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COMBINATION THERAPY FOR THE 
TREATMENT OF OCULAR NEOVASCULAR 

DISORDERS 

RELATED APPLICATIONS 

0001. This application is a division of U.S. application Ser. 
No. 14/186,149, filed Feb. 21, 2014, which is a division of 
U.S. application Ser. No. 12/641,270, filed Dec. 17, 2009, 
now U.S. Pat. No. 8,685,397, which is a division of U.S. 
application Ser. No. 10/926,806, filed Aug. 26, 2004, now 
U.S. Pat. No. 7,759,472, which claims the benefit of U.S. 
Provisional Application Ser. No. 60/556,837, filed Mar. 26, 
2004, the disclosure of each of which is incorporated by 
reference herein in its entirety. 

DESCRIPTION OF THE TEXT FILE SUBMITTED 
ELECTRONICALLY 

0002 The contents of the text file submitted electronically 
herewith are incorporated herein by reference in their 
entirety: A computer readable format copy of the Sequence 
Listing (filename: OPHT 004 10US SeqList.txt, date 
recorded: Jan. 29, 2015, file size 95 kilobytes). 

FIELD OF THE INVENTION 

0003. This invention relates to the fields of ophthalmology 
and medicine. More specifically, this invention relates to the 
treatment of neovascular disorders of the eye using a combi 
nation of agents that inhibit both platelet-derived growth fac 
tor (PDGF) and vascular endothelial growth factor (VEGF). 

BACKGROUND OF THE INVENTION 

0004 Angiogenesis, also called neovascularization, 
involves the formation of sprouts from preexistent blood ves 
sels and their invasion into Surrounding tissue N related pro 
cess, vasculogenesis, involves the differentiation of endothe 
lial cells and angioblasts that are already present throughout a 
tissue, and their subsequent linking together to form blood 
vessels. 
0005 Angiogenesis occurs extensively during develop 
ment, and also occurs in the healthy body during wound 
healing in order to restore blood flow to tissues after injury or 
insult. Angiogenesis, however, has also been implicated in 
cancer and tumor formation. Indeed, the quantity of blood 
vessels in a tumor tissue is a strong negative prognostic indi 
cator in breast cancer (Weidner et al., (1992).J. Natl. Cancer 
Inst. 84:1875-1887), prostate cancer (Weidner et al., (1993) 
Am. J. Pathol. 143:401-409), brain tumors (Li et al., (1994) 
Lancet 344:82-86), and melanoma (Foss et al. (1996) Cancer 
Res. 56:2900-2903). Angiogenesis has also recently been 
implicated in other disease states in many areas of medicine, 
including rheumatology, dermatology, cardiology and oph 
thalmology. In particular, undesirable or pathological tissue 
specific angiogenesis has been associated with certain spe 
cific disease states including rheumatoid arthritis, 
atherosclerosis, and psoriasis (see e.g., Fan et al., (1995) 
Trends Pharmacol. Sci. 16:57; and Folkman (1995) Nature 
Med. 1: 27). Furthermore, the alteration of vascular perme 
ability is thought to play a role in both normal and pathologi 
cal physiological processes (Cullinan-Bove et al., (1993) 
Endocrinol. 133: 829; Senger et al., (1993) Cancer and 
Metastasis Reviews 12:303). Although the angiogenic pro 
cess in each of these diseases is likely to share many features 
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with developmental angiogenesis and tumor angiogenesis, 
each may also have unique aspects conferred by the influence 
of Surrounding cells. 
0006. Several ocular disorders involve alterations in 
angiogenesis. For example, diabetic retinopathy, the third 
leading cause of adult blindness (accounting for almost 7% of 
blindness in the USA), is associated with extensive angio 
genic events. Nonproliferative retinopathy is accompanied by 
the selective loss of pericytes within the retina, and their loss 
results in dilation of associated capillaries dilation and a 
resulting increase in blood flow. In the dilated capillaries, 
endothelial cells proliferate and form outpouchings, which 
become microaneurysms, and the adjacent capillaries 
become blocked so that the area of retina Surrounding these 
microaneurysms is not perfused. Eventually, shunt vessels 
appear between adjacent areas of micro aneurysms, and the 
clinical picture of early diabetic retinopathy with micro aneu 
rysms and areas of nonperfused retina is seen. The microan 
eurysms leak and capillary vessels may bleed, causing exu 
dates and hemorrhages. Once the initial stages of background 
diabetic retinopathy are established, the condition progresses 
over a period of years, developing into proliferative diabetic 
retinopathy and blindness in about 5% of cases. Proliferative 
diabetic retinopathy occurs when Some areas of the retina 
continue losing their capillary vessels and become nonper 
fused, leading to the appearance of new vessels on the disk 
and elsewhere on the retina. These new blood vessels grow 
into the vitreous and bleed easily, leading to preretinal hem 
orrhages. In advanced proliferative diabetic retinopathy, a 
massive vitreous hemorrhage may a major portion of the 
vitreous cavity. In addition, the new vessels are accompanied 
by fibrous tissue proliferation that can lead to traction retinal 
detachment. 

0007 Diabetic retinopathy is associated primarily with the 
duration of diabetes mellitus; therefore, as the population 
ages and diabetic patients live longer, the prevalence of dia 
betic retinopathy will increase. Laser therapy is currently 
used in both-nonproliferative and proliferative diabetic ret 
inopath Focal laser treatment of the leaking microaneurysms 
surrounding the macular area reduces visual loss in 50% of 
patients with clinically significant macular edema. In prolif 
erative diabetic retinopathy, panretinal photocoagulation 
results in several thousand tiny burns scattered throughout the 
retina (sparing the macular area); this treatment reduces the 
rate of blindness by 60 percent. Early treatment of macular 
edema and proliferative diabetic retinopathy prevents blind 
ness for 5 years in 95% of patients, whereas late treatment 
prevents blindness in only 50 percent. Therefore, early diag 
nosis and treatment are essential. 

0008 Another ocular disorder involving neovasculariza 
tion is age-related macular degeneration (AMD), a disease 
that affects approximately one in ten Americans over the age 
of 65. AMD is characterized by a series of pathologic changes 
in the macula, the central region of the retina, which is accom 
panied by decreased visual acuity, particularly affecting cen 
tral vision, AMD involves the single layer of cells called the 
retinal pigment epithelium that lies immediately beneath the 
sensory retina. These cells nourish and Support the portion of 
the retina in contact with them, i.e., the photoreceptor cells 
that contain the visual pigments. The retinal pigment epithe 
lium lies on the Bruch membrane, a basement membrane 
complex which, in AMD, thickens and becomes sclerotic. 
New blood vessels may break through the Bruch membrane 
from the underlying choroid, which contains a rich vascular 
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bed. These vessels may in turn leak fluid or bleed beneath the 
retinal pigment epithelium and also between the retinal pig 
ment epithelium and the sensory retina. Subsequent fibrous 
scarring disrupts the nourishment of the photoreceptor cells 
and leads to their death, resulting in a loss of central visual 
acuity. This type of age-related maculopathy is called the 
“wet' type because of the leaking vessels and the subretinal 
edema or blood. The wet type accounts for only 10% of 
age-related maculopathy cases but results in 90% of cases of 
legal blindness from macular degeneration in the elderly. The 
“dry” type of age-related maculopathy involves disintegra 
tion of the retinal pigment epithelium along with loss of the 
overlying photoreceptor cells. The dry type reduces vision but 
usually only to levels of 20/50 to 20/100. 
0009 AMD is accompanied by distortion of central vision 
with objects appearing larger or Smaller or straight lines 
appearing distorted, bent, or without a central segment. In the 
wet type of AMD, a small detachment of the sensory retina 
may be noted in the macular area, but the definitive diagnosis 
of a Subretinal neovascular membrane requires fluorescein 
angiography. In the dry type, drusen may disturb the pigmen 
tation pattern in the macular area. Drusen are excrescences of 
the basement membrane of the retinal pigment epithelium 
that protrude into the cells, causing them to bulge anteriorly; 
their role as a risk factor in age-related maculopathy is 
unclear. No treatment currently exists for the dry type of 
age-related maculopathy. Laser treatment is used in the wet 
type of age-related maculopathy and initially obliterates the 
neovascular membrane and prevents further visual loss in 
about 50% of patients at 18 months. By 60 months, however, 
only 20% still have a substantial benefit. 
0010 Multiple molecular mediators of angiogenesis have 
been identified including basic and acidic fibroblast growth 
factors (aFGF, bFGF), transforming growth factors alpha and 
beta (TGFC., TGFB, platelet-derived growth factor (PDGF), 
angiogenin, platelet-derived endothelial cell growth factor 
(PD-ECGF), interleukin-8 (IL-8), and vascular endothelial 
growth factor (VEGF). Other stimulators implicated in angio 
genesis include angiopoietin-1, Del-1, follistatin, granulo 
cyte colony-stimulating factor (G-CSF), hepatocyte growth 
factor (HGF), leptin, midkine, placental growth factor, 
pleiotrophin (PTN), progranulin, proliferin, and tumor necro 
sis factor-alpha (TNF-alpha). In addition, control of angio 
genesis is further mediated by a number of negative regulators 
of angiogenesis produced by the body including angioarres 
tin, ngiostatin (plasminogen fragment), antiangiogenic anti 
thrombin III, cartilage-derived inhibitor (CDI), CD59 
complement fragment, endostatin (collagen XVIII frag 
ment), fibronectin fragment, gro-beta, heparinases, heparin 
hexasaccharide fragment, human chorionic gonadotropin 
(hCG), interferon alpha/beta/gamma, interferon inducible 
protein (IP-10), interleukin-12, kringle 5 (plasminogen frag 
ment), metalloproteinase inhibitors (TIMPs), 2-methox 
yestradiol, placental ribonuclease inhibitor, plasminogen 
activator inhibitor, platelet factor-4 (PF4), prolactin 16 kD 
fragment, proliferin-related protein (PRP), retinoids, tetrahy 
drocortisol-S, thrombospondin-1 (TSP-1), vasculostatin, and 
vasostatin (calreticulin fragment). 
0011. Among these angiogenic regulators, VEGF appears 
to play a key role as a positive regulator of the abnormal 
angiogenesis accompanying tumor growth (reviewed in 
Brown et al., (1996) Control of Angiogenesis (Goldberg and 
Rosen, eds.) Birkhauser, Basel, and Thomas (1996) J. Biol. 
Chem. 271:603-606). Furthermore, recently the role of the 
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PDGF-B member of the PDGF family of signaling molecules 
has been under investigation, since it appears to play a role in 
the formation, expansion and proper function of perivascular 
cells, sometimes referred to as mural cells, e.g., vascular 
Smooth muscle, mesangial cells, and pericytes. 
0012 While much has been learned about angiogenesis, 
or neovascularization, accompanying development, wound 
healing and tumor formation, it remains to be determined 
whether there are differences between these forms of angio 
genesis and ocular angiogenesis. Significantly, while angio 
genesis accompanying, e.g., collateral blood vessel formation 
in the heart, may be beneficial and adaptive to the organism, 
pathological ocular neovascularization accompany, e.g., 
AMD, has no known benefit and often leads to blindness (for 
review, see Campochiaro (2000).J. Cell. Physiol, 184: 301 
10). Therefore, although advances in the understanding of the 
molecular events accompanying neovascularization have 
been made, there exists a need to utilize this understanding to 
develop further methods for treating neovascular diseases 
disorders, including ocular neovascular diseases and disor 
ders such as the choroidal neovascularization that occurs with 
AMD and diabetic retinopathy. 

SUMMARY OF THE INVENTION 

0013. It has been discovered that the combination of anti 
VEGF and anti-PDGF agents surprisingly affords synergistic 
therapeutic benefits for treating an ocular neovascular dis 
CaSC. 

0014. Accordingly, the invention features a method for 
treating a patient diagnosed with or at risk for developing a 
neovascular disorder. This method includes administering to 
the patient an anti-VEGF agent and an anti-PDGF agent as a 
primary or adjunct therapeutic treatment. 
0015. In one aspect, the invention provides a method for 
Suppressing a neovascular disorder in a patient in need 
thereof, by administering to the patient a PDGF antagonist 
and a VEGF antagonist, simultaneously, or within about 90 
days of each other, in amounts sufficient to Suppress the 
neovascular disorder in the patient. 
0016. In another aspect, the invention provides a method 
for treating a patient diagnosed with, or at risk for developing, 
a neovascular disorder in a patient in need thereof, by admin 
istering to the patient a PDGFantagonistanda VEGFantago 
nist, simultaneously or within 90 days of each other, in 
amounts sufficient to treat the patient. 
0017. In particular embodiments of these aspects, the 
method of the invention involves administering the PDGF 
antagonist and the VEGFantagonist within about 10 days of 
each other. In another embodiment of the method of the 
invention, the PDGFantagonist and the VEGFantagonist are 
administered within 5 days of each other. In yet another 
embodiment of the method of the invention, the PDGF 
antagonist and the VEGF antagonist are administered within 
about 24 hours of each other. In a particular embodiment of 
the method of the invention, the PDGF antagonist and said 
VEGFantagonist are administered simultaneously. 
0018. In another embodiment, the method of the invention 
involves administration of a PDGF antagonist that is a 
PDGF-B antagonist. In still another embodiment, the method 
of the invention involves administration of a VEGF antago 
nist that is a VEGF-A antagonist. 
0019. In certain embodiments, the method of the invention 
involves administration of a PDGFantagonist that is a nucleic 
acid molecule, an aptamer, an antisense RNA molecule, a 
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ribozyme, an RNAi molecule, a protein, a peptide, a cyclic 
peptide, an antibody, a binding fragment of an antibody frag 
ment, a Sugar, a polymer, or a small organic compound. In 
another embodiment, the method of the invention involves 
administration of a VEGF antagonist that is a nucleic acid 
molecule, an aptamer, an antisense RNA molecule, a 
ribozyme, an RNAi molecule, a protein, a peptide, a cyclic 
peptide, an antibody, a binding fragment of an antibody frag 
ment, a Sugar, a polymer, or a small organic compound. 
0020. In a particularembodiment, the method of the inven 
tion involves administration of a VEGFantagonist that is an 
aptamer, such as an EYE001 aptamer. In another embodi 
ment, the method of the invention involves administration of 
a VEGF antagonist that is an antibody or binding fragment 
thereof. 

0021. In a particularembodiment, the method of the inven 
tion involves administration of a PDGF antagonist that is an 
aptamer, an antibody or a binding fragment thereof. In 
another particular embodiment, the method of the invention 
involves administration of a PDGFantagonist that is an anti 
sense oligonucleotide. 
0022. In yet another embodiment of this aspect of the 
invention, the PDGF antagonist and/or the VEGFantagonist 
are pro-drugs. 
0023. In one embodiment, the method of the invention 
provides a means for Suppressing or treating an ocular 
neovascular disorder. In some embodiments, ocular neovas 
cular disorders amenable to treatment or suppression by the 
method of the invention include ischemic retinopathy, iris 
neovascularization, intraocular neovascularization, age-re 
lated macular degeneration, corneal neovascularization, reti 
nal neovascularization, choroidal neovascularization, dia 
betic retinal ischemia, or proliferative diabetic retinopathy. In 
still another embodiment, the method of the invention pro 
vides a means for Suppressing or treating psoriasis or rheu 
matoid arthritis in a patient in need thereof or a patient diag 
nosed with or at risk for developing Such a disorder. 
0024. The invention also provides a pharmaceutical com 
position that includes both a PDGF antagonist and a VEGF 
antagonist, as well a pharmaceutically acceptable carrier. In 
this aspect, the PDGF and VEGFantagonists are present both 
in amounts sufficient to suppress the neovascular disorder in 
the patient. 
0025. In one embodiment of this aspect, the pharmaceuti 
cal composition includes a PDGF antagonist that is a 
PDGF-B antagonist. In another embodiment, the pharmaceu 
tical composition includes a VEGF antagonist that is a 
VEGF-A antagonist. 
0026. In certain embodiments, the pharmaceutical com 
position of the invention includes a PDGFantagonist that is a 
nucleic acid molecule, an aptamer, an antisense RNA mol 
ecule, a ribozyme, an RNAi molecule, a protein, a peptide, a 
cyclic peptide, an antibody, a binding fragment of an antibody 
fragment, a Sugar, a polymer or a small organic compound. In 
another embodiment, the pharmaceutical composition of the 
invention includes a VEGF antagonist that is a nucleic acid 
molecule, an aptamer, an antisense RNA molecule, a 
ribozyme, an RNAi molecule, a protein, a peptide, a cyclic 
peptide, an antibody, a binding fragment of an antibody frag 
ment, a Sugar, a polymer, or a small organic compound. 
0027. In other particular embodiments, the pharmaceuti 
cal composition of the invention includes a VEGFantagonist 
that is an aptamer, such as an EYE001 aptamer. In one 
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embodiment, the pharmaceutical composition of the inven 
tion includes a VEGFantagonist that is an antibody orbinding 
fragment thereof. 
0028. In a particular embodiment, the pharmaceutical 
composition of the invention includes a PDGFantagonist that 
is an antibody or binding fragment thereof. In another par 
ticular embodiment, the pharmaceutical composition of the 
invention includes a PDGF antagonist that is an antisense 
oligonucleotide. 
0029. The pharmaceutical composition the invention may 
include a pharmaceutically acceptable carrier which includes 
a microsphere or a hydrogel formulation. 
0030. In yet another embodiment, the PDGF antagonist 
and/or the VEGFantagonist are pro-drugs. 
0031. In another embodiment, the pharmaceutical compo 
sition of the invention provides a means for Suppressing or 
treating an ocular neovascular disorder. In some embodi 
ments, ocular neovascular disorders amenable to treatment or 
Suppression by the pharmaceutical composition of the inven 
tion include ischemic retinopathy, iris neovascularization, 
intraocular neovascularization, age-related macular degen 
eration, corneal neovascularization, retinal neovasculariza 
tion, choroidal neovascularization, diabetic retinal ischemia, 
or proliferative diabetic retinopathy. In still other embodi 
ments, the pharmaceutical composition of the invention pro 
vides a means for Suppressing or treating psoriasis or rheu 
matoid arthritis in a patient in need thereof, or a patient 
diagnosed with or at risk for developing such a disorder. 
0032. The invention also provides a pharmaceutical pack 
that includes both a PDGFantagonistanda VEGFantagonist. 
In one embodiment of this aspect, the pharmaceutical pack 
includes a PDGFantagonist that is a PDGF-B antagonist. In 
another embodiment of this aspect, the pharmaceutical pack 
includes a VEGFantagonist that is a VEGF-A antagonist. 
0033. In another embodiment, the PDGF antagonist and 
VEGFantagonist of the pharmaceutical pack are formulated 
separately and in individual dosage amounts. In still another 
embodiment, the PDGF antagonist and VEGF antagonist of 
the pharmaceutical pack are formulated together. 
0034. In some particular embodiments, the pharmaceuti 
cal pack of the invention includes a VEGFantagonist that is 
an aptamer, such as an EYE001 aptamer. In other embodi 
ments, the pharmaceutical pack of the invention includes a 
VEGF antagonist that is an antibody or binding fragment 
thereof. 
0035. In some embodiments, the pharmaceutical pack of 
the invention includes a PDGF antagonist that is an antibody 
or binding fragment thereof. In other particular embodiment, 
the pharmaceutical pack of the invention includes a PDGF 
antagonist that is an antisense oligonucleotide. In yet another 
embodiment of this aspect, the PDGF antagonist and/or the 
VEGFantagonist are pro-drugs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 (A) is a schematic representation of the 
nucleic acid sequence of a human PDGF-B (GenBank Acces 
sion No. X02811) (SEQID NO: 1). 
0037 FIG. 1 (B) is a schematic representation of the 
amino acid sequence of a human PDGF-B (GenBank Acces 
sion No. CAA26.579) (SEQID NO: 2). 
0038 FIG. 1 (C) is a schematic representation of the 
nucleic acid sequence of a human PDGF-A (GenBank Acces 
sion No. X06374) (SEQID NO: 11). 
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0039 FIG. 1 (D) is a schematic representation of the 
polypeptide sequence of a human PDGF-A (GenBank Acces 
sion No. CAA29677) (SEQID NO: 12). 
0040 FIG. 2 (A) is a schematic representation of the 
nucleic acid sequence of a human VEGF (GenBank Acces 
sion No: NM 003376) (SEQID NO:3). 
0041 FIG. 2 (B) is a schematic representation of the 
amino acid sequence of a human VEGF polypeptide (Gen 
Bank Accession No. NP 003367) (SEQID NO: 4). 
0042 FIG. 3 (A) is a schematic representation of the 
nucleic acid sequence of a human PDGFR-B (GenBank 
Accession No. NM 002609) (SEQID NO: 5). 
0043 FIG. 3 (B) is a schematic representation of the 
polypeptide sequence of a human PDGFR-B (GenBank 
Accession No. NP 002600) (SEQID NO: 6). 
0044 FIG. 3 (C) is a schematic representation of the 
nucleic acid sequence of a human PDGFR-A (GenBank 
Accession No. NM 006206) (SEQ ID NO: 13). 
0045 FIG. 3 (D) is a schematic representation of the 
polypeptide sequence of a human PDGFR-A (GenBank 
Accession No. NP 006197) (SEQID NO: 14). 
0046 FIG. 4 (A) is a schematic representation of the 
nucleic acid sequence of a human VEGFR-1 (Fit-1) (Gen 
Bank Accession No. AF063657) (SEQID NO: 7). 
0047 FIG. 4 (B) is schematic a representation of the 
polypeptide sequence of a human VEGFR-1 (Flt-1) (Gen 
Bank Accession No.) (SEQID NO:8). 
0048 FIG. 4 (C) is a schematic representation of the 
nucleic acid sequence of a human VEGFR-2 (ICDR/Flk-1) 
(GenBank Accession No. AF035121) (SEQID NO: 9). 
0049 FIG. 4 (D) is a schematic representation of the 
polypeptide sequence of a human VEGFR-2 (KDR/Flk-1) 
(GenBank Accession No. AAB88005) (SEQ ID NO: 10). 
0050 FIG. 5 is a graphical representation of the results of 
a corneal neovascularization assay comparing a control treat 
ment (cont), Gleevec treatment (an anti-PDGF agent), and 
MacugenTM treatment (i.e. pegaptainib treatment, an anti 
VEGF agent), to the results of a combination treatment with 
MacugenTM and Gleevec (anti-PDGF/anti-VEGF combina 
tion therapy). 
0051 FIG. 6 (A) is a photographic representation of a 
fluorescent-microscopic image of corneal neovascularization 
occurring in control (PEG-treated) mouse cornea. 
0052 FIG. 6 (B) is a photographic representation of a 
fluorescent-microscopic image of corneal neovascularization 
occurring in a Gleevec-treated mouse cornea. 
0053 FIG. 6 (C) is a photographic representation of a 
fluorescent-microscopic image of corneal neovascularization 
occurring in a MacugenTM-treated mouse cornea. 
0054 FIG. 6 (D) is a photographic representation of a 
fluorescent-microscopic image of corneal neovascularization 
occurring in a mouse cornea treated with both MacugenTM 
and Gleevec. 
0055 FIG. 7 (A) is a photographic representation of a 
fluorescent-microscopic image showing that normal corneal 
vasculature is unaffected by administration of APB5 (PDGFR 
antibody, an anti-PDGF agent). 
0056 FIG. 7 (B) is a photographic representation of a 
fluorescent-microscopic image showing that normal corneal 
vasculature is unaffected by administration of Gleevec. 
0057 FIG. 7 (C) is a photographic representation of a 
fluorescent-microscopic image showing that normal corneal 
vasculature is unaffected by administration of MacugenTM 
(Mac) and Gleevec together. 
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0.058 FIG. 7 (D) is a photographic representation of a 
fluorescent-microscopic image showing that normal corneal 
vasculature is unaffected by administration of PEG. 
0059 FIG. 8 is a graphical representation of the results of 
a laser-induced choroidal neovascularization assay compar 
ing a control treatment (cont), Gleevec treatment (an anti 
PDGF agent), and MacugenTM treatment (i.e. pegaptanib 
treatment, an anti-VEGF agent), to the results of a combina 
tion treatment with MacugenTM and Gleevec (anti-PDGF/ 
anti-VEGF combination therapy). 
0060 FIG. 9 is a graphical representation of the results of 
a laser-induced choroidal neovascularization assay compar 
ing a control-treated (cant), APB5-treated (an anti-PGFR 
antibody, which acts as an anti-PDGF agent), and Macugen 
treatment (i.e. pegaptainib treatment, an anti-VEGFaptamer), 
to the results of a combination treatment with Macugen and 
APB5 (Mac-i-APB5). 
0061 FIG. 10 is a graphical representation of the results of 
a retinal developmental model comparing a control treatment 
(cont), ARC-127 treatment (an anti-PDGF agent), and Macu 
gen treatment (i.e. pegaptainib treatment, an anti-VEGF 
agent), to the results of a combination treatment with Macu 
gen and ARC-127 (anti-PDGF/anti-VEGF combination 
therapy). 
0062 FIG. 11 is a graphical representation of the results of 
a corneal neovascularization assay comparing a control treat 
ment (cont), ARC-127 treatment (an anti-PDGF agent), and 
Macugen treatment (i.e. pegaptainib treatment, an anti-VEGF 
agent), to the results of a combination treatment with Macu 
gen and ARC-127 (anti-PDGF/anti-VEGF combination 
therapy). 
0063 FIG. 12 (A) is a photographic representation of a 
fluorescent-microscopic image of corneal neovascularization 
occurring in control mouse cornea. 
0064 FIG. 12 (B) is a photographic representation of a 
fluorescent-microscopic image of corneal neovascularization 
occurring in a ARC-127-treated mouse cornea. 
0065 FIG. 12 (C) is a photographic representation of a 
fluorescent-microscopic image of corneal neovascularization 
occurring in a Macugen-treated mouse cornea. 
0.066 FIG. 12 (D) is a photographic representation of a 
fluorescent-microscopic image of corneal neovascularization 
occurring in a mouse cornea treated with both Macugen and 
ARC-127. 
0067 FIG. 13 is a graphical representation of the results of 
a corneal neovascularization assay comparing a control treat 
ment (cont), APB-5 treatment (an anti-PDGF agent), and 
Macugen treatment (i.e. pegaptainib treatment, an anti-VEGF 
agent), to the results of a combination treatment with Macu 
gen and APB-5 (anti-PDGF/anti-VEGF combination 
therapy). 
0068 FIG. 14 is a graphical representation of the results of 
a corneal neovascularization assay comparing a control treat 
ment (cont), APB-5 treatment (an anti-PDGF agent), and 
Macugen treatment (i.e. pegaptainib treatment, an anti-VEGF 
agent), to the results of a combination treatment with Macu 
gen and APB-5 (anti-PDGF/anti-VEGF combination 
therapy). 

DETAILED DESCRIPTION OF THE INVENTION 

0069 All publications, patents, and patent applications 
mentioned in this specification are herein incorporated by 
reference. 
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Definitions 

