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~ (54) Title:. METHODS, ASSAYS AND COMPOSITIONS FOR TREATING RETINOL-RELATHD DISEASES ...._ 
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Q (57) Abstract: Described herein are methods and compositions for treating certain retinol-related diseases and conditions by modu-
Q lation of cranslhyretin (TfR) and retinal binding protein (RBP) availability in the subject. For example, the methods and compositions 
M provide for therapeutic agents for the treatment and/or prevention of age-related macular degeneration and/or dystrophies, metabolic 
O disorders, idiopathic intracranial hypenension, hyperostosis, and protein misfolding and aggregation diseases.' The comj,ositions 
::;;a... disclosed may be used as single agent therapy or in combination with other agents or thenipies. In addition, described herein are 
~ methods and assays for selecting appropriate agents that can modulate the TTR and RBP availability in a subject. · 
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METHODS, ASSAYS AND COMPosmoNS FOR TREATING RETINOL-RELATED 
DISEASES 

RELATED APPUCATIONS 

[OOOlJ This patent application claims the benefit of (a) U.S. Provisional Application Ser. No .. 

5 60/634,449, filed December 8, 2004, (b) U.S. Provisional Application Ser. No. 60/660,924~ filed March 

10, 2005, (c) U.S. Provisional Application serial number 60/660,904, filed on March 11~ 2005,·(d) U.S. 

Provisional Application serial number 60/672,405, filed on April 18, 2005, and (e) U.S. Provisional 

Application serial number 60/698,512, filed on July 11, 2005; the aforementioned pat.eat applications are 

herein incorporated by reference in their entirety. 

10 FIELD OF THE INVENTION 

[0002) The methods and compositions described herein are directed to the treatment ofretinol-

related diseases in a subject by modulating the activity or availability of retinol binding protein (RBP) and 

transthyretin (1TR) in the subject. 

BACKGROUND OF Tiii; INVENTION 

15 [0003} Retinoids are essential for maintenance of nonnal groWth, development, immunity, . 

reproduction, vision and other physiological processes. Conversely, abnormal production or processing of 

retinoids correlates with the manifestation of disease proce8ses. 

[00041 For example, more than I 00 milJion of the worJd's children are vitamin-A deficient, causing 

blindness and death among these children. Excess vitamin-A levels in target organs and tissues, such as 

20 the eye, may also cause blindness in a variety of retinal diseases, including macular degeneration. A large . 

variety of conditions, generally referred to as vitreoretinal diseases, can affect the vitreous and retina that 

lie on the back part of the eye, including the retinopatbies and macular degenerations and dystropbies. 

Macular degeneration is a group of eye diseases that is the leading cause of blindness for those aged 55 

and older in the United States, affecting more than 10 million Americans. Some studies predict a six-fold 

25 increase in the number of new cases of macular degeneration over the next decade, taking on the 

characteristics of an epidemic. Age-related macular degeneration or dystrophy, a particulady debilitating 

disease, leads to gradual loss of vision and eventually severe damage to the central vision. 

[0005) Abnormal levels of vitamin A, and/or its as8ociated transport proteins (retinol binding protein 

(RBP) and transthyretin {'ITR)) are also correlated with the manifestation of other diseases, including 

30 metabolic disorders. An example is seen in diabetes, where abnormal levels of retinol were seen in both 

type I and type Il diabetic patients, but not normal patients. Other diseases include pseudotumor cerebri 

(PTC), idiopathic intracranial hypertension (IIH), and bone-related disorders, including cervical 

spondylosis, spinal hyperostosis, and diffuse idiopathic skeletal hyperostosis (DISH). In addition, vitamin 

A and/or its associated transport proteins, 1TR in particular, may play a role in protein misfoldmg ~d 
35 aggregation diseases, including Alzheimer's disease and systemic amyloidosis. 
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[0006] Disorders associated with retinoid-related physiological manifestations continue to be a 

problem throughout the world. Therefore, there is a need to provide for methods and compositions to treat 

these diseases. 

SUMMARY OF THE INVENTION 

5 [0007] Described herein are methods and compositions for identifying and detecting agents which 

modulate retinol binding protein (RBP) or transthyreti.n (ITR) levels or activity in a mammal. Also 

descn'bed herein are assays for identifying compounds and therapeutic agents, as well as methods and 

compositions for treating a subject or patient with reti.nol-related diseases by administration: of 

compounds or therapeutics agents, wherein said administration results in the modulati~ ofRBP or TIR, 

10 levels or activity in sai~ patient or subject Also descnl>ed herein are methods and compositions for . 
treating a patient with retinol-related c;liseases by modulating RBP or 1TR levels or activity in the patient· 

by administration of such compounds. 

