mechanism for 
removing damaged cytosol (Burns and Feeney Burns, 1980). 
HoWever, very feW convincing images of this process have 
been demonstrated. Others have postulated that drusen are 
formed by autolysis of the RPE, due to aberrant lysosomal 
enzyme activity (Farkas, et al., 1971a), although more recent 
enzyme histochemical studies have failed to demonstrate the 
presence of lysosomal enzymes in drusen (Feeney-Bums, et 
al., 1987). Other mechanisms, including lipoidal degenera 
tion of the RPE (Fine, 1981) and a derivation from vascular 
sources (Friedman, et al., 1963) have also been postulated 
(summarized in Duke-Elder and Dobree, 1967). 
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Duvall et al. (1985) suggested a role for choroidal pericytes in 
keeping Bruch’s membrane clear of debris. They suggested 
that dysfunction of pericytes leads to the formation of drusen, 
either by the accumulation of material from the choroid or by 
the failure to remove material deposited by the RPE. Killing 
SWOITh et al. (1990) described macrophages participating in 
the breakdoWn of Bruch’s membrane in the neovascular stage 
of AMD and in drusen regression, and shoW one electron 
micrograph depicting structures resembling drusen cores. 
Duvall and Tso (1985) shoWed choroidal macrophages in the 
region of the Bruch’s membrane are involved in the removal 
of drusen in monkey eyes, folloWing laser photocoagulation. 
Penfold and others (Penfold et al., 1985; Penfold et al., 1986; 
Oppenheim and Leonard, 1989) provided “circumstantial 
evidence . . . for the involvement of (choroidal) leukocytes, in 

the promotion of neovascular proliferation.” HoWever, these 
data Were restricted to morphological observations only. 
Based on those observations investigators suggested that 
macrophages participate in the neovascularization stage of 
drusen formation. 
[0079] Changes related to AMD that are observed in the 
fundus may vary With different AMD phenotypes. At least ten 
distinct AMD fundus patterns have been identi?ed at the 
University of Iowa that may be termed “The University of 
Iowa AMD/Drusen Classi?cation.” Certain fundus patterns 
may correlate With particular arterial Wall disruptive disor 
ders; for example, a certain pattern may be identi?ed that 
correlates With an increased likelihood of developing a AAA 
or of having expansion occur in an established AAA, While 
other fundus patterns may be indicative of an increased like 
lihood of developing a TAAA or a dissecting TAA. The dif 
ferent fundus patterns, like the different forms of arterial Wall 
disruptive disorders, may correlate With different underlying 
genetic patterns. 
[0080] 4.2a(ii) Working Hypothesis of Drusen Biogenesis 
[0081] Proposed herein is a unifying theory of drusen bio 
genesis that attempts to incorporate a large body of neW and 
previously published data generated in this, and other, labo 
ratories. This theory is put forth With the acknoWledgment 
that numerous AMD genotypes may exist. Thus, only some 
aspects of the proposed hypothesis may be involved in any 
given AMD genotype. lmportantly, the theory is based upon 
novel data generated in this laboratory documenting that den 
dritic cells are associated With drusen. This observation 
invokes, for the ?rst time, the potential for a direct role of 
cell-mediated processes in drusen biogenesis. Thus, We 
believe that any Working hypothesis pertaining to drusen 
biogenesis and the etiology of drusen associated ocular dis 
eases must include a role for dendritic cells. 

[0082] The presence of dendritic cells in in?ammatory 
lesions is Well-recognized. It is clear that dendritic cells must 
be recruited, activated, and migrate to, sites of in?ammation, 
rather than passively migrating to these sites. Dendritic cells 
are typically recruited to sites of tissue damage by various 
chemoattractants, heat shock proteins, DNA fragments, and 
others. Choroidal dendritic cell processes are associated With 
the smallest of drusen, and are often observed in the sub-RPE 
space in association With Whole, or portions of, RPE cells that 
have been shunted into Bruch’s membrane, prior to the time 
that drusen, per se, are detectable. Based on these observa 
tions, proposed herein is a mechanism in Which choroidal 
dendritic cells are activated and recruited by locally damaged 
and/or sublethally injured RPE cells. This idea is consistent 
With recent data shoWing that dentritic cells, and thus the 
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innate immune system, can be activated by microenviron 
mental tissue damage. In this state, these cells extend a cel 
lular process through Bruch’s membrane in order to gain 
access to the site of tissue damage. In this role, choroidal 
dendritic cells may thus serve as sentinel receptors With the 
capacity to respond to local cell injury, and ultimately provide 
for the overall integration of immune-mediated processes that 
determine the outcome of the overall response. 

[0083] In this model, the injured RPE itself (by Whatever 
mechanism this occurs) may serve as a source of soluble 
cytokines or other stimulatory factors that initiate dendritic 
cell recruitment and activation. The data presented herein 
clearly supports accelerated RPE cell death in eyes derived 
from donors With AMD, as compared to age-matched con 
trols. Based on available information from other systems, and 
upon previous suggestions pertaining to the etiology ofAMD, 
RPE cell death might occur by several mechanisms, including 
ischemia, necrosis, gene-mediated injury, Bruch’s mem 
brane-induced dysfunction, oxidative injury from light or 
systemic factors (eg smoking-generated compounds), lipo 
fuscin accumulation, or autoimmune phenomena, to list a 
feW. Based on existing data, it is likely that RPE cell death 
Would most likely have to be due to necrosis, rather than to 
apoptosis, since cells undergoing apoptotic cell death do not 
recruit dendritic cells. Indeed, the data provides compelling 
evidence for an absence of apoptotic RPE cell death in human 
donor eyes. 

[0084] Several known pathWays can initiate receptor 
ligand interactions betWeen dendritic cell precursors and 
injured tissue. These include cytokines such as IL-l, IL-6, 
IL- 1 2, TNF-alpha, and GM-CSF; heat shock proteins, altered 
expression of cell surface proteins and DNA in the presence 
of free radicals. The novel observation of clonal expression of 
HLA-DR, CD68, vitronectin, S-lOO, clusterin, and apolipo 
protein E by RPE cells in eyes from donors With drusen may 
be particularly signi?cant in this respect. Furthermore, up 
regulation of various cell death- and immune-associated mol 
ecules by the RPE/choroid in eyes With developing drusen 
and AMD have been identi?ed using differential display and 
gene array analyses. In addition, there is evidence that free 
radicals, Which are knoWn to be present in high concentra 
tions at the RPE-retina-choroid interface, might be immuno 
stimulatory. There is also data suggesting that ceroid (a poten 
tial component of lipofuscin) derived from necrotic cells may 
serve as an antigen in the generation of certain autoimmune 
diseases. This could explain the general contention that oxi 
dative stress and/or lipofuscin may lead to RPE dysfunction 
and the development of AMD (Mainster, M. A., Light and 
macular degeneration: a biophysical and clinical perspec 
live. Eye, 1987. 1(Pt 2): p. 304-10). 
[0085] Once inside the lesion (aka. the drusen), dendritic 
cells might then contribute to the chronicity (induced chronic 
in?ammatory lesions) of AMD by any number of mecha 
nisms, including immune complex formation, complement 
activation, and/or in situ activation of choroidal T-cells, other 
phagocytic cells, and matrix proteolysis. The presence of 
numerous immune-associated constituents in drusen, includ 
ing immunoglobulins, complement proteins, and some acute 
phase proteins, could be explained by such an event. One 
might predict that the dendritic cell response Would be doWn 
regulated once the local tissue damage has been repaired, thus 
restoring tolerance. This type of self-limiting control is typi 
cally accomplished in other systems via turnover of dendritic 
cells; the in?ux of neW dendritic cell precursors and the 
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concomitant reduction in the in?ux of mature dendritic cells 
into the lymph nodes is typically su?icient to shift the balance 
back to tolerance. In other cases, natural killer cells recogniZe 
mature dendritic cells as targets, providing a negative feed 
back effect on antigen presentation, forcing the system into 
tolerance. HoWever, in the case of AMD, We suggest that a 
state of chronic in?ammation persist for many years. In this 
scenario, cyclical events of RPE cell death may occur over a 
period of many years that do not alloW the system to return to 
tolerance. In one example, this might occur as a result of 
genetic preprogramming, as in the case of a RPE gene muta 
tion. In another example, local activation of complement and 
HLA-DR expression by RPE cells, initiated by dendritic cells 
recruited to the sub-RPE region, might lead to clonal RPE cell 
death, thereby maintaining a state of chronic in?ammation. 
Other scenarios can certainly be envisioned and must be 
tested. A negative outcome of this entire process may be that 
Bruch’s membrane and the surrounding extracellular matrix 
may be degraded, angiogenic factors may be generated, 
resulting in opportunistic neovasculariZation of the sub-RPE 
and subretinal spaces. Although there is little information in 
the literature concerning matrix-degrading enZyme expres 
sion by dendritic cells. HoWever, MT-l -MMP expression 
Within drusen cores has been observed, suggesting a possible 
mechanism for DC-mediated matrix breakdoWn. 