0070. As used herein, the following terms and phrases 
shall have the meanings set forth below. Unless defined oth 
erwise, all technical and scientific terms used herein have the 
same meaning as commonly understood to one of ordinary 
skill in the art to which this invention belongs. 
0071. By “antagonist' is meant an agent that inhibits, 
either partially or fully, the activity or production of a target 
molecule. In particular, the term “antagonist, as applied 
selectively herein, means an agent capable of decreasinglev 
els of PDGF, PDGFR, VEGF or VEGFR gene expression, 
mRNA levels, protein levels or protein activity. Exemplary 
forms of antagonists include, for example, proteins, polypep 
tides, peptides (such as cyclic peptides), antibodies or anti 
body fragments, peptide mimetics, nucleic acid molecules, 
antisense molecules, ribozymes, aptamers, RNAi molecules, 
and Small organic molecules. Exemplary non-limiting 
mechanisms of antagonist inhibition of the VEGF/VEGFR 
and PDGF/PDGFR ligand/receptor targets include repression 
of ligand synthesis and/or stability (e.g., using, antisense, 
ribozymes or RNAi compositions targeting the ligand gene/ 
nucleic acid), blocking of binding of the ligand to its cognate 
receptor (e.g., using anti-ligandaptamers, antibodies or a 
soluble, decoy cognate receptor), repression of receptor Syn 
thesis and/or stability (e.g., using, antisense, ribozymes or 
RNAi compositions targeting the ligand receptor gene/ 
nucleic acid), blocking of the binding of the receptor to its 
cognate receptor (e.g., using receptor antibodies) and block 
ing of the activation of the receptor by its cognate ligand (e.g., 
using receptor tyrosine kinase inhibitors). In addition, the 
antagonist may directly or indirectly inhibit the target mol 
ecule. 
0072 The term “antibody' as used herein is intended to 
include whole antibodies, e.g., of any isotype (IgG, IgA, IgM, 
IgE, etc.), and includes fragments thereof which recognize 
and are also specifically reactive with vertebrate (e.g., mam 
malian) protein, carbohydrates, etc. Antibodies can be frag 
mented using conventional techniques and the fragments 
screened for utility in the same manner as described above for 
whole antibodies. Thus, the term includes segments of pro 
teolytically cleaved or recombinantly-prepared portions of an 
antibody molecule that are capable of selectively reacting 
with a certain protein. Non-limiting examples of Such pro 
teolytic and/or recombinant fragments include Fab, F(ab'), 
Fab'. Fv, and single chain antibodies (scFv) containing a VL 
and/or VH domain joined by a peptide linker. The scFv's 
may be covalently or noncovalently linked to formantibodies 
having two or more binding sites. The Subject invention 
includes polyclonal, monoclonal, or other purified prepara 
tions of antibodies and recombinant antibodies. 
0073. The term “aptamer.” used herein interchangeably 
with the term “nucleic acid ligand, means a nucleic acid that, 
through its ability to adopt a specific three dimensional con 
formation, binds to and has an antagonizing (i.e., inhibitory) 
effect on a target. The target of the present invention is PDGF 
or VEGF (or one of their cognate receptors PDGFR or 
VEGFR), and hence the term PDGF aptamer or nucleic acid 
ligand or VEGF aptamer or nucleic acid ligand (or PDGFR 
aptamer or nucleic acid ligand or VEGFRaptamer or nucleic 
acid ligand) is used. Inhibition of the target by the aptamer 
may occur by binding of the target, by catalytically altering 
the target, by reacting with the targetina way which modifies/ 
alters the target or the functional activity of the target, by 
covalently attaching to the target as in a Suicide inhibitor, by 
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facilitating the reaction between the target and another mol 
ecule. Aptamers may be comprised of multiple ribonucle 
otide units, deoxyribonucleotide units, or a mixture of both 
types of nucleotide residues. Aptamers may further comprise 
one or more modified bases, Sugars or phosphate backbone 
units as described in further detail herein. 
0074 By “antibody antagonist' is meant an antibody mol 
ecule as herein defined which is able to block or significantly 
reduce one or more activities of a target PDGF or VEGF. For 
example, anVEGF inhibitory antibody may inhibit or reduce 
the ability of VEGF to stimulate angiogenesis. 
0075. A nucleotide sequence is “complementary’ to 
another nucleotide sequence if each of the bases of the two 
sequences matches, i.e., are capable of forming Watson Crick 
base pairs. The term “complementary strand is used herein 
interchangeably with the term “complement.” The comple 
ment of a nucleic acid strand can be the complement of a 
coding strand or the complement of a non-coding strand. 
0076. The phrases “conserved residue” “or conservative 
amino acid substitution” refer to grouping of amino acids on 
the basis of certain common properties. A functional way to 
define common properties between individual amino acids is 
to analyze the normalized frequencies of amino acid changes 
between corresponding proteins of homologous organisms. 
According to Such analyses, groups of amino acids may be 
defined where amino acids within a group exchange prefer 
entially with each other, and therefore resemble each other 
most in their impact on the overall protein structure (Schulz, 
G. E. and R. H. Schirmer, Principles of Protein Structure, 
Springer-Verlag). Examples of amino acid groups defined in 
this manner include: 
(i) a charged group, consisting of Glu and Asp, Lys, Arg and 
His, 
(ii) a positively-charged group, consisting of Lys, Arg and 
His, 
(iii) a negatively-charged group, consisting of Glu and Asp, 
(iv) an aromatic group, consisting of Phe, Tyr and Trp, 
(v) a nitrogen ring group, consisting of His and Trp, 
(vi) a large aliphatic nonpolar group, consisting of Val, Leu 
and lie, 
(vii) a slightly-polar group, consisting of Met and Cys, 
(viii) a small-residue group, consisting of Ser, Thr, Asp, ASn, 
Gly, Ala, Glu, Gln and Pro, 
(ix) an aliphatic group consisting of Val, Leu, Ile, Met and 
Cys, and 
(X) a small hydroxyl group consisting of Ser and Thr. 
0077. In addition to the groups presented above, each 
amino acid residue may form its own group, and the group 
formed by an individual amino acid may be referred to simply 
by the one and/or three letter abbreviation for that amino acid 
commonly used in the art. 
0078. The term “interact’ as used herein is meant to 
include detectable relationships or association (e.g., bio 
chemical interactions) between molecules. Such as interac 
tion between protein-protein, protein-nucleic acid, nucleic 
acid-nucleic acid, and protein-Small molecule or nucleic 
acid-Small molecule in nature. 
(0079. The term “interacting protein” refers to protein 
capable of interacting, binding, and/or otherwise associating 
to a protein of interest, such as for example a PDGF or a 
VEGF protein, or their corresponding cognate receptors. 
0080. The term "isolated as used herein with respect to 
nucleic acids, such as DNA or RNA, refers to molecules 
separated from other DNAs, or RNAs, respectively that are 
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present in the natural Source of the macromolecule. Similarly 
the term "isolated as used herein with respect to polypep 
tides refers to protein molecules separated from other pro 
teins that are present in the source of the polypeptide. The 
term isolated as used herein also refers to a nucleic acid or 
peptide that is substantially free of cellular material, viral 
material, or culture medium when produced by recombinant 
DNA techniques, or chemical precursors or other chemicals 
when chemically synthesized. 
0081) “Isolated nucleic acid' is meant to include nucleic 
acid fragments, which are not naturally occurring as frag 
ments and would not be found in the natural state. The term 
"isolated' is also used herein to refer to polypeptides, which 
are isolated from other cellular proteins and is meant to 
encompass both purified and recombinant polypeptides. 
0082. As used herein, the terms “label and “detectable 
label” refer to a molecule capable of detection, including, but 
not limited to, radioactive isotopes, fluorophores, chemilumi 
nescent moieties, enzymes, enzyme substrates, enzyme 
cofactors, enzyme inhibitors, dyes, metal ions, ligands (e.g., 
biotin or haptens) and the like. The term “fluorescer” refers to 
a substance or a portion thereof, which is capable of exhibit 
ing fluorescence in the detectable range. Particular examples 
of labels which may be used under the invention include 
fluorescein, rhodamine, dansyl, umbelliferone, Texas red, 
luminol, NADPH, alpha-beta-galactosidase and horseradish 
peroxidase. 
0083. The “level of expression of a gene in a cell refers to 
the level of mRNA, as well as pre-mRNA nascent transcript 
(S), transcript processing intermediates, mature mRNA(s) 
and degradation products, encoded by the gene in the cell, as 
well as the level of protein translated from that gene. 
0084 As used herein, the term “nucleic acid refers to 
polynucleotides such as deoxyribonucleic acid (DNA), and, 
where appropriate, ribonucleic acid (RNA). The term should 
also be understood to include, as equivalents, analogs of 
either RNA or DNA made from nucleotide analogs, and, as 
applicable to the embodiment being described, single (sense 
or antisense) and double-stranded polynucleotides, ESTs, 
chromosomes, cDNAs, mRNAs, and rRNAs are representa 
tive examples of molecules that may be referred to as nucleic 
acids. 
0085. The term "oligonucleotide' refers to an oligomer or 
polymer of nucleotide or nucleoside monomers consisting of 
naturally occurring bases, Sugars and interSugar (backbone) 
linkages. The term also includes modified or substituted oli 
gomers comprising non-naturally occurring monomers or 
portions thereof, which function similarly. Incorporation of 
Substituted oligomers is based on factors including enhanced 
cellular uptake, or increased nuclease resistance and are cho 
Sen as is known in the art. The entire oligonucleotide or only 
portions thereof may contain the Substituted oligomers. 
I0086. The term “percent identical refers to sequence 
identity between two amino acid sequences or between two 
nucleotide sequences. Identity can each be determined by 
comparing a position in each sequence, which may be aligned 
for purposes of comparison. When an equivalent position in 
the compared sequences is occupied by the same base or 
amino acid, then the molecules are identical at that position; 
when the equivalent site occupied by the same or a similar 
amino acid residue (e.g., similar in Steric and/or electronic 
nature), then the molecules can be referred to as homologous 
(similar) at that position. Expression as a percentage of 
homology, similarity, or identity refers to a function of the 
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number of identical or similar amino acids at positions shared 
by the compared sequences. Various alignment algorithms 
and/or programs may be used, including Hidden Markov 
Model (HMM), FASTA and BLAST, HNiM, FASTA and 
BLAST are available through the National Center for Bio 
technology Information, National Library of Medicine, 
National Institutes of Health, Bethesda, Md. and the Euro 
pean Bioinformatic Institute EBI. In one embodiment, the 
percent identity of two sequences that can be determined by 
these GCG programs with a gap weight of 1, e.g., each amino 
acid gap is weighted as if it were a single amino acid or 
nucleotide mismatch between the two sequences. Other tech 
niques for alignment are described in Methods in Enzymol 
ogy, Vol. 266. Computer Methods for Macromolecular 
Sequence Analysis (1996), ed. Doolittle, Academic Press, 
Inc., a division of Harcourt Brace & Co., San Diego, Calif., 
USA. Where desirable, an alignment program that permits 
gaps in the sequence is utilized to align the sequences. The 
Smith Waterman is one type of algorithm that permits gaps in 
sequence alignments (see (1997) Meth. Mol. Biol. 70: 173 
187). Also, the GAP program using the Needleman and Wun 
sch alignment method can be utilized to align sequences. 
More techniques and algorithms including use of the HMM 
are described in Sequence Structure and Databanks. A Prac 
tical Approach (2000), ed. Oxford University Press, Incorpo 
rated and in Bioinformatics. Databases and Systems (1999) 
ed. Kluwer Academic Publishers. An alternative search strat 
egy uses MPSRCH software, which runs on a MASPAR 
computer. MPSRCH uses a Smith-Watermnan algorithm to 
score sequences on a massively parallel computer. This 
approach improves ability to pick up distantly related 
matches, and is especially tolerant of Small gaps and nucle 
otide sequence errors. Nucleic acid-encoded amino acid 
sequences can be used to search both protein and DNA data 
bases. Databases with individual sequences are described in 
Methods in Enzymology, ed. Doolittle, Supra. Databases 
include Genbank, EMBL, and DNA Database of Japan 
(DDBJ). 
I0087. “Perfectly matched” in reference to a duplex means 
that the poly- or oligonucleotide Strands making up the duplex 
form a double stranded structure with one other such that 
every nucleotide in each strand undergoes Watson-Crick 
basepairing with a nucleotide in the other strand. The term 
also comprehends the pairing of nucleoside analogs, such as 
deoxyinosine, nucleosides with 2-aminopurine bases, and the 
like, that may be employed. A mismatch in a duplex between 
a target polynucleotide and an oligonucleotide or polynucle 
otide means that a pair of nucleotides in the duplex fails to 
undergo Watson-Crick bonding. In reference to a triplex, the 
term means that the triplex consists of a perfectly matched 
duplex and a third strandin which every nucleotide undergoes 
Hoogsteen or reverse Hoogsteen association with a base pair 
of the perfectly matched duplex. 
0088. The term “RNA interference,” “RNAi or “siRNA 
all refer to any method by which expression of a gene or gene 
product is decreased by introducing into a target cell one or 
more double-stranded RNAs, which are homologous to the 
gene of interest (particularly to the messenger RNA of the 
gene of interest, e.g., PDGF or VEGF). 
I0089 Polymorphic variants also may encompass “single 
nucleotide polymorphisms' (SNPs) in which the polynucle 
otide sequence varies by one base (e.g., a one base variation in 
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PDGF or VEGF). The presence of SNPs may be indicative of 
for example, a certain population, a disease state, or a pro 
pensity for a disease state. 
0090. The “profile” of an aberrant, e.g., tumor cell's bio 
logical state refers to the levels of various constituents of a 
cell that change in response to the disease state. Constituents 
of a cell include levels of RNA, levels of protein abundances, 
or protein activity levels. 
0091. The term “protein' is used interchangeably herein 
with the terms “peptide' and “polypeptide.” The term 
“recombinant protein’ refers to a protein of the present inven 
tion which is produced by recombinant DNA techniques, 
wherein generally DNA encoding the expressed protein or 
RNA is inserted into a suitable expression vector which is in 
turn used to transform a host cell to produce the heterologous 
protein or RNA. Moreover, the phrase "derived from with 
respect to a recombinant gene encoding the recombinant pro 
tein is meant to include within the meaning of “recombinant 
protein’ those proteins having an amino acid sequence of a 
native protein, or an amino acid sequence similar thereto 
which is generated by mutations, including Substitutions and 
deletions, of a naturally occurring protein. 
0092. As used herein, the term “transgene' means a 
nucleic acid sequence (encoding, e.g., one of the target 
nucleic acids, 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, is homologous to an 
endogenous gene of the transgenic animal or cell into which 
it is introduced, but which is designed to be inserted, or is 
inserted, into the animals genome in Such away as to alter the 
genome of the cell into which it is inserted (e.g., it is inserted 
at a location which differs from that of the natural gene or its 
insertion results in a knockout). A transgene can also be 
present in a cell in the form of an episome. A transgene can 
include one or more transcriptional regulatory sequences and 
any other nucleic acid, Such as introns, that may be necessary 
for optimal expression of a selected nucleic acid. 
0093. By “neovascular disorder is meant a disorder char 
acterized by altered or unregulated angiogenesis other than 
one accompanying oncogenic or neoplastic transformation, 
i.e., cancer. Examples of neovascular disorders include pso 
riasis, rheumatoid arthritis, and ocular neovascular disorders 
including diabetic retinopathy and age-related macular 
degeneration. 
0094. As used herein, the terms “neovascularization” and 
“angiogenesis' are used interchangeably. Neovascularization 
and angiogenesis refer to the generation of new blood vessels 
into cells, tissue, or organs. The control of angiogenesis is 
typically altered in certain disease states and, in many cases, 
the pathological damage associated with the disease is related 
to altered, unregulated, or uncontrolled angiogenesis. Persis 
tent, unregulated angiogenesis occurs in a multiplicity of 
disease states, including those characterized by the abnormal 
growth by endothelial cells, and Supports the pathological 
damage seen in these conditions including leakage and per 
meability of blood vessels. 
0095. By “ocular neovascular disorder is meant a disor 
der characterized by altered or unregulated angiogenesis in 
the eye of a patient. Exemplary ocular neovascular disorders 
include optic disc neovascularization, iris neovascularization, 
retinal neovascularization, choroidal neovascularization, cor 
neal neovascularization, vitreal neovascularization, glau 
coma, pannus, pterygium, macular edema, diabetic retinopa 
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thy, diabetic macular edema, Vascular retinopathy, retinal 
degeneration, uveitis, inflammatory diseases of the retina, 
and proliferative vitreoretinopathy. 
0096. The term “treating a neovascular disease in a sub 
ject or “treating a Subject having a neovascular disease refers 
to subjecting the Subject to a pharmaceutical treatment, e.g., 
the administration of a drug, such that at least one symptom of 
the neovascular disease is decreased. Accordingly, the term 
“treating as used herein is intended to encompass curing as 
well as ameliorating at least one symptom of the neovascular 
condition or disease. Accordingly, “treating as used herein, 
includes administering or prescribing a pharmaceutical com 
position for the treatment or prevention of an ocular neovas 
cular disorder. 
0097. By “patient' is meant any animal. The term “ani 
mal' includes mammals, including, but is not limited to, 
humans and other primates. The term also includes domesti 
cated animals, such as cows, hogs, sheep, horses, dogs, and 
Cats. 

(0098. By “PDGF or “platelet-derived growth factor” is 
meant a mammalian platelet-derived growth factor that 
affects angiogenesis or an angiogenic process. As used 
herein, the term “PDGF includes the various subtypes of 
PDGF including PDGF-B (see FIGS. 1(A) and (B)), and 
PDGF-A (see FIGS. 1(C) and (D)). Further, as used herein, 
the term “PDGF refers to PDGF-related angiogenic factors 
such as PDGF-C and PDGF-D that act through a cognate 
PDGF receptor to stimulate angiogenesis or an angiogenic 
process. In particular, the term “PDGF means any member 
of the class of growth factors that (i) bind to a PDGF receptor 
such as PDGFR-B (see FIGS. 3 (A) and (B)), or PDGFR-A 
(see FIGS. 3 (C) and (D)); (ii) activates a tyrosine kinase 
activity associated with the VEGF receptor; and (iii) thereby 
affects angiogenesis or an angiogenic process. As used 
herein, the term “PDGF generally refers to those members of 
the class of growth factors that induce DNA synthesis and 
mitogenesis through the binding and activation of a platelet 
derived growth factor cell surface receptor (i.e., PDGFR) on 
a responsive cell type. PDGFs effect specific biological 
effects including, for example: directed cell migration 
(chemotaxis) and cell activation; phospholipase activation; 
increased phosphatidylinositol turnover and prostaglandin 
metabolism; stimulation of both collagen and collagenase 
synthesis by responsive cells; alteration of cellular metabolic 
activities, including matrix synthesis, cytokine production, 
and lipoprotein uptake; induction, indirectly, of a prolifera 
tive response in cells lacking PDGF receptors; and potent 
vasoconstrictor activity. The term “PDGF is meant to 
include both a “PDGF' polypeptide and its corresponding 
“PDGF encoding gene or nucleic acid. 
(0099. By “PDGF-A' is meant an A chain polypeptide of 
PDGF and its corresponding encoding gene or nucleic acid. 
0100. By “PDGF-B is meant a B chain polypeptide of 
PDGF and its corresponding encoding gene or nucleic acid. 
0101. By “VEGF, or “vascular endothelial growth fac 
tor” is meant a mammalian vascular endothelial growth fac 
tor that affects angiogenesis or an angiogenic process. As 
used herein, the term “VEGF includes the various subtypes 
of VEGF (also known as vascular permeability factor (VPF) 
and VEGF-A) (see FIGS. 2(A) and (B)) that arise by, e.g., 
alternative splicing of the VEGF-A/VPF gene including 
VEGF, VEGFs and VEGFs. Further, as used herein, 
the term “VEGF refers to VEGF-related angiogenic factors 
such as PIGF (placenta growth factor), VEGF-B, VEGF-C, 
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VEGF-D and VEGF-E that act through a cognate VEFG 
receptor to stimulate angiogenesis or an angiogenic process. 
In particular, the term “VEGF means any member of the 
class of growth factors that (i) bind to a VEGF receptor such 
as VEGFR-1 (Flt-1) (see FIGS. 4(A) and (B)). VEGFR-2 
(KDR/Flk-1) (see FIGS.4(C) and (D)), or VEGFR-3 (FLT-4); 
(ii) activates a tyrosine kinase activity associated with the 
VEGF receptor; and (iii) thereby affects angiogenesis or an 
angiogenic process. The term “VEGF is meant to include 
both a “VEGF' polypeptide and its corresponding “VEGF 
encoding gene or nucleic acid. 
0102. By “PDGF antagonist' is meant an agent that 
reduces, or inhibits, either partially or fully, the activity or 
production of a PDGF. A PDGF antagonist may directly or 
indirectly reduce or inhibit a specific PDGF such as PDGF-B. 
Furthermore, “PDGF antagonists' consistent with the above 
definition of antagonist may include agents that act on 
either a PDGF ligand or its cognate receptorso as to reduce or 
inhibit a PDGF-associated receptor signal. Examples of such 
“PDGF antagonists' thus include, for example: antisense, 
ribozymes or RNAi compositions targeting a PDGF nucleic 
acid; anti-PDGF aptamers, anti-PDGF antibodies or soluble 
PDGF receptor decoys that prevent binding of a PDGF to its 
cognate receptor; antisense, ribozymes or RNAi composi 
tions targeting a cognate PDGF receptor (PDGFR) nucleic 
acid; anti-PDGFRaptamers or anti-PDGFR antibodies that 
bind to a cognate PDGFR receptor; and PDGFR tyrosine 
kinase inhibitors. 
(0103). By “VEGF antagonist” is meant an agent that 
reduces, or inhibits, either partially or fully, the activity or 
production of a VEGF. A VEGFantagonist may directly or 
indirectly reduce or inhibit a specific VEGF such as VEGFs. 
Furthermore, "VEGFantagonists’ consistent with the above 
definition of antagonist may include agents that act on 
either a VEGF ligand or its cognate receptorso as to reduce or 
inhibit a VEGF-associated receptor signal. Examples of such 
“VEGF antagonists' thus include, for example: antisense, 
ribozymes or RNAi compositions targeting a VEGF nucleic 
acid; anti-VEGF aptamers, anti-VEGF antibodies or soluble 
VEGF receptor decoys that prevent binding of a VEGF to its 
cognate receptor, antisense, ribozymes, or RNAi composi 
tions targeting a cognate VEGF receptor (VEGFR) nucleic 
acid; anti-VEGFR aptamers or anti-VEGFR antibodies that 
bind to a cognate VEGFR receptor; and VEGFR tyrosine 
kinase inhibitors. 
0104. By “an amount sufficient to suppress a neovascular 
disorder is meant the effective amount of an antagonist, in a 
combination of the invention, required to treat or prevent a 
neovascular disorder or symptom thereof. The “effective 
amount of active antagonists used to practice the present 
invention for therapeutic treatment of conditions caused by or 
contributing to the neovascular disorder varies depending 
upon the manner of administration, anatomical location of the 
neovascular disorder, the age, body weight, and general 
health of the patient. Ultimately, a physician or veterinarian 
will decide the appropriate amount and dosage regimen. Such 
amount is referred to as an amount Sufficient to Suppress a 
neovascular disorder. 

0105. Other features and advantages of the invention will 
be apparent from the following detailed description, and from 
the claims. 
0106 A“variant of polypeptide X refers to a polypeptide 
having the amino acid sequence of peptide X in which is 
altered in one or more amino acid residues. The variant may 
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have “conservative changes, wherein a Substituted amino 
acid has similar structural or chemical properties (e.g., 
replacement of leucine, with isoleucine). More rarely, a vari 
ant may have “nonconservative' changes (e.g., replacement 
of glycine with tryptophan). Analogous minor variations may 
also includeamino acid deletions or insertions, or both. Guid 
ance in determining which amino acid residues may be Sub 
stituted, inserted, or deleted without abolishing biological or 
immunological activity may be found using computer pro 
grams well known in the art, for example, LASERGENE 
software (DNASTAR). 
0.107 The term “variant, when used in the context of a 
polynucleotide sequence, may encompass a polynucleotide 
sequence related to that of gene or the coding sequence 
thereof. This definition may also include, for example, 
“allelic.” “splice.” “species,” or “polymorphic” variants. A 
splice variant may have significant identity to a reference 
molecule, but will generally have a greater or lesser number 
of polynucleotides due to alternative splicing of exons during 
mRNA processing. The corresponding polypeptide may pos 
sess additional functional domains or an absence of domains. 
Species variants are polynucleotide sequences that vary from 
one species to another. The resulting polypeptides generally 
will have significantamino acid identity relative to each other. 
A polymorphic variant is a variation in the polynucleotide 
sequence of a particular gene between individuals of a given 
species. 
0108. The term “vector” refers to a nucleic acid molecule 
capable of transporting another nucleic acid to which it has 
been linked. One type of useful vector is an episome, i.e., a 
nucleic acid capable of extra-chromosomal replication. Use 
ful vectors are those capable of autonomous replication and/ 
or expression of nucleic acids to which they are linked. Vec 
tors capable of directing the expression of genes to which they 
are operatively linked are referred to herein as “expression 
vectors'. In general, expression vectors of utility in recombi 
nant 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 specification, "plasmid' and “vector are used 
interchangeably as the plasmid is the most commonly used 
form of vector. However, the invention is intended to include 
Such other forms of expression vectors which serve equiva 
lent functions and which become known in the art subse 
quently hereto. 
0109 
0110. The invention is based, in part, upon the specific 
inhibition of both VEGF and PDGF activities using appropri 
ate growth factorantagonists as a potent treatment for patients 
having a neovascular disorder. The administration of a com 
bination of a PDGFantagonistanda VEGFantagonistaffords 
greater therapeutic benefits for treating an ocular neovascular 
disorder than either antagonist administered alone. The com 
bined action of anti-VEGF and anti-PDGF agents is unex 
pected in light of studies evidencing no apparent cooperation 
between the two factors in stimulating angiogenesis in a 
retinal endothelial cell system (see Castellon et al., (2001) 
Exp. Eve Res. 74:523-35). 
0111 PDGF and VEGF are important stimuli for the 
growth of new blood vessels throughout the body, especially 
in the eye. Combination therapy directed at inhibiting both 
PDGF and VEGF biological activities provides a method for 
treating or preventing the neovascular disorder. 

Combination Therapy 
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0112 Accordingly, the invention features methods and 
compositions for Suppressing a neovascular disorder using 
combination therapy. In particular, the present invention uti 
lizes two distinct intercellular communication signaling path 
ways operative in vascular cells, namely PDGF and VEGF 
signaling, as therapeutic targets in the treatment of a neovas 
cular disorder, such as an ocular neovascular disorder. This 
combination method is especially useful for treating any 
number of ophthamalogical diseases and disorders marked by 
the development of ocular neovascularization, including, but 
not limited to, optic disc neovascularization, iris neovascu 
larization, retinal neovascularization, choroidal neovascular 
ization, corneal neovascularization, vitreal neovasculariza 
tion, glaucoma, pannus, pterygium, macular edema, diabetic 
macular edema, Vascular retinopathy, retinal degeneration, 
macular degeneration, uveitis, inflammatory diseases of the 
retina, and proliferative vitreoretinopathy. The combination 
therapy, consisting of antagonists that inhibit PDGF (such as 
PDGF-B) and VEGF (such as VEGF-A) signaling results in 
an increased treatment efficacy compared to either of the two 
therapies being used independently. While the examples dis 
cussed below describe the combination of a single PDGF 
antagonistanda single VEGFantagonist, it is understood that 
the combination of multiple antagonistic agents may be desir 
able. 

0113 Anti-PDGF and anti-VEGF combination therapy 
according to the invention may be performed alone or in 
conjunction with another therapy and may be provided at 
home, the doctors office, a clinic, a hospitals outpatient 
department, or a hospital. Treatment generally begins at a 
hospital so that the doctor can observe the therapy’s effects 
closely and make any adjustments that are needed. The dura 
tion of the combination therapy depends on the type of 
neovascular disorder being treated, the age and condition of 
the patient, the stage and type of the patient’s disease, and 
how the patient responds to the treatment. Additionally, a 
person having a greater risk of developing a neovascular 
disorder (e.g., a diabetic patient) may receive treatment to 
inhibit or delay the onset of symptoms. One significant 
advantage provided by the present invention is that the com 
bination of a PDGFantagonistanda VEGFantagonist for the 
treatment of a neovascular disorder allows for the adminis 
tration of a low dose of each antagonist and less total active 
antagonist, thus providing similar efficacy with less toxicity 
and side effects, and reduced costs. 
0114. The dosage and frequency of administration of each 
component of the combination can be controlled indepen 
dently. For example, one antagonist may be administered 
three times per day, while the second antagonist may be 
administered once per day. Combination therapy may be 
given in on-and-off cycles that include rest periods so that the 
patient’s body has a chance to recover from any as yet unfore 
seen side-effects. The antagonists may also be formulated 
together Such that one administration delivers both antago 
nists. 
0115 PDGF and VEGF Antagonist Targets 
0116 PDGF was originally isolated from platelet lysates 
and identified as the major growth-promoting activity present 
in serum but not in plasma. The mitogenic activity of PDGF 
was first shown to act on connective tissue cells, such as 
fibroblasts and Smooth muscle cells, and in glial cells in 
culture. Two homologous PDGF isoforms have been identi 
fied, PDGFA and B, which are encoded by separate genes (on 
chromosomes 7 and 22). The most abundant species from 
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platelets is the AB heterodimer, although all three possible 
dimers (AA, AB and BB) occur naturally. Following transla 
tion, PDGF dimers are processed into approximately 30 kDa 
secreted proteins. 
0117 Two cell surface proteins that bind PDGF with high 
affinity have been identified, alpha. and beta. (Heldin et al., 
(1981) Proc. Natl. Acad. Sci. (USA)78:3664: Williams et al., 
(1981) Proc. Natl. Acad. Sci. (USA) 79: 5867). Both species 
contain five immunoglobulin-like extracellular domains, a 
single transmembrane domain and an intracellular tyrosine 
kinase domain separated by a kinase insert domain. In the last 
several years, the specificities of the three PDGF isoforms for 
the three receptor dimers (alpha/alpha, alpha/beta, and beta/ 
beta.) have been elucidated. The alpha-receptor homodimer 
binds all three PDGF isoforms with high affinity, the beta 
receptor homodimer binds only PDGF BB with high affinity 
and PDGFAB with approximately 10-fold lower affinity, and 
the alpha/beta.-receptor heterodimer binds PDGF BB and 
PDGF AB with high affinity (Westermark & Heldin (1993) 
Acta Oncologica 32:101). The specificity pattern appears to 
result from the ability of the A-chain to bind only to the 
alpha-receptor and of the B-chain to bind to both alpha and 
beta-receptor subunits with high affinity. 
0118. In general, the invention provides for agents that 
inhibit one or more PDGF activities. These PDGF-inhibitory 
agents, or PDGFantagonists may act on one or more forms of 
the PDGF ligand. Platelet derived growth factors includes 
homo- or heterodimers of A-chain (PDGF-A) and B-chain 
(PDGF-B) that exert their action viabinding to and dimeriza 
tion of two related receptor tyrosine kinases, alpha-recep 
tors (PDGFR-alpha) and beta-receptors (PDGFR-beta). 
In addition, PDGF-C and PDGF-D, two new protease-acti 
vated ligands for the PDGFR complexes, have been identified 
(see Lietal. (2000) Nat. Cell. Biol. 2: 302-9; Bergsten et al., 
(2001) Nat. Cell. Biol. 3: 512-6; and Uutele et al., (2001) 
Circulation 103: 2242-47). Due to the different ligand bind 
ing specificities of the PDGFRs it is known that PDGFR 
alphalalpha binds PDGF-AA, PDGF-BB, PDGF-AB, and 
PDGF-CC; PDGFR-beta beta binds PDGF-BB and 
PDGF-DD; whereas PDGFR-alphabeta binds PDGF-AB, 
PDGF-BB, PDGF-CC, and PDGF-DD (see Betsholtz et al., 
(2001) BioEssays 23: 494-507). 
0119 VEGF is a secreted disulfide-linked homodimer that 
selectively stimulates endothelial cells to proliferate, migrate, 
and produce matrix-degrading enzymes (Conn et al., (1990) 
Proc. Natl. Acad. Sci. (USA) 87:1323-1327): Ferrara and 
Henzel (1989) Biochem. Biophys. Res. Commun. 161: 851 
858); Pepper et al., (1991) Biochem. Biophys. Res. Commun. 
181:902-906: Unemori et al., (1992) J. Cell. Physiol. 153: 
557-562), all of which are processes required for the forma 
tion of new vessels. VEGF occurs in four forms (VEGF-121, 
VEGF-165, VEGF-189, VEGF-206) as a result of alternative 
splicing of the VEGF gene (Houcket al., (1991) Mol. Endo 
crinol. 5:1806-1814; Tischer et al., (1991) J. Biol. Chem. 
266:1 1947-11954). The two smaller forms are diffusible 
whereas the larger two forms remain predominantly localized 
to the cell membrane as a consequence of their high affinity 
for heparin. VEGF-165 also binds to heparin and is the most 
abundant form. VEGF-121, the only form that does not bind 
to heparin, appears to have a lower affinity for VEGF recep 
tors (Gitay-Goren et al., (1996) J. Biol. Chem. 271:5519 
5523) as well as lower mitogenic potency (Keytet al., (1996) 
J. Biol. Chem. 271:7788-7795). The biological effects of 
VEGF are mediated by two tyrosine kinase receptors (Flt-1 
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and Flk-1/KDR) whose expression is highly restricted to cells 
of endothelial origin (de Vries et al., (1992) Science 255:989 
991; Millauer et al., (1993) Cell 72:835-846; Terman et al., 
(1991) Oncogene 6:519-524). While the expression of both 
functional receptors is required for high affinity binding, the 
chemotactic and mitogenic signaling in endothelial cells 
appears to occur primarily through the KDR receptor (Parket 
al., (1994).J. Biol. Chem. 269:25646-25654: Seetharamet al., 
(1995) Oncogene 10:135-147; Waltenberger et al., (1994).J. 
Biol. Chem. 26988-26995). The importance of VEGF and 
VEGF receptors for the development of blood vessels has 
recently been demonstrated in mice lacking a single allele for 
the VEGF gene (Carmelietet al., (1996) Nature 380:435-439; 
Ferrara et al., (1996) Nature 380:439-442) or both alleles of 
the Flt-1 (Fong et al., (1995) Nature 376:66-70) or Flk-1 
genes (Shalaby et al., (1995) Nature 376:62-66). In each case, 
distinct abnormalities in vessel formation were observed 
resulting in embryonic lethality. 
0120 Compensatory angiogenesis induced by tissue 
hypoxia is now known to be mediated by VEGF (Levy et al., 
(1996) J. Biol. Chem. 2746-2753); Shweiki et al., (1992) 
Nature 359:843-845). Studies in humans have shown that 
high concentrations of VEGF are present in the vitreous in 
angiogenic retinal disorders but not in inactive or non-neovas 
cularization disease states. Human choroidal tissue excised 
after experimental Submacular Surgery have also shown high 
VEGF levels. 
0121. In addition to being the only known endothelial cell 
specific mitogen. VEGF is unique among angiogenic growth 
factors in its ability to induce a transient increase in blood 
vessel permeability to macromolecules (hence its original 
and alternative name, vascular permeability factor, VPF) (see 
Dvorak et al., (1979).J. Immunol. 122:166-174: Senger et al., 
(1983) Science 219:983-985; Senger et al., (1986) Cancer 
Res. 46:5629-5632). Increased vascular permeability and the 
resulting deposition of plasma proteins in the extravascular 
space assists the new vessel formation by providing a provi 
sional matrix for the migration of endothelial cells (Dvoraket 
al., (1995) Am. J. Pathol. 146:1029-1039). Hyperpermeabil 
ity is indeed a characteristic feature of new vessels, including 
those associated with tumors. 
0122) PDGF and VEGF Antagonists 
(0123 General 
0.124. The invention provides antagonists (i.e., inhibitors) 
of PDGF and VEGF for use together in combination therapy 
for neovascular disorders. Specific PDGF antagonists and 
VEGF antagonists are known in the art and are described 
briefly in the sections that follow. Still other PDGF antago 
nists and VEGFantagonists that are now, or that have become, 
available to the skilled artisan include the antibodies, aptam 
ers, antisense oligomers, ribozymes, and RNAi compositions 
that may be identified and produced using practices that are 
routine in the art in conjunction with the teachings and guid 
ance of the specification, including the further-provided sec 
tions appearing below. 
0125 PDGF Antagonists 
0126 Generally, inhibition of PDGF (for example, PDGF 
B) may be accomplished in a variety of ways. For example, a 
variety of PDGF antagonists that inhibit the activity or pro 
duction of PDGF are available and can be used in the methods 
of the present invention. Exemplary PDGF antagonists 
include nucleic acid ligands or aptamers of PDGF, such as 
those described below. Alternatively, the PDGF antagonist 
may be, for example, an anti-PDGF antibody or antibody 
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fragment. Accordingly, the PDGF molecule is rendered inac 
tive by inhibiting its binding to a receptor. In addition, nucleic 
acid molecules such as antisense RNA, ribozymes, and RNAi 
molecules that inhibit PDGF expression at the nucleic acid 
level are useful as antagonists in the invention. Other PDGF 
antagonists include peptides, proteins, cyclic peptides, or 
Small organic compounds. Furthermore, the signaling activ 
ity of PDGF may be inhibited by disrupting its downstream 
signaling, for example, by using a number of Small molecule 
tyrosine kinase inhibitory antagonists including those 
described below. The ability of a compound or agent to serve 
as a PDGF antagonist may be determined according to the 
methods known in art and, further, as set forth in, e.g., Dai et 
al., (2001) Genes & Dev. 15: 1913–25; Zippel, et al., (1989) 
Eur: J. Cell Biol. 50(2):428-34; and Zwiller, et al., (1991) 
Oncogene 6: 219-21. 
I0127. The invention further includes PDGF antagonists 
known in the art as well as those Supported below and any and 
all equivalents that are within the scope of ordinary skill to 
create. For example, inhibitory antibodies directed against 
PDGF are known in the art, e.g., those described in U.S. Pat. 
Nos. 5,976,534, 5,833,986, 5,817,310, 5,882,644, 5,662,904, 
5,620,687, 5,468,468, and PCT WO 2003/025019, the con 
tents of which are incorporated by reference in their entirety. 
In addition, the invention include N-phenyl-2-pyrimidine 
amine derivatives that are PDGF antagonists, such as those 
disclosed in U.S. Pat. No. 5,521,184, as well as WO2003/ 
013541, WO2003/078404, WO2003/099771, WO2003/ 
015282, and WO2004/05282 which are hereby incorporated 
in their entirety by reference. 
0128 Small molecules that block the action of PDGF are 
known in the art, e.g., those described in U.S. Pat. No. 6,528. 
526 (PDGFR tyrosine kinase inhibitors), U.S. Pat. No. 6,524, 
347 (PDGFR tyrosine kinase inhibitors), U.S. Pat. No. 6,482, 
834 (PDGFR tyrosine kinase inhibitors), U.S. Pat. No. 6,472, 
391 (PDGFR tyrosine kinase inhibitors), U.S. Pat. Nos. 
6,696,434, 6,331,555, 6,251,905, 6,245,760, 6,207,667, 
5,990,141, 5,700,822, 5,618,837 and 5,731,326, the contents 
of which are incorporated by reference in their entirety. 
I0129. Proteins and polypeptides that block the action of 
PDGF are known in the art, e.g., those described in U.S. Pat. 
No. 6,350,731 (PDGF peptide analogs), U.S. Pat. No. 5,952, 
304, the contents of which are incorporated by reference in 
their entirety. 
0.130 Bis mono- and bicyclic aryl and heteroaryl com 
pounds which inhibit EGF and/or PDGF receptor tyrosine 
kinase are known in the art, e.g., those described in, e.g. U.S. 
Pat. Nos. 5,476,851, 5,480,883, 5,656,643, 5,795,889, and 
6,057,320, the contents of which are incorporated by refer 
ence in their entirety. 
I0131) Antisense oligonucleotides for the inhibition of 
PDGF are known in the art, e.g., those described in U.S. Pat. 
Nos. 5,869.462, and 5,821,234, the contents of each of which 
are incorporated by reference in their entirety. 
0132 Aptamers (also known as nucleic acid ligands) for 
the inhibition of PDGF are known in the art, e.g., those 
described in, e.g., U.S. Pat. Nos. 6,582,918, 6.229,002, 6,207, 
816, 5,668,264, 5,674,685, and 5,723,594, the contents of 
each of which are incorporated by reference in their entirety. 
I0133. Other compounds for inhibiting PDGF known in the 
art include those described in U.S. Pat. Nos. 5,238,950, 5,418, 
135,5,674,892, 5,693,610, 5,700,822, 5,700,823, 5,728,726, 
5,795,910, 5,817,310, 5,872,218, 5,932,580, 5,932,602, 
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5,958,959, 5,990,141, 6,358,954, 6,537,988 and 6,673,798, 
the contents of each of which are incorporated by reference in 
their entirety. 
0134) VEGF Antagonists 
0135) Inhibition of VEGF (for example, VEGF-A) is 
accomplished in a variety of ways. For example, a variety of 
VEGF antagonists that inhibit the activity or production of 
VEGF, including nucleic acid molecules such as aptamers, 
antisense RNA, ribozymes, RNAi molecules, and VEGF anti 
bodies, are available and can be used in the methods of the 
present invention. Exemplary VEGF antagonists include 
nucleic acid ligands or aptamers of VEGF, such as those 
described below. A particularly useful antagonist to VEGF-A 
is EYE001 (previously referred to as NX1838), which is a 
modified, PEGylated aptamer that binds with high and spe 
cific affinity to the major soluble human VEGF isoform (see, 
U.S. Pat. Nos. 6,011,020; 6,051,698; and 6,147.204). The 
aptamer binds and inactivates VEGF in a manner similar to 
that of a high-affinity antibody directed towards VEGF. 
Another useful VEGF aptamer is EYE001 in its non-pegy 
lated form. Alternatively, the VEGF antagonist may be, for 
example, an anti-VEGF antibody or antibody fragment. 
Accordingly, the VEGF molecule is rendered inactive by 
inhibiting its binding to a receptor. In addition, nucleic acid 
molecules such as antisense RNA, ribozymes, and RNAi 
molecules that inhibit VEGF expression or RNA stability at 
the nucleic acid level are useful antagonists in the methods 
and compositions of the invention. Other VEGFantagonists 
include peptides, proteins, cyclic peptides, and small organic 
compound. For example, soluble truncated forms of VEGF 
that bind to the VEGF receptor without concomitant signaling 
activity also serve as antagonists. Furthermore, the signaling 
activity of VEGF may be inhibited by disrupting its down 
stream signaling, for example, by using a number of antago 
nists including small molecule inhibitors of a VEGF receptor 
tyrosine kinase activity, as described further below. 
0136. The ability of a compound or agent to serve as a 
VEGFantagonist may be determined according to any num 
ber of standard methods well known in the art. For example, 
one of the biological activities of VEGF is to increase vascular 
permeability through specific binding to receptors on Vascu 
lar endothelial cells. The interaction results in relaxation of 
the tight endothelial junctions with Subsequent leakage of 
vascular fluid. Vascular leakage induced by VEGF can be 
measured in vivo by following the leakage of Evans Blue Dye 
from the vasculature of the guinea pig as a consequence of an 
intradermal injection of VEGF (Dvorak et al., in Vascular 
Permeability Factor/Vascular Endothelial Growth Factor 
Microvascular Hyperpermeability and Angiogenesis; and 
(1995) Am. J. Pathol. 146:1029). Similarly, the assay can be 
used to measure the ability of an antagonist to block this 
biological activity of VEGF. 
0.137 In one useful example of a vascular permeability 
assay, VEGFs (20-30 nM) is premixed ex vivo with 
EYE001 (30 nM to 1 uM) or a candidate VEGF antagonist 
and Subsequently administered by intradermal injection into 
the shaved skin on the dorsum of guinea pigs. Thirty minutes 
following injection, the Evans Blue dye leakage around the 
injection sites is quantified according to standard methods by 
use of a computerized morphometric analysis system. A com 
pound that inhibits VEGF-induced leakage of the indicator 
dye from the vasculature is taken as being a useful antagonist 
in the methods and compositions of the invention. 
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0.138 Another assay for determining whether a compound 
is a VEGF antagonist is the so-called corneal angiogenesis 
assay. In this assay, methacyrate polymer pellets containing 
VEGFs (3 pmol) are implanted into the corneal stroma of 
rats to induce blood vessel growth into the normally avascular 
cornea. A candidate VEGF antagonist is then administered 
intravenously to the rats at doses of 1 mg/kg, 3 mg/kg, and 10 
mg/kg either once or twice daily for 5 days. At the end of the 
treatment period, all of the individual corneas are photomi 
crographed. The extent to which new blood vessels develop in 
the corneal tissue, and their inhibition by the candidate com 
pound, are then quantified by standardized morphometric 
analysis of the photomicrographs. A compound that inhibits 
VEGF-dependentangiogenesis in the cornea when compared 
to treatment with phosphate buffered saline (PBS) is taken as 
being a useful antagonist in the methods and compositions of 
the invention. 

