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si RNA and their use in methods and compositions for the treatment and/or 

prevention of eye conditions 

BACKGROUND OF THE INVENTION 

Glaucoma is defined as the process of ocular tissue destruction caused by a sustained 

elevation of intra ocular pressure (IOP) above its normal physiological limits \ In open 

angle glaucoma (OAG), elevated IOP causes a progressive optic neuropathy due to loss 

of retinal ganglion cells that ultimately leads to blindness . In angle-closure glaucoma 

the sudden high rise in IOP often renders the eye blind. Glaucoma is the second leading 

cause of blindness worldwide3 and the prevalence is increasing worlwide4. Blindness in 

glaucoma is caused by a degenerative process of the retina and optic nerve, but is 

functionally associated with impairments in the balance between aqueous humor (AH) 

secretion and outflow. AH is secreted by cells of the ciliary body (CB) and outflow can 

occur through one of two pathways: the trabecular meshwork pathway and the 

uveoscleral pathway 5. 

Current treatment for glaucoma is not able to restore vision-loss caused by glaucoma, 

but is focused on IOP reduction6. Controlling IOP has been shown to protect against 
5 7 damage to the optic nerve in glaucoma ' . There are five drug classes currently used to 

achieve IOP reduction: a-adrenergic agonists, ^-adrenergic antagonists, cholinergic 

agonists, prostaglandins and carbon anhydrase inhibitors. If no efficacy in reducing IOP 

is achieved with any of these drugs, laser therapy can be applied to the trabecular 

meshwork in order to increase AH outflow. The last therapeutic resource is a surgical 
o 

procedure to create a new route for AH outflow . 

Current treatments for increased IOP associated with glaucoma have relatively few 

ocular side effects but may have systemic side effects if the compound reaches the 

bloodstream 9' 10' 11 . Treatments that are systemically better tolerated, such as 
12 prostaglandins, have many local tolerance issues . This fact together with the required 

frequency of instillations in order to maintain adequate levels of IOP makes treatment 
13 compliance a challenge for patients . Failure to comply with therapy cannot only allow 

for disease progression but can also have a reboot effect causing sudden increases in 

IOP that can be very damaging to the optic nerve. 
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Prostaglandins and beta-blockers are the preferred IOP-lowering agents.12'14 

Prostaglandins lower IOP extremely well and are safe systemically but have several 

associated ocular side effects,15 i.e., darkening of the iris color, lash growth, periocular 

pigmentation, and hyperemia. Less frequent ocular side effects of this drug class are 

intraocular inflammation, cystoid macular edema, and reactivation of ocular corneal 

herpes viral infections16. Prostaglandin analogs are contraindicated during pregnancy 

because of the potential risk of premature labor. 

Topical application of beta blockers reduces IOP by decreasing AH production and not 

by increasing its outflow. Topically administered beta-blockers are absorbed via the 

conjunctival epithelium, lacrimal channel, nasal mucosa and gastrointestinal tract into 

the systemic circulation inducing systemic adverse reactions 17~19. In the eye, adrenergic 

receptors have been located at blood vessels that irrigate the ciliary body and trabecular 

meshwork, where their main effect is vasoconstriction, although their involvement in 

aqueous humour secretion has also been described. Previous studies in rabbits' eyes 

showed high density of (^-adrenergic receptors in conjunctival, corneal and ciliary 

process epithelium, (^-adrenergic receptors were also present in corneal endothelium, 

lens epithelium, choroid and extraocular muscle. Most of the (3-adrenergic receptors 

detected in eye belong to the (32- type 20-23. 

RNA interference (RNAi) is a technology based on the principle that small, specifically 

designed, chemically synthesized double-stranded RNA fragments can mediate specific 

messenger RNA (mRNA) degradation in the cytoplasm and hence selectively inhibit the 

synthesis of specific proteins. This technology has emerged as a very powerful tool to 

develop new compounds aimed at blocking and/or reducing anomalous activities in 
24 25 defined proteins ' . Compounds based on RNA interference can be rationally 

designed to block expression of any target gene, including genes for which traditional 

small molecule inhibitors cannot be found.26 Examples of successful use of RNAi in 
27 therapeutics include inhibition of HIV-1 replication in human cells and knock-down of 

28 tau and apolipoprotein precursor protein in animal models of Alzheimer's disease. 

Even though RNAi was discovered just over a decade ago, a few of these compounds 

are already in advanced phases of clinical trials, i.e., RTP801 (Quark Pharmaceuticals, 

Fremont, PA, phase II) for treating age-related macular degeneration and ALN-RSV01 

(Alnylam Pharmaceuticals, Cambridge, MA, phase II) for treating respiratory syncytial 
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29 30 virus ' . RNA interference is a very attractive approach to chronic conditions, since 

upon cessation of treatment the silenced protein has to be re-synthesized in order to 

recover its biological activity. Hence the effects of compounds based on RNA 

interference are in general more prolonged than those of conventional treatments 24'31. 

The eye is a relatively isolated tissue compartment; this particularity provides several 

advantages to the use of siRNA based therapies. Local delivery of compounds to the eye 

limits systemic exposure and reduces the amount of compound needed. This allows for 

local silencing of a gene and reducing the likelihood of wide spread silencing outside 

the eye. In addition, the immune system has a limited access to the eye; therefore 
32 immune responses to the compound are less likely to occur . 

Continuing the work described in W02006/021817, we have developed an siRNA: 

SYL040012, as identified in SEQ ID NO: 2, a chemically synthesized, unmodified, 

19bp double-stranded oligonucleotide with dinucleotide overhangs at 3' of 

deoxythymidine, able to selectively inhibit synthesis of |32-adrenergic receptor, 

indicated for the treatment of elevated IOP in patients with ocular hypertension, open 

angle glaucoma, and other related diseases. 