[0086] The notion that dendritic cells may be activated by 
local tissue injury might also initiate an autoimmune response 
to retinal and/or RPE antigens that are uncovered during 
tissue damage. The availability and amount of RPE debris/ 
antigen Will most likely determine Which ensuing pathWay is 
involved. Such autoimmune responses have been docu 
mented as a consequence of ischemia or injury to the heart 
and We have recently identi?ed autoantibodies in the sera of 
individuals With AMD that are directed against retinal and 
RPE proteins of 35 kDa and 53 kDa. This might occur as a 
consequence of aberrant delayed-type hypersensitivity 
responses, perhaps explaining the presence of serum autoan 
tibodies in at least some AMD patients. It is also conceivable 
that the groundWork for this process is primed earlier in life 
by necrosis of RPE cells, potentially explaining the conse 
quence of the Wave of peripheral RPE cell dropout We have 
observed in the second and third decades of life in preliminary 
studies. 

[0087] In the model presented herein, the initiating RPE 
injury event is folloWed by the continued deposition of 
drusen-associated constituents. Early DRAM-matrix com 
plexes; such as immune complexes, or other local ligands 
might serve as “nucleation sites” for the deposition of addi 
tional self-aggregating proteins and/ or lipids. These constitu 
ents could be derived from either the plasma and/or local 
cellular sources. Based on the knoWledge that many DRAMs 
are circulating plasma proteins, it is plausible that some 
DRAMs pass out of choroidal vessels and into the extracel 
lular space adjacent to the RPE Where they bind to one or 
more ligands associated With Bruch’s membrane in the aging 
eye. These ligands could be basement membrane compo 
nents, plasma membrane receptors, secretory products 
derived from RPE or choroidal cells, or byproducts of cellular 
autolysis. As reported herein, a number of drusen-associated 
molecules, including apolipoprotein E, vitronectin, ?brino 
gen, C reactive protein, and transthyretin, have been synthe 
siZed by the RPE and/or retina. Although unexpected, these 
data support the concept that some DRAMs may be synthe 
siZed and secreted locally. It remains to be determined 
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Whether up- or doWn-regulation of DRAM synthesis by local 
cells correlates With drusen deposition and/orAMD. As these 
abnormal deposits increase in siZe they displace the RPE 
monolayer and are recognized clinically as drusen. 
[0088] This model might also predict an imbalance in 
extracellular matrix synthesis, degradation, and/or turnover, 
thereby leading to events such as choroidal neovasculariZa 
tion, a hallmark characteristic of some forms of AMD, cellu 
lar proliferation, cellular differentiation, and interstitial ?bro 
sis. In many organs, ?brogenesis is a common complication 
of tissue injury, independent of the initial site of said injury. 
The recruitment of immune cells, and their activation and/or 
modulation by resident cells, represents a key step in the 
cascade of events that ultimately lead to ?brosis. Recent 
studies also suggest that distinct functional ?broblast pheno 
types may play a central role in early ?brosis, including the 
recruitment of immune cells. 

[0089] Choroidal ?brosis has been documented in a subset 
of donor eyes. There is a signi?cant correlation betWeen 
choroidal ?brosis and age. Furthermore, preliminary data 
suggest that there is a strong correlation betWeen choroidal 
?brosis and AMD, aortic aneurysms, aortic stenosis, and 
possibly COPD. These choroids are characterized ultrastruc 
turally by massive accumulations of neWly synthesiZed col 
lagen and elastin ?brils, as Well as ?lamentous collagens and 
micro?laments, that ?ll the normally loosely packed choroi 
dal stromas. The major collagen ?brils average 0.042-0.063 
pm in diameter as compared to the ?brillar collagen in the 
sclera, Which averages 0.211-0.253 pm in diameter. Further 
more, the collagen ?brils in these donors exhibit a classic 
spiraled morphology in longitudinal and cross sections. It is 
thought that spiraled collagen results from disaggregation of 
?brils and/ or to incorporation of uncleaved procollagen mol 
ecules. This collagen phenotype is observed in a feW heritable 
connective tissue diseases (Ehler’s-Danlos; PXE; dermato 
paraxis), as Well as in other conditions (collageno?brotic 
glomerulopathy, scleroderma, atherosclerosis, amyloid, 
emphysema, atheromatous plaques). Clear indications of 
active elastin synthesis (including dilated RER, pockets of 
micro?laments, and elastin exhibiting the morphological 
characteristics of neWly synthesiZed protein) are also 
observed along attenuated ?broblast cell processes and inter 
spersed amongst the collagen ?brils. 
[0090] A hypothetical pathogenic sequence of events con 
sistent With knoWn data is: 1) RPE dysfunction (e.g., precipi 
tated by an inherited susceptibility and/or environmental 
exposure); 2) accumulation of intracellular material in the 
RPE (e.g., accumulation of normal substrate material that is 
not enZymatically degraded properly vs. abnormal substrate 
material); 3) abnormal accumulation of extracellular material 
(basal laminar and basal linear deposit); 4) change in Bruch’s 
membrane composition (e.g., increased lipid deposition and 
protein crosslinking); 5) change in Bruch’s membrane per 
meability to nutrients (e.g., impaired diffusion of Water 
soluble plasma constituents across Bruch’s membrane); and 
6) response of the RPE to metabolic distress (i.e., atrophy vs. 
CNV groWth). Histopathological and clinical studies indicate 
that areas of choroidal ischemia often are seen near CNVs in 

AMD patients. In response to decreased oxygen delivery/ 
metabolic “distress”, the RPE may elaborate substances lead 
ing to CNV groWth. Perhaps RPE atrophy, folloWed by cho 
riocapillaris and photoreceptor atrophy, is a response to 
decreased nutrients/increasing metabolic abnormalities in 
areas of excessive accumulation of extracellular debris. 
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UnansWered questions regarding AMD include: 1) is AMD 
an ocular manifestation of a systemic disease or purely an 
ocular disease?; 2) What determines Whether CNVs vs. atro 
phy of the RPE-choriocapillaris-photoreceptors develops?; 
and 3) What induces the maturation of CNVs into an inactive 
scar, and What limits the groWth of most CNVs to the area 
centralis? 

[0091] Since drusen share a number of molecular constitu 
ents in common With abnormal deposits associated With a 
variety of other age-related diseases, drusen may represent an 
ocular manifestation of amyloidosis, elastosis, dense deposit 
disease, and/or atherosclerosis. Although modulated by dif 
ferent genes and/ or environmental in?uences, all these dis 
eases give rise to similar yet distinguishable pathological 
phenotypes by triggering a similar set of biological responses 
that include in?ammation, coagulation, and activation of the 
immune system. Thus, the invention provides a valuable rec 
ognition of these similarities as compared to other age-related 
diseases Which manifest themselves in deposits or plaques. 

