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Figure 1A. Sphingomab Inhibits CNV Lesion'Formation in a Murine 
Model of Laser-induced Rupture of Bruch’s Membrane 
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FIG. 2 
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5A. Human Retinal Pigmented 5B. Human Conjunctiva 
Epithelial Cells Fibroblasts 
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COMPOSITIONS AND METHODS FOR THE 
TREATMENT AND PREVENTION OF FIBROTIC, 
INFLAMMATORY AND NEOVASCULARIZATION 

CONDITIONS 

RELATED APPLICATIONS 

[0001] This application claims priority to, the bene?t of, 
and incorporates by reference for all purposes the following 
patent-related documents, each in its entirety: U.S. provi 
sional patent application Ser. No. _/ [attorney 
docket no LPT-3010-PV, entitled “Compositions and Meth 
ods for Binding Sphingosine-l-Phosphate”], and US. pro 
visional patent application Ser. No. _/ [attorney 
docket no LPT-3020-PV, entitled “HumaniZed Antibodies to 
Sphingosine-l-Phosphate in the Treatment of Ocular Disor 
ders”], both ?led concurrently With the instant application; 
US. provisional patent application Ser. No. _/ 
[attorney docket no LPT-3100-PV2], ?led 12 Aug., 2006, 
and US. patent application Ser. No. 11/261,935, ?led 28 
Oct., 2005, of Which this application is a continuation-in 
part. 

TECHNICAL FIELD 

[0002] The present invention relates to methods of treat 
ments for ocular disorders using immune-derived moieties 
Which are reactive against bioactive lipid molecules that 
play role in human and/or animal disease as signaling 
molecules. One particular class of signaling bioactive lipids 
considered in accordance With the invention is lysolipids. 
Particularly preferred signaling lysolipids are sphingosine 
1-phosphate (SlP) and the various lysophosphatidic acids 
(LPAs). Antibodies against signaling lipids, and derivatives 
and variants thereof, can be used in the treatment and/or 
prevention of ocular diseases or disorders through the deliv 
ery of pharmaceutical compositions that contain such anti 
bodies, alone or in combination With other therapeutic 
agents and/ or treatments. 

BACKGROUND OF THE INVENTION 

I. Introduction 

[0003] The folloWing description includes information 
that may be useful in understanding the present invention. It 
is not an admission that any such information is prior art, or 
relevant, to the presently claimed inventions, or that any 
publication speci?cally or implicitly referenced is prior art 
or even particularly relevant to the presently claimed inven 
tion. 

II. Background 

[0004] The present invention relates to methods of 
decreasing or attenuating aberrant neovasculariZation, 
angiogenesis, aberrant ?brogenesis, ?brosis and scarring, 
and in?ammation and immune responses. These processes, 
separately or together are involved in many diseases and 
conditions. These diseases or conditions may be systemic or 
may be relatively localiZed, for example to the skin or to the 
eye. 

A. Ocular Diseases and Conditions 

[0005] Pathologic or aberrant angiogenesis/neovascular 
iZation, aberrant remodeling, ?brosis and scarring and 
in?ammation occur in association With retinal and ocular 
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ischemic diseases such as age-related macular degeneration 
(AMD), diabetic retinopathy (DR) and in retinopathy of 
prematurity (ROP) and other developmental disorders 
[Eichler et al. (2006), Curr Pharm Des, vol 12: 2645-60] as 
Well as being a result of infections and mechanical injury to 
the eye [Ciulla et al. (2001), Curr Opin Ophthalmol, vol 12: 
442-9 and Dart et al (2003), Eye, vol 17: 886-92]. 

[0006] Pathologic ocular angiogenesis is a leading cause 
of blindness in a variety of clinical conditions. Choroidal 
neovasculariZation (CNV) occurs in a number of ocular 
diseases, the most prevalent of Which is the exudative or 
“Wet” form of AMD. As a result of an increasingly aged 
population, AMD is a modern day epidemic and the leading 
cause of blindness in the Western World in patients over age 
60. Despite the epidemic of vision loss caused by AMD, 
only a feW therapies, mostly anti-VEGF based, can sloW the 
progression of AMD and even feWer can reverse vision loss 
[Bylsma and Guymer (2005), Clin Exp Optom,. vol 88: 
322-34, GryZieWicZ (2005), Adv Drug Deliv Rev, vol 57: 
2092-8 and Liu and Regillo (2004), Curr Opin Ophthalmol, 
vol 15: 221-6.]. Therefore, discovering neW treatments for 
pathologic neovasculariZation is extremely important. 

[0007] AMD is used here solely for illustrative purposes in 
describing ocular conditions relating to aberrant angiogen 
esis/neovasculariZation, aberrant remodeling, ?brosis and 
scarring, and in?ammation, Which conditions are found in 
other ocular diseases and disorders as disclosed and claimed 
herein. AMD involves age-related pathologic changes [Te 
Zel, Bora and Kaplan (2004), Trends Mol Med, vol 10: 
417-20 and Zarbin (2004), Arch Ophthalmol, 122: 598-614]. 
Multiple theories exist but, the exact etiology and patho 
genesis of AMD are still not Well understood. Aging is 
associated With cumulative oxidative injury, thickening of 
Bruch’s membrane and drusen formation. Oxidative stress 
results in injury to retinal pigment epithelial (RPE) cells and, 
in some cases, the choriocapillaris [Zarbin (2004), Arch 
Ophthalmol, vol 122: 598-614 and Gorin et al. (1999), Mol 
Vis,. vol 5: 29]. Injury to RPE likely elicits a chronic 
in?ammatory response Within Bruchs membrane and the 
choroid [Johnson et al. (2000), Exp Eye Res,. vol 70: 441 -9]. 
This injury and in?ammation fosters and potentates retinal 
damage by stimulating CNV and atrophy [Zarbin (2004), 
Arch Ophthalmol, vol 122: 598-614 and Witmer et al. 
(2003), Prog Retin Eye Res, vol 22: 1-29]. CNV results in 
defective and leaky blood vessels (BV) that are likely to be 
recogniZed as a Wound [Kent and Sheridan (2003), Mol Vis, 
vol 9: 747-55]. Wound healing arises from the choroid and 
invades the subretinal space through Bruchs membrane and 
the RPE. Wound healing responses are characterized by a 
typical early in?ammation response, a prominent angiogenic 
response and tissue formation folloWed by end-stage matu 
ration of all involved elements. Wound remodeling may 
irreversibly compromise photoreceptors and RPEs thereby, 
justifying the need to treat CNV With more than anti 
angiogenic therapies [La Cour, Kiilgaard and Nissen (2002), 
Drugs Aging, vol 19: 101-33.12]. 

[0008] Alterations in the normal retinal and sub-retinal 
architecture as a result of CNV related ?brosis, edema and 
in?ammation individually or cumulatively, leads to AMD 
related visual loss [TeZel and Kaplan (2004), Trends Mol 
Med, vol 10: 417-20 and Ambati et al. (2003), Surv Oph 
thalmol, vol 48: 257-93]. The multiple cellular and cytokine 
interactions Which are associated With exudative AMD 
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greatly complicate the search for effective treatments. While 
CNV and edema are manageable in part by anti-VEGF 
therapeutics, potential treatments to mitigate scar formation 
and in?ammation have not been adequately addressed [By 
lsma and Guymer (2005), Clin Exp Optom, vol 88: 322-34 
and Pauleikholf (2005), Retina, vol 25: 1065-84]. As long as 
the neovascular complex remains intact, as appears to be the 
case in patients treated With anti-VEGF agents, the potential 
for subretinal ?brosis and future vision loss persists. 

[0009] Anti-VEGF-A therapies represent a recent, signi? 
cant advance in the treatment of exudative AMD. HoWever, 
the phase III VISION Trial With PEGAPTANIB, a high 
a?inity aptamer Which selectively inhibits the 165 isoforrn 
of VEGF-A, demonstrated that the average patient continues 
to lose vision and only a small percent gained vision 
[Gragoudas et al. (2004), N Engl J Med, vol 351: 2805-16]. 
Inhibition of all isoforrns of VEGF-A (pan-VEGF inhibi 
tion) With the antibody fragment RANIBIZUMAB yielded 
much more impressive results [BroWn et al. N Eng Med, 
2006 355:1432-44, Rosenfeld et al. N Eng J Med 
2006355:1419-31]. The 2 year MARINA trial and the 1 year 
ANCHOR trial demonstrated that approximately 40% of 
patients achieve some visual gain. Although these results 
represent a major advance in our ability to treat exudative 
AMD, they also demonstrate that 60% of patients do not 
have visual improvement. Furthermore, these patients had to 
meet strictly de?ned inclusion and exclusion criteria. The 
results in a larger patient population may be less robust. 