The compound has proven efficacy inhibiting expression of its target in cell cultures and 

in lowering IOP in normotensive rabbits and in a model of increased IOP in rabbits. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1: In vitro efficacy of SYL040012 in human cells. (A) Time course inhibition 

of ADRB2 in human cells: BxPC3 and MDA-MB-231 cells were transfected with either 

100 nM of SYL040012 or 100 nM of a scramble sequence siRNA, RNA was extracted 

and expression of ADRB2 was analysed at different time-points after transfection. (B) 

Dose-dependent inhibition of ADRB2 in response to SYL040012 in BxPC3 cells: 

BxPC3 cells were transfected with increasing doses of SYL040012 and ADRB2 

expression was analysed 48 h after transfection. (C) Expression of the adrenergic family 

receptors in response to SYL040012. BxPC3 and MDA-MB-231 in cells treated with 

either 100 nM SYL040012, scramble sequence or vehicle. * indicates statistically 

significance level of p<0.5 with respect to timepoint 0. 
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Figure 2: Stability of SYL040012 in biological fluids. Stability of SYL040012 was 

assessed in rabbit aqueous humor and rabbit serum by native-HPLC at different time-

points by spiking freshly obtained samples of both biological fluids with a 20|_iM 

solution of SYL040012 in PBS at time 0. Results are represented as percentage of the 

initial amount. Data represent means ± S.D. of 2 independent analyses. 

Figure 3: Reduction of eGFP levels in the ciliary body following treatment with an 

eGFP-siRNA. eGFP transgenic mice we treated with three doses of 160 jig/day. 48h 

after the last administration animals were sacrificed, the eyes enucleated and processed 

for fluorescence microscopy. Left panels show Nomarski microphotographs of the 

ciliary body of a PBS treated animal (A) and of an eGFP-siRNA treated animal (B). 

Middle panels show fluorescence microphotographs of a PBS treated animal (C) and of 

an eGFP-siRNA treated animal (D). The right panel show merges of Nomarski and 

fluorescence microphotographs. NPE: Non-pigmented epithelium; PE: pigmented 

epithelium. 

Figure 4: In vivo efficacy of SYL040012 in rabbits. (A) IOP lowering effect of 

SYL040012: two groups of NZW rabbits were treated with either SYL040012 (20 

nmol/day) or PBS over a period of 4 consecutive days. IOP was assessed every two 

hours up to 8 h after each administration, the same schedule was followed on days 5-10 

but no compounds were given. (B) Specificity of the effect of SYL040012: two groups 

of NZW rabbits were treated with either 100 nM of a scramble siRNA or with PBS. IOP 

was assessed as described above. (C) Long-term IOP lowering effect of SYL040012: 

two groups of rabbits were administered with either 20 nmol/day SYL040012 or PBS 

over two periods of four days separated from each other by a drug-free period of 3 days. 

IOP was assessed as described above from days 1-13. Representative experiments are 

shown. 

Figure 5: Efficacy of SYL040012 in a rabbit model of high intraocular pressure 

induced by oral water overloading. (A) Dose response of SYL040012 on IOP: 

animals were administered either SYL040012 at one of the following doses: 10, 20, 40, 

or 60 nmol/eye/day or PBS over a period of four days. 120 min after the last dose ocular 

hypertension was induced by oral water overloading. IOP was assessed coinciding with 

the last dosing, 60 min and immediately prior to oral water overloading and a total of 10 

times with a 25 minute-interval between measurements after oral water overloading. 
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Data represent means ± s.e.m of 2 animals per group. (B) Specificity of SYL040012 on 

IOP: animals were administered either 40nmol/eye/day of SYL040012, a scramble 

siRNA or PBS as mentioned above. Oral water overloading and IOP measurements 

were performed as mentioned in A. Data represent means ± s.e.m of 12 animals for 

SYL040012; 11 animals for PBS and 2 animals for scramble siRNA. (C) Reduction of 

ADRB2 levels in animals treated with SYL040012. Animals were treated as stated in B 

and immediately after the last IOP measurement they were sacrificed, eyes were 

enucleated and cornea, lacrimal gland and ciliary body were isolated. Total RNA was 

extracted and expression of ADRB2 was analyzed by real time PCR. Data represent 

means ± s.e.m of 3 animals per group. Statistical significance was calculated by 

comparing each treated eye structure with its PBS treated counterpart using unpaired 

Student t tests and was as follows: ***p<0.001. 

Figure 6: IOP curves in response to doses A and B of SYL040012. A. IOP evolution 

in 12 healthy subjects in response to repeated administration of dose A of SYL040012; 

B. IOP evolution in the subgroup of subjects that showed a decrease in IOP greater than 

20% in response to dose A of SYL040012 (n=5). C: IOP evolution in 12 healthy 

subjects in response to repeated administrations of dose B of SYL040012. Data 

represent mean ± standard error of the mean (s.e.m) of 12 subjects in A and C and 5 

subjects in B. Statistical significance was calculated by Repeated Measures two-way 

ANOVA and Bonferroni's corrections were made for the subsequent pairwise 

comparisons and was as follows: ***p<0.001; **p<0.01 and *p<0.05. 

Figure 7: siNA molecules of the invention. This figure shows oligonucleotides 

sequences for siNA molecules encompassed in the present invention. 

SUMMARY OF THE INVENTION 

The present invention relates to methods, compositions and dosages that decrease IOP 

of the eye, comprising SYL040012, a 19 nucleotide double-stranded RNA molecule 

with dinucleotide deoxythymidine overhangs at 3'. The compositions of the present 

invention comprise SYL040012 in a saline solution such as PBS and pharmaceutically 

acceptable excipients, thus allowing their instillation on the eye, i.e. as eyedrops. The 
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dosages of the invention comprise a daily instillation of an eyedrop of between about 

30(ll and about 40|ll, comprising between around 0.6 mg and 0.9 mg of SYL040012. 

The present invention relates to methods, compositions and dosages that decrease IOP 

of the eye. The compositions of the invention comprise short interfering nucleic acid 

molecules (siNA) that decrease expression of adrenergic receptor beta 2 (ADRB2) gene, 

which, as indicated previously, decreases production of aqueous humour within the 

anterior chamber of the eye. The compositions of the invention can be used in the 

preparation of a medicament for the treatment of an eye condition displaying increased 

IOP such as glaucoma, infection, inflammation, uveitis, and diabetic retinopathy. The 

methods of the invention comprise the administration to a patient in need thereof of an 

effective amount of one or more siNAs of the invention in an effective dosing regime. 