[0092] 4.2b: Arterial Wall Disruptive Disorders 
[0093] Arterial Wall disruptive disorders may affect the 
abdominal aorta, resulting in the formation of abdominal 
aortic aneurysm (AAA). AAA are a form of arterial Wall 
disruptive disorders entailing aneurysm formation in the aor 
tic Wall that is localiZed Within the abdomen. AAA are there 
fore a form of aortic Wall disruptive disorders. These lesions 
are becoming increasingly common in developed countries 
including the United States, Australia, and Europe. (Mac 
SWeeney et al., Brit .1. Surg. 81:935-941, 1994). The preva 
lence of AAA is approximately 6% (2-9%) in the general 
population and primarily affects individuals over the age of 
about 65. (Wilmmk, A. B. and Quick, C. R., Brit. J. Sun, 
85:152-162, 1998). Because the siZe of the population over 
the age of 65 continues to increase, AAA and other arterial 
Wall disruptive diseases Will likely place a great burden on 
health resources in the near future. 

[0094] Aortic Wall disruptive disorder also includes aneu 
rysms of the thoracic aorta. These aneurysms generally have 
a component extending beloW the diaphragm, so are more 
accurately termed thoracoabdominal aortic aneurysms 
(TAAA). They are classi?ed according to their anatomic 
extent. (CraWford E S et al., “Thoracoabdominal aortic aneu 
rysms: preoperative and intraoperative factors determining 
immediate and long-term results of operations in 605 
patients,” J. Vasc. Surg. 3:389-404, 1986). Thoracic aortic 
aneurysms Without dissection may be caused by a number of 
factors, including atherosclerotic medial degenerative dis 
ease, congenital disorders such as Marfan’s and Ehlers-Dan 
los syndromes, mycotic lesions and Takayasu’s aortitis. Aor 
tic Wall disruptive disease further includes aortic dissections, 
Whether or not they are associated With aneurysm formation. 
Atherosclerotic medial degenerative disease (82%) and dis 
section (17%) are responsible for over 95% of all TAAA. 
(Panneton J M et al., “Nondissecting thoracoabdominal aortic 
aneurysms: Part I,”Vasc. Surg. 9:503-514, 1995). Hyperten 
sion is commonly found in both groups of TAAA patients. 
Patients With degenerative (atherosclerotic) aneurysms, hoW 
ever, tend to have a higher incidence of coronary artery dis 
ease, chronic renal insu?iciency, cerebrovascular disease and 
peripheral vascular disease. 
[0095] While it is understoodherein that the systems, meth 
ods and kits of the present invention are related to arterial Well 
disruptive disorders in all anatomic locations, the present 
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invention Will be illustrated With particular reference to the 
disruptive disorder of the aortic Wall that culminates inAAA 
or in TAAA. 

[0096] 4.2b(i) Anatomy of the Arterial Wall 
[0097] Arteries are divided into three general categories 
based on the anatomy of their Walls: large elastic arteries, 
medium muscular arteries and small arteries. All arteries pos 
sess three layers, the intima, the media and the adventitia. The 
media, bounded by the internal and the external elastic lami 
nae, contains smooth muscle cells embedded in a matrix of 
collagen, elastin and proteoglycans. The adventitia, lying 
outside the external elastic lamina, is composed of loose 
connective tissues, ?broblasts, capillaries, leukocytes and 
small nerve ?bers. The arterial Wall is nourished by a system 
of blood vessels called vasa vasorum. 

[0098] The large elastic arteries of the body include the 
aorta and its major branches. The medium muscular arteries 
include most of the distributing vessels to the organs. These 
tWo classes of arteries differ primarily in the amount of elastic 
tissue present in the media. In the aortic Wall there are Well 
de?ned lamellar units consisting of commonly oriented and 
elongated smooth muscle cells and their surrounding matrix. 
The matrix includes a meshWork of collagen and a layer of 
elastin. (Clark J M et al., “Transmural organiZation of the 
arterial media: the lamellar unit revisited,” Arteriosclerosis 
5:19, 1985). The lamellar unit represents the structural and 
functional unit of the aortic Wall. The lamellar unit consists of 
layers of smooth muscle cells interspersed With clearly 
de?ned lamellae of elastin. Tropoelastin monomers are nor 
mally produced by ?broblasts and vascular smooth muscle 
cells (SMCs) and deposited onto a micro?brillar netWork of 
?brillin and other proteins, and cross-linked by lysyl oxidase 
to form mature elastic ?bers, Which are arranged in concentric 
lamellae. 

[0099] 4.2b(ii) Genetics ofAAA 
[0100] A familial tendency to develop aneurysms is Well 
documented in about 15-20% of patients With AAA, suggest 
ing a genetic predisposition to AAA in some patients, a posi 
tive family history in a ?rst-degree relative being a signi?cant 
risk factor for developing AAA. (MacSWeeney et al., Brit J. 
Surg. 81:935-941, 1994). The most likely explanation for the 
occurrence of AAA in families is a single gene shoWing 
dominant inheritance and loW penetrance. (Verloes, A., et al., 
J. Vasc. Surg. 21:646-655, 1995). Familial associations for 
other aneurysms have also been noted. (Kojima M, et al., 
“Asymptomatic familial cerebral aneurysms”, Neurosurgery, 
43(4):776-81 1998 October). Familial clustering has been 
observed for in?ammatory aneurysms, correlated With the 
identi?cation of an HLA-DR B1 allele in a cohort of those 
patients. (Rasmussen T E, et al., “Genetic risk factors in 
in?ammatory abdominal aneurysms: polymorphic residue 70 
in the HLA-DR B1 gene as a key genetic element,” J Vasc 
Surg, 25(2):356-64 1997 February). Genetic factors have 
been associated With development of other aneurysmal syn 
dromes, in one case associating a ?brillin genotype, blood 
pressure and aneurysm formation. (Powell J T, et al., “Inter 
action betWeen ?brillin genotype and blood pressure and the 
develop aneurysmal disease,”Ann NYAcad Sci, 800(-HD-): 
198-207 1996 Nov. 18). 
[0101] Attempts to de?ne the genetic component(s) under 
lying AAA have used a variety of strategies, including both 
linkage analysis and candidate gene approaches. Several can 
didate genes for AAA, including collagen, otl-antitrypsin, 
?bulin-2 (Kuivaniemi et al., Eur. J. Hum. Gen 6:642-646, 
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1999), proteolytic enZymes, tissue inhibitors of metallopro 
teases (TlMPs) and haptoglobin have been investigated to 
explain the familial clustering of AAA. Signi?cantly, poly 
morphisms in the elastin gene have not been demonstrated in 
patients With AAA. Genetic mutations in ?brillin-1 and type 
III procollagen have been found to be responsible for aneu 
rysm development in a small number of patients (e.g., in 
Marfan’s syndrome and Ehler-Danlos syndrome, respec 
tively). A mutant gene for the alpha chain of type III collagen 
co-segregates With aneurysmal disease in 3 out of 50 families, 
and a single base mutation at position 619 in collagen type III 
has been described in one family. (Kontusaari, S. et al., Ann. 
N. l’. Acad. Sci, 580:556-557, 1990). About 2% of aortic 
aneurysms are thought to be caused by a gly136-to-arg muta 
tion in the type III procollagen gene. (Tromp, G. et al., J. Clin. 
Invest., 91 :2539-2545). A de?ciency allele for (x1 -antitrypsin 
Was found in 5 out of 47 patients and a nucleotide substitution 
for TIMP(1) Was found in 2 out of 6 patients. A mutation in the 
COL3A1 gene has been implicated in the pathogenesis of 
some familial aortic aneurysms. (RevieWed in Kuivaniemi, H. 
et al., J Clin. Invest. 88:1441-1444, 1991). The MZ-otl - 
antitrypsin phenotype has been found With increased frequen 
cies in individuals WithAAA. (Cohen, J. R. et al., J. Surg. Res. 
49:319-321, 1990). Another study suggested that AAA may 
be associated With the 2-1 and 1-1 genotypes of haptoglobin. 
(Norrgard, O., Hum. Hered. 34:166-169, 1984). Taken 
together, available data suggest that, While AAA may be 
inherited in many cases, the gene or genes responsible for 
most cases of AAA remain to be identi?ed. 