[0010] There is still a Well de?ned need to develop further 
therapeutic agents that target other steps in the development 
of CNV and the processes that ultimately lead to photore 
ceptor destruction. First, the groWth of choroidal BVs 
involves an orchestrated interaction among many mediators, 
not just VEGF, offering an opportunity to modulate or inhibit 
the entire process [Gragoudas et al. (2004), N Engl J Med, 
vol 351: 2805-16]. Second, exudative AMD is comprised of 
vascular and extravascular components. The vascular com 
ponent involves vascular endothelial cells (EC), EC precur 
sors and pericytes. The extravascular component, Which 
volumetrically appears to be the largest component, is 
composed of in?ammatory, glial and retinal pigment epi 
thelium (RPE) cells and ?broblasts. Tissue damage can 
result from either component. These other aspects of the 
pathologic process are not addressed by current anti-VEGF 
treatments. Targeting additional elements of the angiogenic 
cascade associated With AND could provide a more effective 
and synergistic approach to therapy [Spaide RF (2006), Am 
J Ophthalmol, vol 141: 149-156]. 

1. In?ammation in Ocular Disease 

[0011] There is increasing evidence that in?ammation, 
speci?cally macrophages and the complement system [Klein 
et al. (2005), Science, vol 308: 385-9 and Hageman et al. 
(2005), Proc Natl Acad Sci USA, vol 102: 7227-32] play an 
important role in the pathogenesis of exudative AMD. 
Histopathology of surgically excised choroidal neovascular 
membranes demonstrates that macrophages are almost uni 

versally present [Grossniklaus, et al. (1994), Ophthalmol 
ogy, vol 101: 1099-111 and Grossniklaus et al. (2002), Mol 
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Vis, vol 8: 119-26]. There is mounting evidence that mac 
rophages may play an active role in mediating CNV forma 
tion and propagation [Grossniklaus et al. (2003), Mol Vis, 
vol 8: 119-26; Espinosa-Heidmann, et al. (2003), Invest 
Ophthalmol Vis Sci, vol 44: 3586-92; Oh et al. (1999), 
Invest Ophthalmol Vis Sci, vol 40: 1891-8; Cousins et al. 
(2004), Arch Ophthalmol, vol 122: 1013-8; Forrester (2003), 
Nat Med, vol 9: 1350-1 and Tsutsumi et al. (2003), J Leukoc 
Biol, vol 74: 25-32] by multiple effects which include 
secretion of enZymes that can damage cells and degrade 
Bruchs membrane as Well as release pro-angiogenic cytok 

ines [Otani et al. (1999), Ophthalmol Vis Sci, vol 40: 
1912-20 and Amin, Puklin and Frank (1994), Invest Oph 
thalmol Vis Sci, vol 35: 3178-88] At the site of injury, 
macrophages exhibit micro-morphological signs of activa 
tion, such as degranulation [Oh et al. (1999), Invest Oph 
thalmol Vis Sci, vol 40: 1891-8 and Trautmann et al. (2000), 
J Pathol, vol 190: 100-6]. Thus it is believed that a molecule 
Which limited macrophage in?ltration into to the choroidal 
neovascular complex may help limit CNV formation. 

2. Choroidal NeovasculariZation and Blood Vessel Matura 
tion in Ocular Disease 

[0012] Angiogenesis is an essential component of normal 
Wound healing as it delivers oxygen and nutrients to in?am 
matory cells and assists in debris removal [Lingen (2001), 
Arch Pathol Lab Med, vol 125: 67-71]. Progressive angio 
genesis is composed of tWo distinct processes: Stage I: 
Migration of vascular ECs, in response to nearby stimuli, to 
the tips of the capillaries Where they proliferate and form 
luminal structures; and Stage II: Pruning of the vessel 
netWork and optimization of the vasculature [Guo et al. 
(2003), Am J Pathol, vol 162: 1083-93]. 

[0013] Stage I: NeovasculariZation. Angiogenesis most 
often aids Wound healing. HoWever, neW vessels When 
uncontrolled, are commonly defective and promote leakage, 
hemorrhaging and in?ammation. Diminishing dysfunctional 
and leaky BVs, by targeting pro-angiogenic GFs, has dem 
onstrated some ability to sloW the progression of AMD 

[Pauleikholf (2005), Retina, vol 25: 1065-8414 and van 
Wijngaarden, Coster and Williams (2005), JAMA, vol 
293:1509-13]. 
[0014] Stage II: Blood vessel maturation and drug desen 
sitiZation. Pan-VEGF inhibition appears to exert its bene? 
cial e?fect mostly via an anti-permeability action resulting in 
resolution of intra- and sub-retinal edema, as the actual CNV 
lesion does not markedly involute [Presentation. at Angio 
genesis 2006 Meeting. 2006. Bascom Palmer Eye Institute 
Miami, Fla.]. The lack of marked CNV involution may in 
part be a result of maturation of the neWly formed vessels 
due to pericyte coverage. Pericytes play a critical role in the 
development and maintenance of vascular tissue. The pres 
ence of pericytes seems to confer a resistance to anti-VEGF 

agents and compromise their ability to inhibit angiogenesis 
[Bergers and Song (2005), Neuro-oncol, vol 7: 452-64; 
Yamagishi and ImaiZumi (2005), Int J Tissue React, vol 27: 
125-35; Armulik, Abramsson and BetsholtZ (2005), Circ 
Res, vol 97: 512-23; Ishibashi et al. (1995), Arch Ophthal 
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mol, vol 113: 227-31]. An agent Which has an inhibitory 
effect on pericyte recruitment Would likely disrupt vascular 
channel assembly and the maturation of the choroidal 
neovascular channels thereby perpetuating their sensitivity 
to anti-angiogenic agents. 

[0015] Remodeling of the vascular netWork involves 
adjustments in BV density to meet nutritional needs [Gari 
ano and Gardner (2005), Nature, 438: 960-6]. Periods of BV 
immaturity corresponds to a period in Which neW vessels are 
functioning but have not yet acquired a pericyte coating 
[Benjamin, Hemo and Keshet (1998), Development, 125: 
1591-8 and Gerhardt and BetsholtZ (2003), Cell Tissue Res, 
2003. 314: 15-23]. This delay is essential in providing a 
WindoW of plasticity for the ?ne tuning of the developing 
vasculature according to the nutritional needs of the retina or 
choroid. 

[0016] The bioactive lipid sphingosine-l-phosphate 
(S1P), VEGF, PDGF, angiopoietins (Ang). and other groWth 
factors (GF) augment blood vessel groWth and recruit 
smooth muscle cells (SMC) and pericytes to naive vessels 
Which promote the remodeling of emerging vessels [Allende 
and Proia (2002), Biochim Biophys Acta, vol 582: 222-7; 
Gariano and Gardner (2005), Nature, vol 438: 960-6; 
GrosskreutZ et al. (1999), Microvasc Res, vol 58: 128-36; 
Nishishita, and Lin (2004), J Cell Biochem, vol 91: 584-93 
and Erber et al. (2004), FASEB J, vol 18: 338-40.32]. 
Pericytes, most likely generated by in situ differentiation of 
mesenchymal precursors at the time of EC sprouting or from 
the migration and de-dilferentiation of arterial smooth 
muscle cells, intimately associate and ensheath ECs result 
ing in overall vascular maturity and survival [Benjamin, 
Hemo and Keshet (1998), Development, vol 125: 1591-8]. 
Recent studies have demonstrated that SIP, and the S1P1 
receptor, are involved in cell-surface trafficking and activa 
tion of the cell-cell adhesion molecule N-cadherin [Paik et 
al. (2004), Genes Dev, vol 18: 2392-403]. N-cadherin is 
essential for interactions betWeen EC, pericytes and mural 
cells Which promote the development of a stable vascular 
bed [Gerhardt and BetsholtZ (2003), Cell Tissue Res, vol 
314: 15-23]. Global deletion of the S1P1 gene results in 
aberrant mural cell ensheathment of nascent BVs required 
for BV stabiliZation during embryonic development [Al 
lende and Proia (2002), Biochim Biophys Acta, vol 1582: 
222-7]. Local injection of siRNA to S1P1 suppresses vas 
cular stabiliZation in tumor xenograft models [Chae et al. 
(2004), J Clin Invest, vol 114: 1082-9]. Transgenic mouse 
studies have demonstrated that VEGF and PDGF-B promote 
the maturation and stabiliZation of neW BVs [Guo et al. 
(2003), Am J Pathol, 162: 1083-93 and Gariano and Gardner 
(2005), Nature, vol 438: 960-6.50]. VEGF up-regulates 
Ang-1 (mRNA and protein) [Asahara et al. (1998), Circ Res, 
vol 83: 233-40]. Ang-1 plays a major role in recruiting and 
sustaining peri-endothelial support by pericytes [Asahara et 
al. (1998), Circ Res, vol 83: 233-40]. Intraocular injection of 
VEGF accelerated pericyte coverage of the EC plexus 
[Benjamin, Hemo and Keshet (1998), Development, vol 
125: 1591 -8]. PDGF-B de?cient mouse embryos lack micro 
vascular pericytes, Which leads to edema, micro-aneurisms 
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and lethal hemorrhages [Lindahl et al. (1997), Science, vol 
277: 242-5]. Murine pre-natal studies have demonstrated 
that additional signals are required for complete VEGF- and 
PDGF-stimulation of vascular bed maturation. Based upon 
the trans-activation of SIP noted above, this factor could be 
S1P [Erber et al. (2004), FASEB J, vol 18: 338-40]. Vessel 
stabiliZation and maturation is associated With a loss of 
plasticity and the absence of regression to VEGF and other 
GF WithdraWal and resistance to anti-angiogenic therapies 
[Erber et al. (2004), FASEB J, vol 18: 338-40 and Hughes. 
and Chan-Ling (2004), Invest Ophthalmol Vis Sci, vol 45: 
2795-806]. Resistance of BVs to angiogenic inhibitors is 
conferred by pericytes that initially stabiliZe matured vessels 
and those that are recruited to immature vessels upon 