The compositions of the invention comprise short interfering nucleic acid molecules 

(siNA) that decrease or inhibit expression of adrenergic receptor beta 2 (ADRB2), a gen 

associated with production of intraocular fluid, i.e. aqueous humor. The present 

invention encompasses compositions and methods of use of short interfering nucleic 

acid (siNA) including, but not limited to, short interfering RNA (siRNA), double-

stranded RNA (dsRNA), and short hairpin RNA (shRNA) molecules capable of 

mediating RNA interference (RNAi) against the target gene, ADRB2. In preferred 

embodiments, the siNA used in the methods of the invention are dsRNA. siNAs of the 

invention can be unmodified or chemically modified. 

The methods of the invention comprise the administration to a patient in need thereof of 

an effective amount of an siNA of the invention. In preferred embodiments the methods 

of the invention provide a sustained decrease in IOP when compared with the duration 

of IOP decrease that results from administration of commercially available drugs such 

as Xalatan, Trusopt and Timoftol. 

Methods of the invention also encompass administration of one or more siNAs of the 

invention in combination with one or more other therapeutics that decrease IOP 

including, but not limited to, commercially available drugs. 

Methods of the invention also encompass administration of the composition of the 

invention via instillation on the ocular surface. When the siRNA is administered directly 
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to the eye, generally an amount of between about 0.01 mg and about 100 mg per eye per 

day, between about 0.04 mg and about 80 mg per eye per day, between about 0.04 mg 

and about 20 mg per eye per day, between about 0.08 mg and about 10 mg per eye per 

day, between about 0.08 mg and about 1.2 mg per eye per day, between about 0.3 and 

about 0.9 mg per eye per day, or between about 0.08 mg and about 0.9 mg per eye per 

day, per day of siNA is administered. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to methods, compositions and dosages that decrease IOP 

of the eye. The compositions of the invention comprise short interfering nucleic acid 

molecules (siNA) that decrease expression of adrenergic receptor beta 2 (ADRB2) gene, 

which, as indicated previously, the expression product of which decreases production of 

aqueous humour within the anterior chamber of the eye. The compositions of the 

invention can be used in the preparation of a medicament for the treatment of an eye 

condition displaying increased IOP such as glaucoma. The methods of the invention 

comprise the administration to a patient in need thereof of an effective amount of one or 

more siNAs of the invention in an effective dosing regime. 

Design of siNAs 

siNAs of the invention are designed to modulate the activity by decreasing or inhibiting 

the expression of ADRB2, thus affecting IOP. In one embodiment, a decrease in or 

inhibition of the target gene expression decreases the production of intraocular fluid e.g. 

aqueous humour. GenBank accession number for ADRB2, the present target gene, is 

NM_000024. 

As used herein "siNAs" of the invention refers to a double stranded oligonucleotide 

capable of mediating target mRNA cleavage via RNA interference. It is preferred to the 

term siRNA to avoid confusion, given that it is a common practice in the field to include 

modified non-canonical bases within the molecule structure, and on occasion a 

deoxyribonucleotide, including single-stranded thymidine overhangs at the ends of the 

double-stranded portion. 

A gene is "targeted" by a siNA according to the invention when, for example, the siNA 

molecule selectively decreases or inhibits the expression of the gene. The phrase 
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"selectively decrease or inhibit" as used herein encompasses siNAs that decrease 

expression of one gene as well those that decrease the expression of more than one 

gene. In cases where an siNA decreases expression of more than one gene, the gene that 

is targeted is decreased at least about two times, about three times, about four times, 

about five times, about ten times, about twenty five times, about fifty times, or about 

one hundred times as much as any other gene. Alternatively, a siNA targets a gene when 

the siNA hybridizes under stringent conditions to the gene transcript. siNAs can be 

tested either in vitro or in vivo for the ability to target a gene. 

A short fragment of the target gene's mRNA sequence (e.g. 19-40 nucleotides in length) 

is chosen for the sequence of the siNA of the invention. In one embodiment the siNA is 

a siRNA. In preferred embodiments, the criteria for choosing a sequence fragment from 

the target gene mRNA to be a candidate siRNA molecule include 1) a sequence from 

the target gene mRNA that is at least 50-100 nucleotides from the 5' or 3' end of the 

native mRNA molecule, 2) a sequence from the target gene mRNA that has a G/C 

content of between 30% and 70%, most preferably around 50%, 3) a sequence from the 

target gene mRNA that does not contain repetitive sequences (e.g. AAA, CCC, GGG, 

UUU, AAAA, CCCC, GGGG, UUUU), 4) a sequence from the target gene mRNA that 

is accessible in the mRNA, and 5) a sequence from the target gene mRNA that is unique 

to the target gene. The sequence fragment from the target gene mRNA may meet one or 

more criteria identified above. In embodiments where a fragment of the target gene 

mRNA meets less than all of the criteria identified supra, the native sequence may be 

altered such that the siRNA conforms with more of the criteria than does the fragment 

of the target gene mRNA. In preferred embodiments, the siRNA has a G/C content 

below 60% and/or lacks repetitive sequences. 

In one specific embodiment, the portion of the siNA that is complementary to the target 

region is perfectly complementary to the target region. In another specific embodiment, 

the portion of the siNA that is complementary to the target region is not perfectly 

complementary to the target region. siNA with insertions, deletions, and point mutations 

relative to the target sequence are also encompassed by the invention. Thus, sequence 

identity may be calculated by sequence comparison and alignment algorithms known in 

the art (see Gribskov and Devereux, Sequence Analysis Primer, Stockton Press 1991, 

and references cited therein) and calculating the percent difference between the 
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nucleotide sequences by, for example, the Smith-Waterman algorithm as implemented 

in the BESTFIT software program using default parameters (e.g. University of 

Wisconsin Genetic Computing Group). Greater than 90%, 95%, or 99% sequence 

identity between the siNA and the portion of the target gene is preferred. Alternatively, 

the complementarity between the siNA and native RNA molecule may be defined 

functionally by hybridization. A siNA sequence of the invention is capable of 

hybridizing with a portion of the target gene transcript under stringent conditions (e.g. 

400 mM NaCl, 40 mM PIPES pH 6.4, 1 mM EDTA, 50°C or 70 °C hybridization for 

12-16 hours; followed by washing). A siNA sequence of the invention can also be 

defined functionally by its ability to decrease or inhibit the expression of a target gene. 

The ability of a siNA to affect gene expression can be determined empirically either in 

vivo or in vitro. 

In addition to siNAs which specifically target only one gene, degenerate siNA 

sequences may be used to target homologous regions of multiple genes. 