[0102] 4.2b(iii) Other AAA Risk Factors 
[0103] Aside from the unde?ned genetic component, the 
etiology of AAA is currently thought to arise through a com 
plex interaction among various risk factors including athero 
sclerosis, aging, autoimmune processes, gender, race, ciga 
rette smoking and hypertension. Severe intimal 
atherosclerosis is almost invariably found in AAA at the time 
of surgery or postmortem examination, and patients With 
atherosclerosis in other circulatory beds have an increased 
prevalence of AAA. HoWever, unlike atherosclerosis, AAA is 
dominated primarily by degenerative changes in the elastic 
media, displays different epidemiological characteristics and 
has different genetic risk factors. Thus, AAA is thought to 
arise through pathophysiologic processes that are distinct 
from occlusive atherosclerosis, and that aortic atherosclerosis 
is neither suf?cient, nor even necessary, for aneurysm, devel 
opment. Indeed, some evidence has suggested that arterial 
Wall remodeling associated With the regression of atheroscle 
rotic plaques might be linked to aneurysm development. Cur 
rent dogma Would indicate thatAAA arises from pathophysi 
ological processes that are distinct from occlusive 
atherosclerosis, even though certain studies have pointed to 
their overlap. (Robert L, et al., "Elastin-elastase-atheroscle 
rosis revisited,” Atherosclerosis, 140(2):281-95 1998 Octo 
ber). 
[0104] Male gender is also considered a risk factor for 
AAA, With some studies shoWing male:female ratios as high 
as 9:1. The possibility that there might be a relative biological 
resistance to the development of aneurysm in Women sug 
gests a sex-linked genetic component. For reasons that are not 
yet clear, there also appears to be a predilection for aortic 
aneurysms in Caucasians as compared to non-Caucasian 
populations. 
[0105] There is also a strong association betWeen persistent 
cigarette smoking and AAA, With a time lag of approximately 
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40 years. (MacSWeeney et al., Brit J. Surg. 81:935-941, 
1994). Some investigators have suggested that a component 
of smoke other than tar may contribute to the disease. (Mac 
SWeeny, et al., supra). For example, it has been proposed that 
increased levels of serum cotinine may contribute to the inac 
tivation of a1 -antitrypsin, Which may subsequently enhance 
the degradation of the aortic Wall by proteolytic enzymes, 
contributing to aneurysmal dilatation. Interestingly, the inci 
dence of emphysema/COPD is high in patients With AAA, 
suggesting that the inactivation of otl-antitrypsin in these 
patients further disrupts the production of elastin need for 
maintenance of the aortic lumen. (N icholls S C, et al., “Rup 
ture in small abdominal aortic aneurysms,” J Vasc Surg, 
28(5):884-8 1998 November). 
[0106] Hypertension is also considered a signi?cant risk 
factor for AAA. It is associated With both increased preva 
lence and an increased risk of rupture. Though the risk of 
rupture of a <3 cm aneurysm With a diastolic pressure of less 
than 75 mm Hg is only 2%, the risk of rupture can increase to 
100% for a 5 cm aneurysm and a diastolic pressure higher 
than 105 mmHg. (Schwartz, S. 1., supra at 942). 
[0107] 4.2b(iv) AAA Pathogenesis 
[0108] The pathogenesis of AAA involves the complex 
interaction of a variety of biological processes including 
marked alterations in elastin and collagen, chronic in?amma 
tion, autoimmune-associated processes, neovascularization, 
and a decrease in vascular smooth muscle cells (Thompson, R 
W, Current Opinion Cardiology 11:504-518, 1996). These 
processes act over many years and, ultimately, Weaken the 
aortic Wall. (Cenacchi G, et al., “The morphology of elastin in 
non-speci?c and in?ammatory abdominal as aneurysms. A 
comparative transmission, scanning and immunoelectronmi 
croscopy study,” J Submiscrosc Cytol Pathol, 27(1):75-81 
1995 January).Although it is clear that Weakening of the aorta 
involves disruption of the balance betWeen collagen and elas 
tin, controversy surrounds the mechanisms involved and their 
relative importance. (Anidjar S, et al., “Experimental study of 
determinants of aneurysmal expansion of the abdomen,” Ann 
Vasc Surg, 9(2):127-36 1994 March). 
[0109] Quantitative analyses shoW that elastin compro 
mises 35% of the dry Weight of an normal aorta media, but 
only 8% of the aortic media of patients With aneurysms 
(Campa, J S, Athersclerosis 65:13-21, 1987). Elastin in the 
adventitia may also be affected in AAA. (White J V, et al., 
“Adventitial elastolysis is a primary event in aneurysm for 
mation,” J Vasc Surg, 17(2):371-80; discussion 380-1 1993 
February). The biomechanical effect of the alteration in aortic 
Wall elastin is to increase the stiffness of the affected areas of 
the aorta, With predictable hemodynamic effects. (He C M, et 
al., “The composition and mechanical properties of abdomi 
nal aortic aneurysm,” JVasc Surg, 20(1):6-13 1994 July). 
[0110] In normal vascular tissues, elastin is produced by 
smooth muscle cells, and probably by ?broblasts. Elastin, like 
collagen, is secreted from the producer cells as tropoelastin 
molecules that combine to form elastin ?brils. Certain factors 
associated With Wound healing can increase the cellular pro 
duction of elastin, e.g., TGF-beta. (Sauvage M, et al., “Local 
ization of elastin mRNA and TGF-beta in rat aorta and caudal 
artery as a function of age,” Cell Tissue Res. 29:305-314, 
1998). Certain other factors, in particular in?ammatory 
cytokines such as TNF, can adversely affect the production of 
elastin. Kahari V M et al., TGF-beta up-regulates elastin gene 
expression in human skin ?broblasts: evidence for post-tran 
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scriptional modulation,” Lab Invest 66:580-8, 1992) Elasto 
genesis and elastolysis ideally remain in a steady-state. 
[0111] A model for atherosclerosis has been proposed that 
focuses on the relationship betWeen elastin breakdoWn and 
elastin production in the arterial Wall. (Robert L, et al., “Elas 
tin-elastase atherosclerosis revisited,” Atherosclerosis 140: 
281 -295, 1998) According to this model, age-related modi? 
cations of the vessel Wall include upregulation of elastolytic 
enzymes. The progressive deposition of lipids in elastic tis 
sues, as Well as the addition of lipoproteins or lipids to cell or 
organ cultures have been shoWn to modify matrix bio synthe 
sis and upregulate elastase expression. Furthermore, the elas 
tin laminin receptor present on vascular smooth muscle cells 
has been shoWn to trigger NO dependent vasodilatation and 
doWnregulation of cholesterol synthesis in young subjects, 
functions that decrease or disappear With age. (Varga Z, et al., 
“Age-dependent changes of K-elastin stimulated effector 
functions of human phagocytic cells: relevance for athero 
genesis,” Exp Gerontol 32: 653-62, 1997) These ?ndings have 
also been extended to the T-lymphocytes present in the ath 
erosclerotic plaque. Signi?cantly, after vascular injury such 
as balloon angioplasty, both intimal and medial smooth 
muscle cells proliferate. (Strauss B H, et al., “Extracellular 
matrix remodeling after balloon angioplasty injury in a rabbit 
model ofrestenosis,” Circ Res 75:650-8, 1994) In those vas 
cular injuries associated With the processes of atherosclero 
sis, there is likeWise a proliferation of both types of cells. 
Elastin synthesis and smooth muscle cell proliferation are 
thought to be tightly regulated during repair of arterial Wall 
injury. (Aoyagi M, et al., “Smooth muscle cell proliferation, 
elastin formation, and tropoelastin transcripts during the 
development of intimal thickening in rabbit carotid arteries 
after endothelial denudation,” Histochem Cell Biol 107: 1 17, 
1997) 
[0112] Decrease in elastin content in the aortic Wall, by 
Whatever mechanism this occurs, is a key element in aneu 
rysm formation. Not to be bound by theory, We are nonethe 
less aWare of various mechanisms that have been proposed. 
(Minion D J, et al., “Elastin is increased in abdominal aortic 
aneurysms,” J Surg Res, 57(4):443-6 1994 October). In addi 
tion, elastin degradation products (EDPs) may contribute to 
the in?ammatory processes that further degrade the aortic 
Wall. For example, rats infused With EDPs, such as the peptide 
Val-Gly-Val-Ala-Pro-Gly, develop a Weakened aorta and are 
chemotactic for dendritic cells and macrophages (Senior, R. 
M. et al., J. Cell Biol., 99:870-874, 1984). 
[0113] Numerous observations suggest that enzymatic deg 
radation of elastin plays a critical role in the evolution of 
aneurysm disease. One type of elastase found in aneurysm 
Walls has been associated With human macrophages. (Curci J 
A, et al., “Expression and localization of macrophage elastase 
matrix metalloprotein abdominal aortic aneurysms,” J Clin 
Invest, 102(11): 1900-10 1998 Dec. 1). In fact, a number of 
proteolytic enzymes, including elastases, collagenases, and 
gelatinases are found in increased concentrations in the aortic 
media of patients With AAA. (Brophy, C M et al., J Surg 
Research 50:653-657, 1991; Vine and PoWell, Clinical Sci., 
81:233-239, 1991). In mycotic aneurysms, increases in 
elastase thought to originate from neutrophils have been iden 
ti?ed in the arterial Wall. (Buckmaster M J, et al., “Source of 
elastin-degrading enzymes in mycotic aortic aneurysms: bac 
terial or in?ammatory response?,” Cardiovasc Surg, 71: 16-26 
1999 January). MMP2, MMP3 and MMP9, enzymes that 
have the capability to degrade elastin, are expressed and pro 
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duced in increased amounts in the aortas of humans With 
AAA. (Sakalihasan N, et al., “Activated forms of MMP2 and 
MMP9 in abdominal aortic aneurysms,” J Vasc Surg, 24(1): 
127-33 1996 July; Davis V, et al., “Matrix metalloprotein 
ase-2 production and its binding to the matrix are in abdomi 
nal aortic aneurysms,” Arterioscler Thromb Vasc Biol, 
18(10):1625-33 1998 October). The association of MMP 
overexpression With aneurysm formation has also been 
observed in a rat model. (Allaire E, et al., “Local overexpres 
sion of TIMP-1 prevents aortic aneurysm degeneration an a 
rat model,” J Clin Invest, 102(7):1413-20 1998 Oct. 1). Mac 
rophages bearing MMP-9 have also been identi?ed in tem 
poral arteritis, raising the possibility that there is some simi 
larity betWeen the pathological processes at Work in both 
conditions. (Nikkari S T, et al., “Macrophages contain 92-kd 
gelatinase (MMP-9) at the site of degenerated elastic lamina 
in temporal arteritis,” Am J Pathol, 149(5):1427-33 1996 
November). 
[0114] Recent studies have suggested that increased 
elastase activity is more likely to be a primary event than a 
response to aneurysm formation (Cohen J R et al. Annals 
Vascular Surgery 4:570-574, 1990). Changes in elastin com 
position have been observed in dissecting thoracic aneu 
rysms, possibly associating this mechanism With tendency for 
dissections to rupture. (Cattell M A, et al., “Increased elastin 
content and decreased elastin concentration may be predic 
tive factors in dissecting aneurysms of human thoracic aorta,” 
Cardiovasc Res, 27(2): 176-81 1993 February). Plasmin, 
Which is capable of destroying the extracellular matrix 
directly and indirectly via activation of latent MMPs, is also 
elevated in AAA tissues. Decreased activity of TIMPs has 