0.139 Candidate VEGF antagonists are also identified 
using the mouse model of retinopathy of prematurity. In one 
useful example, litters of 9, 8, 8, 7, and 7 mice, respectively, 
are left in room air or made hyperoxic and are treated intra 
peritoneally with phosphate buffered saline (PBS) or a can 
didate VEGFantagonist (for example, at 1 mg/kg, 3 mg/kg, or 
10 mg/kg/day). The endpoint of the assay, outgrowth of new 
capillaries through the inner limiting membrane of the retina 
into the vitreous humor, is then assessed by microscopic 
identification and counting of the neovascular buds in 20 
histologic sections of each eye from all of the treated and 
control mice. A reduction in retinal neovasculature in the 
treated mice relative to the untreated control is taken as iden 
tifying a useful VEGFantagonist. 
0140. In still another exemplary Screening assay, candi 
date VEGFantagonists are identified using an in vivo human 
tumor Xenograft assay. In this screening assay, in vivo efficacy 
of a candidate VEGF antagonist is tested in human tumor 
xenografts (A673 rhabdomyosarcoma and Wilms tumor) 
implanted in nude mice. Mice are then treated with the can 
didate VEGF antagonist (e.g., 10 mg/kg given intraperito 
neally once a day following development of established 
tumors (200 mg)). Control groups are treated with a control 
agent. Candidate compounds identified as inhibiting A673 
rhabdomyosarcorna tumor growth and Wilms tumor relative 
to the control are taken as being useful antagonists in the 
methods and compositions of the invention. 
0.141. Additional methods of assaying for a VEGFantago 
nist activity are known in the art and described in further 
detail below. 

0142. The invention further includes VEGF antagonists 
known in the art as well as those Supported below and any and 
all equivalents that are within the scope of ordinary skill to 
create. For example, inhibitory antibodies directed against 
VEGF are known in the art, e.g., those described in U.S. Pat. 
Nos. 6,524,583, 6,451,764 (VRPantibodies), U.S. Pat. Nos. 
6,448,077, 6,416,758, 6.403,088 (to VEGF-C), U.S. Pat. No. 
6,383,484 (to VEGF-D), U.S. Pat. No. 6,342,221 (anti-VEGF 
antibodies), U.S. Pat. Nos. 6,342.219 6,331,301 (VEGF-B 
antibodies), and U.S. Pat. No. 5,730,977, and PCT publica 
tions WO96/30046, WO 97/44453, and WO 98/45331, the 
contents of which are incorporated by reference in their 
entirety. The invention further provides an anti-VEGF anti 
body heavy chain variable domain comprising the amino acid 
Sequence: 
EVQLVESGGGLVQPGGSLRLSCAASGYXFTX,YG 
MNWVRQAPGKGLEWVG WINTYTG EPTYAAD 
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FKRRFTFSLDTSKSTAYLOMNSLRAEDT. 
AVYYCAKYPXYYGXSHWYFDV WGQGTLVTVSS 
(SEQ ID NO: 125 of WO 98/45331) (SEQ ID NO: 28), 
wherein X is T or D: X, is N or H; X is Y or H and X is S 
or T. One particularly useful heavy chain variable domain 
sequence is that of the F(ab)-12 humanized antibody of 
Example 1 of WO 98/45331 and comprises the heavy chain 
variable domain sequence of SEQID NO: 7 of WO98/45331, 
i.e., EVQLVESGGGLVQPGGSLRLSCAASGYT 
FTNYGMNWVRQAPGKGLEWVGW INTYT 
GEPTYAADFKRRFTFSLDTSKSTAY 

LQMNSLRAEDTAVYYCAKYPHYYGSSHW 
YFDVWGQGTL (SEQ ID NO: 26). Such preferred heavy 
chain variable domain sequences may be combined with the 
following preferred light chain variable domain sequences or 
with other light chain variable domain sequences, provided 
that the antibody so produced binds human VEGF. The inven 
tion also provides preferred light chain variable domain 
sequences which may be combined with the above-identified 
heavy chain variable domain sequences or with other heavy 
chain variable domain sequences, provided that the antibody 
so produced retains the ability to bind to human VEGF. For 
example, the light chain variable domain may comprise 
hyperVariable regions with the following amino acid 
sequences: CDRL1 (SASQDISNYLN; SEQID NO:4 of WO 
98/45331)(SEQ ID NO: 29), CDRL2 (FTSSLHS: SEQ ID 
NO: 5 of WO 98/45331)(SEQ ID NO: 30) and CDRL3 
(QQYSTVPWT: SEQ ID NO: 6 of WO 98/45331)(SEQ ID 
NO: 31). Preferably, the three light chain hypervariable 
regions are provided in a human framework region, e.g., as a 
contiguous sequence represented by the following formula: 
FR1-CDRL1-FR2-CDRL2-FR3-CDRL3-FR4. In One 
embodiment, the invention provides a humanized anti-VEGF 
antibody light chain variable domain comprising the amino 
acid sequence: DIQXTQSPSSLSASVGD 
RVTITCSASQDISNYLNWYQQKPGKAP 
KVLIYFTSSLHSGVPS RFSGSGSGTDFTLTISSLQPED 
FATYYCQQYSTVPWTFGQGTKVEIKR (SEQ ID NO: 
124 of WO98/45331) (SEQID NO:32), wherein X is Mor 
L. One particularly useful light chain variable domain 
sequence is that of the F(ab)-12 humanized antibody of 
Example 1 of WO98/45331 and comprises the light chain 
variable domain sequence of SEQID NO: 8 of WO98/45331, 
i.e., DIQMTQSPSSLSASVGDRVTITC 
SASQDISNYLNWYQQKP GKAPKVLIYFTSSLHS 
GVPSRFSGSGSGTDFTLTISSLQPEDFA 
TYYCQQYSTVPWTFGQ GTKVEIKRTV (SEQ ID NO: 
27). The invention also provides a variant of a parent anti 
VEGF antibody (which parent antibody is preferably a 
humanized or human anti-VEGF antibody), wherein the vari 
antbinds human VEGF and comprises an amino acid Substi 
tution in a hyperVariable region of the heavy or light chain 
variable domain of the parent anti-VEGF antibody. The vari 
ant preferably has one or more substitution(s) in one or more 
hypervariable region(s) of the anti-VEGF antibody. Prefer 
ably, the substitution(s) are in the heavy chain variable 
domain of the parent antibody. For example, the amino acid 
substitution(s) may be in the CDRH1 and/or CDRH3 of the 
heavy chain variable domain. Preferably, there are substitu 
tions in both these hypervariable regions. Such “affinity 
matured variants are demonstrated in WO98/45331 to bind 
human VEGF more strongly than the parent anti-VEGF anti 
body from which they are generated, i.e., they have a K value 
which is significantly less than that of the parent anti-VEGF 
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antibody. Preferably, the variant has an ED50 value for inhib 
iting VEGF-induced proliferation of endothelial cells in vitro 
which is at least about 10 fold lower, preferably at least about 
20 fold lower, and most preferably at least about 50 fold 
lower, than that of the parent anti-VEGF antibody. One par 
ticularly preferred variant is the YO317 variant of Example 3 
of WO98/45331, which has a CDRH1 comprising the amino 
acid sequence: GYDFTHYGMN (SEQ ID NO: 126 of WO 
98/45331) (SEQ ID NO: 33) and a CDRH3 comprising the 
amino acid sequence:YPYYYGTSHWYFDV (SEQID NO: 
127 of WO98/45331) (SEQID NO:34). These hypervariable 
regions and CDRH2 are generally provided in a human 
framework region, e.g., resulting in a heavy chain variable 
domain comprising the amino acid sequence of SEQID NO: 
116 of WO 98/45331, i.e., EVOLVESGGGLVQPGGSL 
RLSCAASGYDFTHYGMNWVRQAPGK 
GLEWVG WINTYTGE PTYAADFKRRFTF 
SLDTSKSTAYLOMNSLRAEDTAVYYCAKYPYYYGT 
SHWYFDVWG QGTL (SEQID NO:24). Such heavy chain 
variable domain sequences are optionally combined with a 
light chain variable domain comprising the amino acid 
sequence of SEQID NO: 124 of WO 98/45331 (SEQID NO: 
32), and preferably the light chain variable domain amino 
acid sequence of SEQ ID NO: 115 of WO 98/.45331, i.e., 
DIQLTQSPSSLSASVGDRVTITC 
SASQDISNYLNWYQQKPGKAPKVLIY 
FTSSLHSGVPSR FSGSGSGTDFTLTISSLQPEDFATYY 
CQQYSTVPWTFGQGTKVEIKRTV (SEQID NO:25). 
0143 Antibodies to VEGF receptors are also known in the 

art, such as those described in, for example, U.S. Pat. Nos. 
5,840,301, 5,874,542, 5,955,311, 6,365,157, and PCT publi 
cation WO 04/003211, the contents of which are incorporated 
by reference in their entirety. 
0144. Small molecules that block the action of VEGF by, 
e.g., inhibiting a VEGFR-associated tyrosine kinase activity, 
are known in the art, e.g., those described in U.S. Pat. Nos. 
6,514,971, 6,448,277, 6,414,148, 6,362,336, 6,291,455, 
6.284,751, 6,177,401, 6,071,921, and 6001,885 (retinoid 
inhibitors of VEGF expression), the contents of each of which 
are incorporated by reference in their entirety. 
0145 Proteins and polypeptides that block the action of 
VEGF are known in the art, e.g., those described in U.S. Pat. 
Nos. 6,576,608, 6,559,126, 6,541,008, 6,515,105, 6,383,486 
(VEGF decoy receptor), U.S. Pat. No. 6,375,929 (VEGF 
decoy receptor), U.S. Pat. No. 6,361.946 (VEFG peptide 
analog inhibitors), U.S. Pat. No. 6,348,333 (VEGF decoy 
receptor), U.S. Pat. No. 6,559,126 (polypeptides that bind 
VEGF and block binding to VEGFR), U.S. Pat. No. 6,100, 
071 (VEGF decoy receptor), and U.S. Pat. No. 5,952,199, the 
contents of each of which are incorporated by reference in 
their entirety. 
0146 Short interfering nucleic acids (siNA), short inter 
fering RNA (siRNA), double stranded RNA (dsRNA), 
microRNA (miRNA) and short hairpin RNA (shRNA) 
capable of mediating RNA interference (RNAi) against 
VEGF and/or VEGFR gene expression and/or activity are 
known in the art, for example, as disclosed in PCT publication 
WO 03/070910, the contents of which is incorporated by 
reference in its entirety. 
0147 Antisense oligonucleotides for the inhibition of 
VEGF are known in the art, e.g., those described in, e.g., U.S. 
Pat. Nos. 5,611,135, 5,814,620, 6,399,586, 6,410,322, and 
6.291,667, the contents of each of which are incorporated by 
reference in their entirety. 
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0148 Aptamers (also known as nucleic acid ligands) for 
the inhibition of VEGF are known in the art, e.g., those 
described in, e.g., U.S. Pat. Nos. 6,762.290, 6,426,335, 6,168, 
778, 6,051,698, and 5,859,228, the contents of each of which 
are incorporated by reference in their entirety. 
0149 Antibody Antagonists 
0150. The invention includes antagonist antibodies 
directed against PDGF and VEGF as well as their cognate 
receptors PDGFR and VEGFR. The antibody antagonists of 
the invention blockbinding of a ligand with its cognate recep 
tor. Accordingly, a PDGF antagonist antibody of the inven 
tion includes antibodies directed against a PDGF as well as a 
PDGFR target. 
0151. The antagonist antibodies of the invention include 
monoclonal inhibitory antibodies. Monoclonal antibodies, or 
fragments thereof, encompass all immunoglobulin classes 
Such as IgM, IgG, Ig|D, IgE, IgA, or their subclasses, such as 
the IgG Subclasses or mixtures thereof. IgG and its subclasses 
are useful. Such as IgG, IgG, IgG, IgG, IgGs or IgG 
The IgG subtypes IgG1/, and IgG2 are included as 
useful embodiments. Fragments which may be mentioned are 
all truncated or modified antibody fragments with one or two 
antigen-complementary binding sites which show high bind 
ing and neutralizing activity toward mammalian PDGF or 
VEGF (or their cognate receptors), such as parts of antibodies 
having a binding site which corresponds to the antibody and 
is formed by light and heavy chains, such as Fv, Fab or F(ab') 
fragments, or single-stranded fragments. Truncated double 
stranded fragments such as Fv, Fab or F(ab') are particularly 
useful. These fragments can be obtained, for example, by 
enzymatic means by eliminating the Fc part of the antibody 
with enzymes Such as papain or pepsin, by chemical oxida 
tion or by genetic manipulation of the antibody genes. It is 
also possible and advantageous to use genetically manipu 
lated, non-truncated fragments. The anti-PDGF or VEGF 
antibodies or fragments thereof can be used alone or in mix 
tures. 

0152 The novel antibodies, antibody fragments, mixtures 
or derivatives thereof advantageously have a binding affinity 
for PDGF or VEGF (or their cognate receptors) in a range 
from 1x107M to 1x10'’M, or from 1x10M to 1x10'' M, 
or from 1x10-9 M to 5x10' M. 
0153. The antibody genes for the genetic manipulations 
can be isolated, for example from hybridoma cells, in a man 
ner known to the skilled worker. For this purpose, antibody 
producing cells are cultured and, when the optical density of 
the cells is sufficient, the mRNA is isolated from the cells in 
a known manner by lysing the cells with guanidinium thio 
cyanate, acidifying with sodium acetate, extracting with phe 
nol, chloroform/isoamyl alcohol, precipitating with isopro 
panol and washing with ethanol. cDNA is then synthesized 
from the mRNA using reverse transcriptase. The synthesized 
cDNA can be inserted, directly or after genetic manipulation, 
for example, by site-directed mutagenesis, introduction of 
insertions, inversions, deletions, or base exchanges, into Suit 
able animal, fungal, bacterial or viral vectors and be 
expressed in appropriate host organisms. Useful bacterial or 
yeast vectors are pBR322, puC18/19, p.ACYC184, lambda or 
yeast mu Vectors for the cloning of the genes and expression 
in bacteria Such as E. coli or in yeasts such as Saccharomyces 
cerevisiae. 

0154 The invention furthermore relates to cells that syn 
thesize PDGF or VEGF antibodies. These include animal, 
fungal, bacterial cells or yeast cells after transformation as 
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mentioned above. They are advantageously hybridoma cells 
or trionoma cells, typically hybridoma cells. These hybri 
doma cells can be produced, for example, in a known manner 
from animals immunized with PDGF or VEGF (or their cog 
nate receptors) and isolation of their antibody-producing B 
cells, selecting these cells for PDGF or VEGF-binding anti 
bodies and Subsequently fusing these cells to, for example, 
human or animal, for example, mouse myeloma cells, human 
lymphoblastoid cells or heterohybridoma cells (see, e.g., 
Koehler et al., (1975) Nature 256: 496) or by infecting these 
cells with appropriate viruses to produce immortalized cell 
lines. Hybridoma cell lines produced by fusion are useful and 
mouse hybridoma cell lines are particularly useful. The hybri 
doma cell lines of the invention secrete useful antibodies of 
the IgG type. The binding of the mAb antibodies of the 
invention bind with high affinity and reduce or neutralize the 
biological (e.g., angiogenic) activity of PDGF or VEGF. 
0155 The invention further includes derivatives of these 
anti-PDGF or VEGF antibodies which retain their PDGF or 
VEGF-inhibiting activity while altering one or more other 
properties related to their use as a pharmaceutical agent, e.g., 
serum stability or efficiency of production. Examples of such 
anti-PDGF or VEGF antibody derivatives include peptides, 
peptidomimetics derived from the antigen-binding regions of 
the antibodies, and antibodies, antibody fragments or pep 
tides bound to solid or liquid carriers such as polyethylene 
glycol, glass, synthetic polymers such as polyacrylamide, 
polystyrene, polypropylene, polyethylene or natural poly 
mers such as cellulose, Sepharose or agarose, or conjugates 
with enzymes, toxins or radioactive or nonradioactive mark 
erS Such as H, 123, 125I. 13 II, 32P 35s, 14C, 5 Cr, 36C1, 57Co, 

Fe, Fe, 'Y, ''"Tc, Se, or antibodies, fragments, or 
peptides covalently bonded to fluorescent/chemiluminescent 
labels such as rhodamine, fluorescein, isothiocyanate, phyco 
erythrin, phycocyanin, fluorescamine, metal chelates, avidin, 
streptavidin or biotin. 
0156 The novel antibodies, antibody fragments, mix 
tures, and derivatives thereof can be used directly, after dry 
ing, for example freeze drying, after attachment to the above 
mentioned carriers or after formulation with other 
pharmaceutical active and ancillary Substances for producing 
pharmaceutical preparations. Examples of active and ancil 
lary Substances which may be mentioned are otherantibodies, 
antimicrobial active substances with a microbiocidal or 
microbiostatic action Such as antibiotics in general or Sul 
fonamides, antitumor agents, water, buffers, Salines, alco 
hols, fats, waxes, inert vehicles or other Substances customary 
for parenteral products, such as amino acids, thickeners or 
Sugars. These pharmaceutical preparations are used to control 
diseases, and are useful to control ocular neovascular disor 
ders and diseases including AMD and diabetic retinopathy. 
0157. The novel antibodies, antibody fragments, mixtures 
or derivatives thereof can be used in therapy or diagnosis 
directly or after coupling to Solid or liquid carriers, enzymes, 
toxins, radioactive or nonradioactive labels or to fluorescent/ 
chemiluminescent labels as described above. 

0158. The human PDGF or VEGF monoclonal antibodies 
of the present invention may be obtained by any means known 
in the art. For example, a mammal is immunized with human 
PDGF or VEGF (or their cognate receptors). Purified human 
PDGF and VEGF is commercially available (e.g., from Cell 
Sciences. Norwood, Mass., as well as other commercial ven 
dors). Alternatively, human PDGF or VEGF (or their cognate 
receptors) may be readily purified from human placental tis 
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sue. The mammal used for raising anti-human PDGF or 
VEGF antibody is not restricted and may be a primate, a 
rodent (such as mouse, rat or rabbit), bovine, sheep, goat or 
dog. 
0159. Next, antibody-producing cells such as spleen cells 
are removed from the immunized animal and are fused with 
myeloma cells. The myeloma cells are well-known in the art 
(e.g., p3x63-Ag8-653, NS-0, NS-1 or P3U1 cells may be 
used). The cell fusion operation may be carried out by any 
conventional method known in the art. 
0160 The cells, after being subjected to the cell fusion 
operation, are then cultured in HAT selection medium so as to 
select hybridomas. Hybridomas which produce antihuman 
monoclonal antibodies are then screened. This screening may 
be carried out by, for example, sandwich enzyme-linked 
immunosorbent assay (ELISA) or the like in which the pro 
duced monoclonal antibodies are bound to the wells to which 
human PDGF or VEGF (or their cognate receptor) is immo 
bilized. In this case, as the secondary antibody, an antibody 
specific to the immunoglobulin of the immunized animal, 
which is labeled with an enzyme Such as peroxidase, alkaline 
phosphatase, glucose oxidase, beta-D-galactosidase, or the 
like, may be employed. The label may be detected by reacting 
the labeling enzyme with its Substrate and measuring the 
generated color. As the Substrate, 3.3-diaminobenzidine, 2.2- 
diaminobis-o-dianisidine, 4-chloronaphthol, 4-aminoantipy 
rine, o-phenylenediamine or the like may be produced. 
0161. By the above-described operation, hybridomas 
which produce anti-human PDGF or VEGFantibodies can be 
selected. The selected hybridomas are then cloned by the 
conventional limiting dilution method or soft agar method. If 
desired, the cloned hybridomas may be cultured on a large 
scale using a serum-containing or a serum free medium, or 
may be inoculated into the abdominal cavity of mice and 
recovered from ascites, thereby a large number of the cloned 
hybridomas may be obtained. 
0162 From among the selected anti-human PDGF or 
VEGF monoclonal antibodies, those that have an ability to 
prevent binding and activation of the corresponding ligand/ 
receptor pair (e.g., in a cell-based PDGF or VEGF assay 
system (see above)) are then chosen for further analysis and 
manipulation. If the antibody blocks receptor/ligand binding 
and/or activation, it means that the monoclonal antibody 
tested has an ability to reduce or neutralize the PDGF or 
VEGF activity of human PDGF or VEGF. That is, the mono 
clonal antibody specifically recognizes and/or interferes with 
the critical binding site of human PDGF or VEGF (or their 
cognate receptors). 
0163 The monoclonal antibodies herein further include 
hybrid and recombinant antibodies produced by splicing a 
variable (including hypervariable) domain of an anti-PDGF 
or VEGF antibody with a constant domain (e.g., “humanized' 
antibodies), or a light chain with a heavy chain, or a chain 
from one species with a chain from another species, or fusions 
with heterologous proteins, regardless of species of origin or 
immunoglobulin class or Subclass designation, as well as 
antibody fragments, e.g., Fab., F(ab), and Fv, so long as 
they exhibit the desired biological activity. See, e.g., U.S. 
Pat. No. 4,816,567 and Mage & Lamoyi, in Monoclonal 
Antibody Production Techniques and Applications, pp. 79-97 
(Marcel Dekker, Inc.), New York (1987). 
0164. Thus, the term “monoclonal” indicates that the char 
acter of the antibody obtained is from a substantially homo 
geneous population of antibodies, and is not to be construed 
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as requiring production of the antibody by any particular 
method. For example, the monoclonal antibodies to be used in 
accordance with the present invention may be made by the 
hybridoma method first described by Kohler & Milstein, 
Nature 256:495 (1975), or may be made by recombinant 
DNA methods (U.S. Pat. No. 4,816,567). The “monoclonal 
antibodies' may also be isolated from phage libraries gener 
ated using the techniques described in McCafferty et al., 
Nature 348:552-554 (1990), for example. 
0.165 “Humanized forms of non-human (e.g., murine) 
antibodies are specific chimeric immunoglobulins, immuno 
globulin chains or fragments thereof (such as Fv, Fab, Fab', 
F(ab) or other antigen-binding Subsequences of antibodies) 
which contain minimal sequence derived from non-human 
immunoglobulin. For the most part, humanized antibodies 
are human immunoglobulins (recipient antibody) in which 
residues from the complementary determining regions 
(CDRs) of the recipient antibody are replaced by residues 
from the CDRs of a non-human species (donor antibody) 
Such as mouse, rat or rabbit having the desired specificity, 
affinity and capacity. In some instances, FV framework region 
(FR) residues of the human immunoglobulin are replaced by 
corresponding non-human FR residues. Furthermore, the 
humanized antibody may comprise residues that are found 
neither in the recipient antibody nor in the impelled CDR or 
FR sequences. These modifications are made to further refine 
and optimize antibody performance. In general, the human 
ized antibody will comprise substantially all of at least one, 
and typically two, variable domains, in which all or substan 
tially all of the CDR regions correspond to those of a non 
human immunoglobulin and all or substantially all of the FR 
residues are those of a human immunoglobulin consensus 
sequence. The humanized antibody optimally also will com 
prise at least a portion of an immunoglobulin constant region 
(Fc), typically that of a human immunoglobulin. 
0166 Methods for humanizing non-human antibodies are 
well known in the art. Generally, a humanized antibody has 
one or more amino acid residues introduced into it from a 
Source which is non-human. These non-human amino acid 
residues are often referred to as “import residues, which are 
typically taken from an “import variable domain. Human 
ization can be essentially performed following the method of 
Winter and co-workers (Jones et al., (1986) Nature 321:522 
525; Riechmann et al., (1988) Nature 332: 323-327; and 
Verhoeyen et al., (1988) Science 239: 1534-1536), by substi 
tuting rodent CDRs or CDR sequences for the corresponding 
sequences of a human antibody. Accordingly, such "human 
ized' antibodies are chimeric antibodies, wherein substan 
tially less than an intact human variable domain has been 
Substituted by the corresponding sequence from a non-human 
species. In practice, humanized antibodies are typically 
human antibodies in which some CDR residues and possibly 
some FR residues are substituted by residues from analogous 
sites in rodent antibodies. 

0167. The choice of human variable domains, both light 
and heavy, to be used in making the humanized antibodies is 
very important to reduce antigenicity. According to the so 
called “best-fit’ method, the sequence of the variable domain 
of a rodent antibody is screened against the entire library of 
known human variable-domain sequences. The human 
sequence which is closest to that of the rodent is then accepted 
as the human framework (FR) for the humanized antibody 
(Sims et al., (1993).J. Immunol., 151:2296; and Chothia and 
Lesk (1987).J. Mol. Biol., 196:901). Another method uses a 
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particular framework derived from the consensus sequence of 
all human antibodies of a particular subgroup of light or 
heavy chains. The same framework may be used for several 
different humanized antibodies (Carter et al., (1992) Proc. 
Natl. Acad. Sci. (USA), 89: 4285; and Presta et al., (1993).J. 
Immnol., 151:2623). 
0.168. It is further important that antibodies be humanized 
with retention of high affinity for the antigen and other favor 
able biological properties. To achieve this goal, according to 
one useful method, humanized antibodies are prepared by a 
process of analysis of the parental sequences and various 
conceptual humanized products using three-dimensional 
models of the parental and humanized sequences. Three 
dimensional immunoglobulin models are commonly avail 
able and are familiar to those skilled in the art. Computer 
programs are available which illustrate and display probable 
three-dimensional conformational structures of selected can 
didate immunoglobulin sequences. Inspection of these dis 
plays permits analysis of the likely role of the residues in the 
functioning of the candidate immunoglobulin sequence, i.e., 
the analysis of residues that influence the ability of the can 
didate immunoglobulin to bind its antigen. In this way, FR 
residues can be selected and combined from the consensus 
and import sequences so that the desired antibody character 
istic, such as increased affinity for the target antigen?s), is 
achieved. In general, the CDR residues are directly and most 
Substantially involved in influencing antigen binding. 
0169 Human monoclonal antibodies directed against 
PDGF or VEGF are also included in the invention. Such 
antibodies can be made by the hybridoma method. Human 
myeloma and mouse-human heteromyeloma cell lines for the 
production of human monoclonal antibodies have been 
described, for example, by Kozbor (1984) J. Immunol., 133, 
3001: Brodeur, et al., Monoclonal Antibody Production Tech 
niques and Applications, pp. 51-63 (Marcel Dekker, Inc., 
New York, 1987); and Boerner et al., (1991) J. Immunol., 
147:86-95. 

0170 It is now possible to produce transgenic animals 
(e.g., mice) that are capable, upon immunization, of produc 
ing a full repertoire of human antibodies in the absence of 
endogenous immunoglobulin production. For example, it has 
been described that the homozygous deletion of the antibody 
heavy-chain joining region (J) gene in chimeric and germ 
line mutant mice results in complete inhibition of endogenous 
antibody production. Transfer of the human germ-line immu 
noglobulin gene array in Such gem-line mutant mice will 
result in the production of human antibodies upon antigen 
challenge (see, e.g., Jakobovits et al., (1993) Proc. Natl. 
Acad. Sci. (USA), 90: 2551; Jakobovits et al., (1993) Nature, 
362:255-258; and Bruggermann et al., (1993) Year in 
Immuno., 7:33). 
0171 Alternatively, phage display technology (McCaf 
ferty et al., (1990) Nature, 348: 552-553) can be used to 
produce human antibodies and antibody fragments in vitro, 
from immunoglobulin variable (V) domain gene repertoires 
from unimmunized donors (for review see, e.g., Johnson et 
al., (1993) Current Opinion in Structural Biology, 3:564 
571). Several sources of V-gene segments can be used for 
phage display. For example, Clackson et al., (1991) Nature, 
352: 624–628) isolated a diverse array of anti-oxazolone anti 
bodies from a small random combinatorial library of V genes 
derived from the spleens of immunized mice. A repertoire of 
V genes from unimmunized human donors can be con 
structed and antibodies to a diverse array of antigens (includ 
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ing self-antigens) can be isolated essentially following the 
techniques described by Marks et al., (1991) J. Mol. Biol., 
222:581-597, or Griffith et al., (1993) EMBO.J., 12:725-734). 
0172 In a natural immune response, antibody genes accu 
mulate mutations at a high rate (somatic hypermutation). 
Some of the changes introduced will confer higher affinity, 
and B cells displaying high-affinity Surface immunoglobulin 
are preferentially replicated and differentiated during subse 
quent antigen challenge. This natural process can be mim 
icked by employing the technique known as "chain shuffling 
(see Marks et al., (1992) Bio. Technol., 10:779-783). In this 
method, the affinity of “primary' human antibodies obtained 
by phage display can be improved by sequentially replacing 
the heavy and light chain V region genes with repertoires of 
naturally occurring variants (repertoires) of V domain genes 
obtained from unimmunized donors. This technique allows 
the production of antibodies and antibody fragments with 
affinities in the nM range. A strategy for making very large 
phageantibody repertoires has been described by Waterhouse 
et al., (1993) Nucl. Acids Res., 21:2265-2266). 
0173 Gene shuffling can also be used to derive human 
antibodies from rodent antibodies, where the human antibody 
has similar affinities and specificities to the starting rodent 
antibody. According to this method, which is also referred to 
as "epitope imprinting, the heavy or light chain V domain 
gene of rodent antibodies obtained by phage display tech 
nique is replaced with a repertoire of human V domain genes, 
creating rodent-human chimeras. Selection on antigen results 
in isolation of human variable capable of restoring a func 
tional antigen-binding site, i.e., the epitope governs (im 
prints) the choice of partner. When the process is repeated in 
order to replace the remaining rodent V domain, a human 
antibody is obtained (see PCT WO 93/06213, published 1 
Apr. 1993). Unlike traditional humanization of rodent anti 
bodies by CDR grafting, this technique provides completely 
human antibodies, which have no framework or CDR resi 
dues of rodent origin. 
0.174 Aptamer Antagonists 
0.175. The invention provides aptamer antagonists 
directed against PDGF and/or VEGF (or their cognate recep 
tors). Aptamers, also known as nucleic acid ligands, are non 
naturally occurring nucleic acids that bind to and, generally, 
antagonize (i.e., inhibit) a pre-selected target. 
0176 Aptamers can be made by any known method of 
producing oligomers or oligonucleotides. Many synthesis 
methods are known in the art. For example, 2'-O-allyl modi 
fied oligomers that contain residual purine ribonucleotides, 
and bearing a Suitable 3'-terminus Such as an inverted thymi 
dine residue (Ortigao et al., Antisense Research and Devel 
opment, 2:129-146 (1992)) or two phosphorothioate linkages 
at the 3'-terminus to prevent eventual degradation by 3'-exo 
nucleases, can be synthesized by Solid phase beta-cyanoethyl 
phosphoramidite chemistry (Sinha et al., Nucleic Acids Res., 
12:4539-4557 (1984)) on any commercially available DNA/ 
RNA synthesizer. One method is the 2'-O-tert-butyldimeth 
ylsilyl (TBDMS) protection strategy for the ribonucleotides 
(Usman et al., J. Am. Chem. Soc., 109:7845-7854 (1987)), 
and all the required 3'-O-phosphoramidites are commercially 
available. In addition, aminomethylpolystyrene may be used 
as the Support material due to its advantageous properties 
(McCollum and Andrus (1991) Tetrahedron Lett., 32:4069 
4072). Fluorescein can be added to the 5'-end of a substrate 
RNA during the synthesis by using commercially available 
fluorescein phosphoramidites. In general, an aptamer oligo 
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mer can be synthesized using a standard RNA cycle. Upon 
completion of the assembly, all base labile protecting groups 
are removed by an eight hour treatment at 55° C., with con 
centrated aqueous ammonia/ethanol (3:1 V/v) in a sealed vial. 
The ethanol suppresses premature removal of the 2'-O-TB 
DMS groups that would otherwise lead to appreciable strand 
cleavage at the resulting ribonucleotide positions under the 
basic conditions of the deprotection (Usman et al., (1987).J. 
Am. Chem. Soc., 109:7845-7854). After lyophilization, the 
TBDMS protected oligomer is treated with a mixture of tri 
ethylamine trihydrofluoride/triethylamine/N-methylpyrroli 
dinone for 2 hours at 60° C. to afford fast and efficient 
removal of the silyl protecting groups under neutral condi 
tions (see Wincott et al., (1995) Nucleic Acids Res., 23:2677 
2684). The fully deprotected oligomer can then be precipi 
tated with butanol according to the procedure of Cathala and 
Brunel (1990) Nucleic Acids Res., 18:201). Purification can 
be performed either by denaturing polyacrylamide gel elec 
trophoresis or by a combination of ion-exchange HPLC 
(Sproat et al., (1995) Nucleosides and Nucleotides, 14:255 
273) and reversed phase HPLC. For use in cells, synthesized 
oligomers are converted to their sodium salts by precipitation 
with sodium perchlorate in acetone. Traces of residual salts 
may then be removed using Small disposable gel filtration 
columns that are commercially available. As a final step the 
authenticity of the isolated oligomers may be checked by 
matrix assisted laser desorption mass spectrometry (Pieles et 
al., (1993) Nucleic Acids Res., 21:3191-3196) and by nucleo 
side base composition analysis. 
0177. The disclosed aptamers can also be produced 
through enzymatic methods, when the nucleotide subunits are 
available for enzymatic manipulation. For example, the RNA 
molecules can be made through in vitro RNA polymerase T7 
reactions. They can also be made by strains of bacteria or cell 
lines expressing T7, and then Subsequently isolated from 
these cells. As discussed below, the disclosed aptamers can 
also be expressed in cells directly using vectors and promot 
CS. 