W02005/045037 describes the design of siNA molecules to target such homologous 

sequences, for example by incorporating non-canonical base pairs, for example 

mismatches and/or wobble base pairs, that can provide additional target sequences. In 

instances where mismatches are identified, non-canonical base pairs (for example, 

mismatches and/or wobble bases) can be used to generate siNA molecules that target 

more than one gene sequence. In a non-limiting example, noncanonical base pairs such 

as UU and CC base pairs are used to generate siNA molecules that are capable of 

targeting sequences for differing targets that share sequence homology. As such, one 

advantage of using siNAs of the invention is that a single siNA can be designed to 

include a nucleic acid sequence that is complementary to the nucleotide sequence that is 

conserved between homologous genes. In this approach, a single siNA can be used to 

inhibit expression of more than one gene instead of using more than one siNA molecule 

to target different genes. 

Preferred siNA molecules of the invention are double-stranded. In one embodiment, 

double stranded siNA molecules comprise blunt-ends. In another embodiment, double 

stranded siNA molecules comprise overhanging nucleotides (e.g. 1-5 nucleotide 

overhangs, preferably 2 nucleotide overhangs). In a specific embodiment, the 

overhanging nucleotides are 3' overhangs. In another specific embodiment, the 
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overhanging nucleotides are 5' overhangs. Any type of nucleotide can be a part of the 

overhang. In one embodiment, the overhanging nucleotide or nucleotides are 

ribonucleic acids. In another embodiment, the overhanging nucleotide or nucleotides are 

deoxyribonucleic acids. In a preferred embodiment, the overhanging nucleotide or 

nucleotides are thymidine nucleotides. In another embodiment, the overhanging 

nucleotide or nucleotides are modified or non-classical nucleotides. The overhanging 

nucleotide or nucleotides may have non-classical internucleotide bonds (e.g. other than 

phosphodiester bond). 

In preferred embodiments, siNA compositions of the invention are designed to target 

SEQ ID NO: 1. Further embodiments refer to siNAs identified by SEQ ID NO 1, 2, 3, 4, 

5 and 6. In another embodiment, the preferred siNA of the invention is SEQ ID NO: 2 

(SYL040012). This preferred siNA SYL040012, is a 19 nt long unmodified double 

stranded RNA molecule with dinucleotide overhangs at the 3' ends comprising 

deoxythymidine bases, as depicted in Figure 7. 

Synthesis of siNAs 

siNAs designed by methods described above can be synthesized by any method known 

in the art. RNAs are preferably chemically synthesized using appropriately protected 

ribonucleoside phosphoramidites and a conventional DNA/RNA synthesizer. 

Additionally, siRNAs can be obtained from commercial RNA oligo synthesis suppliers, 

including, but not limited to, Proligo (Hamburg, Germany), Dharmacon Research 

(Lafayette, CO, USA), Glen Research (Sterling, VA, USA), ChemGenes (Ashland, MA, 

USA), and Cruachem (Glasgow, UK), Qiagen (Germany), Ambion (USA) and 

Invitrogen (Scotland). Alternatively, siNA molecules of the invention can be expressed 

in cells by transfecting the cells with vectors containing the reverse complement siNA 

sequence under the control of a promoter. Once expressed, the siNA can be isolated 

from the cell using techniques well known in the art. 

In embodiments where the siRNA is a double-stranded RNA (dsRNA), an annealing 

step is necessary if single-stranded RNA molecules are obtained. Briefly, combine 30 

ml of each RNA oligo 50 mM solution in 100 mM potassium acetate, 30 mM HEPES-
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KOH pH 7.4, 2 mM magnesium acetate. The solution is then incubated for 1 minute at 

90 °C, centrifuged for 15 seconds, and incubated for 1 hour at 37 °C. 

In embodiments where the siRNA is a short hairpin RNA (shRNA); the two strands of 

the siRNA molecule may be connected by a linker region (e.g., a nucleotide linker or a 

non-nucleotide linker). 

5.3 Chemical Modification of siNAs 

The siNAs of the invention may contain one or more modified nucleotides and/or non-

phosphodiester linkages. Chemical modifications well known in the art are capable of 

increasing stability, availability, and/or cell uptake of the siNA. The skilled person will 

be aware of other types of chemical modification which may be incorporated into RNA 

molecules (see International Publications W0031070744 W02005/045037 or 

W02008/104978 for an overview of types of modifications). 

In one embodiment, modifications can be used to provide improved resistance to 

degradation or improved uptake. Examples of such modifications include 

phosphorothioate internucleotide linkages, 2'-0-methyl ribonucleotides (especially on 

the sense strand of a double stranded siRNA), 2'-deoxy-fluoro ribonucleotides, 2'-deoxy 

ribonucleotides, "universal base" nucleotides, 5-C-methyl nucleotides, and inverted 

deoxyabasic residue incorporation (see generally GB2406568). 

In another embodiment, modifications can be used to enhance the stability of the siRNA 

or to increase targeting efficiency. Modifications include chemical cross linking 

between the two complementary strands of an siRNA, chemical modification of a 3' or 

5' terminus of a strand of an siRNA, sugar modifications, nucleobase modifications 

and/or backbone modifications, 2'-fluoro modified ribonucleotides and 2'-deoxy 

ribonucleotides (see generally International Publication W02004/029212). 

In another embodiment, modifications can be used to increase or decrease affinity for 

the complementary nucleotides in the target mRNA and/or in the complementary siNA 

strand (see generally International Publication W02005/044976). For example, an 

unmodified pyrimidine nucleotide can be substituted for a 2-thio, 5- alkynyl, 5-methyl, 
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or 5-propynyl pyrimidine. Additionally, an unmodified purine can be substituted with a 

7-deza, 7-alkyl, or 7-alkenyl purine. 

In another embodiment, when the siNA is a double-stranded siRNA, the 3'-terminal 

nucleotide overhanging nucleotides are replaced by deoxyribonucleotides, see for 
33 example Elbashir et al 

Demonstration of Therapeutic Utility 

The compositions and methods of the invention are preferably tested in vitro, and then 

in vivo, for the desired therapeutic activity prior to use in humans. For example, in vitro 

assays which can be used to determine whether administration of a specific therapeutic 

protocol is indicated, include in vitro cell culture assays in which a candidate siNA is 

administered to cells (e.g., rabbit non-pigmented cilliary epithelium cells (NPE), human 

cilliary epithelium cells (OMDC), or human embryonic kidney cells (HEK293) in vitro 

and the effect of such protocol upon the cells is observed, e.g., decreased or inhibited 

expression of the target gene. 