been suggested as a genetic basis underlying AAA, although 
DNA sequencing has provided no evidence to support this 
claim. (Tamarina N A, et al., “Expression of matrix metallo 
proteinases and their inhibitors in aneurysms of the aorta,” 
Surgery, 122(2):264-71; discussion 271-2 1997 August; 
Elmore J R, et al., “Expression of matrix metalloproteinases 
and TIMPs in human abdominal aneurysms,” AnnVasc Surg, 
12(3):221-8 1998 May). 
[0115] Although factors that result in fragmentation of 
elastin may be important in the etiology of AAA, factors 
regulating the balance of collagen synthesis and degradation 
may also determine the rate of AAA progression. (Halloran, 
B. G. and Baxter, B. T., Sem. Vasc. Surg. 8:85-92, 1995). Early 
studies suggested that collagen comprises an increased pro 
portion of the dry Weight of the aortic media in patients With 
AAA, though other studies suggest the normal human 
abdominal aortic Wall and that of patients With AAA contain 
similar amounts of collagen, as Well as similar ratios betWeen 
collagen types. (Menashi, S., J. Vasc. Surg., 578-582, 1987). 
HoWever, the solubility of collagen in the aneurysmal Wall 
and its susceptibility to EDTA-induced dissociation are dis 
tinctly decreased inAAA. (SoboleWski, K. et al., Act. Biocim. 
Polonica, 42:301-308, 1995). Moreover, collagen turnover is 
increased in AAA, as determined, for example, by the con 
centration of the amino terminal propeptide of type III pro 
collagen in patient blood or of collagen hydroxyproline in the 
urine of AAA patients. It is thought by some that Whereas 
proteolytic degradation of elastin appears to be most speci? 
cally related to aneurysmal dilatation, collagen degradation is 
ultimately required for aneurysm rupture. (Dobrin, P. B. and 
Mrkvicka, R. Cardiovascular Surgery, 2:484-488, 1994). 
[01 1 6] In addition to collagen and elastin levels, the amount 
of glycosaminoglycans is slightly decreased, the percentage 
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of chondroitin sulfate is increased, and that of heparan sulfate 
is signi?cantly decreased in the abdominal aortas of AAA 
patients. Furthermore, a marked decrease in biglycan mRNA 
levels is unique to AAA, as compared to atherosclerosis and 
re-stenosis (Tamarinana et al., J. Surg. Research 74:76-80, 
1998). Tumor necrosis factor alpha, interleukin-1 beta, inter 
leukin-6 and interleukin-8 have also been shoWn to be 
elevated inAAA tissue as compared to controls (Hirose, H., et 
al., 1997). Further discussion of the role of in?ammatory 
cytokines in AAA Will be provided in the next section. 
[0117] NeovasculariZation of the aortic Wall is also a 
prominent component of AAA. A signi?cant increase in the 
density of microvessels in the medial layer of AAA has 
recently been documented (Holmans, D R et al, Gay Vasc. 
Surg. 21 :761-772, 1995). Studies have demonstrated that 
AAAs are associated With a marked angiogenic response, 
Which is related to the degree of in?ammation Within the 
aortic Wall. (Thompson M M, et al., “Angiogenesis in 
abdominal aortic aneurysms,” Eur J Vasc Endovasc Surg, 
11(4):464-9 1996 May). 
[0118] AAA tissue has a signi?cantly elevated concentra 
tion of nitrite ion, at concentrations that are knoWn to be 
destructive of elastic ?bers in vitro. Endothelial cells of the 
neovascular nets associated With AAA may produce nitric 
oxide that has matrix destructive effects. Although not yet 
established, it is logical to propose that the source of nitrite in 
AAA tissue could be endogenous (e.g. endothelial cells) or 
exogenous (e.g. tobacco smoke), or both. The deleterious 
effect of nitrites on elastin has been observed in a variety of 
clinical conditions, including premature skin aging and pul 
monary emphysema, as Well as AAA, all conditions With 
knoWn associations With cigarette smoking. (Paik D C, et al., 
“The nitrite/elastin reaction: implications for in vivo degen 
erative effects,” Connect Tissue Res, 36(3):241-51 1997). It is 
interesting that emphysema/COPD, Which involves a de? 
ciency of alpha 1-antitrypsin, appears associated With exac 
erbation or initiation of AAA. The MZ-alpha 1-antitrypsin 
phenotype has been found With increased frequencies in indi 
viduals With AAA in one study, although this has not been 
con?rmed in a larger series (Cohen, J R et al., J Surg Research 
49:319-321, 1990). 
[0119] 4.2b(v) Immune-Mediated Processes in AAA 
[0120] The complex interaction of a variety of biological 
processes Which act over many years to ultimately Weaken the 
aortic Wall, also include chronic in?ammation, autoimmune 
associated processes, neovasculariZation, and a decrease in 
the number of vascular smooth muscle cells, Which may 
explain at least in part the alterations in the balance betWeen 
matrix-degrading proteinases and their inhibitors, particu 
larly among members of the matrix metalloproteinase 
(MMP) and plasminogen activator families. 
[0121] A conspicuous example of the interaction of these 
various biological processes is found in those patients under 
going surgery for an “in?ammatory abdominal aortic aneu 
rysm” (IAAA), a AAA characterized by a massive in?amma 
tory cell in?ltrate that extends from the aortic Wall into the 
surrounding tissues. (Grange, J. J. et al. Cardiovasc. Surg., 
5:256-265, 1997). This manifestation ofAAA is found in 
5-10% of AAA patients undergoing surgery. In this condition, 
the in?ammatory processes extend outWard from the aortic 
adventitia to involve surrounding structures, particularly in 
the retroperitoneum. It has been postulated that this condition 
arises from an allergic-type process in the adventitia that has 
the ultimate effect of stimulating localiZed in?ammation and 
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?brosis. (Di MarZo, et al., “In?ammatory aneurysm of the 
abdominal aorta. A prospective clinical study,” J Cardiovasc 
Surg (Torino), 40(3):407-12 1999 June). Increased collagen 
deposition in the periaor‘tic tissues has been observed in 
IAAA, consistent With the established association in AAA 
and in other settings betWeen chronic in?ammation and 
stimulation of ?brosis. (Gargiulo M, et al., “Content and 
turnover of extracellular matrix protein in human “nonspe 
ci?c” in?ammatory abdominal aortic aneurysms,” Eur J Vasc 
Surg, 7(5):546-53 1993 September). 
[0122] Indeed, AAA is associated With a number of in?am 
matory diseases, including Takayasu’s disease (10-30%) and 
syphilis (66%). (See Pearce, W. H. and Koch, A. E., Annals 
N.Y.Acad. Sci., 800: 175-185, 1996). AAA may also be asso 
ciated With an autoimmune process targeting certain compo 
nents of the aortic Wall. Additional studies provide evidence 
of apoptosis and cellular senescence. Certain in?ammatory 
processes affecting blood vessels, termed arteritis, can result 
in aneurysm formation. Giant cell arteritis and Takayasu’s 
disease are in?ammatory processes affecting blood vessels, 
both With a propensity for insidious development of aneu 
rysms of the thoracic and abdominal aorta Which may be 
accompanied by dissection. (Joyce J W, “Uncommon arterio 
pathies,” in R B Rutherford, ed., Vascular Surgery, W B 
Saunders, 1989, pp. 276-286). Both conditions are character 
iZed by a localiZed periarteritis With in?ammatory mono 
nuclear cell in?ltrates and giant cells, accompanied by dis 
ruption and fragmentation of the elastic ?bers of the arterial 
Wall. The arterial in?ammation in both disorders begins and is 
most pronounced in the media. 
[0123] The presence of arterial Wall disruption in the pre 
dominantly in?ammatory disorder of arteritis and the pres 
ence of in?ammation in those disorders predominately char 
acteriZed by arterial Wall disruption points to an interrelation 
betWeen in?ammation and structural attack on vessel Walls. 
Further, hoWever, an association has been observed in these 
conditions With abnormal patterns of vascular and perivascu 
lar ?brosis. Taken together, the spectrum of changes observed 
in arterial Wall disruptive disorders appears to re?ect an accel 
erated but ineffectual Wound healing response to chronic 
injury and chronic in?ammation Which is largely localiZed to 
the aortic Wall. 
[0124] 4.2b(vi) Fibrotic Processes in AAA and Arterial 
Wall Disruptive Disorders 
[0125] Normal Wound healing is understood to involve 
mechanisms of in?ammation, connective tissue matrix deg 
radation and deposition and scar tissue formation. Generally, 
Wound healing proceeds through discrete sequential stages, 
including the initial response to injury (With hemorrhage, 
vasoconstriction and edema formation), in?ammation (With 
the recruitment of leukocytes into the Wound and the expres 
sion of groWth factors), and ?broplasia (With the synthesis 
and cross-linking of collagen, the production of ground sub 
stance in the matrix and the proliferation of neW blood ves 
sels). Wound healing that is prolonged because of repeated 
trauma or because of an underlying pathological condition 
results in a chronic Wound, Where the in?ammatory stage of 
Wound repair persists, resulting in extensive tissue damage 
and ineffective ?broplasia. 
[0126] Fibroblasts are the primary mesenchymal cells 
involved in Wound healing. Undifferentiated mesenchymal 
cells in an injured area may be induced to differentiate into 
?broblasts When stimulated by macrophage products. More 
recent data suggest that a subclass of interstitial ?broblasts 
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can play an early role in immune-related processes by direct 
recruitment of in?ammatory cells, release of soluble media 
tors, and/ or promotion of ?broblast-to-immune cell commu 
nication. Additional ?broblasts are attracted to the injured 
area by chemotactic cytokines. PDGF, for example, has been 
demonstrated to be chemotactic for both ?broblasts and for 
smooth muscle cells. (Seppa H, et al., “Platelet derived 
groWth factor is a chemoattractant for ?broblasts,” J. Cell Biol 
92:584-588, 1984; Grotendorst G R et al., “Platelet derived 
groWth factor is a chemoattractant for vascular smooth 
muscle cells: J. Cell Physiol 112:261-266, 1982).The mesen 
chymal cell population in a Wound is further augmented by 
the proliferation of both resident and neWly arrived cells. 
Mesenchymal cell proliferation can be stimulated by PGDF, 
TNF, IL-1, lymphokines, insulin and IGF. Fibroblasts are 
responsible for the production of collagen in the Wound. After 
the collagen molecule is synthesiZed Within the ?broblast, it is 
secreted into the extracellular space in the form of procol 
lagen. Procollagen can be identi?ed by persistent nonhelical 
extensions of the alpha chains of the collagen molecule. 
Cleavage of this linear extension or registration peptide by 
enZumes in the extracellular space yields tropocollagen, 
Which can aggregate into collagen ?brils. Intermolecular 
cross-links form betWeen separate collagen molecules that 
are replaced by covalent bonds as the ?brils mature. While 
unaggregated tropocollagen molecules are soluble in saline, 
strong acid and high temperatures are needed to solubiliZe 
maturely cross-linked collagen. Extracellular connective tis 
sue matrix contains components other than collagen, includ 
ing proteoglycans, attachment proteins such as ?bronectin, 
micro?laments and elastin. Elastin typically is not synthe 
siZed as part of an in?ammatory, Wound healing or injury 
response, although it may be synthesiZed in these conditions 
in some cases. 