0.178 The aptamers, like other nucleic acid molecules of 
the invention, may further contain chemically modified 
nucleotides. One issue to be addressed in the diagnostic or 
therapeutic use of nucleic acids is the potential rapid degra 
tion of oligonucleotides in their phosphodiester form in body 
fluids by intracellular and extracellular enzymes such as 
endonucleases and exonucleases before the desired effect is 
manifest. Certain chemical modifications of the nucleic acid 
ligand can be made to increase the in vivo stability of the 
nucleic acid ligand or to enhance or to mediate the delivery of 
the nucleic acid ligand (see, e.g., U.S. Pat. No. 5.660,985, 
entitled “High Affinity Nucleic Acid Ligands Containing 
Modified Nucleotides’) which is specifically incorporated 
herein by reference. 
0179 Modifications of the nucleic acid ligands contem 
plated in this invention include, but are not limited to, those 
which provide other chemical groups that incorporate addi 
tional charge, polarizability, hydrophobicity, hydrogen bond 
ing, electrostatic interaction, and fluxionality to the nucleic 
acid ligand bases or to the nucleic acid ligand as a whole. Such 
modifications include, but are not limited to. 2'-position Sugar 
modifications, 5-position pyrimidine modifications, 8-posi 
tion purine modifications, modifications at exocyclic amines, 
substitution of 4-thiouridine, substitution of 5-bromo or 
5-iodo-uracil; backbone modifications, phosphorothioate or 
alkyl phosphate modifications, methylations, unusual base 
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pairing combinations such as the isobases isocytidine and 
isoguanidine and the like. Modifications can also include 3' 
and 5' modifications such as capping or modification with 
Sugar moieties. In some embodiments of the instant inven 
tion, the nucleic acid ligands are RNA molecules that are 
2'-fluoro (2'-F) modified on the sugar moiety of pyrimidine 
residues. 

0180. The stability of the aptamer can be greatly increased 
by the introduction of such modifications and as well as by 
modifications and Substitutions along the phosphate back 
bone of the RNA. In addition, a variety of modifications can 
be made on the nucleobases themselves which both inhibit 
degradation and which can increase desired nucleotide inter 
actions or decrease undesired nucleotide interactions. 
Accordingly, once the sequence of an aptamer is known, 
modifications or substitutions can be made by the synthetic 
procedures described below or by procedures known to those 
of skill in the art. 

0181 Other modifications include the incorporation of 
modified bases (or modified nucleoside or modified nucle 
otides) that are variations of standard bases, Sugars and/or 
phosphate backbone chemical structures occurring in ribo 
nucleic (i.e., A, C, G and U) and deoxyribonucleic (i.e., A. C. 
G and T) acids. Included within this scope are, for example: 
Gm (2-methoxyguanylic acid), Am (2-methoxyadenylic 
acid), Cf(2'-fluorocytidylic acid), Uf(2'-fluorouridylic acid), 
Ar (riboadenylic acid). The aptamers may also include 
cytosine or any cytosine-related base including 5-methylcy 
tosine, 4-acetylcytosine, 3-methylcytosine, 5-hydroxymethyl 
cytosine, 2-thiocytosine, 5-halocytosine (e.g., 5-fluorocy 
tosine, 5-bromocytosine, 5-chlorocytosine, and 5-iodocy 
tosine), 5-propynyl cytosine, 6-azocytosine, 5-trifluorometh 
ylcytosine, N4.N4-ethanocytosine, phenoxazine cytidine, 
phenothiazine cytidine, carbazole cytidine or pyridoindole 
cytidine. The aptamer may further include guanine or any 
guanine-related base including 6-methylguanine, 1-meth 
ylguanine, 2,2-dimethylguanine, 2-methylguanine, 7-meth 
ylguanine, 2-propylguanine, 6-propylguanine, 8-halogua 
nine (e.g., 8-fluoroguanine, 8-bromoguanine, 
8-chloroguanine, and 8-iodoguanine), 8-aminoguanine, 
8-sulfhydrylguanine, 8-thioalkylguanine, 8-hydroxylgua 
nine, 7-methylguanine, 8-azaguanine, 7-deazaguanine or 
3-deazaguanine. The aptamer may still further include 
adenine or any adenine-related base including 6-methylad 
enine, N6-isopentenyladenine, N6-methyladenine, -methy 
ladenine, 2-methyladenine, 2-methylthio-N6-isopentenylad 
enine, 8-haloadenine (e.g., 8-fluoroadenine, 
8-bromoadenine, 8-chloroadenine, and 8-iodoadenine), 
8-aminoadenine, 8-sulfhydryladenine, 8-thioalkyladenine, 
8-hydroxyladenine, 7-methyladenine, 2-haloadenine (e.g., 
2-fluoroadenine, 2-bromoadenine, 2-chloroadenine, and 
2-iodoadenine), 2-aminoadenine, 8-azaadenine, 7-deaZaad 
enine or 3-deazaadenine. Also included are uracil or any 
uracil-related base including 5-halouracil (e.g., 5-fluorou 
racil, 5-bromouracil, 5-chlorouracil, 5-iodouracil), 5-(car 
boxyhydroxylmethyl)uracil, 5-carboxymethylaminomethyl 
2-thiouracil, 5-carboxymethylaminomethyluracil, 
dihydrouracil, 1-methylpseudouracil, 5-methoxyaminom 
ethyl-2-thiouracil, 5'-methoxycarbonylmethyluracil, 5-meth 
oxyuracil, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 
5-methyluracil, uracil-5-oxyacetic acid methylester, uracil-5- 
oxyacetic acid, pseudouracil, 5-methyl-2-thiouracil, 2-thiou 
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racil, 3-(3-amino-3-N-2-carboxypropyl)uracil, 5-methylami 
nomethyluracil, 5-propynyl uracil, 6-azouracil, or 
4-thiouracil. 

0182 Examples of other modified base variants known in 
the art include, without limitation, those listed at 37 C.F.R. 
S1.822(p) (1), e.g., 4-acetylcytidine, 5-(carboxyhydroxylm 
ethyl) uridine, 2-methoxycytidine, 5-carboxymethylami 
nomethyl-2-thioridine, 5-carboxymethylaminomethyluri 
dine, dihydrouridine, 2'-O-methylpseudouridine, b-D- 
galactosylqueosine, inosine, N6-isopentenyladenosine, 
1-methyladenosine, 1-methylpseudouridine, 1-methylgua 
nosine, 1-methylinosine, 2,2-dimethylguanosine, 2-methy 
ladenosine, 2-methylguanosine, 3-methylcytidine, 5-methyl 
cytidine, N6-methyladenosine, 7-methylguanosine, 
5-methylaminomethyluridine, 5-methoxyaminomethyl-2- 
thiouridine, b-D-mannosylqueosine, 5-methoxycarbonylm 
ethyluridine, 5-methoxyuridine, 2-methylthio-N6-isopente 
nyladenosine, N-((9-b-D-ribofuranosyl-2-methylthiopurine 
6-yl)carbamoyl)threonine, N-((9-b-D-ribofuranosylpurine 
6-yl)N-methyl-carbamoyl)threonine, urdine-5-oxyacetic 
acid methylester, uridine-5-oxyacetic acid (v), Wybutox 
osine, pseudouridine, queosine, 2-thiocytidine, 5-methyl-2- 
thiouridine, 2-thiouridine, 4-thiouridine, 5-methyluridine, 
N-((9-b-D-ribofuranosylpurine-6-yl)carbamoyl)threonine, 
2'-O-methyl-5-methyluridine, 2'-O-methyluridine, wybu 
tosine, 3-(3-amino-3-carboxypropyl)uridine. 
0183 Also included are the modified nucleobases 
described in U.S. Pat. Nos. 3,687,808, 3,687,808, 4,845,205, 
5,130,302, 5,134,066, 5,175,273, 5,367,066, 5,432,272, 
5,457,187, 5,459.255, 5,484,908, 5,502,177, 5,525,711, 
5,552,540, 5,587,469, 5,594,121, 5,596,091, 5,614,617, 
5,645,985, 5,830,653, 5,763,588, 6,005,096, and 5,681,941. 
Examples of modified nucleoside and nucleotide Sugar back 
bone variants known in the art include, without limitation, 
those having, e.g., 2 ribosyl Substituents such as F. SH, 
SCH3, OCN, C1, Br, CN, CF3, OCF3, SOCH3, SO2, CH3, 
ONO2, NO2, N3, NH2, OCH2CH2OCH3, O(CH2)2ON 
(CH3)2, OCH2OCH2N(CH3)2, O(C1-10 alkyl), O(C2-10 
alkenyl), O(C2-10 alkynyl), S(C1-10 alkyl), S(C2-10 alk 
enyl), S(C2-10 alkynyl), NH(C1-10 alkyl), NH(C2-10 alk 
enyl), NH(C2-10 alkynyl), and O-alkyl-O-alkyl. Desirable 2 
ribosyl substituents include 2'-methoxy (2'-OCH3), 2-ami 
nopropoxy (2' OCH2CH2CH2NH2), 2’-allyl (2-CH2 
CH=CH2), 2'-O-allyl (2'-O-CH2-CH=CH2), 2-amino 
(2’-NH2), and 2'-fluoro (2'-F). The 2-substituent may be in 
the arabino (up) position or ribo (down) position. 
0184 The aptamers of the invention may be made up of 
nucleotides and/or nucleotide analogs such as described 
above, or a combination of both, or are oligonucleotide ana 
logs. The aptamers of the invention may contain nucleotide 
analogs at positions which do not effect the function of the 
oligomer to bind PDGF or VEGF (or their cognate receptors). 
0185. There are several techniques that can be adapted for 
refinement or strengthening of the nucleic acid Ligands bind 
ing to a particular target molecule or the selection of addi 
tional aptamers. One technique, generally referred to as "in 
vitrogenetics' (see Szostak (1992) TIBS. 19:89), involves 
isolation of aptamerantagonists by selection from a pool of 
random sequences. The pool of nucleic acid molecules from 
which the disclosed aptamers may be isolated may include 
invariant sequences flanking a variable sequence of approxi 
mately twenty to forty nucleotides. This method has been 
termed Selective Evolution of Ligands by EXponential 
Enrichment (SELEX). Compositions and methods for gener 
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ating aptamer antagonists of the invention by SELEX and 
related methods are known in the art and taught in, for 
example, U.S. Pat. No. 5,475,096 entitled “Nucleic Acid 
Ligands,” and U.S. Pat. No. 5,270,163, entitled “Methods for 
Identifying Nucleic Acid Ligands, each of which is specifi 
cally incorporated by reference herein in its entirety. The 
SELEX process in general, and VEGF and PDGF aptamers 
and formulations in particular, are further described in, e.g., 
U.S. Pat. Nos. 5,668,264, 5,696,249, 5,670,637, 5,674,685, 
5,723,594, 5,756,291, 5,811,533, 5,817,785, 5,958,691, 
6,011,020, 6,051,698, 6,147,204, 6,168,778, 6,207,816, 
6,229,002, 6,426,335, 6,582,918, the contents of each of 
which is specifically incorporated by reference herein. 
0186 Briefly, the SELEX method involves selection from 
a mixture of candidate oligonucleotides and step-wise itera 
tions of binding to a selected target, partitioning and ampli 
fication, using the same general selection scheme, to achieve 
virtually any desired criterion of binding affinity and selec 
tivity. Starting from a mixture of nucleic acids, typically 
comprising a segment of randomized sequence, the SELEX 
method includes steps of contacting the mixture with the 
target under conditions favorable for binding, partitioning 
unbound nucleic acids from those nucleic acids which have 
bound specifically to target molecules, dissociating the 
nucleic acid-target complexes, amplifying the nucleic acids 
dissociated from the nucleic acid-target complexes to yield a 
ligand-enriched mixture of nucleic acids, then reiterating the 
steps of binding, partitioning, dissociating and amplifying 
through as many cycles as desired to yield highly specific 
high affinity nucleic acid ligands to the target molecule. 
0187. The basic SELEX method has been modified to 
achieve a number of specific objectives. For example, U.S. 
Pat. No. 5,707,796, entitled “Method for Selecting Nucleic 
Acids on the Basis of Structure.” describes the use of the 
SELEX process in conjunction with gel electrophoresis to 
select nucleic acid molecules with specific structural charac 
teristics, such as bent DNA. U.S. Pat. No. 5,763,177 entitled 
“Systematic Evolution of Ligands by Exponential Enrich 
ment: Photoselection of Nucleic Acid Ligands and Solution 
SELEX describe a SELEX based method for selecting 
nucleic acid ligands containing photoreactive groups capable 
of binding and/or photocrosslinking to and/or photoinactivat 
ing a target molecule. U.S. Pat. No. 5,580,737 entitled “High 
Affinity Nucleic Acid Ligands That Discriminate Between 
Theophylline and Caffeine.” describes a method for identify 
ing highly specific nucleic acid ligands able to discriminate 
between closely related molecules, which can be non-pep 
tidic, termed Counter-SELEX. U.S. Pat. No. 5,567,588 
entitled “Systematic Evolution of Ligands by EXponential 
Enrichment: Solution SELEX, describes a SELEX-based 
method which achieves highly efficient partitioning between 
oligonucleotides having high and low affinity for a target 
molecule. 

0188 The SELEX method encompasses the identification 
of high-affinity nucleic acid ligands containing modified 
nucleotides conferring improved characteristics on the 
ligand, such as improved in vivo stability or improved deliv 
ery characteristics. Examples of Such modifications include 
chemical Substitutions at the ribose and/or phosphate and/or 
base positions. SELEX process-identified nucleic acid 
ligands containing modified nucleotides are described in U.S. 
Pat. No. 5,660,985 entitled “High Affinity Nucleic Acid 
Ligands Containing Modified Nucleotides that describes 
oligonucleotides containing nucleotide derivatives chemi 
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cally modified at the 5- and 2'-positions of pyrimidines. U.S. 
Pat. No. 5,580,737, supra, describes highly specific nucleic 
acid ligands containing one or more nucleotides modified 
with 2'-amino (2’-NH2). 2'-fluoro (2'-F), and/or 2'-O-methyl 
(2'-OMe). U.S. patent application Ser. No. 08/264,029, filed 
Jun. 22, 1994, entitled “Novel Method of Preparation of 
Known and Novel 2 Modified Nucleosides by Intramolecular 
Nucleophilic Displacement, now abandoned, describes oli 
gonucleotides containing various 2'-modified pyrimidines. 
0189 The SELEX method encompasses combining 
selected oligonucleotides with other selected oligonucle 
otides and non-oligonucleotide functional units as described 
in U.S. Pat. No. 5,637,459 entitled “Systematic Evolution of 
Ligands by EXponential Enrichment: Chimeric SELEX. 
and U.S. Pat. No. 5,683,867 entitled “Systematic Evolution of 
Ligands by EXponential Enrichment: Blended SELEX. 
respectively. These patents allow for the combination of the 
broad array of shapes and other properties, and the efficient 
amplification and replication properties, of oligonucleotides 
with the desirable properties of other molecules. 
0190. The SELEX method further encompasses combin 
ing selected nucleic acid ligands with lipophilic compounds 
or non-immunogenic, high molecular weight compounds in a 
diagnostic or therapeutic complex as described in U.S. Pat. 
No. 6,011,020, entitled “Nucleic Acid Ligand Complexes.” 
which is specifically incorporated by reference herein in their 
entirety. 
0191 The aptamerantagonists can also be refined through 
the use of computer modeling techniques. Examples of 
molecular modeling systems are the CHARMm and 
QUANTA programs, Polygen Corporation (Waltham, 
Mass.). CHARMm performs the energy minimization and 
molecular dynamics functions. QUANTA performs the con 
struction, graphic modeling and analysis of molecular struc 
ture. QUANTA allows interactive construction, modification, 
visualization, and analysis of the behavior of molecules with 
each other. These applications can be adapted to define and 
display the secondary structure of RNA and DNA molecules. 
0.192 Aptamers with these various modifications can then 
be tested for function using any suitable assay for the PDGF 
or VEGF function of interest, such as a PDGF cell-based 
proliferation activity assay. 
0193 The modifications can be pre- or post-SELEX pro 
cess modifications. Pre-SELEX process modifications yield 
nucleic acid ligands with both specificity for their SELEX 
target and improved in vivo stability. Post-SELEX process 
modifications made to 2'-OH nucleic acid ligands can result 
in improved in vivo stability without adversely affecting the 
binding capacity of the nucleic acid ligand. 
0194 Other modifications useful for producing aptamers 
of the invention are known to one of ordinary skill in the art. 
Such modifications may be made post-SELEX process 
(modification of previously identified unmodified ligands) or 
by incorporation into the SELEX process. 
0.195. It has been observed that aptamers, or nucleic acid 
ligands, in general, and VEGF aptamers in particular, are 
most stable, and therefore efficacious when 5'-capped and 
3'-capped in a manner which decreases Susceptibility to exo 
nucleases and increases overall stability. Accordingly, the 
invention is based in one embodiment, upon the capping of 
aptamers in general, and anti-VEGF aptamers in particular, 
with a 5'-5' inverted nucleoside cap structure at the 5' end and 
a 3'-3' inverted nucleoside cap structure at the 3' end. Accord 
ingly, the invention provides anti-VEGF and/or anti-PDGF 
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aptamers, i.e., nucleic acid ligands, that are capped at the 5' 
end with a 5'-5-inverted nucleoside cap and at the 3' end with 
a 3'-3' inverted nucleoside cap. 
0196. Certain particularly useful aptamers of the invention 
are anti-VEGFaptamer compositions, including, but not lim 
ited to, those having both 5'-5' and 3'-3' inverted nucleotide 
cap structures at their ends. Such anti-VEGF capped aptamers 
may be RNA aptamers, DNA aptamers or aptamers having a 
mixed (i.e., both RNA and DNA) composition. Suitable anti 
VEGFaptamer sequences of the invention include the nucle 
otide sequence GAAGAAUUGG (SEQ ID NO: 15); or the 
nucleotide sequence UUGGACGC (SEQID NO: 16); or the 
nucleotide sequence GUGAAUGC (SEQ ID NO: 17). Par 
ticularly useful are capped anti-VEGFaptamers of the inven 
tion have the sequence: 

(SEQ ID NO: 18) 
X-5 - 5 - CGGAAUCAGUGAAUGCUUAUACAUCCG-3-3-X 

0.197 where each C, G, A, and U represents, respectively, 
the naturally-occurring nucleotides cytidine, guanidine, 
adenine, and uridine, or modified nucleotides corresponding 
thereto; X-5'-5" is an inverted nucleotide capping the 5' ter 
minus of the aptamer; 3'-3'-X is an inverted nucleotide cap 
ping the 3' terminus of the aptamer, and the remaining nucle 
otides or modified nucleotides are sequentially linked via 5'-3' 
phosphodiester linkages. In some embodiments, each of the 
nucleotides of the capped anti-VEGF aptamer, individually 
carries a 2' ribosyl Substitution, such as —OH (which is 
standard for ribonucleic acids (RNAs)), or —H (which is 
standard for deoxyribonucleic acids (DNAs)). In other 
embodiments the 2' ribosyl position is substituted with an 
O(C- alkyl), an O(Coalkenyl), a F, an N3, or an NH2 
substituent. 
0.198. In a still more particular non-limiting example, the 
5'-5' capped anti-VEGFaptamer may have the structure: 

(SEQ ID NO: 19) 
T-5'-5"CAG,GAA, UACAGUAG.A.A.UAG,CUUAUACAUAC 

where “G” represents 2'-methoxyguanylic acid, 'A rep 
resents 2'-methoxyadenylic acid, “C.” represents 2'-fluoro 
cytidylic acid. “U” represents 2'-fluorouridylic acid, "Ar” 
represents riboadenylic acid, and 'T' represents deoxyri 
bothymidylic acid. 
0199 Antisense, Ribozymes, and DNA Enzyme Antago 
nists 
0200 Antisense oligonucleotides and ribozymes that are 
targeted to PDGF and VEGF effect PDGF/VEGF inhibition 
by inhibiting protein translation from these messenger RNAs 
or by targeting degradation of the corresponding PDGF or 
VEGF mRNs, respectively. These PDGF- and VEGF-tar 
geted nucleic acids described above provide useful sequences 
for the design and synthesis of these PDGF and VEGF 
ribozymes and antisense oligonucleotides. Methods of design 
and synthesis of antisense oligonucleotides and ribozymes 
are known in the art. Additional guidance is provided herein. 
0201 One issue in designing specific and effective 
mRNA-targeted oligonucleotides (antisense ODNs) and 
ribozymes and antisense is that of identifying accessible sites 
of antisense pairing within the target mRNA (which is itself 
folded into a partially self-paired secondary structure). A 
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combination of computer-aided algorithms for predicting 
RNA pairing accessibility and molecular screening allow for 
the creation of specific and effective ribozymes and/or anti 
sense oligonucleotides directed against most mRNA targets. 
Indeed several approaches have been described to determine 
the accessibility of a target RNA molecule to antisense or 
ribozyme inhibitors. One approach uses an in vitro screening 
assay applying as many antisense oligodeoxynucleotides as 
possible (see Monia et al., (1996) Nature Med., 2:668-675: 
and Milner et al., (1997) Nature Biotechnol., 15:537-541). 
Another utilizes random libraries of ODNs (Ho et al., (1996) 
Nucleic Acids Res., 24:1901-1907; Birikh et al., (1997) RNA 
3:429-437; and Lima et al., (1997).J. Biol. Chem., 272.626 
638). The accessible sites can be monitored by RNase H 
cleavage (see Birikh et al., supra; and Ho et al., (1998) Nature 
Biotechnol., 16:59-63). RNase H catalyzes the hydrolytic 
cleavage of the phosphodiester backbone of the RNA strand 
of a DNA-RNA duplex. 
0202 In another approach, involving the use of a pool of 
semi-random, chimeric chemically synthesized ODNs, is 
used to identify accessible sites cleaved by RNase H on an in 
vitro synthesized RNA target. Primer extension analyses are 
then used to identify these sites in the target molecule (see 
Lima et al., Supra). Other approaches for designing antisense 
targets in RNA are based upon computer assisted folding 
models for RNA. Several reports have been published on the 
use of random ribozyme libraries to screen effective cleavage 
(see Campbell et al., (1995) RNA 1:598-609; Lieber et al., 
(1995) Mol. Cell Biol. 15:540-551; and Vaish et al., (1997) 
Biochem., 36:6459-6501). 
0203 Other in vitro approaches, which utilize random or 
semi-random libraries of ODNs and RNase H may be more 
useful than computer simulations (Lima et al., Supra). How 
ever, use of in vitro synthesized RNA does not predict the 
accessibility of antisense ODNs in vivo because recent obser 
Vations suggest that annealing interactions of polynucleotides 
are influenced by RNA-binding proteins (see Tsuchihashi et 
al., (1993) Science, 267:99-102: Portman et al., (1994) 
EMBO.J., 13:213-221; and Bertrand and Rossi (1994) EMBO 
J., 13:2904-2912). U.S. Pat. No. 6,562,570, the contents of 
which are incorporated herein by reference, provides compo 
sitions and methods for determining accessible sites within an 
mRNA in the presence of a cell extract, which mimics in vivo 
conditions. 

0204 Briefly, this method involves incubation of native or 
in vitro-synthesized RNAs with defined antisense ODNs, 
ribozymes, or DNAZymes, or with a random or semi-random 
ODN, ribozyme or DNAZyme library, under hybridization 
conditions in a reaction medium which includes a cell extract 
containing endogenous RNA-binding proteins, or which 
mimics a cell extract due to presence of one or more RNA 
binding proteins. Any antisense ODN, Ribozyme, or 
DNAZyme, which is complementary to an accessible site in 
the target RNA will hybridize to that site. When defined 
ODNs or an ODN library is used, RNase H is present during 
hybridization or is added after hybridization to cleave the 
RNA where hybridization has occurred. RNase H can be 
present when ribozymes or DNAZymes are used, but is not 
required, since the ribozymes and DNAZymes cleave RNA 
where hybridization has occurred. In some instances, a ran 
dom or semi-random ODN library in cell extracts containing 
endogenous mRNA, RNA-binding proteins and RNase H is 
used. 
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0205 Next, various methods can be used to identify those 
sites on target RNA to which antisense ODNs, ribozymes or 
DNAZymes have bound and cleavage has occurred. For 
example, terminal deoxynucleotidyl transferase-dependent 
polymerase chain reaction (TDPCR) may be used for this 
purpose (see Komura and Riggs (1998) Nucleic Acids Res., 
26:1807-11). A reverse transcription step is used to convert 
the RNA template to DNA, followed by TDPCR. In this 
invention, the 3' termini needed for the TDPCR method is 
created by reverse transcribing the target RNA of interest with 
any suitable RNA dependent DNA polymerase (e.g., reverse 
transcriptase). This is achieved by hybridizing a first ODN 
primer (P1) to the RNA in a region which is downstream (i.e., 
in the 5' to 3’ direction on the RNA molecule) from the portion 
of the target RNA molecule which is under study. The poly 
merase in the presence of dNTPs copies the RNA into DNA 
from the 3' end of P1 and terminates copying at the site of 
cleavage created by either an antisense ODN/RNase H, a 
ribozyme or a DNAZyme. The new DNA molecule (referred 
to as the first strand DNA) serves as first template for the PCR 
portion of the TDPCR method, which is used to identify the 
corresponding accessible target sequence present on the 
RNA. 

(0206. For example, the TDPCR procedure may then be 
used, i.e., the reverse-transcribed DNA with guanosine triph 
osphate (rCTP) is reacted in the presence of terminal deoxy 
nucleotidyl transferase (TdT) to add an (rC)2-4 tail on the 3' 
termini of the DNA molecules. Next is ligated a double 
stranded ODN linker having a 32-4 overhang on one strand 
that base-pairs with the (rG)2-4 tail. Then two PCR primers 
are added. The first is a linker primer (LP) that is complemen 
tary to the strand of the TDPCR linker which is ligated to the 
(rG)2-4 tail (sometimes referred to as the lower strand). The 
other primer (P2) can be the same as P1, but may be nested 
with respect to P1, i.e., it is complementary to the target RNA 
in a region which is at least partially upstream (i.e., in the 3' to 
5' direction on the RNA molecule) from the region which is 
bound by P1, but it is downstream of the portion of the target 
RNA molecule which is under study. That is, the portion of 
the target RNA molecule, which is under study to determine 
whether it has accessible binding sites is that portion which is 
upstream of the region that is complementary to P2. Then 
PCR is carried out in the known manner in presence of a DNA 
polymerase and dNTPs to amplify DNA segments defined by 
primers LP and P2. The amplified product can then be cap 
tured by any of various known methods and Subsequently 
sequenced on an automated DNA sequencer, providing pre 
cise identification of the cleavage site. Once this identity has 
been determined, defined sequence antisense DNA or 
ribozymes can be synthesized for use in vitro or in vivo. 
0207 Antisense intervention in the expression of specific 
genes can be achieved by the use of synthetic antisense oli 
gonucleotide sequences (see, e.g., Lefebvre-d'Hellencourt et 
al., (1995) Eur: Cvokine Netw:, 6:7: Agrawal (1996) 
TIBTECH, 14:376; and Lev-Lehman et al., (1997) Antisense 
Therap. Cohen and Smicek, eds. (Plenum Press, New York)). 
Briefly, antisense oligonucleotide sequences may be short 
sequences of DNA, typically 15-30 mer but may be as small 
as 7mer (see Wagner et al., (1994) Nature, 372:333) designed 
to complement a target mRNA of interest and forman RNA: 
AS duplex. This duplex formation can prevent processing, 
splicing, transport or translation of the relevant mRNA. 
Moreover, certain AS nucleotide sequences can elicit cellular 
RNase H activity when hybridized with their target mRNA, 
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resulting in mRNA degradation (see Calabretta et al., (1996) 
Semin. Oncol., 23:78). In that case, RNase H will cleave the 
RNA component of the duplex and can potentially release the 
AS to further hybridize with additional molecules of the 
target RNA. An additional mode of action results from the 
interaction of AS with genomic DNA to form a triple helix 
that may be transcriptionally inactive. 
0208. In as a non-limiting example of, addition to, or sub 
stituted for, an antisense sequence as discussed herein above, 
ribozymes may be utilized for Suppression of gene function. 
This is particularly necessary in cases where antisense 
therapy is limited by Stoichiometric considerations. 
Ribozymes can then be used that will target the same 
sequence. Ribozymes are RNA molecules that possess RNA 
catalytic ability that cleave a specific site in a target RNA. The 
number of RNA molecules that are cleaved by a ribozyme is 
greater than the number predicted by a 1:1 stoichiometry (see 
Hampel and Tritz (1989) Biochem., 28:4929-33; and Uhlen 
beck (1987) Nature, 328: 596-600). Therefore, the present 
invention also allows for the use of the ribozyme sequences 
targeted to an accessible domain of an PDGF or VEGF 
mRNA species and containing the appropriate catalytic cen 
ter. The ribozymes are made and delivered as known in the art 
and discussed further herein. The ribozymes may be used in 
combination with the antisense sequences. 
0209 Ribozymes catalyze the phosphodiester bond cleav 
age of RNA. Several ribozyme structural families have been 
identified including Group I introns, RNase P, the hepatitis 
delta virus ribozyme, hammerhead ribozymes and the hairpin 
ribozyme originally derived from the negative strand of the 
tobacco ringspot virus satellite RNA (sTRSV) (see Sullivan 
(1994) Investig. Dermatolog. (Suppl.) 103: 95S; and U.S. 
Pat. No. 5.225,347). The latter two families are derived from 
viroids and virusoids, in which the ribozyme is believed to 
separate monomers from oligomers created during rolling 
circle replication (see Symons (1989) TIBS, 14: 445-50: 
Symons (1992) Ann. Rev. Biochem., 61: 641-71). Hammer 
head and hairpin ribozyme motifs are most commonly 
adapted for trans-cleavage of mRNAs for gene therapy. The 
ribozyme type utilized in the present invention is selected as 
is known in the art. Hairpin ribozymes are now in clinical trial 
and are a particularly useful type. In general the ribozyme is 
from 30-100 nucleotides in length. 
0210 Ribozyme molecules designed to catalytically 
cleave a target mRNA transcript are known in the art (e.g., 
PDGF (SEQ ID NO: 1) or VEGF (SEQ ID NO: 3) and can 
also be used to prevent translation of mRNA (see, e.g., PCT 
International Pub. W090/11364; Sarver et al., (1990) Science, 
247: 1222-1225 and U.S. Pat. No. 5,093,246). While 
ribozymes that cleave mRNA at site specific recognition 
sequences can be used to destroy particular mRNAS, the use 
of hammerhead ribozymes is particularly useful. Hammer 
head ribozymes cleave mRNAs at locations dictated by flank 
ing regions that form complementary base pairs with the 
target mRNA. The sole requirement is that the target mRNA 
have the following sequence of two bases: 5'-UG-3'. The 
construction and production of hammerhead ribozymes is 
well known in the art and is described more fully in Haseloff 
and Gerlach (1988) Nature, 334: 585). 
0211. The ribozymes of the present invention also include 
RNA endoribonucleases (hereinafter “Cech-type 
ribozymes') such as the one which occurs naturally in Tet 
rahymena thermophila (known as the IVS, or L-19 IVS 
RNA), and which has been extensively described by Thomas 
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Cech and collaborators (see Zauget al., (1984) Science, 224: 
574-578; Zaug and Cech (1986) Science, 231:470-475; Zaug, 
et al., (1986) Nature, 324:429–433; International patent appli 
cation No. WO88/04300; Been and Cech (1986) Cell, 
47:207-216). The Cech-type ribozymes have an eight base 
pair active site, which hybridizes to a target RNA sequence 
where after cleavage of the target RNA takes place. The 
invention encompasses those Cech-type ribozymes, which 
target eight base-pair active site sequences. While the inven 
tion is not limited to a particular theory of operative mecha 
nism, the use of hammerhead ribozymes in the invention may 
have an advantage over the use of PDGF/VEGF-directed 
antisense, as recent reports indicate that hammerhead 
ribozymes operate by blocking RNA translation and/or spe 
cific cleavage of the mRNA target. 
0212. As in the antisense approach, the ribozymes can be 
composed of modified oligonucleotides (e.g., for improved 
stability, targeting, etc.) and are delivered to cells expressing 
the target mRNA. A useful method of delivery involves using 
a DNA construct “encoding the ribozyme under the control 
of a strong constitutive pol III or pol II promoter, so that 
transfected cells will produce sufficient quantities of the 
ribozyme to destroy targeted messages and inhibit transla 
tion. Because ribozymes, unlike antisense molecules, are 
catalytic, a lower intracellular concentration is required for 
efficiency. 