therapy [Erber et al. (2004), FASEB J, vol 18: 338-40]. After 
ensheathment of the immature ECs, the pericytes express 
compensatory survival factors (Ang-1 and PDGF-B) that 
protect ECs from pro-apoptotic agents. 

3. Edema and Vascular Permeability 

[0017] CNV membranes are composed of fenestrated vas 
cular ECs that tend to leak their intravascular contents into 
the surrounding space resulting in subretinal hemorrhage, 
exudates and ?uid accumulation [Gerhardt and BetsholtZ 
(2003), Cell Tissue Res, vol 14: 15-23]. For many years the 
CNV tissue itself, and more recently intra-retinal neovascu 

lariZation, have been implicated as being responsible for the 
decrease in visual acuity associated With AMD. It is noW 
thought hoWever, that macular edema caused by an increase 
in vascular permeability (VP) and subsequent breakdoWn of 
the blood retinal barrier (BRB), plays a major role in vision 
loss associated With AMD and other ocular diseases [Hughes 
and Chan-Ling (2004), Invest Ophthalmol Vis Sci, vol 45: 
2795-806; Felinski and Antonetti (2005), Curr Eye Res, vol 
30: 949-57; Joussen et al. (2003), FASEB J, vol 17: 76-8 and 
Strom et al. (2005), Invest Ophthalmol Vis Sci, vol 46: 

3855-8]. 

4. Fibrosis, Fibrogenesis and Scar Formation 

[0018] The formation of subretinal ?brosis leads to irre 
versible damage to the photoreceptors and permanent vision 
loss. As long as the neovascular complex remains intact, as 
appears to be the case in patients treated With anti-VEGF 
agents, the potential for subretinal ?brosis and future vision 
loss persists. In an update of the PRONTO study of 
RANIBIZUMAB, it Was discovered that those patients Who 
lost vision did so as a result of either subretinal ?brosis or 

a RPE tear [Presentation. at Angiogenesis 2006 Meeting. 
2006. Bascom Palmer Eye Institute Miami, Fla.]. An agent 
that could diminish the degree of ?broblast in?ltration and 
collagen deposition Would likely be of value. 

[0019] Fibroblasts, particularly myo?broblasts, are key 
cellular elements in scar formation in response to cellular 

injury and in?ammation [Tomasek et al. (2002), Nat Rev 
Mol Cell Biol, vol 3: 349-63 and Virag and Murry (2003), 
Am J Pathol, vol 163: 2433-40]. Collagen gene expression 
by myo?broblasts is a hallmark of remodeling and necessary 
for scar formation [Sun and Weber (2000), Cardiovasc Res, 
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vol 46: 250-6 and Sun and Weber (1996), J M01 Cell Cardiol, 
vol 28: 851-8]. S1P promotes Wound healing by activating 
?broblast migration and proliferation While increasing col 
lagen production [Sun et al. (1994), J Biol Chem, vol 269: 
16512-7]. S1P produced locally by damaged cells could be 
responsible for the maladaptive Wound healing associated 
With remodeling and scar formation. Thus it is believed that 
S1P inhibitors are useful in diseases or conditions charac 

teriZed, at least in part, by aberrant ?brogenesis or ?brosis. 
Herein, “?brogenesis” is de?ned as excessive activity or 
number of ?broblasts, and “?brosis” is de?ned as excessive 
activity or number of ?broblasts that leads to excessive or 
inappropriate collagen production and scarring, destruction 
of the physiological tissue structure and/or inappropriate 
contraction of the matrix leading to such pathologies as 
retinal detachment or other processes leading to impairment 
of organ function. 

B. Other Diseases or Conditions 

[0020] The role of bioactive signaling lipids such as S1P 
and LPA is not limited to ocular diseases and conditions. 
Because of the involvement of biolipid signaling in many 
processes, including neovasculariZation, angiogenesis, aber 
rant ?brogenesis, ?brosis and scarring, and in?ammation 
and immune responses, it is believed that antibody-based 
inhibitors of these bioactive lipids Will be helpful in a variety 
of diseases and conditions associated With one or more of 

these processes. Such diseases and conditions may be sys 
temic (e.g., systemic scleroderma) or localiZed to one or 
more speci?c body parts or organ s (e.g., skin, lung, or eye). 

C. Bioactive Signaling Lipids 

[0021] Lipids and their derivatives are noW recogniZed as 
important targets for medical research, not as just simple 
structural elements in cell membranes or as a source of 

energy for [3-oxidation, glycolysis or other metabolic pro 
cesses. In particular, certain bioactive lipids function as 
signaling mediators important in animal and human disease. 
Although most of the lipids of the plasma membrane play an 
exclusively structural role, a small proportion of them are 
involved in relaying extracellular stimuli into cells. “Lipid 
signaling” refers to any of a number of cellular signal 
transduction pathWays that use cell membrane lipids as 
second messengers, as Well as referring to direct interaction 
of a lipid signaling molecule With its oWn speci?c receptor. 
Lipid signaling pathWays are activated by a variety of 
extracellular stimuli, ranging from groWth factors to in?am 
matory cytokines, and regulate cell fate decisions such as 
apoptosis, differentiation and proliferation. Research into 
bioactive lipid signaling is an area of intense scienti?c 
investigation as more and more bioactive lipids are identi 

?ed and their actions characterized. 

[0022] Examples of bioactive lipids include the 
eicosanoids (including the cannabinoids, leukotrienes, pros 
taglandins, lipoxins, epoxyeicosatrienoic acids, and isoe 
icosanoids), non-eicosanoid cannabinoid mediators, phos 
pholipids and their derivatives such as phosphatidic acid 
(PA) and phosphatidylglycerol (PG), platelet activating fac 
tor (PAP) and cardiolipins as Well as lysophospholipids such 
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as lysophosphatidyl choline (LPC) and various lysophos 
phatidic acids (LPA). Bioactive signaling lipid mediators 
also include the sphingolipids such as sphingomyelin, cera 
mide, ceramide-1-phosphate, sphingosine, sphingosylphos 
phoryl choline, sphinganine, sphinganine-l-phosphate 
(Dihydro-S1P) and sphingosine-1-phosphate. Sphingolipids 
and their derivatives represent a group of extracellular and 
intracellular signaling molecules With pleiotropic effects on 
important cellular processes. Other examples of bioactive 
signaling lipids include phosphatidylserine (PS), phosphati 
dylinositol (Pl), phosphatidylethanolamine (PEA), diacylg 
lyceride (DG), sulfatides, gangliosides, and cerebrosides. 

D. Lysolipids 

[0023] Lysophospholipids (LPLs), also knoWn as lysolip 
ids, are loW molecular Weight (typically less than about 500 
dalton) lipids that contain a single hydrocarbon backbone 
and a polar head group containing a phosphate group. Some 
lysolipids are bioactive signaling lipids. TWo particular 
examples of medically important bioactive lysolipids are 
LPA (glycerol backbone) and S1P (sphingoid backbone). 
The structures of selected LPAs, S1P, and dihydro S1P are 
presented below. 

LPA (20:4) LPA (16:0) LPA (18:2) 
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is derived from sphingomyelin. 