Compounds for use in therapy can be tested in suitable animal model systems prior to 

testing in humans, including but not limited to in rabbits, rats, mice, chicken, cows, 

monkeys, hamsters, etc. For example, the New Zealand rabbit is the preferred standard 

in experimental platforms designed to study IOP. It is easy to handle and it has a big 

eye, similar in size to the human organ. In addition, present equipment to measure IOP 

is not suited to use in animals with small eyes such as mice or rats. Finally, rabbits have 

an IOP that can be reduced to 40% of its normal (or pre-drug) value using local 

commercial hypotensive medication. Thus, although it is possible to generate rabbit 

glaucoma models (for example, surgically blocking episclerotic veins or artificially 

occluding the trabecular meshwork), generally those in the field prefer models in which 

ocular structures remain intact. 

Therapeutic methods 

The present invention encompasses methods for treating, preventing, or managing an 

eye disorder associated with increased IOP in a patient (e.g., a mammal, especially 

humans) comprising administering an effective amount of one or more siNAs of the 
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invention. In a specific embodiment, the disorder to be treated, prevented, or managed is 

glaucoma. Any type of glaucoma that is associated with IOP can be treated with the 

methods of the present invention including, but not limited to, Open Angle Glaucoma 

(e.g., Primary Open Angle Glaucoma, Pigmentary Glaucoma, and Exfoliative 

Glaucoma, Low Tension Glaucoma), Angle Closure Glaucoma (also known clinically 

as closed angle glaucoma, narrow angle glaucoma, pupillary block glaucoma, and 

ciliary block glaucoma) (e.g., Acute Angle Closure Glaucoma and Chronic Angle 

Closure Glaucoma), Aniridic Glaucoma, Congenital Glaucoma, Juvenile Glaucoma, 

Lens-Induced Glaucoma, Neovascular Glaucoma, Post-Traumatic Glaucoma, Steroid-

Induced Glaucoma, Sturge-Weber Syndrome Glaucoma, and Uveitis-Induced 

Glaucoma. 

Therapeutic treatments with siRNAs directed against specific target genes are expected 

to be beneficial over small molecule topical ocular drops by increasing the length of 

time that effect is observed, thereby allowing less frequent dosing and greater patient 

compliance. 

In preferred embodiments, the siNAs used in the therapeutic methods of the invention 

decrease or inhibit the expression of genes that effect IOP, such as adrenergic receptor 

beta 2. In further preferred embodiments of the invention, the siNAs used in the 

therapeutic methods of the invention are targeted to SEQ ID NO: 1. In a specific 

preferred embodiment, the siNA is 21 to 30 nucleotides in length and comprises SEQ 

ID NO: 3. Specifically preferred is SYL040012, with SEQ ID NO: 2 having no 

modifications, i.e. no non canonical bases, and comprising TT overhangs on both 3' 

ends. 

In preferred embodiments, the methods of the invention provide a sustained decrease in 

IOP that lasts for longer than 8, 10, 12, or 14 hours, more preferably for several days 

(e.g., 2 days, 3 days, 4 days, or 5 days), after the last administration of siNA. In such 

embodiments, the effect (i.e., decreased IOP) of administered siNAs of the invention is 

longer lasting than the duration of IOP decrease that typically results from 

administration of presently commercially available drugs (e.g., Xalatan, Trusopt, and 

Timoftol). The siNAs of the invention that provide sustained IOP decreasing action can 

be administered in a regimen such that IOP is continually decreased without daily 

administration of the siNA. In a specific embodiment, a treatment regimen can include 
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consecutive cycles of administration (e.g., one dose of siNA given daily for four days) 

and non-administration (e.g., 3 or 4 days with no treatment given) while still eliciting a 

continual decrease in IOP. 

In one embodiment, a single type of siNA is administered in the therapeutic methods of 

the invention. In another embodiment, an siNA of the invention is administered in 

combination with another siNA of the invention and/or with one or more other non-

siNA therapeutic agents useful in the treatment, prevention or management of an eye 

disorder associated with increased IOP. The term "in combination with" is not limited to 

the administration of therapeutic agents at exactly the same time, but rather it is meant 

that the siNAs of the invention and the other agent are administered to a patient in a 

sequence and within a time interval such that the benefit of the combination is greater 

than the benefit if they were administered otherwise. For example, each therapeutic 

agent may be administered at the same time or sequentially in any order at different 

points in time; however, if not administered at the same time, they should be 

administered sufficiently close in time so as to provide the desired therapeutic effect. 

Each therapeutic agent can be administered separately, in any appropriate form and by 

any suitable route. 

Dosage 

As used herein, an "effective amount" refers to that amount of a siNA of the invention 

sufficient to treat or manage an eye disorder associated with increased IOP and, 

preferably, the amount sufficient to decrease IOP. For treatment of increased IOP in 

humans, it is preferred to reduce IOP so that IOP is between about 14 and 20 mm Hg. 

However, any reduction in IOP as compared to pretreatment IOP is advantageous, 

whether the compounds of the invention are delivered alone, or in combination with 

another suitable therapeutic (e.g., the invention contemplates a decrease in IOP greater 

that about 5%, about 10%, about 25%, about 30%, about 35%, about 40%, about 50%, 

or about 60% of pretreatment IOP). In some embodiments, the compounds of the 

invention can cause a decrease in IOP that is between about 1% and about 99%, 

between about 5% and about 90%, between about 10% and about 80%, between about 

20% and about 50%, or between about 25% and about 45% of pretreatment IOP. 

Preferably, the decrease in IOP is between about 25% and about 30%. A therapeutically 

effective amount may also refer to the amount of an siNA sufficient to delay or 
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minimize the onset of an eye disorder associated with IOP. A therapeutically effective 

amount may also refer to the amount of the therapeutic agent that provides a therapeutic 

benefit in the treatment or management of an eye disorder associated with elevated IOP. 