0213. As described above, nuclease resistance, where 
needed, is provided by any method known in the art that does 
not substantially interfere with biological activity of the anti 
sense oligodeoxynucleotides or ribozymes as needed for the 
method of use and delivery (Iyer et al., (1990).J. Org. Chem., 
55: 4693-99; Eckstein (1985) Ann. Rev. Biochem. 54: 367 
402; Spitzer and Eckstein (1988) Nucleic Acids Res., 18: 
11691-704: Woolfetal. (1990) Nucleic Acids Res., 18: 1763 
69; and Shaw et al., (1991) Nucleic Acids Res., 18: 11691 
704). As described above for aptamers, non-limiting repre 
sentative modifications that can be made to antisense 
oligonucleotides or ribozymes in order to enhance nuclease 
resistance include modifying the phosphorous or oxygen het 
eroatom in the phosphate backbone, short chain alkyl or 
cycloalkyl interSugar linkages or short chain heteroatomic or 
heterocyclic interSugar linkages. These include, e.g., prepar 
ing 2'-fluoridated, O-methylated, methyl phosphonates, 
phosphorothioates, phosphorodithioates and morpholino oli 
gomers. For example, the antisense oligonucleotide or 
ribozyme may have phosphorothioate bonds linking between 
four to six 3'-terminus nucleotide bases. Alternatively, phos 
phorothioate bonds may link all the nucleotide bases. 
0214) Phosphorothioate antisense oligonucleotides do not 
normally show significant toxicity at concentrations that are 
effective and exhibit sufficient pharmacodynamic half-lives 
in animals (see Agarwal et al., (1996) TIBTECH, 14:376) and 
are nuclease resistant. Alternatively the nuclease resistance 
for the AS-ODN can be provided by having a 9 nucleotide 
loop forming sequence at the 3'-terminus having the nucle 
otide sequence CGCGAAGCG. The use of avidin-biotin con 
jugation reaction can also be used for improved protection of 
AS-ODNS against serum nuclease degradation (see Boado 
and Pardridge (1992) Bioconi. Chem., 3: 519-23). According 
to this concept the AS-ODN agents are monobiotinylated at 
their 3'-end. When reacted with avidin, they form tight, 
nuclease-resistant complexes with 6-fold improved stability 
over non-conjugated ODNs. 
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0215. Other studies have shown extension in vivo of anti 
sense oligodeoxynuclcotides (Agarwal et al., (1991) Proc. 
Natl. Acad. Sci. (USA) 88: 7595). This process, presumably 
useful as a scavenging mechanism to remove alien AS-oligo 
nucleotides from the circulation, depends upon the existence 
of free 3'-termini in the attached oligonucleotides on which 
the extension occurs. Therefore partial phosphorothioate, 
loop protection or biotin-avidin at this important position 
should be sufficient to ensure stability of these AS-oligode 
oxynucleotides. 
0216. In addition to using modified bases as described 
above, analogs of nucleotides can be prepared wherein the 
structure of the nucleotide is fundamentally altered and that 
are better Suited as therapeutic or experimental reagents. An 
example of a nucleotide analog is a peptide nucleic acid 
(PNA) wherein the deoxyribose (or ribose) phosphate back 
bone in DNA (or RNA) is replaced with a polyamide back 
bone, which is similar to that found in peptides. PNA analogs 
have been shown to be resistant to degradation by enzymes 
and to have extended lives in vivo and in vitro. Further, PNAS 
have been shown to bind stronger to a complementary DNA 
sequence thana DNA molecule. This observation is attributed 
to the lack of charge repulsion between the PNA strand and 
the DNA strand. Other modifications that can be made to 
oligonucleotides include polymer backbones, morpholino 
polymer backbones (see, e.g., U.S. Pat. No. 5,034,506, the 
contents of which are incorporated herein by reference), 
cyclic backbones, or acyclic backbones, Sugar mimetics or 
any other modification including which can improve the phar 
macodynamics properties of the oligonucleotide. 
0217. A further aspect of the invention relates to the use of 
DNA enzymes to decrease expression of the target mRNA as, 
e.g., PDGF or VEGF. DNA enzymes incorporate some of the 
mechanistic features of both antisense and ribozyme tech 
nologies. DNA enzymes axe designed so that they recognize 
a particular target nucleic acid sequence, much like an anti 
sense oligonucleotide, however much like a ribozyme they 
are catalytic and specifically cleave the target nucleic acid. 
0218. There are currently two basic types of DNA 
enzymes, and both of these were identified by Santoro and 
Joyce (see, for example, U.S. Pat. No. 6,110.462). The 10-23 
DNA enzyme comprises a loop structure which connect two 
arms. The two arms provide specificity by recognizing the 
particular target nucleic acid sequence while the loop struc 
ture provides catalytic function under physiological condi 
tions. 
0219 Briefly, to design DNA enzyme that specifically 
recognizes and cleaves a target nucleic acid, one of skill in the 
art must first identify the unique target sequence. This can be 
done using the same approach as outlined for antisense oli 
gonucleotides. In certain instances, the unique or Substan 
tially sequence is a G/Crich of approximately 18 to 22 nucle 
otides. High G/C content helps insure a stronger interaction 
between the DNA enzyme and the target sequence. 
0220. When synthesizing the DNA enzyme, the specific 
antisense recognition sequence that targets the enzyme to the 
message is divided so that it comprises the two arms of the 
DNA enzyme, and the DNA enzyme loop is placed between 
the two specific arms. 
0221 Methods of making and administering DNA 
enzymes can be found, for example, in U.S. Pat. No. 6,110, 
462. Similarly, methods of delivery DNA ribozymes in vitro 
or in vivo include methods of delivery RNA ribozyme, as 
outlined herein. Additionally, one of skill in the art will rec 
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ognize that, like antisense oligonucleotides, DNA enzymes 
can be optionally modified to improve stability and improve 
resistance to degradation. 
0222 RNAi antagonists 
0223 Some embodiments of the invention make use of 
materials and methods for effecting repression of VEGF and 
PDGF by means of RNA interference (RNAi). RNAi is a 
process of sequence-specific post-transcriptional gene 
repression that can occur in eukaryotic cells. In general, this 
process involves degradation of an mRNA of a particular 
sequence induced by double-stranded RNA (dsRNA) that is 
homologous to that sequence. For example, the expression of 
a long dsRNA corresponding to the sequence of a particular 
single-stranded mRNA (ss mRNA) will labilize that message, 
thereby “interfering with expression of the corresponding 
gene. Accordingly, any selected gene may be repressed by 
introducing a dsRNA which corresponds to all or a substantial 
part of the mRNA for that gene. It appears that when a long 
dsRNA is expressed, it is initially processed by a ribonuclease 
III into shorter dsRNA oligonucleotides of as few as 21 to 22 
base pairs in length. Accordingly, RNAi may be effected by 
introduction or expression of relatively short homologous 
dsRNAs. Indeed the use of relatively short homologous dsR 
NAS may have certain advantages as discussed below. 
0224 Mammalian cells have at least two pathways that are 
affected by double-stranded RNA (dsRNA). In the RNAi 
(sequence-specific) pathway, the initiating dsRNA is first 
broken into short interfering (si) RNAs, as described above. 
The siRNAs have sense and antisense strands of about 21 
nucleotides that form approximately 19 nucleotide siRNAs 
with overhangs of two nucleotides at each 3' end. Short inter 
fering RNAS are thought to provide the sequence information 
that allows a specific messenger RNA to be targeted for 
degradation. In contrast, the nonspecific pathway is triggered 
by dsRNA of any sequence, as long as it is at least about 30 
base pairs in length. The nonspecific effects occur because 
dsRNA activates two enzymes: PKR (double-stranded RNA 
activated protein kinase), which in its active form phospho 
rylates the translation initiation factor eIF2 to shut down all 
protein synthesis, and 2.5' oligoadenylate synthetase (2',5'- 
AS), which synthesizes a molecule that activates RNase L, a 
nonspecific enzyme that targets all mRNAS. The nonspecific 
pathway may represent a host response to stress or viral 
infection, and, in general, the effects of the nonspecific path 
way are minimized in particularly useful methods of the 
present invention. Significantly, longer dsRNAS appear to be 
required to induce the nonspecific pathway and, accordingly, 
dsRNAs shorter than about 30 bases pairs are particular use 
ful to effect gene repression by RNAi (see, e.g., Hunter et al., 
(1975) J. Biol. Chem., 250: 409-17: Manche et al., (1992) 
Mol. Cell Biol., 12:5239-48; Minks et al., (1979) J. Biol. 
Chem., 254: 10180-3; and Elbashiret al., (2001) Nature, 411: 
494-8). 
0225 Certain double stranded oligonucleotides used to 
effect RNAi are less than 30 base pairs in length and may 
comprise about 25, 24, 23, 22, 21, 20, 19, 18 or 17 base pairs 
of ribonucleic acid. Optionally, the dsRNA oligonucleotides 
of the invention may include 3' overhang ends. Non-limiting 
exemplary 2-nucleotide 3' overhangs may be composed of 
ribonucleotide residues of any type and may even be com 
posed of 2'-deoxythymidine resides, which lowers the cost of 
RNA synthesis and may enhance nuclease resistance of siR 
NAs in the cell culture medium and within transfected cells 
(see Elbashi et al., (2001) Nature, 411: 494-8). 
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0226 Longer dsRNAs of 50, 75, 100 or even 500 base 
pairs or more may also be utilized in certain embodiments of 
the invention. Exemplary concentrations of dsRNAs for 
effecting RNAi are about 0.05 nM, 0.1 nM, 0.5 nM, 1.0 nM, 
1.5 nM, 25 nM or 100 nM, although other concentrations may 
be utilized depending upon the nature of the cells treated, the 
gene target and other factors readily discernable the skilled 
artisan. Exemplary dsRNAs may be synthesized chemically 
or produced in vitro or in vivo using appropriate expression 
vectors. Exemplary synthetic RNAs include 21 nucleotide 
RNAs chemically synthesized using methods known in the 
art (e.g., Expedite RNA phophoramidites and thymidine 
phosphoramidite (Proligo, Germany)). Synthetic oligonucle 
otides may be deprotected and gel-purified using methods 
known in the art (see e.g., Elbashir et al., (2001) Genes Dev., 
15: 188-200). Longer RNAs may be transcribed from pro 
moters, such as T7 RNA polymerase promoters, known in the 
art. A single RNA target, placed in both possible orientations 
downstream of an in vitro promoter, will transcribe both 
strands of the target to create a dsRNA oligonucleotide of the 
desired target sequence. 
0227. The specific sequence utilized in design of the oli 
gonucleotides may be any contiguous sequence of nucle 
otides contained within the expressed gene message of the 
target (e.g., of PDGF (e.g., SEQ ID NO:2) or VEGF (e.g., 
SEQID NO: 4). Programs and algorithms, known in the art, 
may be used to select appropriate target sequences. In addi 
tion, optimal sequences may be selected, as described addi 
tionally above, utilizing programs designed to predict the 
secondary structure of a specified single Stranded nucleic acid 
sequence and allow selection of those sequences likely to 
occur in exposed single Stranded regions of a folded mRNA. 
Methods and compositions for designing appropriate oligo 
nucleotides may be found in, for example, U.S. Pat. No. 
6.251,588, the contents of which are incorporated herein by 
reference. mRNA is generally thought of as a linear molecule 
that contains the information for directing protein synthesis 
within the sequence of ribonucleotides. However, studies 
have revealed a number of secondary and tertiary structures 
exist in most mRNAs. Secondary structure elements in RNA 
are formed largely by Watson-Crick type interactions 
between different regions of the same RNA molecule. Impor 
tant secondary structural elements include intramolecular 
double stranded regions, hairpin loops, bulges in duplex RNA 
and internal loops. Tertiary structural elements are formed 
when secondary structural elements come in contact with 
each other or with single stranded regions to produce a more 
complex three-dimensional structure. A number of research 
ers have measured the binding energies of a large number of 
RNA duplex structures and have derived a set of rules which 
can be used to predict the secondary structure of RNA (see 
e.g., Jaeger et al., (1989) Proc. Natl. Acad. Sci. (USA) 
86:7706 (1989); and Turner et al., (1988) Ann. Rev. Biophys. 
Biophys. Chem., 17:167). The rules are useful in identifica 
tion of RNA structural elements and, in particular, for iden 
tifying single stranded RNA regions, which may represent 
particularly useful segments of the mRNA to target for silenc 
ing RNAi ribozyme or antisense technologies. Accordingly, 
particular segments of the mRNA target can be identified for 
design of the RNAi mediating dsRNA oligonucleotides as 
well as for design of appropriate ribozyme and hammerhead 
ribozyme compositions of the invention. 
0228. The dsRNA oligonucleotides may be introduced 
into the cell by transfection with an heterologous target gene 
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using carrier compositions such as liposomes, which are 
known in the art, e.g., Lipofectamine 2000 (Life Technolo 
gies, Rockville Md.) as described by the manufacturer for 
adherent cell lines. Transfection of dsRNA oligonucleotides 
for targeting endogenous genes may be carried out using 
Oligofectamine (Life Technologies). Transfection efficiency 
may be checked using fluorescence microscopy for mamma 
lian cell lines after co-transfection of hCFP encoding pAD3 
(Kehlenback et al., (1998).J. Cell. Biol., 141: 863-74). The 
effectiveness of the RNAi may be assessed by any of a num 
ber of assays following introduction of the dsRNAs. These 
include, but are not limited to, Western blot analysis using 
antibodies which recognize the targeted gene product follow 
ing Sufficient time for turnover of the endogenous pool after 
new protein synthesis is repressed, and Northern blot analysis 
to determine the level of existing target mRNA. 
0229. Still further compositions, methods and applica 
tions of RNAi technology for use in the invention are pro 
vided in U.S. Pat. Nos. 6,278,039, 5,723,750 and 5,244,805, 
which are incorporated herein by reference. 
0230 Receptor Tyrosine Kinase Inhibitor Antagonists 
0231. Also included in the invention are tyrosine kinase 
antagonists known in the art and variants and alternatives 
thereto that may be obtained using routine skill in the art and 
the teachings of the art incorporated herein by reference. The 
extracellular signal of PDGF (and VEGF) is communicated to 
other parts of the cell via a tyrosine kinase mediated phos 
phorylation event effected by the PDGF receptor (and VEGF 
receptor) and which affects substrate proteins downstream of 
the cell membrane bound signaling complex. Accordingly, 
antagonists acting at the receptor kinase stage of PDGF (and/ 
or VEGF) signaling are also effective in the method of the 
invention. 

0232 A number of types of tyrosine kinase inhibitors that 
are selective for tyrosine kinase receptor enzymes Such as 
PDGFR or VEGFR, are known (see, e.g., Spada and Myers 
(1995) Exp. Opin. Ther. Patents, 5: 805) and Bridges (1995) 
Exp. Opin. Ther: Patents, 5: 1245). Additionally Law and 
Lydon have Summarized the anticancer potential of tyrosine 
kinase inhibitors (1996) Emerging Drugs. The Prospect For 
Improved Medicines, 241-260). For example, U.S. Pat. No. 
6,528,526 describes substituted quinoxaline compounds that 
exhibit selectively inhibit platelet-derived growth factor-re 
ceptor (PDGFR) tyrosine kinase activity. The known inhibi 
tors of PDGFR tyrosine kinase activity includes quinoline 
based inhibitors reported by Maguire et al., (1994).J. Med. 
Chem., 37:2129), and by Dolle, et al., (1994).J.Med. Chem., 
37: 2627). A class of phenylamino-pyrimidine-based inhibi 
tors was recently reported by Traxler, et al., in EP 564409 and 
by Zimmerman et al., ((1996) Biorg. Med. Chem. Lett., 6. 
1221-1226) and by Buchdunger, et al., (1995) Proc. Nat. 
Acad. Sci. (USA), 92:2558). Quinazoline derivatives that are 
useful in inhibiting PDGF receptor tyrosine kinase activity 
include bismono- and bicyclic aryl compounds and het 
eroaryl compounds (see, e.g., WO 92/20642), quinoxaline 
derivatives (see (1994) Cancer Res., 54: 6106-6114), pyrimi 
dine derivatives (Japanese Published Patent Application No. 
87834/94) and dimethoxyquinoline derivatives (see 
Abstracts of the 116th Annual Meeting of the Pharmaceutical 
Society of Japan (Kanazawa), (1996), 2, p. 275,29(C2) 15-2). 
0233 Examples of VEGFR tyrosine kinase inhibitors 
include cinnoline derivatives, e.g., those described in U.S. 
Pat. No. 6,514,971, the contents of which are incorporated 
herein in their entirety. Other such cinnoline derivatives are 
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also known. For example, (1995).J. Med Chem., 38: 3482-7 
discloses 4-(3-bromoanilino)cinnoline; (1968).J. Chem. Soc. 
C. (9): 1 152-5 discloses 6-chloro-4-phenoxycinnoline: 
(1984) J. Karnatak Univ., Sci., 29: 82-6 discloses certain 
4-anilinocinnolines; and (1973) Indian J. Chem., 11: 211-13 
discloses certain 4-phenylthiocinnolines. Furthermore, 
(1973).J. Karnatak Univ., 18: 25-30 discloses certain 4-phe 
noxycinnolines, (1984) J. Karnatak Univ. Sci., 29: 82-6 dis 
closes two compounds: 4-(4-methoxyanilino)-6,7- 
dimethoxycinnoline and 4-(3-chloroanilino)-6,7- 
dimethoxycinnoline. Furthermore, certain cinnolines with a 
phenyl ring linked via a group selected from —O— —S , 
—NH and —CH2- at the 4-position are described in U.S. 
Pat. No. 5,017,579, U.S. Pat. No. 4,957,925, U.S. Pat. No. 
4,994,474, and EP 0302793 A2. 
0234 Still other related compounds for inhibition of 
VEGFR and/or PDGFR are available by screening novel 
compounds for their effect on the receptor tyrosine kinase 
activity of interest using a convention assay. Effective inhibi 
tion by a candidate PDGFR or VEGFR small molecule 
organic inhibitor can be monitored using a cell-based assay 
system as well as other assay systems known in the art. 
0235 For example, one test for activity against VEGF 
receptor tyrosine kinase is as follows. The test is conducted 
using Fit-1 VEGF-receptor tyrosine kinase. The detailed pro 
cedure is as follows: 30 ul kinase solution (10 ng of the kinase 
domain of Fit-1 (see Shibuya, et al., (1990) Oncogene. 5: 
519-24) in 20 mM Tris.HCl pH 7.5, 3 mM manganese dichlo 
ride (MnCl), 3 mM magnesium chloride (MgCl), 10 uM 
sodium vanadate, 0.25 mg/ml polyethylenglycol (PEG) 
20000, 1 mM dithiothreitol and 3 ug/.mu.1 poly(Glu.Tyr) 4:1 
(Sigma, Buchs, Switzerland). 8 uMP-ATP (0.2 uCi), 1% 
dimethylsulfoxide, and 0 to 100 LM of the compound to be 
tested are incubated together for 10 minutes at room tempera 
ture. The reaction is then terminated by the addition of 10 ul 
0.25 M ethylenediaminetetraacetate (EDTA) pH 7. Using a 
multichannel dispenser (LAB SYSTEMS, USA), an aliquot 
of 20 ul is applied to a PVDF (polyvinyl difluoride) Immo 
bilon P membrane (Millipore, USA), through a microtiter 
filter manifold and connected to a vacuum. Following com 
plete elimination of the liquid, the membrane is washed 4 
times successively in a bath containing 0.5% phosphoric acid 
(HPO) and once with ethanol, incubated for 10 minutes 
each time while shaking, then mounted in a Hewlett Packard 
TopCount Manifold and the radioactivity measured after the 
addition of 10 ul Microscint(R) (beta-scintillation counter liq 
uid). ICso-values are determined by linear regression analysis 
of the percentages for the inhibition of each compound in 
three concentrations (as a rule 0.01 umol. 0.1 umol, and 1 
umol). The ICso-values of active tyrosine inhibitor com 
pounds may be in the range of 0.01 uM to 100 uM. 
0236 Furthermore, inhibition of a VEGF-induced 
VEGFR tyrosine kinase/autophosphorylation activity can be 
confirmed with a further experiment on cells. Briefly, trans 
fected CHO cells, which permanently express human VEGF 
receptor (VEGFR/KDR), are seeded in complete culture 
medium (with 10% fetal call serum (FCS) in 6-well cell 
culture plates and incubated at 37°C. under 5% CO, until 
they show about 80% confluency. The compounds to be tested 
are then diluted in culture medium (without FCS, with 0.1% 
bovine serum albumin) and added to the cells. (Controls 
comprise medium without test compounds). After a two hour 
incubation at 37° C., recombinant VEGF is added; the final 
VEGF concentration is 20 ng/ml). After a further five minutes 
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incubation at 37°C., the cells are washed twice with ice-cold 
PBS) and immediately lysed in 100 ul lysis buffer per well. 
The lysates are then centrifuged to remove the cell nuclei, and 
the protein concentrations of the Supernatants are determined 
using a commercial proteinassay (BIORAD). The lysates can 
then either be immediately used or, if necessary, stored at 
-2009 C. 

0237. A sandwich ELISA is then carried out to measure 
the KDR-receptor phosphorylation: a monoclonal antibody 
to KDR is immobilized on black ELISA plates (OptiPlateTM, 
HTRF-96 from Packard). The plates are then washed and the 
remaining free protein-binding sites are saturated with 1% 
BSA in PBS. The cell lysates (20 ug protein per well) are then 
incubated in these plates overnight at 4°C. together with an 
antiphosphotyrosine antibody coupled with alkaline phos 
phatase (e.g., PY20:AP from Transduction Laboratories, 
Lexington, Ky.). The plates are washed again and the binding 
of the antiphosphotyrosine antibody to the captured phospho 
rylated receptor is then demonstrated using a luminescent AP 
substrate (CDP-Star, ready to use, with Emerald II; Applied 
Biosystems TROPIX Bedford, Mass.). The luminescence is 
measured in a Packard Top Count Microplate Scintillation 
Counter. The difference between the signal of the positive 
control (stimulated with VEGF or PDGF) and that of the 
negative control (not stimulated with VEGF or PDGF) corre 
sponds to VEGF-induced KDR-receptor phosphorylation 
(=100%). The activity of the tested substances is calculated as 
% inhibition of VEGF-induced KDR-receptor phosphoryla 
tion, wherein the concentration of substance that induces half 
the maximum inhibition is defined as the EDs (effective dose 
for 50% inhibition). Active tyrosine inhibitor compound have 
EDso values in the range of 0.001 uM to 6 uM, typically 0.005 
uM to 0.5 uM. 
0238 Pharmaceutical Formulations and Therapeutic 
Administration 

0239. The anti-VEGF and anti-PDGF agents are useful in 
the treatment of a neovascular disorder, including psoriasis, 
rheumatoid arthritis, and ocular neovascular disorders. Of 
particular interest are therapies using a PDGF-B antagonist 
compound in combination with a VEGF-A antagonist to Sup 
press an ocular neovascular disorder Such as macular degen 
eration or diabetic retinopathy. Accordingly, once a patient 
has been diagnosed to be at risk at developing or having a 
neovascular disorder, the patient is treated by administration 
of a PDGFantagonist in combination with a VEGFantagonist 
in order to block respectively the negative effects of PDGF 
and VEGF, thereby suppressing the development of a neovas 
cular disorder and alleviating deleterious effects associated 
with neovascularization. The practice of the methods accord 
ing to the present invention does not result in corneal edema. 
As is discussed above, a wide variety of PDGF and VEGF 
antagonists may be used in the present invention. 
0240 Anti-PDGF and anti-VEGF combination therapy 
according to the invention may be performed alone or in 
conjunction with another therapy and may be provided at 
home, the doctors office, a clinic, a hospitals outpatient 
department, or a hospital. Treatment generally begins at a 
hospital so that the doctor can observe the therapy’s effects 
closely and make any adjustments that are needed. The dura 
tion of the combination therapy depends on the type of 
neovascular disorder being treated, the age and condition of 
the patient, the stage and type of the patient’s disease, and 
how the patient responds to the treatment. Additionally, a 
person having a greater risk of developing a neovascular 
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disorder (e.g., a diabetic patient) may receive treatment to 
inhibit or delay the onset of symptoms. One significant 
advantage provided by the present invention is that the com 
bination of a PDGFantagonistanda VEGFantagonist for the 
treatment of a neovascular disorder allows for the adminis 
tration of a low dose of each antagonist and less total active 
antagonist, thus providing similar efficacy with less toxicity 
and side effects, and reduced costs. 
0241 Administration of each antagonist of the combina 
tion therapy may be by any suitable means that results in a 
concentration of the antagonist that, combined with the other 
antagonist, is effective for the treatment of a neovascular 
disorder. Each antagonist, for example, may be admixed with 
a suitable carrier Substance, and is generally present in an 
amount of 1-95% by weight of the total weight of the com 
position. The composition may be provided in a dosage form 
that is suitable for ophthalmic, oral, parenteral (e.g., intrave 
nous, intramuscular, Subcutaneous), rectal, transdermal, 
nasal, or inhalant administration. Accordingly, the composi 
tion may be in form of, e.g., tablets, capsules, pills, powders, 
granulates, Suspensions, emulsions, solutions, gels including 
hydrogels, pastes, ointments, creams, plasters, delivery 
devices, Suppositories, enemas, injectables, implants, sprays, 
or aerosols. The pharmaceutical compositions containing a 
single antagonist or two or more antagonists may be formu 
lated according to conventional pharmaceutical practice (see, 
e.g., Remington: The Science and Practice of Pharmacy, 
(20th ed.) ed. A. R. Gennaro, 2000, Lippincott Williams & 
Wilkins, Philadelphia, Pa. and Encyclopedia of Pharmaceu 
tical Technology, eds., J. Swarbrick and J. C. Boylan, 1988 
2002, Marcel Dekker, New York). 
0242 Combinations of PDGF and VEGFantagonists are, 
in one useful aspect, administered parenterally (e.g., by intra 
muscular, intraperitoneal, intravenous, intraocular, intravit 
real, retro-bulbar, Subconjunctival, Subtenon or Subcutaneous 
injection or implant) or systemically. Formulations for 
parenteral or systemic administration include sterile aqueous 
or non-aqueous Solutions, Suspensions, or emulsions. A vari 
ety of aqueous carriers can be used, e.g., water, buffered 
water, saline, and the like. Examples of other suitable vehicles 
include polypropylene glycol, polyethylene glycol, vegetable 
oils, gelatin, hydrogels, hydrogenated naphalenes, and inject 
able organic esters, such as ethyl oleate. Such formulations 
may also contain auxiliary Substances, such as preserving, 
wetting, buffering, emulsifying, and/or dispersing agents. 
Biocompatible, biodegradable lactide polymer, lactide/gly 
collide copolymer, or polyoxyethylene-polyoxypropylene 
copolymers may be used to control the release of the active 
ingredients. 
0243 Alternatively, combinations of PDGF and VEGF 
antagonists can be administered by oral ingestion. Composi 
tions intended for oral use can be prepared in Solid or liquid 
forms, according to any method known to the art for the 
manufacture of pharmaceutical compositions. 
0244 Solid dosage forms for oral administration include 
capsules, tablets, pills, powders, and granules. Generally, 
these pharmaceutical preparations contain active ingredients 
(such as a PDGF Small organic molecule antagonist and a 
VEGF Small organic molecule antagonist) admixed with non 
toxic pharmaceutically acceptable excipients. These may 
include, for example, inert diluents, such as calcium carbon 
ate, sodium carbonate, lactose. Sucrose, glucose, mannitol, 
cellulose, starch, calcium phosphate, Sodium phosphate, 
kaolin and the like. Binding agents, buffering agents, and/or 
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lubricating agents (e.g., magnesium Stearate) may also be 
used. Tablets and pills can additionally be prepared with 
enteric coatings. The compositions may optionally contain 
Sweetening, flavoring, coloring, perfuming, and preserving 
agents in order to provide a more palatable preparation. 
0245. For example, the PDGF and VEGFantagonists may 
be administer intraoculary by intravitreal injection into the 
eye as well as Subconjunctival and Subtenon injections. Other 
routes of administration include transcleral, retro bulbar, 
intraperoteneal, intramuscular, and intravenous. Alterna 
tively, a combination of antagonists may be delivered using a 
drug delivery device or an intraocular implant (see below). 
0246 Liquid dosage forms for oral administration include 
pharmaceutically acceptable emulsions, Solutions, Suspen 
sions, syrups, and Soft gelatin capsules. These forms contain 
inert diluents commonly used in the art, such as water oran oil 
medium, and can also include adjuvants, such as wetting 
agents, emulsifying agents, and Suspending agents. 
0247. In some instances, the combination of PDGF and 
VEGF antagonists can also be administered topically, for 
example, by patch or by direct application to a region, Such as 
the epidermis or the eye, susceptible to or affected by a 
neovascular disorder, or by iontophoresis. 
0248 Formulations for ophthalmic use include tablets 
containing the active ingredient(s) in a mixture with non 
toxic pharmaceutically acceptable excipients. These excipi 
ents may be, for example, inert diluents or fillers (e.g., Sucrose 
and Sorbitol), lubricating agents, glidants, and antiadhesives 
(e.g., magnesium Stearate, Zinc Stearate, Stearic acid, silicas, 
hydrogenated vegetable oils, or talc). 
0249. The PDGF and VEGF antagonists may be mixed 
together in a tablet or other vehicle, or may be partitioned. In 
one example, the first antagonist is contained on the inside of 
the tablet, and the second antagonist is on the outside. Such 
that a substantial portion of the second antagonist is released 
prior to the release of the first antagonist. If desired, antago 
nists in a tablet form may be delivered using a drug delivery 
device (see below). 
0250 Generally, each of the antagonists should be admin 
istered in an amount Sufficient to Suppress or reduce or elimi 
nate a deleterious effect or a symptom of a neovascular dis 
order. The amount of an active antagonist ingredient that is 
combined with the carrier materials to produce a single dos 
age will vary depending upon the Subject being treated and 
the particular mode of administration. 
0251. The dosage of each antagonist of the claimed com 
binations depends on several factors including the severity of 
the condition, whether the condition is to be treated or pre 
vented, and the age, weight, and health of the person to be 
treated. Additionally, pharmacogenomic (the effect of geno 
type on the pharmacokinetic, pharmacodynamic or efficacy 
profile ofatherapeutic) information about a particular patient 
may affect dosage used. Furthermore, one skilled in the art 
will appreciate that the exact individual dosages may be 
adjusted somewhat depending on a variety of factors, includ 
ing the specific combination of PDGF and VEGFantagonists 
being administered, the time of administration, the route of 
administration, the nature of the formulation, the rate of 
excretion, the particular neovascular disorder being treated, 
the severity of the disorder, and the anatomical location of the 
neovascular disorder (for example, the eye versus the body 
cavity). Wide variations in the needed dosage are to be 
expected in view of the differing efficiencies of the various 
routes of administration. For instance, oral administration 



US 2015/0202289 A1 

generally would be expected to require higher dosage levels 
than administration by intravenous or intravitreal injection. 
Variations in these dosage levels can be adjusted using stan 
dard empirical routines for optimization, which are well 
known in the art. The precise therapeutically effective dosage 
levels and patterns are typically determined by the attending 
physician Such as an ophthalmologist in consideration of the 
above-identified factors. 