[0025] LPA and S1P regulate various cellular signaling 
pathways by binding to the same class of multiple trans 
membrane domain G protein-coupled (GPCR) receptors 
(Chun J, Rosen H (2006), Current Pharm Des, vol. 12: 
161-171 and Moolenaar WH (1999), Experimental Cell 
Research, vol. 253: 230-238). The S1P receptors are desig 
nated as S1P1, S1P2, S1P3, S1P4 and S1P5 (formerly EDG-l, 
EDG-5/AGR16, EDG-3, EDG-6 and EDG-8) and the LPA 
receptors designated as LPAl, LPA2, LPA3 (formerly, EDG 
2, EDG-4, and EDG-7). A fourth LPA receptor of this family 
has been identi?ed for LPA (LPA4), and other putative 
receptors for these lysophospholipids have also been 
reported. 
E. Sphingosine-l -phosphate 
[0026] S1P is a mediator of cell proliferation and protects 
from apoptosis through the activation of survival pathWays 
(Maceyka et al. (2002), BBA, vol 1585): 192-201 and 
Spiegel S. et al. (2003), Nature RevieWs Molecular Cell 
Biology, vol 4: 397-407). It has been proposed that the 
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[0024] LPA is not a single molecular entity but a collection 
of endogenous structural variants With fatty acids of varied 
lengths and degrees of saturation (Fujiwara et al (2005), J 
Biol Chem, vol. 280: 35038-35050). The structural back 
bone of the LPAs is derived from glycerol-based phospho 
lipids such as phosphatidylcholine (PC) or phosphatidic acid 
(PA). In the case of lysosphingolipids such as S1P, the fatty 
acid of the ceramide backbone is missing. The structural 
backbone of S1P, dihydro S1P (DHSlP), and sphingo 
sylphosphorylcholine (SPC) is based on sphingosine, Which 
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balance between ceramide/sphingosine (CER/SPH) levels 
and SIP provides a rheo stat mechanism that decides Whether 
a cell is directed into the death pathWay or is protected from 
apoptosis. The key regulatory enzyme of the rheostat mecha 
nism is sphingosine kinase (SPHK) Whose role is to convert 
the death-promoting bioactive signaling lipids (CER/SPH) 
into the groWth-promoting SIP. SIP has tWo fates: S1P can 
be degraded by S1P lyase, an enZyme that cleaves S1P to 
phosphoethanolamine and hexadecanal, or, less common, 
hydrolyZed by S1P phosphatase to SPH. S1P is abundantly 
generated and stored in platelets, Which contain high levels 
of SPHK and lacks the enZymes for SIP degradation. When 
platelets are activated, S 1 P is secreted. In addition, other cell 
types, for example, mast cells, are also believed to be 
capable of secreting S1P. Once secreted, S1P is thought to be 
bound at high concentrations on carrier proteins such as 
serum albumin and lipoproteins. S1P is found in high 
concentrations in plasma, With concentrations in the range of 
0.5-5 uM having been reported. Though primarily extracel 
lular, intracellular actions of SIP have also been suggested 
(see, eg, Spiegel S, Kolesnick R (2002), Leukemia, vol. 16: 
1596-602; Suomalainen, et al (2005), Am J Pathol, vol. 166: 
773-81). 
[0027] Widespread expression of the cell surface S1P 
receptors alloWs S1P to in?uence a diverse spectrum of 
cellular responses, including proliferation, adhesion, con 
traction, motility, morphogenesis, differentiation, and sur 
vival. This spectrum of response appears to depend upon the 
overlapping or distinct expression patterns of the SIP recep 
tors Within the cell and tissue systems. In addition, crosstalk 
betWeen SIP and groWth factor signaling pathWays, includ 
ing platelet-derived groWth factor (PDGF), vascular endot 
helial groWth factor (VEGF), transforming groWth factor 
beta (TGFB) and basic ?broblastic groWth factor (bFGF), 
have recently been demonstrated (see, eg, Baudhuin, et al 
(2004), FASEB J, vol. 18: 341-3). Because regulation of 
various cellular processes involving S1P has particular 
impact on neuronal signaling, vascular tone, Wound healing, 
immune cell tra?icking, reproduction, and cardiovascular 
function, among others, it is believed that alterations of 
endogenous levels of SIP Within these systems can have 
detrimental effects, eliciting several pathophysiologic con 
ditions, including cancer, heart failure, ocular disease and 
infectious and autoimmune diseases. We propose that a 
potentially effective strategy for treating CNV associated 
With AMD is to reduce the biologically available extracel 
lular levels of SIP. The applicants have developed a murine 
monoclonal antibody (SPHINGOMABTM, anti-S1P mAb) 
that is speci?c for SIP. SPHINGOMAB represents the ?rst 
successfully created monoclonal antibody against a bioac 
tive signaling sphingolipid target. SPHINGOMAB acts as a 
molecular sponge to selectively absorb S1P from the extra 
cellular ?uid, loWering the effective concentration of SIP. It 
selectively binds and neutraliZes S1P With picomolar a?inity 
in biologic matrices. We propose that SPHINGOMAB 
Would deprive ?broblasts, pericytes, and endothelial, 
in?ammatory and immune cells in the eye of important 
groWth and survival factors thus targeting the multiple 
maladaptive steps of AMD resulting in the loss of photore 
ceptors and visual acuity. A therapeutic that simultaneously 
targets multiple components of the choroidal neovascular 
response has the potential to be a more potent therapeutic 
than “single-target” therapeutics. 
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[0028] As used herein, “sphingosine-1-phosphate” or 
“S1P” refers to sphingosine-l-phosphate [sphingene-1 
phosphate; D-erythro-sphingosine-l-phosphate; sphing-4 
enine-1-phosphate; (E,2S,3R)-2-amino-3-hydroxy-octadec 
4-enoxy]phosphonic acid; CAS 

[0029] 26993-30-6] and its variants, SIP and DHSlP 
(dihydro sphingosine-l-phosphate [sphinganine-1-phos 
phate; [(2S,3R)-2-amino-3-hydroxy-octadecoxy]phospho 
nic acid; D-Erythro-dihydro-D-sphingosine-1-phosphate 
;CAS 19794-97-9] and sphingosylphosphorylcholine. 
“Variants” of SIP and LPA, as used herein, includes analogs 
and derivatives of SIP and LPA, respectively, Which func 
tion similarly, or might be expected to function similarly, to 
the parent molecule. 

[0030] GroWing evidence suggests that S1P could contrib 
ute to both the early and late stages of maladaptive retinal 
remodeling associated With exudative AMD. S1P has a 
pronounced non-VEGF dependent pro-angiogenic e?‘ect. 
S1P also stimulates migration, proliferation and survival of 
multiple cell types, including ?broblasts, EC, pericytes and 
in?ammatory cellsithe same cells that participate in the 
multiple maladaptive processes of exudative AMD. S1P is 
linked to the production and activation of VEGF, bFGF, 
PDGF and other groWth factors (GFs) implicated in the 
pathogenesis of exudative AMD. Finally, S1P may modulate 
the maturation of naive vasculature, a process leading to a 
loss of sensitivity to anti-angiogenic agents. Inhibiting the 
action of SIP could be an effective therapeutic treatment for 
exudative AMD that may offer signi?cant advantages over 
exclusively anti-VEGF approaches or may act synergisti 
cally With them to address the complex processes and 
multiple steps that ultimately lead to AMD associated visual 
loss. 

[0031] There is groWing evidence that S1P is an important 
mediator of in?ammatory events [Olivera and Rivera 
(2005), J Immunol,. vol 174: 1153-8]. Activated platelets, 
neutrophils, macrophages and mast cells serve as rich 
sources of SIP after coagulation and in?ammatory events 
[Yatomi et al. (2000) Blood, vol 96: 3431-8]. Because these 
cells are important components in the in?ammation response 
and tissue loss, S1P may regulate these events via control of 
in?ammatory cell function [TeZel (2004), Trends Mol Med, 
vol 10: 417-20]. S1P released from mast cells is responsible 
for many of the responses in experimental animal models of 
in?ammation [Jolly et al. (2004), J Exp Med,. vol 199: 
959-70 and Jolly et al. (2005), Blood, vol 105: 4736-42]. 
Neutralizing S1P With SPHINGOMAB could provide an 
effective, novel means of limiting the deleterious in?amma 
tory response that exacerbates ocular tissue damage of CNV 
associated With AMD. 