[0008] Jn one embodiment, the methods and compositions disclosed herein provide for the 

modulation of RBP or 1TR levels or activity in a mammal comprising administering to the mammal at 

15 least once an effective amount of an agent which modulates RBP or TI'R. transcription in said mammal, 

wherein said modulati0n of RBP or TTR levels or activity reduces the formation of all-trans retinal in an 

eye of a mammal Jn one embodiment, the agent is chosen from the group consisting ofRXR/RAR • . . . . 

agonists, RXR/RAR antagonists, estrogen agonists, estrogen antagonists, testosterone agonisis, 

testosterone antagonists, progesterone agonists, progesterone antagonists, dexamethasone agonists, 

20 · dexamethasone antagonists, anti.sense oligonucleotides, siRNA, fatty acid binding protein antagonists, 

C/EBP agonists, C/EBP antagonists, HNF-1 agonists, HNF-1 antagonists, HNF-3 agonists, HNF-3 
. . . . 

antagonists, HNF-4 agonists, HNF-4 antagonists, HNF-6 agonists, HNF-6 antagonists, aptamers, Zn-

finger binding proteins, ribozymes and monoclonal antibodies. 

[0099] In yet another embodiment, the methods and compositions disclosed herein provide for. 

25 modulating RBP or 1TR levels or activity in a mammal comprising administering to the ~ammal at least 

once an effective amollllt of an RBP or TIR translation inhibitor, wherein said modulation ofRBP or 

TI'R levels or activity reduces the formation of all:..trans retinal in an eye of a mammal. The agent may be 

chosen from the group consisting of: RXRIRAR agonists, RXRIRAR antagonists, estrogen agonists, 

30 

estrogen antagonists, testosterone agonists, testosterone antagonists, progesterone agonists, progesterone 

antagonists, dexamethasone agonists, dexamethasone antagonists, anti.sense oligonucleoti?es, s~A, 

fatty acid binding protein antagonists, C/EBP agonists, C/EBP antagonists, HNF-1 agonists, HNF-: 1 
. . .. · 

antagonists, HNF-3 agonists, HNF-3 antagonists, HNF-4 agonists, HNF-4 antagonists, HNF-6. agonists, 

HNF-6 antagonists, aptamers, nbozymes and monoclonal antibodies. 

[0010] In one embodiment, the methods and compositions disclosed herein provide for modulating 

35 RBP or TI'R levels .or activity in a mammal comprising administering to the mammal at least once an 

effective amount of 8n agent which modulates RBP binding to 1TR in said mammal, wherein ·said 

modulation of RBP or 1TR levels or activity reduces the formation of all-trans retinal ~ an eye of a 
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·mammal. The modulating agent cim bind to RBP or TrR. so as to inluoit the binding of RBP to TI'R in · 

the maIDJDal. The modulating agent can also antagonize the binding of retinol to RBP so as to inlnDit the 

binding of RBP or the RBP-agent complex to TI'R.. The modulating agent may be chosen from the:.grou; • 

consisting of: a retinyl derivative, a polyhalogenated aromatic hydrocarbon, a thyroid hormone agQnist, a · 

5 thyroid hormone antagonist, diclofenac, a diclofenac analogue, a small molecule compo\lnd, an endocrine 

hormone analogue, a flavonoid, a non-steroidal anti-inflammatory drug, a bivalent inln'bitor, a cardiac 

agent, a peptidomimetic, an aptamer, and an antibody. 

[0011} In one embodiment, the retinyl derivative of the methods and compositions disclosed herein · 

is a compound having the structure: 

10 (I), 

whereinX1 is selected from the group consisting ofNR2, 0, S, CHR2; R1 is (CHR2)x-L1':'R3, wherein xis 

0, 1, 2, or 3; Lt is a single bond or-C(O)-; R2 is a moiety selected from the group consisting ofH, (Ct-

4)alkyl, F, (C1-C4)fluoroalkyl, (C1-C4)alkoxy, -C(O)OH, -C(O)-NH2. -(Ct-C4)alkylamine; -C(O)-(Ci­

C4)alkyl, -C(O)-(C1-C4)fluoralkyl, -C(O)-(C1-4)alkylamine, and-C(O)-(Ct-C4)aJkoxy;·and R3 is Hor a 

15 moiety, optionally substituted with 1-3 independently selected substituents, selected from the group 

consisting of (Cz-C,)alkenyl, (Cz-C,)alkynyl, aryl, (C,-C7)cycloalkyl, (C5-C,)cycloalkenyl, =and a 

heterocycle; or an active metabolite, or a pharmaceutically acceptable prodrug or solvate thereof. 