[0127] Response to vascular injury is understood to be a 
possible explanation for the development of athero sclero sis, a 
disorder commonly associated With certain arterial Wall dis 
ruptive disorders, in particularAAA. The atherosclerosis pro 
cess involves lipid induced biological changes in the arterial 
Walls resulting in a disruption of homeostatic mechanisms 
that keeps the ?uid phase of the blood compartment separate 
from the vessel Wall. Other injuries to the endothelium have 
also been implicated in atherosclerosis. Injuries as diverse as 
physical injury, ischemia, toxins, biological injury, mechani 
cal stress and immunological attack have been associated 
With atherosclerosis. At least four cell types are involved in 
the response of the vessel Wall to injury: endothelial cells, 
monocytes, platelets and smooth muscle cells. Each can 
release groWth factors, chemokines, ?brogenic peptides, 
chemoattractants and synthetic products, intended to recon 
stitute the injured vascular Wall. 
[0128] The histological progression of atherosclerosis 
begins With intimal thickening, Which may re?ect the ves sel’s 
adaptation to intraluminal hemodynamic alterations. Intimal 
thickening and more progressive atherosclerotic lesions are 
typically identi?ed at vessel bifurcations, Where turbulence 
and shear stress on the endothelium is greatest. The lesion of 
intimal thickening may progress to form a fatty streak, Where 
fat is seen microscopically in the intimal layer, borne by 
fat-laden macrophages called foam cells. Fatty streaks may 
resolve, but more commonly progress to form ?brous 
plaques. Fibrous plaques are found in the immediate suben 
dothelial region of the vessel Wall, consisting of compact and 
strati?ed layers of organiZed smooth muscle cells coveed 
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With a ?brous cap. The most advanced athero sclerotic lesions, 
and those associated With aneurysmal dilatation of the vessel 
Wall, consist of dense ?brous tissue With prominent calcium 
deposition. 
[0129] Since the normal response to tissue injury is in?am 
mation, it is understandable that the atherosclerotic lesion 
shoWs a complex chronic in?ammatory response, including 
in?ltration of mononuclear leukocytes, cell proliferation and 
migration, reorganization of extracellular matrix, and neovas 
cularization. In fact, the atheromatous plaque consists of a 
mixture of in?ammatory and immune cells, ?brous tissue, 
and fatty material such as loW density lipids (LDL) and modi 
?cations thereof, and alpha-lipoprotein. The causes and 
mechanisms of the atheromatous plaque build-up are not 
completely understood, though many theories exist. One 
theory on the pathogenesis of atherosclerosis involves the 
folloWing stages: (1) endothelial cell dysfunction and/or 
injury, (2) monocyte recruitment and macrophage formation, 
(3) lipid deposition and modi?cation, (4) vascular smooth 
muscle cell proliferation, and (5) synthesis of extracellular 
matrix. 