[0032] Several lines of evidence suggest that SIP, and 
SIP’ s complement of receptors, may play a major regulatory 
role in the angiogenic process [Allende and Proia 2002), 
Biochim Biophys Acta,. vol 1582: 222-7; Spiegel (1993), J. 
Lipid Med, .vol 8: 169-175 and Argraves et al. (2004), J Biol 
Chem, vol 279: 50580-90]. First, S1P stimulates DNA 
synthesis and chemotactic motility of local and bone mar 
roW-derived vascular EC to sites of vasculariZation, While 
inducing differentiation of multicellular structures consistent 
With early BV formation [Lee et al. (1999), Biochem Bio 
phys Res Commun, vol 264: 743-325 and Annabi, et al 
(2003), Exp Hematology,. vol 31: 640-649]. Second, S1P 
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stimulates the formation and maintenance of vascular EC 
assembly and integrity by activating both S1Pl and S1P3, 
and SlP-induced EC adherent junction assembly [Paik et al. 
(2004), Genes Dev, vol 18: 2392-403 and Lee et al. (1999), 
Cell, vol 99: 301-12]. Antisense oligonucleotides against 
these S1P receptors diminish SlP-induced vascular EC 
assembly and cell barrier integrity [English, et al. (1999), J 
Hematother Stem Cell Res, vol 8: 627-34 and Lee et al. 
(2001), Mol Cell, vol 8: 693-704]. Third, capillary tube 
formation induced by S1P has been demonstrated to be a 
more potent pro-angiogenic stimulus than bFGF or VEGF 
[Wang et al. (1999), J. Biol. Chem., vol 274: 35343-50 and 
Lee et al. (1999), Biochem Biophys Res Commun, vol 264: 
743-325]. Finally, it has been shoWn that S1P elicits a 
synergic effect with VEGF, EGF, PDGF, bFGF and IL-8 to 
promote the development of vascular netWorks in vivo 
[Wang et al. (1999), J Biol. Chem., vol 274: 35343-50]. S1P 
trans-activates EGF and VEGF2 receptors [Tanimoto, Jin 
and Berk (2002), J Biol Chem, vol 277: 42997-3001] and 
VEGF up-regulates S1P receptors [lgarashi et al. (2003), 
Proc Natl Acad Sci USA, vol 100: 10664-9]. Treatment of 
vascular ECs With VEGF markedly induces the up-regula 
tion of S1P1 expression and enhances SlP-mediated signal 
ing pathWays leading to the activation of the endothelial 
isoforrn of nitric oxide synthase (eNOS) [Lee et al. (2001), 
Mol Cell, vol 8: 693-704 and Tanimoto, Jin and Berk (2002), 
J Biol Chem, vol 277: 42997-3001 and lgarashi and Michel 
(2001), J Biol Chem, vol 276: 36281-8]. eNOS activity plays 
a crucial role in different cellular responses and essential 
vascular functions, including inhibition of apoptosis, inhi 
bition of platelet aggregation and angiogenesis [KWon et al. 
(2001), J Biol Chem, vol 276: 10627-33; Huang (2003), 
Curr Hypertens Rep, vol 5: 473-80; Dantas, lgarashi Michel 
(2003), Am J Physiol Heart Circ Physiol, vol 284: H2045 
52; Rkitake et al. (2002), Arterioscler Thromb Vasc Biol, vol 
22: 08-114 and Kimura and Esumi (2003), Acta Biochim 
Pol, vol 50: 49-59]. Vascular structures resulting from the 
exposure to both bFGF and S11’ Were more differentiated 
that those obtained from the exposure to bFGF alone sug 
gesting that S 1P may be required for the full activity of 
bFGF and VEGF [English et al. (2000), FASEB J, vol 14: 
2255-65.]. 
[0033] Thus, SPHINGOMAB may mitigate aberrant BV 
groWth by neutraliZing synergistic pro-angiogenic GFs and 
possibly S1P produced in excess during metabolic stress 
from in?ammatory cells associated With CNV. SPHINGO 
MAB not only inhibits SlP-induced EC migration/in?ltra 
tion and BV formation, but it also neutraliZes bFGF and 
VEGF-induced vasculariZation through its effect on S1P. 
SPHINGOMAB has a potential advantage over “single 
target” therapeutics because of its ability to neutraliZe S1P, 
Which results in neutraliZation of multiple GFs via the 
pleiotropic effects of S11’. 

[0034] Direct neutraliZation of S11’ and an indirect neu 
traliZation of VEGF and PDGF-B by SPHINGOMAB could 
prevent pericyte recruitment, BV maturation and sloW the 
development of resistance to anti-angiogenic drugs. Target 
ing pericytes, in the effort to extended or increase vulner 
ability to anti-angiogenic agents, represents an attractive 
long-term approach in treating patients presenting With 
active CNV lesions and could promote involution of vas 
cular complexes [Erber et al. (2004), FASEB J, vol 18: 
338-40]. 
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[0035] S11’ aids in the organiZation of actin into cortical 
rings and strengthens both intracellular and cell-matrix 
adherence [McVerry and Garcia (2005), Cell Signal, vol 17: 
131-9 and McVerry and Garcia (2004), J Cell Biochem, vol 
92: 1075-85]. These structural changes correlate With 
decreased vascular permeability [Hla (2004), Semin Cell 
Dev Biol, vol 15: 513-20]. It has been demonstrated that 
blocking the function of S11’ increased vascular permeabil 
ity in kidneys, the pulmonary system and tumors [LaMon 
tagne et al. (2006), Cancer Res, vol 66: 221-31; Sanchez et 
al. (2003), J Biol Chem, vol 278: 47281-90 and AWad et al. 
(2006), Am J Physiol Renal Physiol, vol 290: F1516-24]. 
Little is knoWn hoWever, about the permeability effects of 
S1P in different organ systems such as the brain and eye. 
Conduit ECs in the brain, and likely the eye, form tighter, 
less permeable barriers to ?uid and solute than pulmonary 
artery ECs [SchnitZer et al. (1994), Biochem Biophys Res 
Commun, vol 199: 11-19] and most likely than kidney and 
tumors as Well. Di?ferential barrier functions have been 
attributed to a signi?cantly greater population of focal 
adhesion complexes [SchnitZer et al. (1994), Biochem Bio 
phys Res Commun, vol 199: 11-19]. In light of these 
differences, SlP-induced alterations in ocular vascular per 
meability may be less in?uential. 

[0036] VEGF and PDGF can compromise blood-retinal 
barrier (BRB) integrity: SPHlNGOMAB’s ability to neu 
traliZe S1P trans-activation of VEGF and PDGF could prove 
effective in mitigating macular edema associated With AMD 
[Sanchez et al. (2003), J Biol Chem, vol 278: 47281-90; 
Saishin et al. (2003), J Cell Physiol, vol 195: 241-8 and 
Vinores et al. (2000), Gen Pharmacol, vol 35: 233-9]. 
Transgenic mice overexpressing VEGF demonstrate a BRB 
breakdoWn occurring in the area of CNV similar to that seen 
in AMD and diabetic retinopathies [Vinores et al. (2000), 
Adv Exp Med Biol, vol 476: 129-38]. Inhibitors of PDGF 
receptor kinase decreased leakage caused by prostaglandin 
induced breakdoWn of the BRB [Lindahl et al. (1997), 
Science, vol 277: 242-5]. Finally, SPHINGOMAB mitigates 
the effects of bFGF and VEGF in vivo as assayed in a murine 
Matrigel plug model as described in the examples of this 
application. 

[0037] S11’ and ?broblast proliferation and protection 
from cell death: Fibroblasts respond to S1P treatment by an 
increase in DNA synthesis; ?broblasts transfected With 
Sphingosine Kinase 1 (sphKl) exhibit increased cellular 
proliferation [Hammer et al. (2004), J Cell Biochem, vol 91: 
840-51]. Similar to the effects of S1P on several other 
?broblast types (SWiss 3T3, lung and cardiac), S1P may 
stimulate ocular ?broblast proliferation (and subsequent 
differentiation). Fibroblasts are directly protected from apo 
ptosis by addition of S11’, and apoptosis is enhanced by 
inhibitors of sphKl [Olivera et al. (1999), J Cell Biol, vol 
147: 545-58]. S1P blocks cytochrome C release and subse 
quent caspase activation [Olivera et al. (1999), J Cell Biol, 
vol 147: 545-58 and Kang et al. (2004), Cell Death Differ, 
vol 11: 1287-98]. It is established that sphKl upregulates 
Akt, thereby regulating Bcl-2 family members [Limaye et al. 
(2005), Blood, vol 105: 3169-77] and protecting ?broblasts 
from apoptosis. 

[0038] S11’ and ?broblast migration: S1P activates signal 
ing systems including Rho, resulting in the assembly of 
contractile actin ?laments controlled by Rho/Rac/Cdc42 
system, and leading to substantial effects on cellular migra 
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tion [Radelf-Huang et al. (2004), J Cell Biochem,. Vol 92: 
949-66]. The activation of Rho and Rho GTPases by SIP 
may be responsible for the migration of ocular ?broblasts 
into the Wound and thereby contribute to ?brosis. 