0252 Generally, when orally administered to a human, the 
dosage of the PDGF antagonist or VEGF antagonist is nor 
mally about 0.001 mg to about 200 mg per day, desirably 
about 1 mg to 100 mg per day, and more desirably about 5 mg 
to about 50 mg per day. Dosages up to about 200 mg per day 
may be necessary. For administration of the PDGFantagonist 
or VEGF antagonist by injection, the dosage is normally 
about 0.1 mg to about 250 mg per day, desirably about 1 mg 
to about 20 mg per day, or about 3 mg to about 5 mg per day. 
Injections may be given up to about four times daily. Gener 
ally, when parenterally or systemically administered to a 
human, the dosage of the VEGFantagonist for use in combi 
nation with the PDGFantagonist is normally about 0.1 mg to 
about 1500 mg per day, or about 0.5 mg to 10 about mg per 
day, or about 0.5 mg to about 5 mg per day. Dosages up to 
about 3000 mg per day may be necessary. 
0253) When ophthalmologically administered to a human, 
the dosage of the VEGF antagonist for use in combination 
with the PDGFantagonist is normally about 0.15 mg to about 
3.0 mg per day, or at about 0.3 mg to about 3.0 mg per day, or 
at about 0.1 mg to 1.0 mg per day. 
0254 For example, for ophthalmic uses, PDGF-B and 
VEGF-A aptamer drug substances are formulated in phos 
phate buffered saline at pH 5-7. Sodium hydroxide or hydro 
chloric acid may be added for pH adjustment. In one working 
formulation, a PDGF-B aptamer and a VEGF-A aptamer, 
such as EYE001, are individually formulated at three differ 
ent concentrations: 3 mg/100 ul, 2 mg/100 uland 1 mg/100 ul 
packaged in a sterile 1 ml, USPType I graduated glass syringe 
fitted with a sterile 27-gauge needle. The combination drug 
product is preservative-free and intended for single use by 
intravitreous injection only. The active ingredient is PDGF-B 
and VEGF-A drug substances, at 30 mg/ml, 20 mg/ml and 10 
mg/ml concentrations. The excipients are Sodium Chloride, 
USP: Sodium Phosphate Monobasic, Monohydrate, USP; 
Sodium Phosphate Dibasic, Heptahydrate, USP: Sodium 
Hydroxide, USP; Hydrochloric acid, USP; and Water for 
injection, USP. In this form the PDGF-B and VEGF-A 
aptamer drug products are in a ready-to-use sterile solution 
provided in a single-use glass syringe. The Syringe is removed 
from refrigerated storage at least 30 minutes (but not longer 
than 4 hours) prior to use to allow the solution to reach room 
temperature. Administration of the Syringe contents involves 
attaching the threaded plastic plunger rod to the rubber stop 
per inside the barrel of the syringe. The rubber end cap is then 
removed to allow administration of the product. PDGF-B and 
VEGF-A aptamers are administered as a 100 ul intravitreal 
injections on three occasions at 28 day intervals. Patients 
receive 3 mg/injection per visit. The dose is reduced to 2 mg 
or 1 mg, and further to 0.1 mg if necessary. 
0255. The specific amounts of drugs administered depend 
on the specific combination of components. In a desired dose 
combination, the ratio of PDGFantagonist to VEGFantago 
nist is about 50:1 by weight, about 20:1 by weight, about 10:1 
by weight, or about 4:1, about 2:1, or about 1:1 by weight. 
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0256 A useful combination therapy includes a PDGF-B 
aptamer antagonist and a VEGF-A aptamer antagonist. The 
antagonists are used in combination in a weight ratio range 
from about 0.1 to about 5.0 to about 5.0 to 0.1 of the PDGF-B 
aptamerantagonist to VEGF-Aaptamerantagonist. A useful 
range of these two antagonists (PDGF-B to VEGF-Aantago 
nist) is from about 0.5 to about 2.0, or from about 2.0 to 0.5, 
while another useful ratio is from about 1.0 to about 1.0, 
depending ultimately on the selection of the PDGF-B 
aptamerantagonist and the VEGF-A aptamerantagonist. 
0257 Administration of each drug in the combination 
therapy can, independently, be one to four times daily for one 
day to one year, and may even be for the life of the patient. 
Chronic, long-term administration will be indicated in many 
cases. The dosage may be administered as a single dose or 
divided into multiple doses. In general, the desired dosage 
should be administered at set intervals for a prolonged period, 
usually at least over several weeks, although longer periods of 
administration of several months or more may be needed. 
0258. In addition to treating pre-existing neovascular dis 
orders, the combination therapy that includes a PDGFantago 
nist and VEGF antagonist can be administered prophylacti 
cally in order to prevent or slow the onset of these disorders. 
In prophylactic applications, the PDGF and VEGF antago 
nists are administered to a patient Susceptible to or otherwise 
at risk of a particular neovascular disorder. Again, the precise 
timing of the administration and amounts that are adminis 
tered depend on various factors such as the patient's State of 
health, weight, etc. 
0259. In one working example, the combination of the 
PDGFantagonistand the VEGFantagonist is administered to 
a mammal in need of treatment therewith, typically in the 
form of an injectable pharmaceutical composition. In the 
combination aspect, for example, a PDGF-Baptamer and a 
VEGF-Aaptamer may be administered either separately or in 
the pharmaceutical composition comprising both. It is gener 
ally preferred that such administration be by injection or by 
using a drug delivery device. Parenteral, systemic, or trans 
dermal administration is also acceptable. 
0260. As discussed above, when the PDGFantagonistand 
VEGFantagonist are administered together, Such administra 
tion can be sequential in time or simultaneous with the 
sequential method being one mode of administration. When 
the PDGF and VEGF antagonists are administered sequen 
tially, the administration of each can be by the same or dif 
ferent methods. For sequential administration, however, it is 
useful that the method employ administration of the PDGF 
antagonist over about five seconds (up to about three injec 
tions) followed by sustained administration every six weeks 
for up to about nine injections per year of a VEGFantagonist. 
The PDGFantagonist may be administered at the time of each 
VEGF antagonist injection or may be given less often, as 
determined by the physician. Sequential administration also 
includes a combination where the individual antagonists may 
be administered at different times or by different routes or 
both but which act in combination to provide a beneficial 
effect, for example, to Suppress a neovascular disorder. It is 
also noted that administration by injection is particularly 
useful. 
0261 Pharmaceutical compositions according to the 
invention may be formulated to release the active PDGF and 
VEGF antagonists Substantially immediately upon adminis 
tration or at any predetermined time period after administra 
tion, using controlled release formulations. For example, a 
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pharmaceutical composition that includes at least one of each 
of a PDGF antagonist and a VEGF antagonist may be pro 
vided in Sustained release compositions. The use of immedi 
ate or Sustained release compositions depends on the nature 
of the condition being treated. If the condition consists of an 
acute or over-acute disorder, treatment with an immediate 
release form will be typically utilized over a prolonged 
release composition. For certain preventative or long-term 
treatments, a Sustained released composition may also be 
appropriate. 
0262 Administration of each of the antagonists in con 
trolled release formulations is useful where the antagonist, 
either alone or in combination, has (i) a narrow therapeutic 
index (e.g., the difference between the plasma concentration 
leading to harmful side effects or toxic reactions and the 
plasma concentration leading to a therapeutic effect is Small; 
generally, the therapeutic index, TI, is defined as the ratio of 
median lethal dose (LDs) to median effective dose (EDso)); 
(ii) a narrow absorption window in the gastro-intestinal tract; 
or (iii) a short biological half-life, so that frequent dosing 
during a day is required in order to Sustain the plasma level at 
a therapeutic level. 
0263. Many strategies can be pursued to obtain controlled 
release in which the rate of release outweighs the rate of 
degradation or metabolism of the therapeutic antagonist. For 
example, controlled release can be obtained by the appropri 
ate selection of formulation parameters and ingredients, 
including, e.g., appropriate controlled release compositions 
and coatings. Examples include single or multiple unit tablet 
or capsule compositions, oil solutions, Suspensions, emul 
sions, microcapsules, microspheres, nanoparticles, patches, 
and liposomes. Methods for preparing Such Sustained or con 
trolled release formulations are well known in the art. 
0264 Pharmaceutical compositions that include a PDGF 
antagonist and/or a VEGF antagonist or both may also be 
delivered using a drug delivery device Such as an implant. 
Such implants may be biodegradable and/or biocompatible 
implants, or may be non-biodegradable implants. The 
implants may be permeable or impermeable to the active 
agent. Ophthalmic drug delivery devices may be inserted into 
a chamber of the eye. Such as the anterior or posterior cham 
bers or may be implanted in or on the Scelra, choroidal space, 
or an avascularized region exterior to the vitreous. In one 
embodiment, the implant may be positioned overanavascular 
region, such as on the Sclera, so as to allow for transcleral 
diffusion of the drug to the desired site of treatment, e.g., the 
intraocular space and macula of the eye. Furthermore, the site 
of transcleral diffusion may be proximity to a site of neovas 
cularization Such as a site proximal to the macula. 
0265. As noted above, the invention relates to combining 
separate pharmaceutical compositions in a pharmaceutical 
pack. The combination of the invention is therefore provided 
as components of a pharmaceutical pack. At least two antago 
nists can be formulated together or separately and in indi 
vidual dosage amounts. The antagonists of the invention are 
also useful when formulated as salts. 
0266 The pharmaceutical pack, in general, includes (1)an 
amount of a PDGF antagonist, and a pharmaceutically 
acceptable carrier, vehicle, or diluent in a first unit dosage 
form; (2) an amount of a VEGFantagonist, and a pharmaceu 
tically acceptable carrier, vehicle, or diluent in a second unit 
dosage form; and (3) a container. The container is used to 
separate components and may include, for example, a divided 
bottle or a divided foil packet. The separate antagonist com 
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positions may also, if desired, be contained within a single, 
undivided container. The pharmaceutical pack may also 
include directions for the administration of the separate 
PDGF and VEGF antagonists. The pharmaceutical pack is 
particularly advantageous when the separate components are 
administered in different dosage forms, are administered at 
different dosage levels, or when titration of the individual 
components of the combination is desired by the prescribing 
physician. In one embodiment, the pharmaceutical pack is 
designed to dispense doses of the PDGF and VEGF antago 
nists one at a time in the order of their intended use. In another 
example, a pharmaceutical pack is designed to contain rows 
of a PDGFantagonist and a VEGFantagonist placed side by 
side in the pack, with instructions on the pack to convey to the 
user that one pair of antagonists is to be administered. An 
exemplary pharmaceutical pack is the so-called blister pack 
that is well known in the pharmaceutical packaging industry. 
0267 Effectiveness 
0268 Suppression of a neovascular disorder is evaluated 
by any accepted method of measuring whether angiogenesis 
is slowed or diminished. This includes direct observation and 
indirect evaluation Such as by evaluating Subjective symp 
toms or objective physiological indicators. Treatment effi 
cacy, for example, may be evaluated based on the prevention 
or reversal of neovascularization, microangiopathy, vascular 
leakage or vascular edema or any combination thereof. Treat 
ment efficacy for evaluating Suppression of an ocular neovas 
cular disorder may also be defined in terms of stabilizing or 
improving visual acuity. 
0269. In determining the effectiveness of a particular com 
bination therapy in treating or preventing an ocular neovas 
cular disorder, patients may also be clinically evaluated by an 
ophthalmologist several days after injection and at least one 
month later just prior to the next injection. ETDRS visual 
acuities, kodachrome photography, and fluorescein angiog 
raphy are also performed monthly for the first 4 months as 
required by the ophthalmologist. 
0270. For example, in order to assess the effectiveness of 
combination PDGFantagonist and VEGFantagonist therapy 
to treat ocular neovascularization, studies are conducted 
involving the administration of either single or multiple intra 
vitreal injections of a PDGF-Baptamer in combination with 
a VEGF-A aptamer (for example, a PEGylated form of 
EYE001) in patients suffering from subfoveal choroidal 
neovascularization secondary to age-related macular degen 
eration according to standard methods well known in the 
ophthalmologic arts. In one working study, patients with Sub 
foveal choroidal neovascularization (CNV) secondary to age 
related macular degeneration (AMD) receive a single intrav 
itreal injection of a PDGF-Baptameranda VEGF-Aaptamer. 
Effectiveness of the combination is monitored, for example, 
by ophthalmic evaluation. Patients showing stable or 
improved vision three months after treatment, for example, 
demonstrating a 3-line or greater improvement in vision on 
the ETDRS chart, are taken as receiving an effective dosage 
combination of the PDGF-Baptamer and VEGF-A aptamer 
that Suppresses an ocular neovascular disorder. 
0271 In a working study example, patients with subfoveal 
CNV secondary to age-related macular degeneration and 
with a visual acuity worse than 20/200 on the ETDRS chart 
receive a single intravitreous injection of the PDGF-B 
aptamer and VEGF-A aptamer. The starting dose is 0.25 mg 
of each antagonist injected once intravitreously. Dosages of 
0.5 mg, 1, 2 mg and 3 mg of each antagonist are also tested. 
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Complete ophthalmic examination with fundus photography 
and fluorescein angiography is also performed. The combi 
nation drug product is a ready-to-use sterile solution com 
posed of the PDGF-Baptamer and VEGF-A aptamer dis 
solved in 10 mM sodium phosphate and 0.9% sodium 
chloride buffer injection in a sterile and pyrogen free 1 cc 
glass body syringe barrel, with a coated stopper attached to a 
plastic plunger, and a rubber end cap on the pre-attached 27 
gauge needle. The PDGF-B and VEGF-A aptamers are Sup 
plied at drug concentrations of 1 mg/ml, 2.5 mg/ml, 5 mg/ml. 
10 mg/ml, 20 mg/ml, or 30 mg/ml for each aptamer (ex 
pressed as oligonucleotide content) to provide a 100 ul deliv 
ery volume. At approximately 3 months after injection of the 
PDGF-B and VEGF-A aptamers, acuity studies are per 
formed to evaluate effectiveness of the treatment. Patients 
showing stable or improved vision after treatment, for 
example, those showing as a 3-line, or greater, increase in 
vision on the ETDRS chart, are taken as receiving an effective 
dosage combination of PDGF-B and VEGF-A aptamers that 
Suppresses an ocular neovascular disorder. 

EXAMPLES 

0272. The following examples illustrate certain modes of 
making and practicing the present invention, but are not 
meant to limit the scope of the invention since alternative 
methods may be used to obtain similar results. 

Example 1 

Corneal Neovascularization (Corneal NV) 
0273 Corneal Neovascularization is a widely used animal 
model that allows clear visualization of abnormal vascular 
growth in the eye. The vessels that grow into the normally 
avascular cornea, can become well established, making this 
an attractive model to study vessel regression. To induce 
experimental corneal NV. male C57BL/6 mice (18-20 g; 
Charles River, Wilmington, Mass.) were anesthetized with 
intramuscular ketamine hydrochloride (25 mg/kg) and Xyla 
zine (10 mg/kg). NaOH (2 ul of 0.2 mM) was applied topi 
cally. The corneal and limbal epithelia were removed by 
applying a rotary motion parallel to the limbus using #21 
blade (Feather. Osaka, Japan). After 7 days, mice were treated 
with intra-peritoneal injections of 25 mg/kg of pegaptanib 
sodium (MacugenTM (Eyetech Pharmaceuticals, New York, 
N.Y.), an anti-VEGF aptamer agent also known as EYE001) 
twice a day or by oral administration of 50 mg/kg of 
Gleevec(R)/STI57 (also known as CGP57148B) a 2-pheny 
laminopyrimidine-related, tyrosine kinase-inhibiting anti 
PDGF agent from Novartis Pharma AG, Basel, Switzerland) 
by gavage twice a day or both for 7 days. At day 14 following 
corneal NV induction, mice received 20 ug/g of fluorescein 
isothiocyanate coupled concanavalin Alectin (Vector Labo 
ratories, Burlingame, Calif.) intravenously whilst deeply 
anesthetized with xylazine hydrochloride and ketamine 
hydrochloride. Thirty minutes later, mice eyes were enucle 
ated, and the corneas flat-mounted. Corneal NV was visual 
ized using fluorescence microscopy and quantified using 
Openlab software. The percent of cornea covered by vessels 
was calculated as a percentage of total corneal area. 
0274 The effects of pegaptanib sodium and Gleevec on 
neovascularization of the cornea following NaOH application 
and injury to the epithilia of the limbus and cornea were 
investigated. Animals treated with pegaptainib sodium 
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(Macugen) showed a 19.6% (p=0.0014) decrease in vessel 
growth as compared to both untreated and Gleevec treated 
eyes (FIG. 5). 
0275 Animals treated with pegaptainib sodium and 
Gleevec (Mac+Glee) exhibited significantly less neovascular 
growth on the cornea (35.6% p-0.0001) as compared to con 
trols and animals treated with Gleevec alone (FIG. 5). Com 
bination treatment was also more effective than pegaptanib 
Sodium (Macugen) alone at reducing vessel growth (16% 
p<0.0145). 
0276. The results of representative corneal neovascular 
ization experiments are also shown in FIGS. 6 and 7. FIG. 
6(D) is a photographic representation of a fluorescent-micro 
scopic image showing effective inhibition of new blood ves 
sel formation in combination (Mac-i-Gleevec)-treated cor 
neas, as compared to individual treatments with Macugen 
(FIG. 6(C)) or Gleevec (FIG. 6(B)). FIG. 6(A) is a photo 
graphic representation of a fluorescent-microscopic image 
showing the extent of neovascularization in a control (PEG 
treated) cornea. FIG. 7 is a photographic representation of a 
fluorescent-microscopic image showing that the individual 
(FIG.7(A) (APB5-treated) and FIG. 7(B)(Gleevec-treated)) 
and combined treatments (FIG. 7(C)) inhibited only new 
vessel growth, and did not affect established blood vessels. 
FIG. 7(D) is a photographic representation of a fluorescent 
microscopic image showing the extent of neovascularization 
in a control (PEG-treated) cornea. 

Example 2 

Choroidal Neovascularization (CNV) 
(0277 Experimental CNV is often used as a model for 
Age-related Macular degeneration (AMD). In this model, 
vessels of the choroid grow through breaks in Bruch's mem 
brane and into the retina, similar to what is observed in AMD 
patients. To induce experimental CNV, male C57BL/6 mice 
(18-20 g; Charles River, Wilmington, Mass.) were anesthe 
tized with intramuscularketamine hydrochloride (25 mg/kg) 
and xylazine (10 mg/kg) and the pupils were dilated with 1% 
tropicamide. Four burns were generated using diode laser 
photocoagulation (75-um spot size, 0.1-second duration, 90 
mW, Oculight SL laser, IRIDEX, Mountain View, Calif.) and 
a hand-held cover slide as a contact lens. Burns localized to 
the 3, 6, 9 and 12 o'clock positions of the posterior pole of the 
retina. Production of a bubble at the time of laser, which 
indicates rupture of Bruch's membrane, is an important factor 
in obtaining choroidal neovascularization, so only mice in 
which a bubble was produced for all four burns were included 
in the study. After 7 days, mice were treated with intraperito 
neal injections of 25 mg/kg of pegaptainib Sodium twice a day 
or 50 mg/kg of Gleevec(R/STI57 (Novartis Pharma AG, 
Basel. Switzerland) by gavage twice a day or both for 7 days. 
In experiments using APB5 (an anti-mouse PDGFRb 
(CD140b) antibody (anti-PDGF agent) from eBioscience, 
San Diego, Calif.), 5 mg/kg of antibody was administered 
using intra-peritoneal injections of twice a day. The area of 
choroidal NV lesions was measured in flat-mounted choroid 
stained with PECAM. Flat-mounts were examined by fluo 
rescence microscopy and quantified using Openlab Software. 
0278 Eyes treated with pegaptainib sodium (MacugenTM) 
showed a 24% (p=0.007) decrease in CNV area compared to 
untreated controls (FIG. 8). In contrast, APB5-treated eyes 
were not significantly different to controls (6.5% decrease in 
CNV area compared to control). Eyes treated with both 



US 2015/0202289 A1 

pegaptainib sodium and APB5 showed significantly less (46% 
p=0.001) CNV area as compared to control eyes or to eyes 
treated with either pegaptainib sodium (22% p=0.011) or 
APBS (39.5% p-0.0001) alone (FIG. 8) 
0279 A similar trend was observed when using the PDG 
FRB inhibitor. Gleevec R treated eyes showed no significant 
difference to control eyes (4.2%) (FIG.9). The area of CNV 
in pegaptainib sodium (MacugenTM) treated eyes, however, 
was significantly different to that of controls (27% less p=0. 
0034). Importantly, animals treated with both pegaptanib 
sodium and Gleevec (Macugen--Gleevec) exhibited the least 
amount of CNV (46% p-0.0001) compared to control eyes 
and a 19% decrease in the CNV area as compared to pegap 
tanib sodium alone treated eyes (p=0.0407) (FIG. 9). 

Example 3 

Neonatal Mouse Model 

0280. The effect of administering pegaptainib sodium 
(MacugenTM), and ARC-127 (Archemix Corp., Cambridge, 
Mass.), a PEGylated, anti-PDGF aptamer having the 
sequence CAGGCUACGN CGTAGAGCAU CANT 
GATCCUGT (SEQ ID NO: 23, which corresponds to SEQ 
ID NO: 146 from U.S. Pat. No. 6,582,918, incorporated 
herein by reference in its entirety) having 2'-fluoro-2'-deox 
yuridine at positions 6, 20 and 30, 2'-fluoro-2'-deoxycytidine 
at positions 8, 21, 28, and 29, 2'-O-Methyl-2'-deoxygua 
nosine at positions 9, 15, 17, and 31, 2'-O-Methyl-2'-deoxy 
adenosine at position 22, “N” in positions 10 and 23 from a 
hexaethylene-glycol phosphoramidite, and an inverted orien 
tation T (i.e., 3'-3'-linked) at position 32, or both on the 
developing vessels of the retina was investigated. Neonatal 
C57BL/6 mice were injected daily (in the intra-peritoneal 
cavity) with 100 mug of ARC-127 or 100 mug of Macugen 
or both, starting on postnatal day 0 (PO). Mice eyes were 
enucleated at P4. The retinal vasculature was visualized in 
flatmounted retinas by immunostaining with PECAM and 
NG-2 or by perfusion with ConA-FITC and analyzed by 
fluorescence microscopy. 
0281 Injection of ARC-127 completely blocked mural 
cell recruitment to the developing vessels of the retina. In 
addition, less vessel growth was observed at P4 as compared 
to the control non-treated retina. In contrast, Macugen did not 
interfere with normal blood vessel development. However, 
mice treated with both Macugen and ARC-127 exhibited 
similar but significantly more severe defects than mice treated 
with ARC-127 alone. 
0282. These results, depicted in FIG. 10, show that Macu 
gen has no effect on the blood vessels of the developing retina. 
PDGFR-B antagonist ARC-127 affects vessels outgrowth 
and morphology. However, Macugen in combination with 
ARC-127 affects blood vessels more severely than either of 
them alone. 

Example 4 

Combination Therapy with Anti-PDGF Aptamer and 
Anti-VEGF Antibody 

0283. In this example, effectiveness of a combination 
therapy using anti-PDGF aptamers and an anti-VEGF anti 
body is demonstrated using the corneal neovascularization 
model described above. To induce experimental corneal NV. 
male C57BL/6 mice (18-20 g; Charles River, Wilmington, 
Mass.) are anesthetized with intramuscular ketamine hydro 
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chloride (25 mWkg) and xylazine (10 mg/kg). NaOH (2 ul of 
0.2 mM) are applied topically. The corneal and limbal epithe 
lia are removed by applying a rotary motion parallel to the 
limbus using #21 blade (Feather. Osaka, Japan). After 7 days, 
mice are treated with intra-peritoneal injections of 25 mg/kg 
of an anti-PDGF aptamer having the structure 40 Kd PEG 
5'-CAGGCTACGCGTAG-AGCATCATGATCCTG(iT)-3' 
(in which iT represents that the final nucleotide is in the 
inverted orientation (3'-3' linked)) in combination with 100 g 
of the anti-VEGF antibody 2C3 described in U.S. Pat. No. 
6,342.221 (incorporated herein by reference). At day 14 fol 
lowing corneal NV induction, mice receive 20 g/g of fluo 
rescein-isothiocyanate coupled concanavalin Alectin (Vector 
Laboratories, Burlingame, Calif.) intravenously whilst 
deeply anesthetized with xylazine hydrochloride and ket 
amine hydrochloride. Thirty minutes later, mice eyes are 
enucleated, and the corneas flat-mounted. Corneal NV is 
visualized using fluorescence microscopy and quantified 
using Openlab software. The percent of cornea covered by 
vessels is calculated as a percentage of total corneal area. The 
results demonstrate the efficacy of the combination therapy 
over individual treatments with the anti-PDGF aptamer or 
anti-VEGF antibody alone. 
0284. In separate experiments, the effects of two related 
anti-PDGF aptamers are tested in combination with 100 ug of 
the anti-VEGF antibody 2C3 described in U.S. Pat. No. 
6,342,221. PEGylated and un-PEGylated versions of the fol 
lowing two anti-PDGF aptamers are tested: (i) CAGGC 
UACGN CGTAGAGCAU CANTGATCCU GT (SEQ ID 
NO: 23, which corresponds to SEQ ID NO: 146 from U.S. 
Pat. No. 6,582.918, incorporated herein by reference in its 
entirety) having 2'-fluoro-2'-deoxyuridine at positions 6, 20 
and 30, 2'-fluoro-2'-deoxycytidine at positions 8, 21, 28, and 
29, 2'-O-Methyl-2'-deoxyguanosine at positions 9, 15, 17. 
and 31, 2'-O-Methyl-2'-deoxyadenosine at position 22, “N” 
in positions 10 and 23 from a hexaethylene-glycol phos 
phoramidite, and an inverted orientation T (i.e., 3'-3'-linked) 
at position 32; and (ii) CAGGCUACGN CGTAGAGCAU 
CANTGATCCUGT (see SEQID NO: 87 from U.S. Pat. No. 
5,723,594, incorporated herein by reference in its entirety) 
having O-methyl-2-deoxycytidine at C at position 8, 2-O- 
methyl-2-deoxyguanosine at Gs at positions 9, 17 and 31. 
2-O-methyl-2-deoxyadenine at Aat position 22, 2-O-methyl 
2-deoxyuridine at position30, 2-fluoro-2 deoxyuridine at Uat 
positions 6 and 20, 2-fluoro-2-deoxycytidine at Cat positions 
21, 28 and 29, a pentaethylene glycol phosphoramidite spacer 
at Nat positions 10 and 23, and an inverted orientation T (i.e., 
3'-3'-linked) at position 32. Appropriate controls are provided 
to detect the improved anti-neovascular effect of the combi 
nation therapy over individual anti-PDGF aptamer or anti 
VEGF antibody treatments. The results demonstrate the effi 
cacy of the combination therapy over individual treatments 
with the anti-PDGF aptamer or anti-VEGF antibody alone. 

Example 5 

Combination of Anti-PDGF Aptamer and 
Anti-VEGF Aptamer Block Choroidal 

Neovascularization (CNV) 
0285. In this example, effectiveness of a combination 
therapy using anti-PDGF aptamers and anti-VEGF aptamers 
in blocking chorodial neovascularization is demonstrated 
using the choroidal neovascularization model described 
above. Experimental CNV is often used as a model for Age 
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related Macular degeneration (AMD). In this model, vessels 
of the choroid grow through breaks in Bruch's membrane and 
into the retina, similar to what is observed in AMD patients. 
To induce experimental CNV, male C57BLU6 mice (18-20g: 
Charles River, Wilmington, Mass.) are anesthetized with 
intramuscular ketamine hydrochloride (25 mg/kg) and Xyla 
zine (10 mg/kg) and the pupils are dilated with 1% tropica 
mide. Four burns are generated using diode laser photocoagul 
lation (75-um spot size, 0.1-second duration, 90 mW. 
Oculight SL laser, IRIDEX, Mountain View, Calif.) and a 
hand-held cover slideas a contact lens. Burns localized to the 
3, 6, 9 and 12 o'clock positions of the posterior pole of the 
retina. Production of a bubble at the time of laser, which 
indicates rupture of Bruch's membrane, is an important factor 
in obtaining choroidal neovascularization, so only mice in 
which a bubble was produced for all four burns are included 
in the study. After 7 days, mice are treated with intraperitoneal 
injections of 25 mg/kg of pegaptainib Sodium twice a day. In 
experiments using anti-PDGF aptamer, 25 mg/kg of an anti 
PDGFaptamer having the structure 40 Kd PEG-5'-CAGGC 
TACGCGTAGAGCATCATGA-TCCTG(iT)-3' (in which iT 
represents that the final nucleotide is in the inverted orienta 
tion (3'-3' linked)) is co-administered with pegaptanib 
sodium. The area of choroidal NV lesions is measured in 
flat-mounted choroid stained with PECAM. Flat-mounts are 
examined by fluorescence microscopy and quantified using 
Openlab software. The results demonstrate that eyes treated 
with the combination therapy showed significantly less CNV 
area as compared to control eyes or to eyes treated with either 
pegaptainib sodium or the anti-PDGF aptamer alone. 
0286. In separate experiments, the effects of two related 
anti-PDGF aptamers are tested in combination with the anti 
VEGF treatment by intraperitoneal injections of 25 mg/kg of 
pegaptainib sodium twice a day. PEGylated and un-PEGy 
lated versions of the following two anti-PDGF aptamers are 
tested: (i) CAGGCUACGN CGTAGAGCAU CANT 
GATCCUGT (SEQ ID NO. 23, which corresponds to SEQ 
ID NO: 146 from U.S. Pat. No. 6,582,918, incorporated 
herein by reference in its entirety) having 2'-fluoro-2'-deox 
yuridine at positions 6, 20 and 30, 2'-fluoro-2'-deoxycytidine 
at positions 8, 21, 28, and 29, 2'-O-Methyl-2'-deoxygua 
nosine at positions 9, 15, 17, and 31, 2'-O-Methyl-2'-deoxy 
adenosine at position 22, “N” in positions 10 and 23 from a 
hexaethylene-glycol phosphoramidite, and an inverted orien 
tation T (i.e., 3'-3'-linked) at position 32; and (ii) CAGGC 
UACGNCGTAGAGCAU CANTGATCCUGT (see SEQID 
NO: 87 from U.S. Pat. No. 5,723,594, incorporated herein by 
reference in its entirety) having O-methyl-2-deoxycytidine at 
Cat position 8, 2-O-methyl-2-deoxyguanosine at Gs at posi 
tions 9, 17 and 31, 2-O-methyl-2-deoxyadenine at A at posi 
tion 22, 2-O-methyl-2-deoxyuridine at position 30, 2-fluoro 
2-deoxyuridine at U at positions 6 and 20, 2-fluoro-2- 
deoxycytidine at Cat positions 21, 28 and 29, a pentaethylene 
glycol phosphoramidite spacer at N at positions 10 and 23. 
and an inverted orientation T (i.e., 3'-3'-linked) at position 32. 
Appropriate controls are provided to detect the improved 
anti-neovascular effect of the combination therapy over indi 
vidual anti-PDGFaptamer oranti-VEGFaptamer treatments. 
The results demonstrate the efficacy of the combination 
therapy in blocking choroidal neovascularization over indi 
vidual treatments with either of the anti-PDGF aptamers or 
the anti-VEGF aptamer alone. 
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Example 6 

Corneal Neovasclarization (Corneal 
NV)—Regression 

(0287. The corneal NV model of Example 1 was used to 
investigate the combination of an anti-VEGF aptamer and 
anti-PDGF aptamer. After 10 days, mice were treated with 
intra-peritoneal injections of 25 mg/kg of pegaptainib sodium 
(MacugenTM, Eyetech Pharmaceuticals, New York, N.Y.), an 
anti-VEGFaptamer agent) twice a day and/or of 50 mg/kg of 
ARC-127 (Archemix Corp., Cambridge, Mass., an anti 
PDGFaptamer having the structure 40 Kd PEG-5'-CAGGC 
TACGCGTAGAGCATCATGA-TCCTG(iT)-3' (in which iT 
represents that the final nucleotide is in the inverted orienta 
tion (3'-3' linked)) once a day for 10 days. At day 20 following 
corneal NV induction, eyes were enucleated, and the corneas 
flat-mounted. Corneal NV was visualized using CD31 stain 
ing (BD Biosciences Pharmingen, San Diego, Calif.) and 
quantified using Metamorph Software. The percent of cornea 
covered by vessels was calculated as a percentage of total 
corneal area. 

0288 The effects of pegaptainib sodium and/or ARC-127 
on the regression of neovascularization of the cornea follow 
ing NaOH application and injury to the epithilia of the limbus 
and cornea are depicted in FIGS. 11 and 12. Animals treated 
with ARC-127 did not show a significant decrease in vessel 
growth as compared to the day 20 control. The day 20 controls 
showed a 12.92% increase in corneal neovascularization 
when compared with the day 10 controls. Animals treated 
with pegaptainib sodium (Macugen) alone showed a 13.81% 
(ps016) decrease in vessel growth as compared to day 20 
controls. Animals treated with pegaptainib Sodium and ARC 
127 exhibited significantly less neovascular growth on the 
cornea (26.85%, ps002) as compared to control. 

Example 7 

Corneal Neovasclarization (Corneal 
NV)—Regression 

(0289. The corneal NV model of Example 1 was used to 
investigate the combination of an anti-VEGF aptamer and an 
antibody against the PDGFB receptor. After 14 days, mice 
were treated with intra-peritoneal injections of 25 mg/kg of 
pegaptainib Sodium (Macugen, an anti-VEGF aptamer agent) 
twice a day and/or by oral administration of 50 mg/kg of 
APB5 (a polyclonal antibody against the PDGFB receptor) 
by gavage twice a day for 14 days. At day 28 following 
corneal NV induction, mice received 20 ug/g of fluorescein 
isothiocyanate coupled concanavalin Alectin (Vector Labo 
ratories, Burlingame, Calif.) intravenously whilst deeply 
anesthetized with xylazine hydrochloride and ketamine 
hydrochloride. Thirty minutes later, mice eyes were enucle 
ated, and the corneas flat-mounted. Corneal NV was visual 
ized using fluorescence microscopy and quantified using 
Openlab software. The percent of cornea covered by vessels 
was calculated as a percentage of total corneal area. 
0290 The effects of pegaptainib sodium and/or APB5 on 
the regression of neovascularization of the cornea following 
NaOH application and injury to the epithilia of the limbus and 
cornea are depicted in FIG. 13. Animals treated with pegap 
tanib sodium (Macugen) showed an 8.3% decrease in vessel 
growth as compared to control. Animals treated with pegap 
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tanib sodium and APB5 exhibited significantly less neovas 
cular growth on the cornea (21.4%) as compared to control. 

Example 8 

Corneal Neovasclarization (Corneal 
NV)—Regression (Order of Addition of Therapeutic 

Agent) 

0291. The corneal NV model of Example 1 was used to 
investigate the effect of order of addition of the combination 
therapy using an anti-VEGFaptamer and an antibody against 
the PDGFB receptor. After 14 days, mice were treated with 
intra-peritoneal injections of 25 mg/kg of pegaptainib sodium 
(Macugen, an anti-VEGF aptamer agent) twice a day and/or 
by oral administration of 50 mg/kg of APB5 (eBioscience, 
San Diego, Calif.), a polyclonal antibody against the PDGFB 
receptor, by gavage twice a day for 7 days at different time 
points. At day 28 following corneal NV induction, mice 
received 20 ug/g of fluorescein-isothiocyanate coupled con 
canavalin Alectin (Vector Laboratories, Burlingame, Calif.) 
intravenously whilst deeply anesthetized with xylazine 
hydrochloride and ketamine hydrochloride. Thirty minutes 
later, mice eyes were enucleated, and the corneas flat 
mounted. Corneal NV was visualized using fluorescence 
microscopy and quantified using Openlab Software. The per 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 34 

<21 Os SEQ ID NO 1 
&211s LENGTH: 21.37 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 
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cent of cornea covered by vessels was calculated as a percent 
age of total corneal area and the results are depicted in FIG. 
14, 
0292. The effects of pegaptainib sodium alone from day 
21-28 or APB5 alone from day 14-21 followed by no treat 
ment showed little effect compared with control on the regres 
sion of neovascularization of the cornea following NaOH 
application and injury to the epithelia of the limbus and cor 
nea. Animals treated with APB5 from day 14-21 and pegap 
tanib sodium from day 21-28 exhibited less neovascular 
growth on the cornea (13.4%) as compared to control. 