Further, a therapeutically effective amount with respect to an siNA of the invention 

means that amount of therapeutic agent alone, or in combination with other therapies, 

that provides a therapeutic benefit in the treatment or management of an eye disorder 

associated with increased IOP. Used in connection with an amount of an siRNA of the 

invention, the term can encompass an amount that improves overall therapy, reduces or 

avoids unwanted effects, or enhances the therapeutic efficacy of or synergizes with 

another therapeutic agent. Treatment with siNA alone or in combination should result in 

an IOP of about 14 and 20 mm Hg. However, any decrease in IOP as compared to 

pretreatment IOP is advantageous (e.g., a decrease in IOP greater that 5%, 10%, 25%, 

30%, 35%, 40%, 50%, or 60% of pretreatment IOP). 

A therapeutic benefit in the treatment or management of an eye disorder associated with 

increased IOP is the sustained decrease in IOP induced by the treatment. The more 

sustained the decrease is, the less likelihood there is of sudden sharp increases in IOP 

occurring when the next dose becomes due. This is considered a significant 

enhancement of the therapeutic efficacy. In some embodiments, treatment with siNA 

alone or in combination can result in a decrease in IOP sustained between about 2 days 

to about 7 days, between about 2 and about 6 days, and between about 2 days and about 

4 days. In some preferred embodiment, the decrease is sustained between about 2 days 

and about 3 days, preferably during 3 days. 

Consequently, in some embodiments administration of the compounds of the invention 

results in preventing, protecting against, or reducing the damage to the optic nerve 

caused by the reboot effect in IOP when the next dose becomes due in cases of patients' 

poor compliance with treatment schedules. 

The effective amount and treatment regimen of a composition of the invention can be 

determined by standard research techniques. For example, the dosage of the 

composition which will be effective in the treatment, prevention or management of the 

disorder can be determined by administering the composition to an animal model such 

as, e.g., the animal models disclosed herein, e.g. the New Zealand white rabbit model, 

or known to those skilled in the art. In addition, in vitro assays may optionally be 
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employed to help identify optimal dosage ranges. Alternatively, the dosage may be 

determined for an individual by titrating the dose until an effective level is reached. 

Selection of the preferred effective amount to be used in dosages can be determined 

(e.g., via clinical trials) by a skilled artisan based upon the consideration of several 

factors which will be known to one of ordinary skill in the art. Such factors include the 

disorder to be treated or prevented, the symptoms involved, the patient's body mass, the 

patient's immune status and other factors known by the skilled artisan to reflect the 

accuracy of administered pharmaceutical compositions. 

The precise dose to be employed in the formulation will also depend on the route of 

administration, and the seriousness of the disorder, and should be decided according to 

the judgment of the practitioner and each patient's circumstances. 

When the siRNA is administered directly to the eye, generally an amount of between 

about 0.01 mg and about 100 mg per eye per day, between about 0.04 mg and about 80 

mg per eye per day, between about 0.04 mg and about 20 mg per eye per day, between 

about 0.08 mg and about 10 mg per eye per day, between about 0.08 mg and about 1.2 

mg per eye per day, between about 0.3 and about 0.9 mg per eye per day, or between 

about 0.08 mg and about 0.9 mg per eye per day, per day of siNA is administered. In 

preferred embodiments, the siRNA of the invention is administered in an amount of 

between about 0.08 mg and about 0.9 mg per eye per day, and between about 0.3 mg 

and about 0.9 mg, and between about 0.3 mg and about 0.6, and most preferably 

between about 0.6mg and about 0.9 mg per eye per day. In a preferred embodiment the 

siRNA of the invention is formulated in a saline solution such as PBS. In a specifically 

preferred embodiment the siRNA of the invention is SYL040012 and is administered at 

the above defined doses. In some preferred embodiments, these doses may be 

administered once a day, twice a day, three times a day or four times a day, and the 

application to each eye is to take place daily, every other day, once a week, twice a 

week, three times a week, every other week, or once a month. In some embodiments the 

above doses may be administered at the same time each day or at different times each 

day. Given that pathologies characterized by increased IOP such as glaucoma are 

chronic in nature, in a preferred embodiment of the present invention the administration 

of the siNAs of the invention is also chronic. In alternative embodiments of the 



WO 2014/037686 
17 

PCT/GB2012/052177 

invention, where an increase in the patients' IOP is transitory the compositions of the 

invention shall be administered while the condition persists. 

Formulations And Routes of Administration 

The siNAs of the invention may be formulated into pharmaceutical compositions by any 

of the conventional techniques known in the art (see for example, Alfonso, G. et al., 

1995, in: The Science and Practice of Pharmacy, Mack Publishing, Easton PA, 19th 

ed.). Formulations comprising one or more siNAs for use in the methods of the 

invention may be in numerous forms, and may depend on the various factors specific 

for each patient (e.g., the type and severity of disorder, type of siNA administered, age, 

body weight, response, and the past medical history of the patient), the number and type 

of siNAs in the formulation, the form of the composition (e.g., in liquid, semi-liquid or 

solid form), the therapeutic regime (e.g. whether the therapeutic agent is administered 

over time once daily, several times a day or once every few days, and/or the route of 

administration). 

In a preferred embodiment, the compositions of the invention are administered in the 

form of eye drops, delivered directly to the eye. The eye drops can be delivered in a 

volume of between about 10 |al and about 100 |_il per drop, more preferably between 

about 20 |_il and about 50 |_il per drop, and most preferably between about 30 |_il and 

about 33 |_il per drop. In an additionally preferred embodiment the eyedrops are 

delivered in a volume of about 40(ll. In a preferred embodiment the composition of the 

invention comprises SYL040012 in an acceptable solution such as PBS. In some 

preferred embodiments SYL040012 is administered once a day in eyedrops at a 

concentration of from about 7.5 mg/ml to about 22.5 mg/ml, preferably between about 

15 mg/ml and 22.5 mg/ml. 