[0039] SIP and ?broblast collagen expression: SIP pro 
motes the differentiation of quiescent ?broblasts to active 
myo?broblasts Which exhibit enhanced collagen expression 
during scar formation [Urata et al. (2005), Kobe J Med Sci, 
vol 51: 17-27]. Concurrent With the proliferation and migra 
tion of ?broblasts into the scarring Zone, myo?broblasts 
deposit a temporary granular netWork consisting primarily 
of osteopontin and ?bronectin [Sun and Weber (2000), 
Cardiovasc Res, vol 46: 250-6]. As remodeling proceeds, the 
temporary matrix is absorbed and a collagen netWork estab 
lished [Sun and Weber (2000), Cardiovasc Res, vol 46: 
250-6]. We have demonstrated that SIP promotes collagen 
production by myo?broblasts. TGFB, a Well-knoWn ?brotic 
mediator, has been shoWn to up-regulate several pro-?brotic 
proteins, convert ?broblasts to myo?broblasts and stimulate 
in?ammatory protein expression possibly through the action 
of SIP [Squires et al. (2005); J Mol Cell Cardiol, vol 39: 
699-707 and Butt, Laurent and Bishop (1995), Eur J Cell 
Biol, vol 68: 330-5]. Up-regulation of TIMP1, a signaling 
molecule implicated in TGFB-stimulated differentiation of 
?broblasts to myo?broblasts, is blocked by siRNA against 
sphKl [Yamanaka et al J Biol Chem. 2004 Dec. 24; 
279(52):53994-4001., suggesting that SPHINGOMAB 
could mitigate the pro?brotic effects of TGFB as Well as 
mitigating the ?brogenic effects of SIP itself. Minimizing 
maladaptive scar formation by neutraliZation of SIP could 
be bene?cial and prevent irreversible losses in visual acuity 
by limiting the extent of sub-retinal ?brosis and subsequent 
photoreceptor damage. 

F. Lysophosphatic Acids (LPA) 

[0040] LPA have long been knoWn as precursors of phos 
pholipid biosynthesis in both eukaryotic and prokaryotic 
cells, but LPA have emerged only recently as signaling 
molecules that are rapidly produced and released by acti 
vated cells, notably platelets, to in?uence target cells by 
acting on speci?c cell-surface receptor (see, eg, Moolenaar 
et al. (2004), BioEssays, vol. 26: 870-881 and van LeeWen 
et al. (2003), Biochem Soc Trans, vol 31: 1209-1212). 
Besides being synthesiZed and processed to more complex 
phospholipids in the endoplasmic reticulum, LPA can be 
generated through the hydrolysis of pre-existing phospho 
lipids folloWing cell activation; for example, the sn-2 posi 
tion is commonly missing a fatty acid residue due to 
de-acylation, leaving only the sn-3 hydroxyl esteri?ed to a 
fatty acid. Moreover, a key enZyme in the production of 
LPA, autotaxin (lysoPLD/NPP2), may be the product of an 
oncogene, as many tumor types up-regulate autotaxin 
(Brindley (2004), J Cell Biochem, vol. 92: 900-12). The 
concentrations of LPA in human plasma and serum have 
been reported, including determinations made using sensi 
tive and speci?c LC/MS procedures (Baker et al. (2001), 
Anal Biochem, vol 292: 287-295). For example, in freshly 
prepared human serum alloWed to sit at 250 C. for one hour, 
LPA concentrations have been estimated to be approxi 
mately 1.2 uM, With the LPA analogs 16:0, 18:1, 18:2, and 
20:4 being the predominant species. Similarly, in freshly 
prepared human plasma alloWed to sit at 250 C. for one hour, 
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LPA concentrations have been estimated to be approxi 
mately 0.7 uM, With 18:1 and 18:2 LPA being the predomi 
nant species. 

[0041] LPA in?uence a Wide range of biological 
responses, including induction of cell proliferation, stimu 
lation of cell migration and neurite retraction, gap junction 
closure, and even slime mold chemotaxis (GoetZl. et al. 
(2002), Scienti?c World Journal, vol 2: 324-338). The body 
of knoWledge about the biology of LPA continues to groW as 
more and more cellular systems are tested for LPA respon 
siveness. For instance, it is noW knoWn that, in addition to 
stimulating cell groWth and proliferation, LPA promote 
cellular tension and cell-surface ?bronectin binding, Which 
are important events in Wound repair and regeneration 
(Moolenaar et al. (2004), BioEssays, vol. 26: 870-881). 
Recently, anti-apoptotic activity has also been ascribed to 
LPA, and it has recently been reported that peroxisome 
proliferation receptor gamma is a receptor/target for LPA 
(Simon et al. (2005), J Biol Chem, vol 280: 14656-14662). 

[0042] Recently, the applicants have developed several 
monoclonal antibodies against the LPAs. Like the anti-SIP 
antibody, the anti-LPA antibodies can neutraliZe various 
LPAs and mitigate their biologic and pharmacologic action. 
For application to ocular disease and conditions, the anti 
LPA antibodies Would be expected to act on the folloWing 
processes for therapeutic bene?t. 

[0043] CNV and BV maturation: Autotaxin, a secreted 
lysophospholipase D responsible for producing LPAs, is 
essential for blood vessel formation during development 
[van Meeteren et al. (2006), Mol Cell Biol, vol 26: 5015-22]. 
In addition, unsaturated LPAs Were identi?ed as major 
contributors to the induction of vascular smooth muscle cell 
dedi?ferentiation [Hayashi et al. (2001), Circ Res, vol 89: 
251-8]. 
[0044] Edema and vascular permeability: LPA induces 
plasma exudation and histamine release in mice [Hashimoto 
et al. (2006), J Pharmacol Sci, vol 100: 82-7]. 

[0045] In?ammation: LPA acts as in?ammatory mediator 
in human corneal epithelial cells [Zhang et al (2006), Am J 
Physiol, June 7]. LPA participates in corneal Wound healing 
[Liliom K et al (1998), Am. J. Physiol, vol 274: C1065 
C1074] and stimulates the release of ROS in lens tissue [Rao 
et al. (2004), Molecular Visions, vol 10: 112-121]. LPA can 
also re-activate HSV-l in rabbit comea [Martin et al. (1999), 
Molecular Visions, vol 5: 36-42}. 

[0046] Fibrosis and scar formation: LPA inhibits TGFB 
mediated stimulation of type I collagen mRNA stability via 
an ERK-dependent pathWay in dermal ?broblasts [Sato et al. 
(2004), Matrix Biol, vol 23: 353-61]. Moreover, LPA have 
some direct ?brogenic effects by stimulating collagen gene 
expression and proliferation of ?broblasts [Chen, et al. 
(2006) FEBS Len. 580(19):4737-45. 

3. De?nitions. 

[0047] Before describing the instant invention in detail, 
several terms used in the context of the present invention 
Will be de?ned. In addition to these terms, others are de?ned 
elseWhere in the speci?cation, as necessary. Unless other 
Wise expressly de?ned herein, terms of art used in this 
speci?cation Will have their art-recognized meanings. 
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[0048] An “immune-derived moiety” refers to any poly 
clonal or monoclonal antibody or antibody fragment, vari 
ant, or derivative. 

[0049] An “anti-SIP antibody” or an “immune-derived 
moiety reactive against SlP” refers to any antibody or 
antibody-derived molecule that binds SlP. 

[0050] An “anti-LPA antibody” or an “immune-derived 
moiety reactive against LP ” refers to any antibody or 
antibody-derived molecule that binds to all or one or more 
of the LPAs. 

[0051] A “bioactive lipid” refers to a lipid signaling mol 
ecule. In general, a bioactive lipid does not reside in a 
biological membrane When it exerts its signaling effects, 
Which is to say that While such a lipid species may exist at 
some point in a biological membrane (for example, a cell 
membrane, a membrane of a cell organelle, etc.), When 
associated With a biological membrane it is not a “bioactive 
lipid” but is instead a “structural lipid” molecule. Bioactive 
lipids are distinguished from structural lipids (e.g., mem 
brane-bound phospholipids) in that they mediate extracel 
lular and/or intracellular signaling and thus are involved in 
controlling the function of many types of cells by modulat 
ing differentiation, migration, proliferation, secretion, sur 
vival, and other processes. In vivo, bioactive lipids can be 
found in extracellular ?uids, Where they can be complexed 
With other molecules, for example serum proteins such as 
albumin and lipoproteins, or in “free” form, i.e., not com 
plexed With another molecule species. As extracellular 
mediators, some bioactive lipids alter cell signaling by 
activating membrane-bound ion channels or G-protein 
coupled receptors that, in turn, activate complex signaling 
systems that result in changes in cell function or survival. As 
intracellular mediators, bioactive lipids can exert their 
actions by directly interacting With intracellular components 
such as enZymes and ion channels. Representative examples 
of bioactive lipids include LPA and SIP. 

[0052] The term “therapeutic agent” means an agent to 
mitigate angiogenesis and/or neovasculariZation, e.g., CNV 
and BV maturation; edema, vascular permeability and ?bro 
sis, ?brogenesis and scarring associated With, or part of the 
underlying pathology of, ocular diseases and conditions. 