EQUIVALENTS 
0293 Various modifications and variations of the 
described method and system of the invention will be appar 
ent to those skilled in the art without departing from the scope 
and spirit of the invention. Although the invention has been 
described in connection with specific desired embodiments, it 
should be understood that the invention as claimed should not 
be unduly limited to such specific embodiments. Those 
skilled in the art will recognize or be able to ascertain using no 
more than routine experimentation, many equivalents to the 
specific embodiments of the invention described herein. Such 
equivalents are intended to be encompassed in the scope of 
the present invention. 

ccctgcc togc ct coctd.cgc accc.gcagoc tocc cc.gct g cct coctagg gctic cc ct co 60 

ggcc.gc.cagc gcc catttitt cattccc tag at agagatac tittgcgc.gca cacacataca 12O 

tacgc.gc.gca aaaaggaaaa aaaaaaaaaa aagc.ccaccc to cagcctcg Ctgcaaagag 18O 

aaaaccggag cago.cgcagc ticgcagctcg cagc.ccgcag ccc.gcagagg acgc.ccagag 24 O 

cgg.cgagcgg gC9gg CagaC ggaccgacgg acticgc.gc.cg C9tcCacct tcgg.ccgggc 3 OO 

Ccagc.cgagc gcgcagcggg cacgc.cgc.gc gcgcggagca gcc.gtgc.ccg cc.gc.ccgggc 360 

cc.gc.cgc.cag gg.cgcacacg ct cocgc.ccc cct accc.ggc ccgggcggga gtttgcacct 42O 

ctic cctg.ccc gggtgctica gctgc.cgttg caaa.gc.caac tittggaaaaa gtttitttggg 48O 

ggagacittgg gccttgaggit gcc.ca.gctcc gcgctitt cog attittggggg cctitt.ccaga 54 O 

aaatgttgca aaaaagctaa gC cggcgggc agaggaaaac gcctgtagcc gg.cgagtgaa 6 OO 

gacgaac cat cactgc.cgt gttcCttitt C ct cttggagg ttggagtc.cc ctgggcgc.cc 660 

ccacacggct agacgc.ctcg gctggttcgc gacgcagc.cc ccc.ggc.cgtg gatgctgcac 72O 

togggct cqg gatcc.gc.cca gg tagcggcc toggaccCaggit Cotgcgcc Cagg to ct co 78O 

CctgcCCCCC agcgacggag cc.ggggc.cgg giggcggcggc gcc.gggggca togggtgag 84 O 

cc.gcggctgc agaggcctga gCdCCtgat C gcc.gcggacc cagcc.gagc ccaccc.ccct 9 OO 

ccc.ca.gc.ccc ccaccCtggc cgcgggggcg gcc.gct catctacgcgtt cqgggcc.ccg 96.O 

cggggc.cggg cc.cggagtcg gCatgaatcg Ctgctgggcg ct ct tcctgt ct ct ctgctg 102O 
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cgcaagaaat ccc.ggtataa gtc.ctggagc gttcc ctgtg ggccttgct C agagcggaga 1560 

aagcatttgtttgtacaaga t cc.gcagacg tdtaaatgtt cct gcaaaaa cacagacitcg 162O 

cgttgcaagg caggcagct tagttaaac gaacgtactt gcagatgtga caa.gc.cgagg 168O 

cggtgagc.cg ggcaggagga aggagcct Co. Ctcagggittt cq9 1723 

<210s, SEQ ID NO 4 
&211s LENGTH: 215 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 4 

Met Asn. Phe Lieu Lleu Ser Trp Val His Trp Ser Lieu Ala Lieu. Lieu. Lieu. 
1. 5 1O 15 

Tyr Lieu. His His Ala Lys Trp Ser Glin Ala Ala Pro Met Ala Glu Gly 
2O 25 3O 

Gly Gly Glin Asn His His Glu Val Val Llys Phe Met Asp Val Tyr Glin 
35 4 O 45 

Arg Ser Tyr Cys His Pro Ile Glu Thir Lieu Val Asp Ile Phe Glin Glu 
SO 55 6 O 

Tyr Pro Asp Glu Ile Glu Tyr Ile Phe Llys Pro Ser Cys Val Pro Leu 
65 70 7s 8O 

Met Arg Cys Gly Gly Cys Cys Asn Asp Glu Gly Lieu. Glu. Cys Val Pro 
85 90 95 

Thr Glu Glu Ser Asn Ile Thr Met Glin Ile Met Arg Ile Llys Pro His 
1OO 105 11 O 

Gln Gly Gln His Ile Gly Glu Met Ser Phe Leu Gln His Asn Lys Cys 
115 12 O 125 

Glu Cys Arg Pro Llys Lys Asp Arg Ala Arg Glin Glu Lys Llys Ser Val 
13 O 135 14 O 

Arg Gly Lys Gly Lys Gly Glin Lys Arg Lys Arg Llys Llys Ser Arg Tyr 
145 150 155 160 

Llys Ser Trp Ser Val Pro Cys Gly Pro Cys Ser Glu Arg Arg Llys His 
1.65 17O 17s 

Lieu. Phe Val Glin Asp Pro Gln Thr Cys Lys Cys Ser Cys Lys Asn Thr 
18O 185 19 O 

Asp Ser Arg Cys Lys Ala Arg Glin Lieu. Glu Lieu. Asn. Glu Arg Thr Cys 
195 2OO 2O5 

Arg Cys Asp Llys Pro Arg Arg 
21 O 215 

<210s, SEQ ID NO 5 
&211s LENGTH: 5598 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 5 

ggcc cct cag C cctgctgcc cagcacgagc Ctgtgct cqc cct gcc.caac gcaga cago C 6 O 

agacccaggg C9gc.ccct ct ggcggctctg. Ctic ct cocga aggatgcttggggagtgagg 12 O 

cgaagctggg cqcticcitctic ccctacagca gcc.ccct tcc ticcatcc ct c togttct c ctd 18O 

agcc titcagg agcctgcacc agt cotgcct gtcct tctac toagctgtta cccactctgg 24 O 

gaccagcagt ctittctgata actgggagag ggcagta agg aggact tcct ggagggggtg 3OO 
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Cttgact tag agtgacagcc ggtgtc.ctgg aaa.gc.cccala gcagctg.ccc Cagggacatg 492 O 

ggaagaccac gggacct Ctt to act accca catgacct C C9ggggt at C Ctgggcaaaa 498O 

ggga caaaga gggcaaatga gat cacct Co. tcagcc cac cactic cagca Cctgtgc.cga 5040 

ggtctg.cgtc. galagacagaa tigacagtga ggacagttat gtcttgtaaa agacaagaag 51OO 

Cttcagatgg taccc.caaga aggatgtgag aggtggcc.gc titggagtttg CCC ct caccc 516 O 

accagctgcc c catcCctgaggcagcgctic catgggggta tigttttgtc actgcc.caga 522 O 

Cctagoagtg a catct catt gtc.cccagcc cagtgggcat taggtgcc aggggagtica 528 O 

gggttgtagc CaagacgcCC cc.gcacgggg agggttggga agggggtgca gigaagct Caa 534 O 

cc cct ctdgg caccaa.ccct gcattgcagg ttggcaccitt act tcc.ctgg gatcc cc aga 54 OO 

gttggit coaa ggagggagag tiggttctica atacggit acc aaagatataa t caccitaggit 546 O 

ttacaaat at titt taggact cacgittaact cacatttata cagcagaaat gct attttgt 552O 

atgctgttaa gtttitt citat ctdtgtactt tttitttalagg gaaagattitt aat attaaac 558 O 

ctggtgctitc. tcact cac 5598 

<210s, SEQ ID NO 6 
&211s LENGTH: 1106 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 6 

Met Arg Lieu Pro Gly Ala Met Pro Ala Lieu Ala Lieu Lys Gly Glu Lieu. 
1. 5 1O 15 

Lieu. Lieu. Lieu. Ser Lieu Lleu Lleu Lieu. Lieu. Glu Pro Glin Ile Ser Glin Gly 
2O 25 3O 

Lieu Val Val Thr Pro Pro Gly Pro Glu Lieu Val Lieu. Asn Val Ser Ser 
35 4 O 45 

Thr Phe Val Lieu. Thr Cys Ser Gly Ser Ala Pro Val Val Trp Glu Arg 
SO 55 6 O 

Met Ser Glin Glu Pro Pro Glin Glu Met Ala Lys Ala Glin Asp Gly Thr 
65 70 7s 8O 

Phe Ser Ser Val Lieu. Thir Lieu. Thir Asn Lieu. Thr Gly Lieu. Asp Thr Gly 
85 90 95 

Glu Tyr Phe Cys Thr His Asn Asp Ser Arg Gly Lieu. Glu Thir Asp Glu 
1OO 105 11 O 

Arg Lys Arg Lieu. Tyr Ile Phe Val Pro Asp Pro Thr Val Gly Phe Leu 
115 12 O 125 

Pro Asn Asp Ala Glu Glu Lieu Phe Ile Phe Lieu. Thr Glu Ile Thr Glu 
13 O 135 14 O 

Ile Thir Ile Pro Cys Arg Val Thr Asp Pro Gln Leu Val Val Thr Lieu. 
145 150 155 160 

His Glu Lys Lys Gly Asp Wall Ala Lieu Pro Val Pro Tyr Asp His Glin 
1.65 17O 17s 

Arg Gly Phe Ser Gly Ile Phe Glu Asp Arg Ser Tyr Ile Cys Llys Thr 
18O 185 19 O 

Thir Ile Gly Asp Arg Glu Val Asp Ser Asp Ala Tyr Tyr Val Tyr Arg 
195 2OO 2O5 

Leul Glin Wal Ser Ser Ile Asn. Wal Ser Wall Asn Ala Wall Glin. Thir Wall 
21 O 215 22O 
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Val Arg Glin Gly Glu Asn. Ile Thr Lieu Met Cys Ile Val Ile Gly Asn 
225 23 O 235 24 O 

Glu Val Val Asin Phe Glu Trp Thr Tyr Pro Arg Lys Glu Ser Gly Arg 
245 250 255 

Lieu Val Glu Pro Val Thr Asp Phe Leu Lieu. Asp Met Pro Tyr His Ile 
26 O 265 27 O 

Arg Ser Ile Lieu. His Ile Pro Ser Ala Glu Lieu. Glu Asp Ser Gly Thr 
27s 28O 285 

Tyr Thr Cys Asn Val Thr Glu Ser Val Asn Asp His Glin Asp Glu Lys 
29 O 295 3 OO 

Ala Ile Asn. Ile Thr Val Val Glu Ser Gly Tyr Val Arg Lieu. Lieu. Gly 
3. OS 310 315 32O 

Glu Val Gly. Thir Lieu. Glin Phe Ala Glu Lieu. His Arg Ser Arg Thr Lieu. 
3.25 330 335 

Glin Val Val Phe Glu Ala Tyr Pro Pro Pro Thr Val Lieu. Trp Phe Lys 
34 O 345 35. O 

Asp Asn Arg Thr Lieu. Gly Asp Ser Ser Ala Gly Glu Ile Ala Lieu. Ser 
355 360 365 

Thr Arg Asn Val Ser Glu Thr Arg Tyr Val Ser Glu Lieu. Thir Lieu Val 
37 O 375 38O 

Arg Val Llys Val Ala Glu Ala Gly. His Tyr Thr Met Arg Ala Phe His 
385 390 395 4 OO 

Glu Asp Ala Glu Val Glin Lieu Ser Phe Glin Lieu. Glin Ile ASn Val Pro 
4 OS 41O 415 

Val Arg Val Lieu. Glu Lieu. Ser Glu Ser His Pro Asp Ser Gly Glu Glin 
42O 425 43 O 

Thr Val Arg Cys Arg Gly Arg Gly Met Pro Gln Pro Asn Ile Ile Trp 
435 44 O 445 

Ser Ala Cys Arg Asp Lieu Lys Arg Cys Pro Arg Glu Lieu Pro Pro Thr 
450 45.5 460 

Lieu. Lieu. Gly Asn. Ser Ser Glu Glu Glu Ser Glin Lieu. Glu Thir Asn. Wall 
465 470 47s 48O 

Thr Tyr Trp Glu Glu Glu Gln Glu Phe Glu Val Val Ser Thr Lieu. Arg 
485 490 495 

Lieu. Glin His Val Asp Arg Pro Lieu. Ser Val Arg Cys Thr Lieu. Arg Asn 
SOO 505 51O 

Ala Val Gly Glin Asp Thr Glin Glu Val Ile Val Val Pro His Ser Leu 
515 52O 525 

Pro Phe Llys Val Val Val Ile Ser Ala Ile Lieu Ala Lieu Val Val Lieu. 
53 O 535 54 O 

Thir Ile Ile Ser Lieu. Ile Ile Lieu. Ile Met Leu Trp Gln Lys Llys Pro 
5.45 550 555 560 

Arg Tyr Glu Ile Arg Trp Llys Val Ile Glu Ser Val Ser Ser Asp Gly 
565 st O sts 

His Glu Tyr Ile Tyr Val Asp Pro Met Glin Leu Pro Tyr Asp Ser Thr 
58O 585 59 O 

Trp Glu Lieu Pro Arg Asp Gln Lieu Val Lieu. Gly Arg Thr Lieu. Gly Ser 
595 6OO 605 

Gly Ala Phe Gly Glin Val Val Glu Ala Thir Ala His Gly Lieu. Ser His 
610 615 62O 

Ser Glin Ala Thir Met Llys Val Ala Val Lys Met Lieu Lys Ser Thr Ala 
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625 630 635 64 O 

Arg Ser Ser Glu Lys Glin Ala Lieu Met Ser Glu Lieu Lys Ile Met Ser 
645 650 655 

His Lieu. Gly Pro His Lieu. Asn Val Val Asn Lieu. Lieu. Gly Ala Cys Thr 
660 665 67 O 

Lys Gly Gly Pro Ile Tyr Ile Ile Thr Glu Tyr Cys Arg Tyr Gly Asp 
675 68O 685 

Lieu Val Asp Tyr Lieu. His Arg Asn Llys His Thr Phe Lieu Gln His His 
69 O. 695 7 OO 

Ser Asp Lys Arg Arg Pro Pro Ser Ala Glu Lieu. Tyr Ser Asn Ala Lieu. 
7 Os 71O 71s 72O 

Pro Val Gly Lieu Pro Leu Pro Ser His Val Ser Lieu. Thr Gly Glu Ser 
72 73 O 73 

Asp Gly Gly Tyr Met Asp Met Ser Lys Asp Glu Ser Val Asp Tyr Val 
740 74. 7 O 

Pro Met Lieu. Asp Met Lys Gly Asp Wall Lys Tyr Ala Asp Ile Glu Ser 
7ss 760 765 

Ser Asn Tyr Met Ala Pro Tyr Asp Asn Tyr Val Pro Ser Ala Pro Glu 
770 775 78O 

Arg Thr Cys Arg Ala Thr Lieu. Ile Asn. Glu Ser Pro Val Lieu. Ser Tyr 
78s 79 O 79. 8OO 

Met Asp Leu Val Gly Phe Ser Tyr Glin Val Ala Asn Gly Met Glu Phe 
805 810 815 

Lieu Ala Ser Lys Asn. Cys Wal His Arg Asp Lieu Ala Ala Arg Asn. Wall 
82O 825 83 O 

Lieu. Ile Cys Glu Gly Llys Lieu Val Lys Ile Cys Asp Phe Gly Lieu Ala 
835 84 O 845 

Arg Asp Ile Met Arg Asp Ser Asn Tyr Ile Ser Lys Gly Ser Thr Phe 
850 855 860 

Lieu Pro Leu Lys Trp Met Ala Pro Glu Ser Ile Phe Asn Ser Leu Tyr 
865 87O 87s 88O 

Thir Thr Lieu Ser Asp Val Trp Ser Phe Gly Ile Leu Lleu Trp Glu Ile 
885 890 895 

Phe Thr Lieu. Gly Gly Thr Pro Tyr Pro Glu Lieu Pro Met Asin Glu Gln 
9 OO 905 91 O 

Phe Tyr Asn Ala Ile Lys Arg Gly Tyr Arg Met Ala Glin Pro Ala His 
915 92 O 925 

Ala Ser Asp Glu Ile Tyr Glu Ile Met Glin Lys Cys Trp Glu Glu Lys 
93 O 935 94 O 

Phe Glu Ile Arg Pro Pro Phe Ser Glin Lieu Val Lieu Lleu Lieu. Glu Arg 
945 950 955 96.O 

Lieu. Lieu. Gly Glu Gly Tyr Llys Llys Llys Tyr Glin Glin Val Asp Glu Glu 
965 97O 97. 

Phe Lieu. Arg Ser Asp His Pro Ala Ile Lieu. Arg Ser Glin Ala Arg Lieu. 
98O 985 99 O 

Pro Gly Phe His Gly Lieu. Arg Ser Pro Leu Asp Thr Ser Ser Val Lieu. 
995 1OOO 1005 

Tyr Thr Ala Val Glin Pro Asn. Glu Gly Asp Asn Asp Tyr Ile Ile 
1010 1015 1 O2O 

Pro Lieu Pro Asp Pro Llys Pro Glu Val Ala Asp Glu Gly Pro Lieu. 
1025 1O3 O 1035 
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gagt cq99gc tigtctgatgt cagcaggc cc agtttctgcc attic cagctg tdggcacgt.c 3900 

agcgaaggca agcgcaggitt Caccitacgac cacgctgagc tiggaaaggala aatcgcgtgc 396 O 

tgct coccgc ccc.ca.gacta caact cqgtg gtc.ctgtact c caccccacc catctag 4 O17 

<210s, SEQ ID NO 8 
&211s LENGTH: 1338 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 8 

Met Val Ser Tyr Trp Asp Thr Gly Val Lieu. Lieu. Cys Ala Lieu. Lieu. Ser 
1. 5 1O 15 

Cys Lieu. Lieu. Lieu. Thr Gly Ser Ser Ser Gly Ser Llys Lieu Lys Asp Pro 
2O 25 3O 

Glu Lieu Ser Leu Lys Gly Thr Gln His Ile Met Glin Ala Gly Glin Thr 
35 4 O 45 

Lieu. His Lieu. Glin Cys Arg Gly Glu Ala Ala His Llys Trp Ser Lieu Pro 
SO 55 6 O 

Glu Met Val Ser Lys Glu Ser Glu Arg Lieu. Ser Ile Thr Lys Ser Ala 
65 70 7s 8O 

Cys Gly Arg Asn Gly Lys Glin Phe Cys Ser Thr Lieu. Thir Lieu. Asn Thr 
85 90 95 

Ala Glin Ala Asn His Thr Gly Phe Tyr Ser Cys Llys Tyr Lieu Ala Val 
1OO 105 11 O 

Pro Thir Ser Lys Lys Lys Glu Thr Glu Ser Ala Ile Tyr Ile Phe Ile 
115 12 O 125 

Ser Asp Thr Gly Arg Pro Phe Val Glu Met Tyr Ser Glu Ile Pro Glu 
13 O 135 14 O 

Ile Ile His Met Thr Glu Gly Arg Glu Lieu Val Ile Pro Cys Arg Val 
145 150 155 160 

Thir Ser Pro Asn Ile Thr Val Thr Lieu Lys Llys Phe Pro Leu. Asp Thr 
1.65 17O 17s 

Lieu. Ile Pro Asp Gly Lys Arg Ile Ile Trp Asp Ser Arg Lys Gly Phe 
18O 185 19 O 

Ile Ile Ser Asn Ala Thr Tyr Lys Glu Ile Gly Lieu. Lieu. Thir Cys Glu 
195 2OO 2O5 

Ala Thr Val Asn Gly His Lieu. Tyr Lys Thr Asn Tyr Lieu. Thr His Arg 
21 O 215 22O 

Gln Thr Asn. Thir Ile Ile Asp Val Glin Ile Ser Thr Pro Arg Pro Val 
225 23 O 235 24 O 

Llys Lieu. Lieu. Arg Gly His Thr Lieu Val Lieu. Asn. Cys Thr Ala Thir Thr 
245 250 255 

Pro Leu. Asn Thr Arg Val Gln Met Thr Trp Ser Tyr Pro Asp Glu Lys 
26 O 265 27 O 

Asn Lys Arg Ala Ser Val Arg Arg Arg Ile Asp Glin Ser Asn. Ser His 
27s 28O 285 

Ala Asn. Ile Phe Tyr Ser Val Lieu. Thir Ile Asp Llys Met Glin Asn Lys 
29 O 295 3 OO 

Asp Llys Gly Lieu. Tyr Thr Cys Arg Val Arg Ser Gly Pro Ser Phe Lys 
3. OS 310 315 32O 

Ser Val Asn Thr Ser Val His Ile Tyr Asp Lys Ala Phe Ile Thr Val 
3.25 330 335 
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Llys His Arg Lys Glin Glin Val Lieu. Glu Thr Val Ala Gly Lys Arg Ser 
34 O 345 35. O 

Tyr Arg Lieu Ser Met Lys Val Lys Ala Phe Pro Ser Pro Glu Val Val 
355 360 365 

Trp Lieu Lys Asp Gly Lieu Pro Ala Thr Glu Lys Ser Ala Arg Tyr Lieu. 
37 O 375 38O 

Thir Arg Gly Tyr Ser Lieu. Ile Ile Lys Asp Val Thr Glu Glu Asp Ala 
385 390 395 4 OO 

Gly Asn Tyr Thir Ile Lieu Lleu Ser Ile Lys Glin Ser Asn Val Phe Lys 
4 OS 41O 415 

Asn Lieu. Thir Ala Thr Lieu. Ile Val Asn Val Llys Pro Glin Ile Tyr Glu 
42O 425 43 O 

Lys Ala Val Ser Ser Phe Pro Asp Pro Ala Leu Tyr Pro Leu Gly Ser 
435 44 O 445 

Arg Glin Ile Lieu. Thr Cys Thr Ala Tyr Gly Ile Pro Gln Pro Thr Ile 
450 45.5 460 

Lys Trp Phe Trp His Pro Cys Asn His Asn His Ser Glu Ala Arg Cys 
465 470 47s 48O 

Asp Phe Cys Ser Asn. Asn. Glu Glu Ser Phe Ile Lieu. Asp Ala Asp Ser 
485 490 495 

Asn Met Gly Asn Arg Ile Glu Ser Ile Thr Glin Arg Met Ala Ile Ile 
SOO 505 51O 

Glu Gly Lys Asn Llys Met Ala Ser Thr Lieu Val Val Ala Asp Ser Arg 
515 52O 525 

Ile Ser Gly Ile Tyr Ile Cys Ile Ala Ser Asn Llys Val Gly Thr Val 
53 O 535 54 O 

Gly Arg Asn Ile Ser Phe Tyr Ile Thr Asp Val Pro Asn Gly Phe His 
5.45 550 555 560 

Val Asn Lieu. Glu Lys Met Pro Thr Glu Gly Glu Asp Lieu Lys Lieu. Ser 
565 st O sts 

Cys Thr Val Asn Llys Phe Lieu. Tyr Arg Asp Val Thir Trp Ile Lieu. Lieu. 
58O 585 59 O 

Arg Thr Val Asn Asn Arg Thr Met His Tyr Ser Ile Ser Lys Glin Lys 
595 6OO 605 

Met Ala Ile Thr Lys Glu. His Ser Ile Thr Lieu. Asn Lieu. Thir Ile Met 
610 615 62O 

Asn Val Ser Lieu. Glin Asp Ser Gly. Thir Tyr Ala Cys Arg Ala Arg Asn 
625 630 635 64 O 

Val Tyr Thr Gly Glu Glu Ile Lieu Gln Lys Lys Glu Ile Thir Ile Arg 
645 650 655 

Asp Glin Glu Ala Pro Tyr Lieu. Lieu. Arg Asn Lieu. Ser Asp His Thr Val 
660 665 67 O 

Ala Ile Ser Ser Ser Thr Thr Lieu. Asp Cys His Ala Asn Gly Val Pro 
675 68O 685 

Glu Pro Glin Ile Thr Trp Phe Lys Asn Asn His Lys Ile Glin Glin Glu 
69 O. 695 7 OO 

Pro Gly Ile Ile Lieu. Gly Pro Gly Ser Ser Thr Lieu Phe Ile Glu Arg 
7 Os 71O 71s 72O 

Val Thr Glu Glu Asp Glu Gly Val Tyr His Cys Lys Ala Thr Asn Glin 
72 73 O 73 
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Lys Gly Ser Val Glu Ser Ser Ala Tyr Lieu. Thr Val Glin Gly. Thir Ser 
740 74. 7 O 

Asp Llys Ser Asn Lieu. Glu Lieu. Ile Thir Lieu. Thir Cys Thr Cys Val Ala 
7ss 760 765 

Ala Thr Lieu. Phe Trp Lieu Lleu Lieu. Thir Lieu. Phe Ile Arg Llys Met Lys 
770 775 78O 

Arg Ser Ser Ser Glu Ile Llys Thr Asp Tyr Lieu. Ser Ile Ile Met Asp 
78s 79 O 79. 8OO 

Pro Asp Glu Val Pro Lieu. Asp Glu Glin Cys Glu Arg Lieu Pro Tyr Asp 
805 810 815 

Ala Ser Lys Trp Glu Phe Ala Arg Glu Arg Lieu Lys Lieu. Gly Lys Ser 
82O 825 83 O 

Lieu. Gly Arg Gly Ala Phe Gly Llys Val Val Glin Ala Ser Ala Phe Gly 
835 84 O 845 

Ile Llys Llys Ser Pro Thr Cys Arg Thr Val Ala Wall Lys Met Lieu Lys 
850 855 860 

Glu Gly Ala Thr Ala Ser Glu Tyr Lys Ala Lieu Met Thr Glu Lieu Lys 
865 87O 87s 88O 

Ile Lieu. Thir His Ile Gly His His Lieu. Asn Val Val Asn Lieu. Lieu. Gly 
885 890 895 

Ala Cys Thr Lys Glin Gly Gly Pro Leu Met Val Ile Val Glu Tyr Cys 
9 OO 905 91 O 

Llys Tyr Gly ASn Lieu Ser ASn Tyr Lieu Lys Ser Lys Arg Asp Lieu Phe 
915 92 O 925 

Phe Lieu. Asn Lys Asp Ala Ala Lieu. His Met Glu Pro Llys Lys Glu Lys 
93 O 935 94 O 

Met Glu Pro Gly Lieu. Glu Glin Gly Llys Llys Pro Arg Lieu. Asp Ser Val 
945 950 955 96.O 

Thir Ser Ser Glu Ser Phe Ala Ser Ser Gly Phe Glin Glu Asp Llys Ser 
965 97O 97. 

Lieu. Ser Asp Val Glu Glu Glu Glu Asp Ser Asp Gly Phe Tyr Lys Glu 
98O 985 99 O 

Pro Ile Thr Met Glu Asp Lieu. Ile Ser Tyr Ser Phe Glin Val Ala Arg 
995 1OOO 1005 

Gly Met Glu Phe Lieu. Ser Ser Arg Lys Cys Ile His Arg Asp Lieu. 
O1O O15 O2O 

Ala Ala Arg Asn. Ile Lieu. Lieu. Ser Glu Asn. Asn Val Val Lys Ile 
O25 O3 O O35 

Cys Asp Phe Gly Lieu Ala Arg Asp Ile Tyr Lys Asn. Pro Asp Tyr 
O4 O O45 OSO 

Val Arg Lys Gly Asp Thr Arg Lieu Pro Lieu Lys Trp Met Ala Pro 
O55 O6 O O65 

Glu Ser Ile Phe Asp Llys Ile Tyr Ser Thr Lys Ser Asp Val Trp 
Of O O7 O8O 

Ser Tyr Gly Val Lieu. Leu Trp Glu Ile Phe Ser Lieu. Gly Gly Ser 
O85 O9 O O95 

Pro Tyr Pro Gly Val Glin Met Asp Glu Asp Phe Cys Ser Arg Lieu. 
1 OO 105 11 O 

Arg Glu Gly Met Arg Met Arg Ala Pro Glu Tyr Ser Thr Pro Glu 
115 12 O 125 

Ile Tyr Glin Ile Met Lieu. Asp Cys Trp His Arg Asp Pro Llys Glu 
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13 O 135 14 O 

Arg Pro Arg Phe Ala Glu Lieu Val Glu Lys Lieu. Gly Asp Lieu. Lieu. 
145 15 O 155 

Glin Ala Asn Val Glin Glin Asp Gly Lys Asp Tyr Ile Pro Ile Asn 
16 O 1.65 17 O 

Ala Ile Lieu. Thr Gly Asn Ser Gly Phe Thr Tyr Ser Thr Pro Ala 
17s 18O 185 

Phe Ser Glu Asp Phe Phe Lys Glu Ser Ile Ser Ala Pro Llys Phe 
190 195 2OO 

Asn Ser Gly Ser Ser Asp Asp Val Arg Tyr Val Asn Ala Phe Llys 
2O5 21 O 215 

Phe Met Ser Lieu. Glu Arg Ile Llys Thr Phe Glu Glu Lieu Lleu Pro 
22O 225 23 O 

Asn Ala Thir Ser Met Phe Asp Asp Tyr Glin Gly Asp Ser Ser Thr 
235 24 O 245 

Lieu. Leu Ala Ser Pro Met Leu Lys Arg Phe Thr Trp Thr Asp Ser 
250 255 26 O 

Llys Pro Lys Ala Ser Lieu Lys Ile Asp Lieu. Arg Val Thir Ser Lys 
265 27 O 27s 

Ser Lys Glu Ser Gly Leu Ser Asp Val Ser Arg Pro Ser Phe Cys 
28O 285 29 O 

His Ser Ser Cys Gly His Val Ser Glu Gly Lys Arg Arg Phe Thr 
295 3OO 305 

Tyr Asp His Ala Glu Lieu. Glu Arg Lys Ile Ala Cys Cys Ser Pro 
310 315 32O 

Pro Pro Asp Tyr Asn Ser Val Val Lieu. Tyr Ser Thr Pro Pro Ile 
3.25 33 O 335 

<210s, SEQ ID NO 9 
&211s LENGTH: 583 O 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 9 

actgagtic cc gggaccc.cgg gagagcggtc. agtgttgttggit cqctg.cgttt CCtctgcctg 6 O 

cgc.cgggcat cacttgcgcg cc.gcagaaag ticcgtctggc agcctggata t c ct citcct a 12 O 

ccggcacccg Cagacgcc cc ticago.cgcc ggtcggcgcc cq99ctic cct agc ccttgc 18O 

gct Caactgt cct gcgctgc ggggtgcc.gc gagttccacc ticcgc.gc.ct C Cttct ct aga 24 O 

Caggcgctgg gagaaagaac C9gct cocga gttctgggca ttt cqc.ccgg Ctcgaggtgc 3OO 

aggatgcaga gcaaggtgct gctggc.cgt.c gcc ctgtggc tictg.cgtgga gaccc.gggcc 360 

gcct citgtgg gtttgcctag togtttct citt gatctg.ccca ggcticagoat acaaaaagac 42O 

at acttacaa ttaaggctaa tacaact citt caaattactit gcaggggaca gaggg acttg 48O 

gactggctitt ggcc.caataa t cagagtggc agtgagcaaa gggtggaggt gactgagtgc 54 O 

agcgatggcc ticttctgtaa gacact caca atticcaaaag tdatcggaala tacactgga 6OO 

gcct acaagt gcttct acco ggaaactgac ttggcct cqg to atttatgt citatgttcaa 660 

gattacagat citc cattt at togcttctgtt agtgaccaac atggagt cqt gtacattact 72 O 

gagaacaaaa acaaaactgt gigtgatticca tdt ct cqggit coatttcaaa tot caacgtg 78O 

t cactttgttg caagat acco agaaaagaga tttgttcctg atggtaacag aattt cotgg 84 O 
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t cagtattitt agittatttgg cct ct actico agtaaacct g attgggtttgttcact citct 546 O 

gaatgattat tagccagact tcaaaattat tittatagocc aaattataac atc tattgta 552O 

ttatttagac ttittaa cata tagagctatt totactgatt tttgc ccttg ttctgtc.citt 558 O 

tttittcaaaa aagaaaatgt gtttitttgtt togg taccata gtgtgaaat g c togggaacaa 564 O 

tgactataag acatgctato goa catatat ttatagt ctog tittatgtaga aacaaatgta st OO 

at at attaaa gcc titatata taatgaactt tdtac tatto acattttgta t cagtattat 576. O 

gtag cataac aaaggt cata atgctitt cag caattgatgt cattt tatta aagaacattg 582O 

aaaaacttga 583 O 

<210s, SEQ ID NO 10 
&211s LENGTH: 1356 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 10 

Met Glin Ser Llys Val Lieu. Lieu Ala Val Ala Lieu. Trp Lieu. Cys Val Glu 
1. 5 1O 15 

Thir Arg Ala Ala Ser Val Gly Lieu Pro Ser Val Ser Lieu. Asp Lieu Pro 
2O 25 3O 

Arg Lieu. Ser Ile Gln Lys Asp Ile Lieu. Thir Ile Lys Ala Asn. Thir Thr 
35 4 O 45 

Lieu. Glin Ile Thir Cys Arg Gly Glin Arg Asp Lieu. Asp Trp Lieu. Trp Pro 
SO 55 6 O 

Asn Asn Glin Ser Gly Ser Glu Glin Arg Val Glu Val Thr Glu. Cys Ser 
65 70 7s 8O 

Asp Gly Lieu. Phe Cys Llys Thr Lieu. Thir Ile Pro Llys Val Ile Gly Asn 
85 90 95 

Asp Thr Gly Ala Tyr Lys Cys Phe Tyr Arg Glu Thir Asp Lieu Ala Ser 
1OO 105 11 O 

Val Ile Tyr Val Tyr Val Glin Asp Tyr Arg Ser Pro Phe Ile Ala Ser 
115 12 O 125 

Val Ser Asp Gln His Gly Val Val Tyr Ile Thr Glu Asn Lys Asn Lys 
13 O 135 14 O 

Thr Val Val Ile Pro Cys Lieu. Gly Ser Ile Ser Asn Lieu. Asn Val Ser 
145 150 155 160 

Lieu. Cys Ala Arg Tyr Pro Glu Lys Arg Phe Val Pro Asp Gly Asn Arg 
1.65 17O 17s 

Ile Ser Trp Asp Ser Lys Lys Gly Phe Thir Ile Pro Ser Tyr Met Ile 
18O 185 19 O 

Ser Tyr Ala Gly Met Val Phe Cys Glu Ala Lys Ile Asn Asp Glu Ser 
195 2OO 2O5 

Tyr Glin Ser Ile Met Tyr Ile Val Val Val Val Gly Tyr Arg Ile Tyr 
21 O 215 22O 

Asp Val Val Lieu. Ser Pro Ser His Gly Ile Glu Lieu. Ser Val Gly Glu 
225 23 O 235 24 O 

Llys Lieu Val Lieu. Asn. Cys Thr Ala Arg Thr Glu Lieu. Asn Val Gly Ile 
245 250 255 

Asp Phe Asn Trp Glu Tyr Pro Ser Ser Lys His Gln His Llys Llys Lieu 
26 O 265 27 O 
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Val Asn Arg Asp Lieu Lys Thr Glin Ser Gly Ser Glu Met Lys Llys Phe 
27s 28O 285 

Lieu. Ser Thr Lieu. Thir Ile Asp Gly Val Thr Arg Ser Asp Glin Gly Lieu. 
29 O 295 3 OO 

Tyr Thr Cys Ala Ala Ser Ser Gly Lieu Met Thr Lys Lys Asn Ser Thr 
3. OS 310 315 32O 