[0130] In its initial phase, the in?ammatory response to 
endothelial injury is characterized by the adherence of leuko 
cytes to the vessel Wall. Leukocyte adhesion to the surface of 
damaged endothelium is mediated by several complex gly 
coproteins on the endothelial and neutrophil surfaces. TWo of 
these binding molecules have been Well-characterized: the 
endothelial leukocyte adhesion molecule-1 (ELAM-l) and 
the intercellular adhesion molecule-1 (lCAM-l). During 
in?ammatory states, the attachment of neutrophils to the 
involved cell surfaces is greatly increased, primarily due to 
the upregulation and enhanced expression of these binding 
molecules. Sub stances thought to be primary mediators of the 
in?ammatory response to tissue injury, including interleu 
kin-l (IL-l), tumor necrosis factor alpha (TNF), lymphotoxin 
and bacterial endotoxins, all increase the production of these 
binding substances. 
[0131] After binding to the damaged vessel Wall, leuko 
cytes migrate into it. Once in place Within the vessel Wall, the 
leukocytes, in particular activated macrophages, then release 
additional in?ammatory mediators, including lL-l, TNF, 
prostaglandin E2, (PGEZ), bFGF, and transforming groWth 
factors 0t and [3 (TGFot, TGFB). All of these in?ammatory 
mediators recruit more in?ammatory cells to the damaged 
area, and regulate the further proliferation and migration of 
smooth muscle. A Well-knoWn groWth factor elaborated by 
the monocyte-macrophage is monocyte- and macrophage 
derived groWth factor (MDGF), a stimulant of smooth muscle 
cell and ?broblast proliferation. MDGF is understood to be 
similar to platelet-derived groWth factor (PDGF); in fact, the 
tWo substances may be identical. By stimulating smooth 
muscle cell proliferation, in?ammation can contribute to the 
development and the progression of myointimal hyperplasia. 
[0132] Leukocytes, attracted to the vessel Wall by the 
abovementioned chemical mediators of in?ammation, pro 
duce substances that have direct effects on the vessel Wall that 
may exacerbate the local injury and prolong the healing 
response. First, leukocytes activated by the processes of 
in?ammation secrete lysosomal enzymes that can digest col 
lagen and other structural proteins. Releasing these enzymes 
Within the vessel Wall can affect the integrity of its extracel 
lular matrix, permitting SMCs and other migratory cells to 
pass through the Wall more readily. Hence, the release of these 
lysosomal proteases can enhance the processes leading to 
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myointimal hyperplasia. Second, activated leukocytes pro 
duce free radicals by the action of the NADPH system on their 
cell membranes. These free radicals can damage cellular ele 
ments directly, leading to an extension of a local injury or a 
prolongation of the cycle of injury-in?ammation-healing. 
[0133] According to this theory, the initiation of atheroscle 
rosis is potentially due to a form of injury, possibly from 
mechanical stress or from chemical stress. HoW the body 
responds to this injury then de?nes Whether, and hoW rapidly, 
the injury deteriorates into an atherosclerotic lesion. It is 
knoWn that folloWing endothelial injury, a series of repair 
mechanisms are initiated. Within minutes of the injury, a layer 
of platelets and ?brin is deposited over the damaged endot 
helium. Within hours to days, in?ammatory cells begin to 
in?ltrate the injured area. Within 24 hours after an injury, 
vascular smooth muscle cells (SMCs) located in the vessel 
media commence DNA synthesis. A feW days later, these 
activated, synthetic SMCs migrate through the internal elastic 
lamina toWards the luminal surface. A neointima is formed by 
these cells by their continued replication and their production 
of extracellular matrix. An increase in the intimal thickness 
occurs With ongoing cellular proliferation matrix deposition. 
When these processes of vascular healing progress exces 
sively, pathological conditions result. An overgroWth of 
smooth muscle cells and neointima, for example, is associ 
ated With the development of restenosis after angioplasty. 
[0134] While the above-described cycle of injury repair in 
the Wall of blood vessels has been described in detail With 
respect to endothelial injury and the development of athero 
sclerosis, it is understood that other injuries to the vessel Wall 
are likely to trigger comparable processes of injury repair. For 
example, the source of vessel Wall injury may arise from 
immunologically activated cells Within the vessel Wall, or 
from in?ammatory cytokines, or from abnormal proteins or 
from genetic mutations or abnormalities. Other tissues mani 
fest analogous interactions betWeen tissue injury and repair, 
With the association of in?ammation and ?brotic processes. 
Conditions in the lung, for example idiopathic pulmonary 
?brosis, may manifest the interrelation of these processes, 
With tissue ?brosis as the pathological outcome. Systemic 
sclerosis, as another example, is a multisystemic disorder 
characterized by diffuse tissue ?brosis, Wherein immunologi 
cal mechanisms, vascular damage and ?broblast activation 
are key events. Renal interstitial ?brosis likeWise manifests 
the combination of immune and non-immune mediated com 
ponents of injury repair. Other examples of the interaction of 
in?ammation and ?brosis in Wound healing Will be readily 
evident to practitioners of ordinary skill in the medical arts. 
Potential therapeutic targets for treatment of ?brotic condi 
tions include those agents that affect various factors in the 
injury repair process, for example, those agents that affect bl 
integrins, Where albl is understood to mediate signals that 
induce doWnregulation of collagen gene expression and a2bl 
is understood to mediate MMP-l expression, those agents 
that affect ?broblast proliferation, those agents that affect 
macrophage activation and recruitment, those agents that 
affect smooth muscle cell differentiation and proliferation, 
those agents that affect TGF-beta and other cytokinases and 
chemokinases, and those agents that affect gene expression, 
transgenes, etc. Representative therapeutic targets include 
CTGF, interferons, relaxin, TGFb3, HGF, prolyl hydroxy 
lase, C-proteinase, lysyl oxidase, and antisense oligonucle 
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otides, although other therapeutic targets Will be identi?ed by 
practitioners in the relevant arts using no more than routine 
experimentation. 
[0135] Table 1 presents a list of those molecules Whose 
expression in “choroidal ?brosis” has been evaluated. These 
molecules represent additional targets for therapeutic 
manipulations to in?uence the course of injury repair and 
?brosis. Recognizing the association betWeen ?brotic pro 
cesses and arterial Wall disruptive disorders may permit the 
development of therapeutic agents directed to those processes 
that Will have a bene?cial effect on the development or pro 
gression of arterial Wall disruptive disorders such as AAA. 