20 

[0012] In one embodiment, the retinyl derivative of the methods and compositions disclosed herein 

is a compo1Dld having the structure: 

x1. 
!1 

(II); 

whereinX1 is selected from the group consisting ofNR.2, 0, S, CHR2; R 1 is (CHR2h-L1-R3
, wherein xis 

0, 1, 2, or 3; L 1 is a single bond or-C(O)-; R2 is a moiety selected from the group consisting of H, (C1-

C4)alkyl, F, (C1-C4)fluoroalkyl, (C1-C4)alkoxy, -C(O)OH, -C(O)-NH2, -(C1-C4)alkylamine, -C(O)-(C1-

C4)aJkyl, -C(O)-(Ci-C4)fluoroa1kyl, -C(O)-(C1-4)alkylamine, and-C(O)-(C1-C4)a1koxy; and R3 is Hor a 

25 moiety, optionally substituted with 1 ~3 independently selected substituents, select~d fro~ the group 

consisting of (~-C7)alkenyl, (Cz-C,)alkynyl, aryl, (C3-C1)cycloalkyl, (C.s~)cycloalkenyl~ anq a 
heterocycle; or an active metabolite, or a pharmaceutically acceptable prodrug or solvate thereof. · 

[0013] In further embodiments (a) X 1 is NR2, wherein R2 is Hor (C1-C4)alkyl; (b) xis O; Cc) ,i. is 1 

and Lt is -C(O)-; (d) R3 is an optionally substituted aryl; (e) R3 is an optionally substinited het~oaryl; (f) 

30 xt is NH and R3 is an optionally substituted aryl, including yet further embodiments in ~hlch (i) the aryl 

group has one substituent, (ii) the aryl group has one substituent selected from the.group consisting of 
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halogen, OH, O(C1-C4)alkyl, NH(C1-C4)alkyl, O(C1-C4)fluoroalkyl, and N[(C1-CJalkyl]2, (iii) the aryl 

group has one substituent, which is OH, (v) die aryl is a phenyl, or (vi) the aryl is naphthyl; (g) the : 

~"' . . .. 

. - . . 

. 

compound is 

¢
NH .• • 

oH , or an active metabolite, or a p~cally . 

acceptable prodrug or solvate thereof; (h) the compotmd is 4-hydroxyphenylretinamide, or a metabolite, .. 

5 or a pharmaceutically acceptable prodrug or solvate thereof; (i) the compound is 4-

methoxyphenylretinamide, or G) 4-0xo fenretinide, or a metabolite, or a pbarmaceuticaliy acceptable 

prod.rug or solvate thereof. 

(0014] In further embodiments, the administration of a compound of Formula (II) is used to treat 

ophthalmic conditions by lowering the levels of serum retinol in the body of a patient. In further 

10 embodiments (a) the effective amount of the compound is systemically administered to the mammal; (b) 

the effective amount of the compound is administered orally to the mammal; (c) the effective amount of 

the compound is intravenously administered to the mammal; (d) the effective amount·o~the compound is 

ophthalmically administered to the manunal; ( e) the effective amount of the compound is administered by 

iontophoresis; or (f) the effective amount of the compotmd is administered by injection to the mammal. 

15 (0015] In further embodiments the mammal is a huinan, including embodiments wherein (a) the 

human is a canier of the mutant ABCA4 gene for Stargardt Disease or the human bas a mutant ELOV4 

gene for Stargardt Disease, or has a genetic Variation in complement factor H associated with age-related 

macular degeneration, or (b) the human bas an ophthalmic condition or trait selected fro~ the group 

consisting of Stargardt Disease, recessive retinitis pigmentosa, geographic atrophy (of which scotoma is 

20 one non-limiting example), photoreceptor degeneration, dry-form AMD, recessive cone'-rod dystrophy, 

exudative (or wet-form) age-related macular degeneration, cone-rod dystrophy, and retinitis pigmentosa. 

In further embodiments the mammal is an animal model for retinal degeneration. 

(0016] In further embodiments, are methods comprising multiple administrations of the effective 

amount of the agent which modulates RBP binding to TfR in said mammal. including furtb.er 

25 . embodiments in which (i) the time between multiple administrations is at least one wee~ (ii) the time· 

between multiple administrations is at least one day; and (iii) the compotmd is administered to the : 

mammal on a daily basis; or (iv) the compound is administered tO the mammal every 12 hours. Jn further 

or alternative embodiments, the method comprises a drug holiday, wherein the administration of the 

compound is temporarily suspended or the dose of the compound being administered is tempo~ly 

30 reduced; at the end of the drug holiday, dosing of the compound is resumed. The length of the drug 
holiday can vary from 2 days to 1 year. 

[0017] In further embodiments are methods comprising adnrinistering at least one l!-d~tional agent 

selected from the group consisting of an inducer of nitric oxide production, an anti-inflammatory agent, a 

. physiologically acceptable antioxidant, a physiologically acceptable mineral, a negatively charged 
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