These compositions can take the form of aqueous and non aqueous solutions, 

suspensions, emulsions, microemulsions, aqueous and non aqueous gels, creams, 

tablets, pills, capsules, powders, sustained-release formulations and the like. The siNAs 

of the invention can also be encapsulated in a delivery agent (including, but not limited 

to, liposomes, microspheres, microparticles, nanospheres, nanoparticles, biodegradable 

polymers, hydrogels, cyclodextrins poly (lactic-co-glycolic) acid (PLGA)) or 

complexed with polyethyleneimine and derivatives thereof (such as polyethyleneimine-
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polyethyleneglycol-N-acetylgalactosamine (PEI-PEG-GAL) or polyethyleneimine-

polyethyleneglycol-tri-N-acetylgalactosamine (PEI-PEG-triGAL) derivatives). The 

preferred compositions of the invention are aqueous solutions, specifically preferred are 

saline solutions such as PBS, with a pH range of about 7.0 to about 7.4 preferably with 

apH of 7.2+ 0.5. 

Pharmaceutical carriers, vehicles, excipients, or diluents may be included in the 

compositions of the invention including, but not limited to, water, saline solutions, 

preferably buffered saline solutions, oils (e.g., petroleum, animal, vegetable or synthetic 

oils), starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium 

stearate, glycerol monostearate, talc, sodium chloride, dried skimmed milk, glycerol, 

propylene, glycol, ethanol, biopolymers (e.g., carbopol, hialuronic acid, polyacrylic 

acid, etc.), dextrose, permeation enhancers (e.g., fatty acids, fatty acid esters, fatty 

alcohols and amino acids), and hydrophilic polymers (e.g., polycarbophil and 

polyvinylpyrolidone) and the like. The composition, if desired, can also contain minor 

amounts of wetting or emulsifying agents, or pH buffering agents. 

Suitable lipophilic solvents or vehicles include fatty oils such as sesame oil, or synthetic 

fatty acid esters, such as ethyloleate or triglycerides, or liposomes. Optionally, the 

suspension may also contain suitable stabilizers or agents which increase the solubility 

of the compounds to allow for the preparation of highly concentrated solutions. 

In preferred embodiments, the compositions of the invention are formulated in a 

solution, preferably a buffered saline solution such as PBS, or a gel for topical 

administration to the eye, such as, for example, in the form of eye drops. In such 

embodiments, the formulations may be cationic emulsions and/or contain biopolymers 

including, but not limited to, poly(lactide-co-glycolide), carbopol, hialuronic acid and 

polyacrylic acid. 

In a specific preferred embodiment, the compositions of the invention are formulated in 

a solution such as phosphate-buffered saline (PBS), which may optionally also comprise 

one or more pharmaceutically acceptable diluents and or excipients such as 

benzalkonium chloride, which will allow ocular instillation on the corneal surface in the 

form of an eyedrop preferably of between about 30 and about 33 (ll. In such preferred 
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embodiments the dose administered is between about 0.6 mg and about 0.9 mg per eye 

per day, preferably administered once a day. 

The siNAs of the present invention can also be formulated in combination with other 

therapeutic compounds that decrease IOP (e.g., commercially available drugs). 

Kits 

The siNA compounds of the invention can also be provided in kits that comprise a 

dispenser with an orifice for dispensing specific dosages of the siNA compound in a 

droplet of predetermined volume. In a preferred embodiment the siNA comounds of the 

invention are siNAs targeted against SEQ ID NO: 1. In a further preferred embodiment 

the dispensers within the kit of the invention provide a composition comprising 

SYL040012. In another embodiment the kit can comprise a collection of single use 

dispenser, for example for use during one month, in this specific case, the case would 

contain 30 single use dispensers. The droplet can range from about 50 (ll to about 100 

jllin volume. The dispenser can be a single use dispenser and comprise between about 1 

mg and about 2 mg of the siNA compounds of the invention, and optionally also 

comprise one or more pharmaceutically acceptable diluents, and optionally one or more 

excipients. The composition contained in the dispenser can comprise a concentration of 

between about 15 mg/ml to about 22.5 mg/ml of the siNA compound of the invention. 

Alternatively, the dispenser can be designed to be use for one month or more and the 

volumes contained will increase accordingly to provide the equivalent number of doses. 

The kits of the invention can also comprise instructions specifying that a dosage of the 

siNA compound of between about 0.6 mg and about 0.9 mg in 1 droplet is to be applied 

to each eye. The instructions can further specify that the droplets are applied to each 

eye once a day, twice a day, three times a day, or four times a day, and that the 

application to each eye is to take place daily, every other day, once a week, twice a 

week, three times a week, every other week, or once a month. 

The contents of all published articles, books, reference manuals and abstracts cited 

herein, are hereby incorporated by reference in their entirety to more fully describe the 

state of the art to which the invention pertains. 
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As various changes can be made in the above-described subject matter without 

departing from the scope and spirit of the present invention, it is intended that all 

subject matter contained in the above description, or defined in the appended claims, be 

interpreted as descriptive and illustrative of the present invention. Modifications and 

variations of the present invention are possible in light of the above teachings. 

EXAMPLES 

EXAMPLE 1: In vitro analysis of SYL040012 

Cell culture and transfections 

BxPC3 and MDA-MB-231 cells were obtained from American Association of Culture 

Collection (Rockville, MD, USA) and maintained in culture medium (RPMI-1640 

medium supplemented with 10% FBS (BxPC3 cells) and 10% FBS supplemented 

DMEM (MDA-MB-231 cells) in a humidified incubator under an atmosphere of 5% 

C02/95% air at 37°C. For transfections cells were seeded at a density of 106.000 

cells/cm2 for BxPC3 line and 200.000 cells/cm2 for MDA-MB-231 line. When cell 

cultures reached approximately 90% confluence, cells were transfected with 100 nM 

SYL040012 using Lipofectamine 2000 (Invitrogen, Pasley, UK). Transfection 

efficiency was estimated by quantifying the amount of Block-it-Alexa fluor red 

fluorescent oligonucleotide (Invitrogen, Pasley, UK) present inside cells in control 

cultures 24 h after transfection. 

RNA isolation and qReal Time-PCR 

Total RNA was isolated from cell cultures or tissues using RNeasy RNA extraction kit 

(Invitrogen, CA, USA). 4 (ig of total RNA were retrotranscribed using High-Capacity 

cDNA Archive kit (Applied Biosystems, Inc., Foster City, CA, USA) according to the 

manufacturer's instructions. 

Real time PCR was performed using Stepone plus detection system (Applied 

Biosystems). 500 nanograms of each sample were amplified in a TaqMan 2X Universal 

Master Mix under the following conditions: 95 °C for 10 min, followed by 40 cycles of 

95 °C for 15 s and 60 °C for 1 min. All real time qRT-PCR amplifications were 
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performed in triplicate and repeated in five independent experiments, always including 

reverse transcription controls and no template controls. 