TABLE 1 

Molecule Expression in Choroidal Fibrosis vs Controls 

BIG H3 Decreased 
b l-integrin Increased 
Collagen 3 a1 Unchanged 
Collagen lal Unchanged 
Collagen 1a2 Unchanged 
Collagen 6 a1 Unchanged 
Collagen 6 a2 Increased 
Collagen 6 a3 Increased 
Elastin Increased 
Fibulin-l Unchanged 
Fibulin-2 Unchanged 
Fibulin-3 Unchanged 
Fibulin-4 Unchanged 
Fibulin-S Unchanged 
FBN-2 Unchanged 
HLA-DR b Unchanged 
HME Increased 
IgK Unchanged 
Lalninin Receptor Unchanged 
Lam C2 Unchanged 

[0136] Based on the observed associations betWeen in?am 
mation, injury, healing, and related biological phenomena, 
therefore, one major thrust of AAA research is directed to the 
in?ammatory process and its regulation of arterial Wall matrix 
remodeling. (Grange, J. J., et al. Cardio. Vasc. Surg. 5:256 
265, 1997). It is proposed that the presence of in?ammatory 
cells Within the media of aneurysmal aortas may play a criti 
cal role in the destruction of elastin and collagen through 
production of matrix-degrading proteinases. (Newman K M, 
et al., “Matrix metalloproteinases in abdominal aortic aneu 
rysm: characteriZation, puri?cation, and their possible 
sources,” Connect Tissue Res, 30(4):265-76 1994). The pres 
ence of in?ammatory cells Within the media of aneurysmal 
aortas may play a critical role in the destruction of elastin and 
collagen through production of matrix-degrading protein 
ases. The predominant immune cells associated With in?am 
matory AAA are activated T-cells, and macrophages, den 
dritic cells and B cells have also been identi?ed. (Lebermann, 
J. et al., J. Vasc. Surg. 15:569-572, 1992). Immune cells have 
also been associated With expanding AAAs. (Freestone T, et 
al., “In?ammation and matrix metalloproteinases in the 
enlarging abdominal a aneurysm,” Arterioscler Thromb Vasc 
Biol, 15(8): 1145-51 1995 August). Vascular dendritic cells 
(CD1a and S100 positive) have been shoWn to be present in 
both the media and the adventitia of the aneurymic aorta, in 
contact With both CD3, CD4, and CD8 positive T cells or 
CD20 positive B cells. (Bobryshev,Y V. et al., Cardiovascular 
Surgery, 6(3):240-249, 1998). Since the T-cell in?ammatory 
reaction resolves after aneurysm replacement, there may be a 
substance in the aneurysm Wall that elicits the in?ammatory 
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response. Whether the immune response antedates the aneu 
rysm, or results therefrom, aWaits further studies. 

[0137] Other investigators (Coch, A E et al., Am. J. Path., 
137:1199-1213, 1990) have provided data to suggest that not 
only “in?ammatory AAA”, but also non-in?ammatory AAA, 
is an immune-mediated event. A number of observations sup 
port the contention that AAA may be caused by autoimmune 
response to components of the aortic Wall. It has been pro 
posed that ceroid, an “age-pigment” (“aortic content”) that 
leaks into the surrounding tissues in AAA may be the immu 
nogen responsible for this condition (Coch, A E, et al., AM. J. 
Path., 137:1199-1213, 1990; Beckman, E N, AM. J. Clin. 
Pathol., 85:21-24, 1986; Ball, RY, et al., Arc. Pathol. Lab. 
Med., 111:1134-1140, 1987; Brophy,C M et al., Annals Vasc. 
Surg., 5:229-233, 1991; Ball, RY, et al., Arc. Pathol. Lab. 
Med., 111:1134-1140, 1987). Ceroid, generally considered to 
be related to the lipofuscin group of pigments, is believed to 
be derived from previous oxidation of unsaturated lipid or 
lipid-protein complexes. It is an auto?uorescent material that 
is insoluble in organic solvents and binds lipids-soluble dyes 
such as oil-red O. In the event of AAA-associated necrosis, 
ceroid may be spilled from dead cells and subsequently 
phagocytosed by macrophages. A similar situation occurs in 
atherosclerosis, Where ceroid is abundant in the atheromatous 
debris of atherosclerotic plaques in drusen and other struc 
tures. (Yardley et al., Arch. Pathol. Lab. Med. 111: 1134 
1140, 1987) Furthermore, histologic examination of AAA 
specimens reveals the presence of Russell bodies, Which are 
hallmarks of autoimmune disease. 

[0138] In the spectrum of autoimmune disorders, certain 
HLA alleles play a key role in the presentation of cell-proteins 
as autoantigens in different speci?c conditions. A recent 
study provides data that Class II histocompatibility antigens 
are expressed by vascular smooth muscle cells in human 
AAA and that these altered smooth muscle cells may be a 
target for lymphocytes in?ltrating the aorta (KosierkieWicZ, T 
A et al., Surg. Forum 46:365-367, 1995). More recent studies 
indicate that HLA-DR2(15) has an important role as a genetic 
risk factor forAAA in the Japanese population (Hirose, H., et 
al., J. Vasc. Surg. 27:500-503, 1998) and that a genetic risk of 
determinate can be mapped to the HLA-DRBl locus of 
patients With in?ammatory AAA (Rasmussen, T. E. et al, J. 
Vasc. Surg. 25:356-364, 1997). 
[0139] In some immune-mediated disorders, such as rheu 
matoid arthritis and glomerulonephritis, immunoglobulin 
deposition and complement activation are associated With 
tissue destruction. The complement system is understood to 
be an important mediator of in?ammation and immunity With 
roles in chemotaxis, macrophage activation, and cell death. 
The complement cascade is activated in the classical pathWay 
by immunoglobulin M and G, or alternatively, by activating 
surfaces With tissues. Signi?cant to AAA, Capella et al. (J. 
Surg. Research 65:31-33, 1996) have demonstrated the pres 
ence of elevated levels of C3 and IgG in the aortic Wall of 
AAA donors, lending further support to the notion of an 
immune-mediated pathophysiology for AAA. The presence 
of large amounts of IgG in the degenerating media of AAAs 
has further lead to speculation that a speci?c immune 
response might contribute to the etiology of AAA. B-cells 
have also been identi?ed. (Pasquinelli G, et al., “An immu 
nohistochemical study of in?ammatory abdominal aortic 
aneury,” J Submiscrosc Cytol Pathol, 25(1): 103-12 1993 
January). It is pointed out, hoWever, that in one recent study 
investigating the repertoire of immunoglobulin heavy chain 




















































