Phe Val Arg Val His Glu Lys Pro Phe Val Ala Phe Gly Ser Gly Met 
3.25 330 335 

Glu Ser Lieu Val Glu Ala Thr Val Gly Glu Arg Val Arg Ile Pro Ala 
34 O 345 35. O 

Lys Tyr Lieu. Gly Tyr Pro Pro Pro Glu Ile Llys Trp Tyr Lys Asn Gly 
355 360 365 

Ile Pro Leu Glu Ser Asn His Thr Ile Lys Ala Gly His Val Lieu. Thr 
37 O 375 38O 

Ile Met Glu Val Ser Glu Arg Asp Thr Gly Asn Tyr Thr Val Ile Leu 
385 390 395 4 OO 

Thr Asn Pro Ile Ser Lys Glu Lys Glin Ser His Val Val Ser Leu Val 
4 OS 41O 415 

Val Tyr Val Pro Pro Glin Ile Gly Glu Lys Ser Lieu. Ile Ser Pro Val 
42O 425 43 O 

Asp Ser Tyr Glin Tyr Gly. Thir Thr Glin Thr Lieu. Thr Cys Thr Val Tyr 
435 44 O 445 

Ala Ile Pro Pro Pro His His Ile His Trp Tyr Trp Gln Lieu. Glu Glu 
450 45.5 460 

Glu Cys Ala Asn Glu Pro Ser Glin Ala Val Ser Val Thr Asn Pro Tyr 
465 470 47s 48O 

Pro Cys Glu Glu Trp Arg Ser Val Glu Asp Phe Glin Gly Gly Asn Lys 
485 490 495 

Ile Glu Val Asn Lys Asn Glin Phe Ala Lieu. Ile Glu Gly Lys Asn Lys 
SOO 505 51O 

Thr Val Ser Thir Lieu Val Ile Glin Ala Ala Asn Val Ser Ala Lieu. Tyr 
515 52O 525 

Lys Cys Glu Ala Val Asn Llys Val Gly Arg Gly Glu Arg Val Ile Ser 
53 O 535 54 O 

Phe His Val Thr Arg Gly Pro Glu Ile Thr Lieu Gln Pro Asp Met Glin 
5.45 550 555 560 

Pro Thr Glu Gln Glu Ser Val Ser Leu Trp Cys Thr Ala Asp Arg Ser 
565 st O sts 

Thr Phe Glu Asn Lieu. Thir Trp Tyr Lys Lieu. Gly Pro Gln Pro Leu Pro 
58O 585 59 O 

Ile His Val Gly Glu Lieu Pro Thr Pro Val Cys Lys Asn Lieu. Asp Thr 
595 6OO 605 

Lieu. Trp Llys Lieu. Asn Ala Thr Met Phe Ser Asn. Ser Thr Asn Asp Ile 
610 615 62O 

Lieu. Ile Met Glu Lieu Lys Asn Ala Ser Lieu. Glin Asp Glin Gly Asp Tyr 
625 630 635 64 O 

Val Cys Lieu Ala Glin Asp Arg Llys Thir Lys Lys Arg His Cys Val Val 
645 650 655 

Arg Glin Lieu. Thr Val Lieu. Glu Arg Val Ala Pro Thir Ile Thr Gly Asn 
660 665 67 O 

Lieu. Glu Asn Gln Thr Thr Ser Ile Gly Glu Ser Ile Glu Val Ser Cys 
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675 68O 685 

Thr Ala Ser Gly Asn Pro Pro Pro Glin Ile Met Trp Phe Lys Asp Asn 
69 O. 695 7 OO 

Glu Thir Lieu Val Glu Asp Ser Gly Ile Val Lieu Lys Asp Gly Asn Arg 
7 Os 71O 71s 72O 

Asn Lieu. Thir Ile Arg Arg Val Arg Lys Glu Asp Glu Gly Lieu. Tyr Thr 
72 73 O 73 

Cys Glin Ala Cys Ser Val Lieu. Gly Cys Ala Lys Val Glu Ala Phe Phe 
740 74. 7 O 

Ile Ile Glu Gly Ala Glin Glu Lys Thr Asn Lieu. Glu Ile Ile Ile Lieu. 
7ss 760 765 

Val Gly Thr Ala Val Ile Ala Met Phe Phe Trp Leu Lleu Lieu Val Ile 
770 775 78O 

Ile Lieu. Arg Thr Val Lys Arg Ala Asn Gly Gly Glu Lieu Lys Thr Gly 
78s 79 O 79. 8OO 

Tyr Lieu. Ser Ile Val Met Asp Pro Asp Glu Lieu Pro Lieu. Asp Glu. His 
805 810 815 

Cys Glu Arg Lieu Pro Tyr Asp Ala Ser Lys Trp Glu Phe Pro Arg Asp 
82O 825 83 O 

Arg Lieu Lys Lieu. Gly Llys Pro Lieu. Gly Arg Gly Ala Phe Gly Glin Val 
835 84 O 845 

Ile Glu Ala Asp Ala Phe Gly Ile Asp Llys Thr Ala Thr Cys Arg Thr 
850 855 860 

Val Ala Wall Lys Met Lieu Lys Glu Gly Ala Thr His Ser Glu. His Arg 
865 87O 87s 88O 

Ala Lieu Met Ser Glu Lieu Lys Ile Lieu. Ile His Ile Gly His His Lieu 
885 890 895 

Asn Val Val Asn Lieu. Lieu. Gly Ala Cys Thr Llys Pro Gly Gly Pro Lieu 
9 OO 905 91 O 

Met Val Ile Val Glu Phe Cys Llys Phe Gly Asn Lieu Ser Thr Tyr Lieu. 
915 92 O 925 

Arg Ser Lys Arg Asn. Glu Phe Val Pro Tyr Lys Thr Lys Gly Ala Arg 
93 O 935 94 O 

Phe Arg Glin Gly Lys Asp Tyr Val Gly Ala Ile Pro Val Asp Lieu Lys 
945 950 955 96.O 

Arg Arg Lieu. Asp Ser Ile Thir Ser Ser Glin Ser Ser Ala Ser Ser Gly 
965 97O 97. 

Phe Val Glu Glu Lys Ser Lieu. Ser Asp Val Glu Glu Glu Glu Ala Pro 
98O 985 99 O 

Glu Asp Lieu. Tyr Lys Asp Phe Lieu. Thir Lieu. Glu. His Lieu. Ile Cys Tyr 
995 1OOO 1005 

Ser Phe Glin Val Ala Lys Gly Met Glu Phe Lieu Ala Ser Arg Llys 
1010 1015 1 O2O 

Cys Ile His Arg Asp Lieu Ala Ala Arg Asn. Ile Lieu. Lieu. Ser Glu 
1025 1O3 O 1035 

Lys Asn Val Val Lys Ile Cys Asp Phe Gly Lieu Ala Arg Asp Ile 
104 O 1045 1 OSO 

Tyr Lys Asp Pro Asp Tyr Val Arg Lys Gly Asp Ala Arg Lieu Pro 
105.5 106 O 1065 

Lieu Lys Trp Met Ala Pro Glu Thir Ile Phe Asp Arg Val Tyr Thr 
1070 1075 108 O 
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Ile Glin Ser Asp Val 

Phe Ser Lieu. Gly Ala 

Glu Phe Cys Arg Arg 

Asp Tyr Thr Thr Pro 

His Gly Glu Pro Ser 

His Lieu. Gly Asn Lieu. 

Asp Tyr Ile Val Lieu. 

Asp Ser Gly Lieu. Ser 

Glu Glu Glu Val Cys 

Gly e Ser Glin Tyr 

Val Ser Val Lys Thr 

Val Llys Val Ile Pro 

Lieu Ala Ser Glu Glu 

Ser Pro Ser Phe Gly 

Val Ala Ser Glu Gly 

Tyr His Ser Asp Asp 

Ala Glu Lieu Lleu Lys 

Thir Ala Glin Ile Lieu. 

Pro Pro Wall 
355 

<210s, SEQ ID NO 11 
&211s LENGTH: 2305 
&212s. TYPE: DNA 

&213s ORGANISM: Homo 

<4 OOs, SEQUENCE: 11 

ttcttggggg tatgtc.cgc 

cgcggggagc gag.cgcgg.cg 

cc.cgcc ct co go.ccct tcc.g 

gcggcgc.gca ctic cctgttt 

A1 

Trp Ser Phe 
O9 O 

Ser Pro Tyr 
O5 

Lieu Lys Glu 

Glu Met Tyr 

Glin Arg Pro 

Lieu. Glin Ala 

Pro e Ser 

Lieu Pro Thr 

Asp Pro Llys 
21 O 

Lieu. Glin Asn 
225 

Phe Glu Asp 
24 O 

Asp Asp Asn 

Lieu Lys Thr 

Gly Met Val 
285 

Ser Asn. Glin 
3OO 

Thr Asp Thr 

Lieu. Ile Glu 

Glin Pro Asp 
345 

sapiens 

aaatatgcag 

gcggc.ca.gca 

t coccacci cc 

ctic ct cost co 

gcc agctic.cg 

Gly Val Lieu. 

Pro Gly Val 

Gly Thr Arg 

Glin. Thir Met 

Thir Phe Ser 

Asn Ala Glin 

Glu Thir Lieu. 

Ser Pro Wall 

Phe His Tyr 

Ser Lys Arg 

Ile Pro Leu 

Gln Thr Asp 

Lieu. Glu Asp 

Pro Ser Lys 

Thir Ser Gly 

Thr Val Tyr 

Ile Gly Val 

Ser Gly Thr 

aattaccggc 

ccgggaacgc 

Ctacccggcg 

tggctggcgc 

tgctic ccc.gc 

50 

- Continued 

Lell 
O95 

Lys 
10 

Met 
25 

Lell 
4 O 

Glin 
335 

350 

Trp Glu Ile 

Ile Asp Glu 

Arg Ala Pro 

Asp Cys Trp 

Lieu Val Glu 

Asp Gly Lys 

Met Glu Glu 

Cys Met Glu 

Asn. Thir Ala 

Ser Arg Pro 

Glu Pro Glu 

Gly Met Val 

Thir Lys Lieu. 

Arg Glu Ser 

Gln Ser Gly 

Ser Glu Glu 

Thr Gly Ser 

Luel Ser Ser 

cgggit cqctic ctgaa.gc.ca.g 

accgaggaag aagcc.ca.gc.c 

gcc caggagg Ctcc.ccggct 

tgcct gcct c ticcgcactica 

gcc accctcc ticcgggcc.gc 

6 O 

12 O 

18O 

24 O 

3OO 

Jul. 23, 2015 
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- Continued 

Met Arg Thr Lieu Ala Cys Lieu. Lieu. Lieu. Lieu. Gly Cys Gly Tyr Lieu Ala 
1. 5 1O 15 

His Val Lieu Ala Glu Glu Ala Glu Ile Pro Arg Glu Val Ile Glu Arg 
2O 25 3O 

Lieu Ala Arg Ser Glin Ile His Ser Ile Arg Asp Lieu. Glin Arg Lieu. Lieu. 
35 4 O 45 

Glu Ile Asp Ser Val Gly Ser Glu Asp Ser Lieu. Asp Thir Ser Lieu. Arg 
SO 55 6 O 

Ala His Gly Val His Ala Thr Lys His Val Pro Glu Lys Arg Pro Lieu 
65 70 7s 8O 

Pro Ile Arg Arg Lys Arg Ser Ile Glu Glu Ala Val Pro Ala Val Cys 
85 90 95 

Lys Thr Arg Thr Val Ile Tyr Glu Ile Pro Arg Ser Glin Val Asp Pro 
1OO 105 11 O 

Thir Ser Ala Asn Phe Lieu. Ile Trp Pro Pro Cys Val Glu Val Lys Arg 
115 12 O 125 

Cys Thr Gly Cys Cys Asn Thr Ser Ser Val Lys Cys Gln Pro Ser Arg 
13 O 135 14 O 

Val His His Arg Ser Val Llys Val Ala Lys Val Glu Tyr Val Arg Llys 
145 150 155 160 

Llys Pro Llys Lieu Lys Glu Val Glin Val Arg Lieu. Glu Glu. His Lieu. Glu 
1.65 17O 17s 

CyS Ala Cys Ala Thr Thr Ser Lieu. ASn Pro Asp Tyr Arg Glu Glu Asp 
18O 185 19 O 

Thir Asp Val Arg 
195 

<210s, SEQ ID NO 13 
&211s LENGTH: 66.33 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 13 

ttct coccgc cccc.cagttgttgtcgaagt ctgggggttg ggactggacc CCCtgattgc 6 O 

gtaagagcaa aaag.cgaagg cqcaatctgg acactgggag atticggagcg Cagggagttt 12 O 

gagagaaact titt attittga agagaccalag gttgaggggg ggctt attt C Ctgacagcta 18O 

tttact taga gcaaatgatt agttittagaa gatggacta taacattgaa totaattacaa 24 O 

aacg.cggttt ttgagcc.cat tactgttgga gct acaggga gagaaac agg aggagactgc 3OO 

aagagatcat ttgggaaggc cgtgggcacg Ctctt tactic catgtgtggg acatt cattg 360 

cggaataa.ca t cqgaggaga agttt Cocag agctatgggg act tcc.cat C C9gcgttcct 42O 

ggtc.ttaggc tigt cittctica cagggctgag cctaatcctic togc.ca.gctitt cattaccctic 48O 

tatic ct tcca aatgaaaatgaaaaggttgt gcagotgaat t catccttitt citctgagatg 54 O 

Ctttggggag agtgaagtga gctggcagta CCC catgtct gaagaagaga gct Cogatgt 6OO 

ggaaat Caga aatgaagaala acaac agcgg CCtttttgttg acggit Cttgg aagtgagcag 660 

tgcct cq9cg gcc cacacag ggttgtacac ttgct attac alaccacactic algacagaaga 72 O 

gaatgagctt gaaggcaggc acatttacat Ctatgtgcca gacccagatg tag cctttgt 78O 

acct Ctagga atgacggatt atttagt cat cqtggaggat gatgattctg. C catt at acc 84 O 

ttgtc.gcaca actgat cocg agact cotgt aacct tacac alacagtgagggggtggit acc 9 OO 
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- Continued 

accagotcag tdttittggtg gaaaaaac at tittaagttitt actgataatt tdaggittaga 552O 

tgggaggatgaattgtcaca t ct at CCaca Ctgtcaaaca ggttggtgtg ggttcattgg 558 O 

cattctittgc aatactgctt aattgctgat accatatgaa tdaaacatgg gctgtgatta 564 O 

Ctgcaatcac ttgctatic gcagatgatg Ctttggalaga tigcagaa.gca ataataaagt st OO 

acttgactac c tactggtgt aatct caatig caa.gc.cccaa ctittctitatic caactttitt c 576. O 

at agtaagtg cgalagactga gcc agattgg cca attaaaa acgaaaacct gaCtaggttc 582O 

tgtagagcca attagacittgaaatacgttt gtgtttctag aat cacagot caa.gcattct 588 O 

gtttatcgct cactict coct totacago: ct tattttgttg gtgctittgca ttittgatatt 594 O 

gctgtgagcc ttgcatgaca toatgaggcc ggatgaaact tct cagt cca gcagttt CCa 6 OOO 

gtcc taacaa atgctic ccac ctdaatttgt atatgactgc atttgtgggt gtgtgttgttgt 6 O6 O 

titt cagcaaa titccagattt gtttccttitt ggcct cotgc aaagttct coa gaagaaaatt 612 O 

tgccaatctt toc tactitt c tatttittatg atgacaatca aagcc.ggcct gagaaac act 618O 

atttgttgact ttittaaacga ttagtgatgt ccttaaaatg toggtotgcca atctgtacaa 624 O 

aatggit cota tttttgttgaa gagggacata agataaaatg atgttataca totaatatgta 63 OO 

tatatgtatt totatataga cittggagaat act gccaaaa catttatgac aagctgtatic 636 O 

actgcc titcg tittatattitt tittaactgtgataatcc cca caggcacatt aactgttgca 642O 

Cttittgaatg tccaaaattt at attittaga aataataaaa agaaagatac ttacatgttc 6480 

cCaaaacaat ggtgtggtga atgtgtgaga aaaacta act tatagggit C taccalataca 654 O 

aaatgt atta cqaatgcc cc togttcatgtt tttgttittaa aacgtgtaaa tdaagat citt 66OO 

tatatttcaa taaatgat at ataatttaaa gtt 66.33 

<210s, SEQ ID NO 14 
&211s LENGTH: 1089 
212. TYPE: PRT 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 14 

Met Gly. Thir Ser His Pro Ala Phe Leu Val Lieu. Gly Cys Lieu. Lieu. Thr 
1. 5 1O 15 

Gly Lieu. Ser Lieu. Ile Lieu. Cys Glin Lieu. Ser Lieu Pro Ser Ile Lieu Pro 
2O 25 3O 

Asn Glu Asn. Glu Lys Val Val Glin Lieu. Asn. Ser Ser Phe Ser Lieu. Arg 
35 4 O 45 

Cys Phe Gly Glu Ser Glu Val Ser Trp Glin Tyr Pro Met Ser Glu Glu 
SO 55 6 O 

Glu Ser Ser Asp Val Glu Ile Arg Asn. Glu Glu Asn. Asn. Ser Gly Lieu. 
65 70 7s 8O 

Phe Val Thr Val Lieu. Glu Val Ser Ser Ala Ser Ala Ala His Thr Gly 
85 90 95 

Lieu. Tyr Thr Cys Tyr Tyr Asn His Thr Glin Thr Glu Glu Asin Glu Lieu. 
1OO 105 11 O 

Glu Gly Arg His Ile Tyr Ile Tyr Val Pro Asp Pro Asp Val Ala Phe 
115 12 O 125 

Val Pro Lieu. Gly Met Thr Asp Tyr Lieu Val Ile Val Glu Asp Asp Asp 
13 O 135 14 O 
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- Continued 

Ser Ala Ile Ile Pro Cys Arg Thr Thr Asp Pro Glu Thr Pro Val Thr 
145 150 155 160 

Lieu. His Asn. Ser Glu Gly Val Val Pro Ala Ser Tyr Asp Ser Arg Glin 
1.65 17O 17s 

Gly Phe Asin Gly Thr Phe Thr Val Gly Pro Tyr Ile Cys Glu Ala Thr 
18O 185 19 O 

Val Lys Gly Lys Llys Phe Glin Thr Ile Pro Phe Asn Val Tyr Ala Leu 
195 2OO 2O5 

Lys Ala Thir Ser Glu Lieu. Asp Lieu. Glu Met Glu Ala Lieu Lys Thr Val 
21 O 215 22O 

Tyr Lys Ser Gly Glu Thir Ile Val Val Thr Cys Ala Val Phe Asn Asn 
225 23 O 235 24 O 

Glu Val Val Asp Lieu Gln Trp Thr Tyr Pro Gly Glu Val Lys Gly Lys 
245 250 255 

Gly Ile Thr Met Lieu. Glu Glu Ile Llys Val Pro Ser Ile Llys Lieu Val 
26 O 265 27 O 

Tyr Thr Lieu. Thr Val Pro Glu Ala Thr Val Lys Asp Ser Gly Asp Tyr 
27s 28O 285 

Glu Cys Ala Ala Arg Glin Ala Thr Arg Glu Val Lys Glu Met Lys Llys 
29 O 295 3 OO 

Val Thir Ile Ser Val His Glu Lys Gly Phe Ile Glu Ile Llys Pro Thr 
3. OS 310 315 32O 

Phe Ser Gln Lieu. Glu Ala Val Asn Lieu. His Glu Val Llys His Phe Val 
3.25 330 335 

Val Glu Val Arg Ala Tyr Pro Pro Pro Arg Ile Ser Trp Lieu Lys Asn 
34 O 345 35. O 

Asn Lieu. Thir Lieu. Ile Glu Asn Lieu. Thr Glu Ile Thir Thr Asp Val Glu 
355 360 365 

Lys Ile Glin Glu Ile Arg Tyr Arg Ser Lys Lieu Lys Lieu. Ile Arg Ala 
37 O 375 38O 

Lys Glu Glu Asp Ser Gly His Tyr Thir Ile Val Ala Glin Asn. Glu Asp 
385 390 395 4 OO 

Ala Val Lys Ser Tyr Thr Phe Glu Lieu. Lieu. Thr Glin Val Pro Ser Ser 
4 OS 41O 415 

Ile Lieu. Asp Lieu Val Asp Asp His His Gly Ser Thr Gly Gly Glin Thr 
42O 425 43 O 

Val Arg Cys Thr Ala Glu Gly Thr Pro Leu Pro Asp Ile Glu Trp Met 
435 44 O 445 

Ile Cys Lys Asp Ile Llys Llys Cys Asn. Asn. Glu Thir Ser Trp Thir Ile 
450 45.5 460 

Lieu Ala Asn. Asn Val Ser Asn. Ile Ile Thr Glu Ile His Ser Arg Asp 
465 470 47s 48O 

Arg Ser Thr Val Glu Gly Arg Val Thr Phe Ala Lys Val Glu Glu Thr 
485 490 495 

Ile Ala Val Arg Cys Lieu Ala Lys Asn Lieu. Lieu. Gly Ala Glu Asn Arg 
SOO 505 51O 

Glu Lieu Lys Lieu Val Ala Pro Thir Lieu. Arg Ser Glu Lieu. Thr Val Ala 
515 52O 525 

Ala Ala Wall Lieu Wall Lieu. Lieu. Wall Ile Wall Ile Ile Ser Lieu. Ile Wall 
53 O 535 54 O 

Lieu Val Val Ile Trp Llys Glin Llys Pro Arg Tyr Glu Ile Arg Trp Arg 
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5.45 550 555 560 

Val Ile Glu Ser Ile Ser Pro Asp Gly His Glu Tyr Ile Tyr Val Asp 
565 st O sts 

Pro Met Gln Leu Pro Tyr Asp Ser Arg Trp Glu Phe Pro Arg Asp Gly 
58O 585 59 O 

Lieu Val Lieu. Gly Arg Val Lieu. Gly Ser Gly Ala Phe Gly Llys Val Val 
595 6OO 605 

Glu Gly Thr Ala Tyr Gly Lieu Ser Arg Ser Gln Pro Val Met Llys Val 
610 615 62O 

Ala Wall Lys Met Lieu Lys Pro Thr Ala Arg Ser Ser Glu Lys Glin Ala 
625 630 635 64 O 

Lieu Met Ser Glu Lieu Lys Ile Met Thr His Leu Gly Pro His Lieu. Asn 
645 650 655 

Ile Val Asn Lieu. Lieu. Gly Ala Cys Thir Lys Ser Gly Pro Ile Tyr Ile 
660 665 67 O 

Ile Thr Glu Tyr Cys Phe Tyr Gly Asp Leu Val Asn Tyr Lieu. His Lys 
675 68O 685 

Asn Arg Asp Ser Phe Lieu. Ser His His Pro Glu, Llys Pro Llys Lys Glu 
69 O. 695 7 OO 

Lieu. Asp Ile Phe Gly Lieu. Asn Pro Ala Asp Glu Ser Thr Arg Ser Tyr 
7 Os 71O 71s 72O 

Val Ile Lieu. Ser Phe Glu Asn. Asn Gly Asp Tyr Met Asp Met Lys Glin 
725 730 735 

Ala Asp Thir Thr Glin Tyr Val Pro Met Leu Glu Arg Lys Glu Val Ser 
740 74. 7 O 

Llys Tyr Ser Asp Ile Glin Arg Ser Lieu. Tyr Asp Arg Pro Ala Ser Tyr 
7ss 760 765 

Llys Llys Llys Ser Met Lieu. Asp Ser Glu Val Lys Asn Lieu. Lieu. Ser Asp 
770 775 78O 

Asp Asn. Ser Glu Gly Lieu. Thir Lieu. Lieu. Asp Lieu Lleu Ser Phe Thr Tyr 
78s 79 O 79. 8OO 

Glin Val Ala Arg Gly Met Glu Phe Lieu Ala Ser Lys Asn. Cys Wal His 
805 810 815 

Arg Asp Lieu Ala Ala Arg Asn Val Lieu. Lieu Ala Glin Gly Lys Ile Val 
82O 825 83 O 

Lys Ile Cys Asp Phe Gly Lieu Ala Arg Asp Ile Met His Asp Ser Asn 
835 84 O 845 

Tyr Val Ser Lys Gly Ser Thr Phe Leu Pro Val Lys Trp Met Ala Pro 
850 855 860 

Glu Ser Ile Phe Asp Asn Lieu. Tyr Thr Thr Lieu Ser Asp Val Trp Ser 
865 87O 87s 88O 

Tyr Gly Ile Leu Lleu Trp Glu Ile Phe Ser Leu Gly Gly Thr Pro Tyr 
885 890 895 

Pro Gly Met Met Val Asp Ser Thr Phe Tyr Asn Lys Ile Llys Ser Gly 
9 OO 905 91 O 

Tyr Arg Met Ala Lys Pro Asp His Ala Thr Ser Glu Val Tyr Glu Ile 
915 92 O 925 

Met Val Lys Cys Trp Asn Ser Glu Pro Glu Lys Arg Pro Ser Phe Tyr 
93 O 935 94 O 

His Lieu. Ser Glu Ile Val Glu Asn Lieu. Lieu Pro Gly Glin Tyr Lys Llys 
945 950 955 96.O 
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Ser Tyr Glu Lys Ile His Lieu. Asp Phe Lieu Lys Ser Asp His Pro Ala 
965 97O 97. 

Val Ala Arg Met Arg Val Asp Ser Asp Asn Ala Tyr Ile Gly Val Thr 
98O 985 99 O 

Tyr Lys Asn. Glu Glu Asp Llys Lieu Lys Asp Trp Glu Gly Gly Lieu. Asp 
995 1OOO 1005 

Glu Glin Arg Lieu. Ser Ala Asp Ser Gly Tyr Ile Ile Pro Lieu Pro 
O1O 1015 O2O 

Asp Ile Asp Pro Val Pro Glu Glu Glu Asp Lieu. Gly Lys Arg Asn 
O25 1O3 O O35 

Arg His Ser Ser Glin Thr Ser Glu Glu Ser Ala Ile Glu Thr Gly 
O4 O 1045 OSO 

Ser Ser Ser Ser Thr Phe Ile Lys Arg Glu Asp Glu Thir Ile Glu 
O55 106 O O65 

Asp Ile Asp Met Met Asp Asp Ile Gly Ile Asp Ser Ser Asp Lieu. 
Of O 1075 O8O 

Val Glu Asp Ser Phe Lieu. 
O85 

<210s, SEQ ID NO 15 
&211s LENGTH: 10 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
& 22 O FEATURE; 
<223> OTHER INFORMATION: Synthetic anti-VEGF aptamer 

<4 OOs, SEQUENCE: 15 

gaagaalulugg 10 

<210s, SEQ ID NO 16 
&211s LENGTH: 8 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-VEGF aptamer 

<4 OOs, SEQUENCE: 16 

uluggacgc 8 

<210s, SEQ ID NO 17 
&211s LENGTH: 8 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-VEGF aptamer 

<4 OOs, SEQUENCE: 17 

glugaall.gc 8 

<210s, SEQ ID NO 18 
&211s LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-VEGF aptamer 

<4 OOs, SEQUENCE: 18 

cggaalucagul gaaugcululau acau.ccg 27 

Jul. 23, 2015 
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- Continued 

<210s, SEQ ID NO 19 
&211s LENGTH: 27 
212. TYPE : RNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-VEGF aptamer 

<4 OOs, SEQUENCE: 19 

cggaalucagul gaaugcululau acau.ccg 27 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-PDGF aptamer 
22 Os. FEATURE: 

<221 > NAMEAKEY: modified base 
<222s. LOCATION: (10) ... (10) 
<223> OTHER INFORMATION: n=hexaethylene-glycol phosphoramidite 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (10) ... (10) 
<223> OTHER INFORMATION: n is a, c, g, t or u. 
22 Os. FEATURE: 

<221 > NAMEAKEY: modified base 
<222s. LOCATION: (23) . . (23) 
<223> OTHER INFORMATION: n=hexaethylene-glycol phosphoramidite 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222 LOCATION: (23) . . (23) 
<223> OTHER INFORMATION: n is a, c, g, t or u. 

<4 OOs, SEQUENCE: 2O 

Caggculacgn cgtagagcau cantgatcCu gt 32 

<210s, SEQ ID NO 21 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-PDGF aptamer 

<4 OOs, SEQUENCE: 21 

Caggctacgc gtagagcatc atgat cotgt 3 O 

<210s, SEQ ID NO 22 
&211s LENGTH: 32 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-PDGF aptamer 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (10) ... (10) 
<223> OTHER INFORMATION: n is a, c, g, t or u. 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (23) . . (23) 
<223> OTHER INFORMATION: n is a, c, g, t or u. 

<4 OOs, SEQUENCE: 22 

Caggculacgn cgtagagcau cantgatcCu gt 32 

<210s, SEQ ID NO 23 
&211s LENGTH: 32 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATU 

&223s OTHER 
22 Os. FEATU 

<221 > NAMEA 
&222s. LOCAT 
&223s OTHER 

22 Os. FEATU 

<221 > NAMEA 
&222s. LOCAT 
&223s OTHER 

22 Os. FEATU 

<221 > NAMEA 
&222s. LOCAT 
&223s OTHER 

22 Os. FEATU 

<221 > NAMEA 
&222s. LOCAT 
&223s OTHER 

22 Os. FEATU 

<221 > NAMEA 
&222s. LOCAT 
&223s OTHER 

22 Os. FEATU 

<221 > NAMEA 
&222s. LOCAT 
&223s OTHER 

RE: 

RE: 

KEY: misc feature 
ION: (1) ... (32) 
INFORMATION: U at positions 

2'-fluoro-2'-deoxyuridine 
RE: 
KEY: misc feature 
ION: (1) ... (32) 
INFORMATION: C at positions 

2'-fluoro-2'-deoxycytidine 
RE: 
KEY: misc feature 
ION: (1) ... (32) 
INFORMATION: G at positions 

2'-O-Methyl-2'-deoxyguanosine 
RE: 

KEY: misc feature 
ION: (1) ... (32) 

KEY: misc feature 
ION: (1) ... (32) 

l phosphoramidite 
RE: 
KEY: misc feature 
ION: (32) ... (32) 
INFORMATION: Nucleotide 32 is an inverted orientation T 
-linked) 

<4 OOs, SEQUENCE: 23 

Caggculacgn cgtagagcau cantgatcCu gt 

212. TYPE : 
&213s ORGAN 

&223s OTHER 

SEQ ID NO 24 
LENGTH: 118 

PRT 

ISM: Artificial Sequence 
FEATURE: 

6, 

8, 

9, 

60 

- Continued 

INFORMATION: Synthetic anti-PDGF aptamer 

20 and 3 O is 

21, 

15, 

INFORMATION: A at position 22 is 
2'-O-Methyl-2'-deoxyadenosine 

28 and 29 is 

17 and 31 is 

INFORMATION: Synthetic anti-VEGF antibody 

<4 OOs, SEQUENCE: 24 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly 
1. 

Ser 

Gly 

Gly 

Lys 
65 

Lell 

Ala 

Trp 

Lieu. Arg 

Met Asn 
35 

Trp Ile 
SO 

Arg Arg 

Gln Met 

Gly Glin 
115 

Lieu. Ser Cys Ala Ala Ser Gly 
2O 25 

Trp Val Arg Glin Ala Pro Gly 
4 O 

Asn Thr Tyr Thr Gly Glu Pro 
55 

Phe Thr Phe Ser Lieu. Asp Thr 
70 

Asn Ser Lieu. Arg Ala Glu Asp 
85 90 

Pro Tyr Tyr Tyr Gly Thr ser 
1OO 105 

Gly. Thir Lieu. 

<210s, SEQ ID NO 25 
&211s LENGTH: 110 
212. TYPE : PRT 

Luell 

Tyr 

Lys 

Thir 

Ser 
7s 

Thir 

His 

Wall 

Asp 

Gly 

Tyr 
6 O 

Ala 

Trp 

Glin 

Phe 

Lell 
45 

Ala 

Ser 

Wall 

Pro 

Thir 

Glu 

Ala 

Thir 

Phe 
11 O 

Gly 
15 

His 

Trp 

Asp 

Ala 

Tyr 
95 

Asp 

INFORMATION: N at positions 10 and 23 is from a hexaethylene 

Gly 

Tyr 

Wall 

Phe 

Tyr 

Cys 

Wall 
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- Continued 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-VEGF antibody 

<4 OOs, SEQUENCE: 25 

Asp Ile Glin Lieu. Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1. 5 1O 15 

Asp Arg Val Thir Ile Thr Cys Ser Ala Ser Glin Asp Ile Ser Asn Tyr 
2O 25 3O 

Lieu. Asn Trp Tyr Glin Glin Llys Pro Gly Lys Ala Pro Llys Val Lieu. Ile 
35 4 O 45 

Tyr Phe Thr Ser Ser Lieu. His Ser Gly Val Pro Ser Arg Phe Ser Gly 
SO 55 6 O 

Ser Gly Ser Gly Thr Asp Phe Thr Lieu. Thir Ile Ser Ser Leu Gln Pro 
65 70 7s 8O 

Glu Asp Phe Ala Thr Tyr Tyr Cys Glin Glin Tyr Ser Thr Val Pro Trp 
85 90 95 

Thr Phe Gly Glin Gly Thr Lys Val Glu Ile Lys Arg Thr Val 
1OO 105 11 O 

<210s, SEQ ID NO 26 
&211s LENGTH: 118 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-VEGF antibody 

<4 OOs, SEQUENCE: 26 

Glu Val Glin Lieu Val Glu Ser Gly Gly Gly Lieu Val Glin Pro Gly Gly 
1. 5 1O 15 

Ser Lieu. Arg Lieu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr 
2O 25 3O 

Gly Met Asn Trp Val Arg Glin Ala Pro Gly Lys Gly Lieu. Glu Trp Val 
35 4 O 45 

Gly Trp Ile Asn Thr Tyr Thr Gly Glu Pro Thr Tyr Ala Ala Asp Phe 
SO 55 6 O 

Lys Arg Arg Phe Thr Phe Ser Lieu. Asp Thr Ser Lys Ser Thr Ala Tyr 
65 70 7s 8O 

Lieu. Glin Met Asn. Ser Lieu. Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys 
85 90 95 

Ala Lys Tyr Pro His Tyr Tyr Gly Ser Ser His Trp Tyr Phe Asp Val 
1OO 105 11 O 

Trp Gly Glin Gly Thr Lieu. 
115 

<210s, SEQ ID NO 27 
&211s LENGTH: 110 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic anti-VEGF antibody 

<4 OOs, SEQUENCE: 27 

Asp Ile Gln Met Thr Glin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly 
1. 5 1O 15 

Asp Arg Val Thir Ile Thr Cys Ser Ala Ser Glin Asp Ile Ser Asn Tyr 
2O 25 3O 