[0053] The term “combination therapy” refers to a thera 
peutic regimen that involves the provision of at least tWo 
distinct therapies to achieve an indicated therapeutic effect. 
For example, a combination therapy may involve the admin 
istration of tWo or more chemically distinct active ingredi 
ents, for example, an anti-LPA antibody and an anti-S lP 
antibody. Alternatively, a combination therapy may involve 
the administration of an immune-derived moiety reactive 
against a bioactive lipid and the administration of one or 
more other chemotherapeutic agents. Combination therapy 
may, alternatively, involve administration of an anti-lipid 
antibody together With the delivery of another treatment, 
such as radiation therapy and/or surgery. Further, a combi 
nation therapy may involve administration of an anti-lipid 
antibody together With one or more other biological agents 
(e.g.,anti-VEGF, TGFP, PDGB, or bFGF agent), chemo 
therapeutic agents and another treatment such as radiation 
and/or surgery. In the context of combination therapy using 
tWo or more chemically distinct active ingredients, it is 
understood that the active ingredients may be administered 
as part of the same composition or as different compositions. 
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When administered as separate compositions, the composi 
tions comprising the different active ingredients may be 
administered at the same or different times, by the same or 
different routes, using the same of different dosing regimens, 
all as the particular context requires and as determined by 
the attending physician. Similarly, When one or more anti 
lipid antibody species, for example, an anti-LPA antibody, 
alone or in conjunction With one or more chemotherapeutic 
agents are combined With, for example, radiation and/or 
surgery, the drug(s) may be delivered before or after surgery 
or radiation treatment. 

[0054] “Monotherapy” refers to a treatment regimen based 
on the delivery of one therapeutically effective compound, 
Whether administered as a single dose or several doses over 
time. 

[0055] A “patentable” composition, process, machine, or 
article of manufacture according to the invention means that 
the subject matter satis?es all statutory requirements for 
patentability at the time the analysis is performed. For 
example, With regard to novelty, non-obviousness, or the 
like, if later investigation reveals that one or more claims 
encompass one or more embodiments that Would negate 

novelty, non-obviousness, etc., the claim(s), being limited 
by de?nition to “patentable” embodiments, speci?cally 
exclude the unpatentable embodiment(s). Also, the claims 
appended hereto are to be interpreted both to provide the 
broadest reasonable scope, as Well as to preserve their 
validity. Furthermore, the claims are to be interpreted in a 
Way that (l) preserves their validity and (2) provides the 
broadest reasonable interpretation under the circumstances, 
if one or more of the statutory requirements for patentability 
are amended or if the standards change for assessing 
Whether a particular statutory requirement for patentability 
is satis?ed from the time this application is ?led or issues as 
a patent to a time the validity of one or more of the appended 
claims is questioned. 

[0056] The term “pharmaceutically acceptable salt” refers 
to salts Which retain the biological effectiveness and prop 
erties of the agents and compounds of this invention and 
Which are not biologically or otherWise undesirable. In many 
cases, the agents and compounds of this invention are 
capable of forming acid and/or base salts by virtue of the 
presence of charged groups, for example, charged amino 
and/or carboxyl groups or groups similar thereto. Pharma 
ceutically acceptable acid addition salts may be prepared 
from inorganic and organic acids, While pharmaceutically 
acceptable base addition salts can be prepared from inor 
ganic and organic bases. For a revieW of pharmaceutically 
acceptable salts (see Berge, et al. (1977) J. Pharm. Sci., vol. 
66, 1-19). 
[0057] The terms “separated,’"‘puri?ed,”“isolated,” and 
the like mean that one or more components of a sample 
contained in a sample-holding vessel are or have been 
physically removed from, or diluted in the presence of, one 
or more other sample components present in the vessel. 
Sample components that may be removed or diluted during 
a separating or purifying step include, chemical reaction 
products, unreacted chemicals, proteins, carbohydrates, lip 
ids, and unbound molecules. 

[0058] The term “species” is used herein in various con 
texts, e.g., a particular species of chemotherapeutic agent. In 
each context, the term refers to a population of molecules, 
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chemically indistinguishable from each other, of the sort 
referred in the particular context. 

[0059] “Speci?cally associate” and “speci?c association” 
and the like refer to a speci?c, non-random interaction 
betWeen tWo molecules, Which interaction depends on the 
presence of structural, hydrophobic/hydrophilic, and/or 
electrostatic features that alloW appropriate chemical or 
molecular interactions betWeen the molecules. 

[0060] Herein, “stable” refers to an interaction betWeen 
tWo molecules (eg, binding of an anti-LPA or anti-SlP 
antibody to its target bioactive lipid) that is suf?ciently 
strong such that the molecules can be maintained for the 
desired purpose or manipulation. 

[0061] A “subject” or “patient” refers to an animal in 
Which treatment can be effected by molecules of the inven 
tion. The animal may have, be at risk for, or be believed to 
have or be at risk for a disease or condition that can be 
treated by compositions and/or methods of the present 
invention. Animals that can be treated in accordance With the 
invention include vertebrates, With mammals such as 
bovine, canine, equine, feline, ovine, porcine, and primate 
(including humans and non-human primates) animals being 
particularly preferred examples. 

[0062] A “therapeutically effective amount” (or “effective 
amount”) refers to an amount of an active ingredient, e. g., an 
agent according to the invention, su?icient to effect treat 
ment When administered to a subject or patient. Accordingly, 
What constitutes a therapeutically effective amount of a 
composition according to the invention may be readily 
determined by one of ordinary skill in the art. In the context 
of ocular therapy, a “therapeutically effective amount” is one 
that produces an objectively measured change in one or 
more parameters associated With treatment of the ocular 
disease or condition including an increase or decrease in the 
expression of one or more genes correlated With the ocular 
disease or condition, induction of apoptosis or other cell 
death pathWays, clinical improvement in symptoms, a 
decrease in aberrant neovasculariZation or in in?ammation, 
etc. Of course, the therapeutically effective amount Will vary 
depending upon the particular subject and condition being 
treated, the Weight and age of the subject, the severity of the 
disease condition, the particular compound chosen, the 
dosing regimen to be folloWed, timing of administration, the 
manner of administration and the like, all of Which can 
readily be determined by one of ordinary skill in the art. It 
Will be appreciated that in the context of combination 
therapy, What constitutes a therapeutically effective amount 
of a particular active ingredient may differ from What 
constitutes a therapeutically effective amount of the active 
ingredient When administered as a monotherapy (ie., a 
therapeutic regimen that employs only one chemical entity 
as the active ingredient). 

[0063] The term “treatment” or “treating” of a disease or 
disorder includes preventing or protecting against the dis 
ease or disorder (that is, causing the clinical symptoms not 
to develop); inhibiting the disease or disorder (i.e., arresting 
or suppressing the development of clinical symptoms; and/ 
or relieving the disease or disorder (i.e., causing the regres 
sion of clinical symptoms). As Will be appreciated, it is not 
alWays possible to distinguish betWeen “preventing” and 
“suppressing” a disease or disorder since the ultimate induc 
tive event or events may be unknoWn or latent. Accordingly, 
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the term “prophylaxis” Will be understood to constitute a 
type of “treatment” that encompasses both “preventing” and 
“suppressing.” The term “treatment” thus includes “prophy 
laxis”. 

[0064] The term “therapeutic regimen” means any treat 
ment of a disease or disorder using chemotherapeutic drugs, 
radiation therapy, surgery, gene therapy, DNA vaccines and 
therapy, antisense-based therapies including siRNA therapy, 
anti-angiogenic therapy, immunotherapy, bone marroW 
transplants, aptamers and other biologics such as antibodies 
and antibody variants, receptor decoys and other protein 
based therapeutics. 

SUMMARY OF THE INVENTION 

[0065] In accordance With the present invention, methods 
are provided for treating ocular diseases or conditions 
through administration of a pharmaceutical composition 
comprising an immune-derived moiety (e.g, an antibody) 
reactive against a bioactive lipid, in order to decrease the 
effective concentration so that the bioactive lipid is inhibited 
in Whole or in part from eliciting its undesired effects. In 
some embodiments, the immune-derived moiety is a mono 
clonal antibody or fragment, variant or derivative thereof. In 
some embodiments, the immune-derived moiety is reactive 
against a lysolipid, such as SIP or LPA. Methods are also 
provided for decreasing or preventing aberrant ?brogenesis, 
?brosis or scarring; in?ammation; or aberrant neovascular 
iZation; modulating surgical and traumatic Wound healing 
responses of the eye; or for attenuating an ocular immune 
response. Further provided are methods for decreasing the 
effective ocular concentration or activity of bioactive lipid. 
Also provided are methods of treating scleroderma using an 
immune-derived moiety reactive against a bioactive lipid, 
such as the lysolipids SlP or LPA. Representative bioactive 
lipids include sphingolipids and variants thereof such as 
sphingosine-l-phosphate (SIP), sphingosine, sphingo 
sylphosphorylcholine, dihydrosphingosine. Other bioactive 
lysolipids include lysophosphatidic acids (LPAs) and vari 
ants thereof. 

[0066] Another aspect of the invention concerns pharma 
ceutical or veterinary compositions, including those for 
ocular administration, that comprise a carrier and an isolated 
immune-derived moiety, for example, a monoclonal anti 
body or antibody fragment, variant, or derivative, reactive 
against a bioactive lipid. Preferred carriers include those that 
are pharmaceutically acceptable, particularly When the com 
position is intended for therapeutic use in humans. For 
non-human therapeutic applications (e. g., in the treatment of 
companion animals, livestock, ?sh, or poultry), veterinarily 
acceptable carriers may be employed. 

[0067] Exemplary routes of administration of an immune 
derived moiety according to the invention, preferably as part 
of a therapeutic composition, include systemic administra 
tion, parenteral administration (e.g., via injection via an 
intravenous, intramuscular, or subcutaneous route), trans 
dermal, intradermal or transmucosal delivery, intraocular or 
periocular injection, mucosal or topical administration or by 
inhalation. 

[0068] These and other aspects and embodiments of the 
invention are discussed in greater detail in the sections that 
folloW. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0069] This patent application contains at least one ?gure 
executed in color. Copies of this patent application With 
color draWing(s) Will be provided upon request and payment 
of the necessary fee. 

[0070] FIG. 1: SPHINGOMAB reduced CNV and scar 
formation in ocular lesions. Mice Were treated With SPH 
INGOMAB or an isotype-matched non-speci?c mAb. CNV 
lesions Were induced by laser rupture of Bruchs membrane. 
ShoWn are graphs and representative images of lesions from 
each treatment group stained With rhodamine-conjugated R. 
communis agglutinin I for vasculariZation (A) or Masson’s 
Trichrome for collagen scar formation (B). FIG. 1a shoWs 
that SPHINGOMAB dramatically attenuates choroidal 
neovasculariZation l4 and 28 days after laser-induced rup 
ture of Bruch’s membrane. FIG. 1b shoWs that SPHINGO 
MAB signi?cantly reduces ?brosis associated With CNV 
lesion formation 28 days after laser-induced rupture of 
Bruchs’s membrane. 

[0071] FIG. 2: SIP promotes neovasculariZation through 
induction of HUVECs tube formation and migration and is 
reduced by SPHINGOMAB. Panel A: Micrographs of 
HUVECs seeded on Matrigel and incubated for 6 hrs to 
evaluate tube formation. Panel B: HUVECs Were treated 
With 1 uM SlPzSPHINGOMAB (l ug/ml) for 6 hrs in a 
Matrigel invasion chamber. The number of cells that 
migrated to the Matrigel membrane Were counted in 5 
independent ?elds. 

[0072] FIG. 3. SPHINGOMAB neutralizes SlP-, VEGF 
and bFGF-induced neovasculariZation. A: Representative 
FITC-stained BVs from sections of Matrigel plugs :GFs. B: 
SIP stimulates EC in?ltration. C: Quanti?cation of relative 
?uorescence from Matrigel plugs stimulated With VEGF or 
bFGF as an indicator of neovasculariZation. SlP, VEGF and 
bFGF’s effects Were inhibited When mice Were systemically 
treated With 1 or 25 mg/kg of SPHINGOMAB. 

[0073] FIG. 4. SPHINGOMAB neutraliZed SlP-stimu 
lated scar formation. Fibroblasts Were serum-starved and 
then treated With 0, 0.1, 0.5 or 1 uM SlP+/—l ug/mL 
SPHINGOMAB for 12-24 hrs. SlP stimulated SWiss 3T3 
?broblast proliferation as measured by 3H-thymidine incor 
poration (A), murine cardiac ?broblast migration in a scratch 
assay (B), collagen gene expression (relative ?uorescence) 
in isolated cardiac ?broblasts from transgenic mice express 
ing collagen-GFP (C) and WI-38 cell differentiation into 
myo?broblasts as measured by decreased cellular prolifera 
tion and increased ot-SMA expression (D); SPHINGOMAB 
neutraliZed each of SlP’s effects. SPHINGOMAB reduced 
perivascular ?brosis in vivo in a murine model of a perma 
nent myocardial infarction (E). 

[0074] FIG. 5. SlP promotes transformation of ocular 
epithelial cells and ?broblasts into contractile, scar tissue 
producing myo?broblasts. The effects of SIP on myo?bro 
blast transformation of several human ocular cell lines Were 
examined. SlP Was found to stimulate production of 
ot-Smooth muscle actin (ot-SMA; a myo?broblast marker) in 
human retinal pigmented epithelial cells (FIG. 5A) and 
human conjunctiva ?broblasts (FIG. 5B). These data dem 
onstrate for the ?rst time, that SlP is among the factors that 
promote transformation of ocular epithelial cells and ?bro 
blasts into contractile, scar tissue-producing myo?broblasts. 
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The effects of SIP on expression of plasminogen activator 
inhibitor (PAI-l) in human conjunctiva ?broblasts Were also 
examined. Increased PAI-l expression correlates With a 
decrease in the proteolytic degradation of connective tissue 
and is upregulated in association With several ?brotic dis 
eases that involve increased scaning. As shoWn in FIG. 5C, 
SlP stimulates the PAI-l expression in a dose-dependent 
manner. 

[0075] FIG. 6. SPHINGOMAB reduced immune-cell 
Wound in?ltration in vivo. Mice Were subjected to MI, 
treated With saline or 25 mg/kg SPHINGOMAB 48 hrs after 
surgery and then sacri?ced on day 4. SPHINGOMAB 
reduced macrophage (A) and mast cell (B) in?ltration into 
the Wound. Data are represented as fold decrease of saline 
treated values. 

[0076] FIG. 7. SPHINGOMAB is highly speci?c for SIP. 
A graph based on competitive ELISA demonstrates SPH 
INGOMAB’s speci?city for SIP compared to other bioac 
tive lipids. SPHINGOMAB demonstrated no cross-reactiv 
ity to sphingosine (SPH), the immediate metabolic precursor 
of SIP or lysophosphatidic acid (LPA), an important extra 
cellular signaling molecule that is structurally and function 
ally similar to SlP. SPHINGOMAB did not recogniZe other 
structurally similar lipids and metabolites, including cera 
mide-l-phosphate (ClP), dihydrosphingosine (DH-SPH), 
phosphatidyl serine (PS), phosphatidyl ethanolamine (PE), 
or sphingomyelin (SM). SPHINGOMAB did cross react 
With dihydrosphingosine-l-phosphate (DH-SlP) and, to a 
lesser extent, sphingosylphoryl choline (SPC). The affinity 
(Kd) of SPHINGOMAB for SIP is <l00 pM, much higher 
than most therapeutic antibodies, particularly other molecu 
lar sponges. 

DETAILED DESCRIPTION OF THE 
INVENTION 

1 . Compounds 

[0077] The term “immune-derived moiety,” Which 
includes antibodies (Ab) or immunoglobulins (Ig), refers to 
any form of a peptide, polypeptide derived from, modeled 
after or encoded by, an immunoglobulin gene, or a fragment 
of such peptide or polypeptide that is capable of binding an 
antigen or epitope [see, eg, Immunobiology, 5th Edition, 
JaneWay, Travers, Walport, Shlomchiked. (editors), Garland 
Publishing (2001)]. In the present invention, the antigen is a 
bioactive lipid molecule. Antibody molecules or immuno 
globulins are large glycoprotein molecules With a molecular 
Weight of approximately 150 kDa, usually composed of tWo 
different kinds of polypeptide chain. One polypeptide chain, 
termed the “heavy” chain (H) is approximately 50 kDa. The 
other polypeptide, termed the “light” chain (L), is approxi 
mately 25 kDa. Each immunoglobulin molecule usually 
consists of tWo heavy chains and tWo light chains. The tWo 
heavy chains are linked to each other by disul?de bonds, the 
number of Which varies betWeen the heavy chains of dif 
ferent immunoglobulin isotypes. Each light chain is linked 
to a heavy chain by one covalent disul?de bond. In any given 
naturally occurring antibody molecule, the tWo heavy chains 
and the tWo light chains are identical, harboring tWo iden 
tical antigen-binding sites, and are thus said to be divalent, 
i.e., having the capacity to bind simultaneously to tWo 
identical molecules. 

[0078] The “light” chains of antibody molecules from any 
vertebrate species can be assigned to one of tWo clearly 
















