ADRB2 mRNA levels were analyzed by qRT-PCR at different time points after 

transfection with 100 nM SYL040012 (24, 48 and 72 hours) according to the above 

described protocol. Quantification data of ADRB2 gene were normalized to HPRT1 

expression in rabbit cells and tissues and to GAPDH expression in human cells which 

served as a positive amplification control. 

Cell viability assays 

Cell viability was assessed by the MTT method and assayed at different time-points (24, 

48 and 72 hours) after transfection in MDA-MB-231 and BxPC3 using the Cell Titer 96 

Aqueous Non Radioactive Cell Proliferation Assay kit (Promega, Mannheim, Germany) 

following the manufacturer's instructions. 

In vitro analysis of efficacy, specificity and safety of SYL040012 

ADRB2 mRNA levels were analyzed by qPCR at different time points (24, 48 and 72 

hours) after transfecting cell cultures of BxPC3 or MDA-MB-231 with either 100 nM of 

SYL040012 or a scramble siRNA. A reduction that varied between 50-70% of basal 

mRNA levels of ADRB2 was observed, depending on the time-point (Figure 1A). In 

both cell lines, maximal effect of SYL040012 was observed 24 h after transfection, at 

this time point the reduction in ADRB2 mRNA was approximately 50% of basal levels. 

In BxPC3 cells basal ADRB2 levels were recovered approximately 72 h post-

transfection, whereas in MDA-MB-231 cells mRNA levels at this point remained below 

basal line. Transfection of a scramble RNA sequence did not modulate ADRB2 levels 

demonstrating that effect the SYL040012 was specific. 

In order to assess if the reduction in ADRB2 levels had an effect on cell viability a MTT 

assay was performed at the same time points mentioned above. SYL040012 did not 

cause any significant effect on cell viability over time (Table 1). This result indicates 

that the ADRB2 mRNA reduction in response to SYL040012 does not cause cell 

toxicity. 

MDA-MB-231 BxPC3 
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Time 
(h) SYL040012 Scramble Control SYL040012 Scramble Control 

24 96.39 ± 5.41 107.13 ± 2.43 
100.0 

0 ± 12.54 113.22 ± 8.20 108.62 ± 24.19 100.00 ± 13.79 

48 105.70 ± 0.63 101.71 ± 2.96 
100.0 

0 ± 1.59 97.15 ± 0.16 107.29 ± 2.74 100.00 ± 3.22 

72 105.86 ± 12.56 112.87 ± 9.18 
100.0 

0 ± 7.08 99.75 ± 15.62 101.33 ± 2.96 100.00 ± 5.57 

Table 1: Cell viability in MDA-MB-231 and BxPC3 cells following treatment with 

either 100 nM SYL040012, 100 nM of a scramble sequence or PBS. Cell viability was 

analyzed using an MTT assay 24, 42 and 72 h after treatment with 100 nM SYL040012, 

the same dose of scramble sequence siRNA or vehicle. Data represent means ± s.e.m of 

three independent experiments. 

Compounds based on RNAi depend on the activity of endogenous RNAi machinery. 

One of the pitfalls of RNAi is that this endogenous system can be saturated when big 
22 amounts of exogenous RNA molecules are added . With the aim of assessing the 

effect of different doses of SYL040012, BxPC3 cells were transfected with increasing 

doses of SYL040012 (0.001 to 100 nM). Total RNA was isolated 24 hours after 

transfection and ADRB2 mRNA levels were determined by real-time PCR (Figure IB). 

A statistically significant reduction in ADRB2 levels was observed at a 0.5 nM dose. 

Maximum effect was seen in response to a of 10 nM dose. No significant differences 

were observed between the concentrations of 10 and 100 nM. Using these data, the 

inhibitory concentration 50 (IC50) value was calculated to be 9.2 nM. 

Specificity of a compound for its target is crucial for reduction of side effects in the 

clinical setting. We analysed the effect of SYL040012 on receptors of the adrenergic 

family to analyse its effect on the mRNA of proteins that are structurally related to 

ADRB2. mRNA levels of adrenergic receptors ADRB2, ADRB1, and ADRA1B were 

assessed in BxPC3 cells after treatment with SYL040012. Figure 1C shows that 

SYL040012 was able to selectively decrease ADRB2 levels mRNA without 

significantly affecting mRNA levels of ADRB1 or ADRA1B. 

EXAMPLE 2: Stability studies 

Methods 

Stability of SYL040012 in rabbit serum and rabbit aqueous humour was assessed by 

two methods: a native HPLC method to measure the quantity of duplex RNA by 

separating double-stranded RNA from non-hybridized single-strands, and a denaturing 
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IEX-HPLC method to evaluate purity of both single strands in the duplex and to detect 

potential degradation compounds in order to evaluate the stability of the single strands. 

Additional tests such as appearance, pH and UV measurement were made according to 

current editions of European and US Pharmacopeias. 

Stability of SYL040012 

RNA compounds are very easily degraded by RNAses, for this reason the stability of 

the compound was assessed in its vehicle (PBS), in rabbit serum and in rabbit aqueous 

humor. 

The results of the stability study of SYL040012 drug product upon incubation for up to 

24 hours at 37°C in rabbit serum and rabbit aqueous humor are shown in Figure 2. 

These results demonstrate that SYL040012 half-life is above 24 hours in rabbit aqueous 

humor whereas the half life in rabbit serum is below 30 minutes. 

EXAMPLE 3: siRNA biodistribution in the eye of GFP mice 

Methods 

C57BL/6-Tg (ACTbEGFP) adult male rabbits of approximately 8 weeks were used for 

the study. Mice were housed in groups and kept in a controlled-temperature room with a 

12h light/dark cycle and free access to food and water. 

Eyes of 6-8 weeks old eGFP transgenic mice were treated with a dose of 11.2 nmol/day 

of eGFP-siRNA over a period of three consecutive days. This model has been 

extensively described in literature 34 and expresses eGFP protein abundantly, which is 

easily detected by fluorescence. RNAi target sequence used was as follows: EGFP 5'-

GGCTACGTCCAGGAGCGCACC-3'. 48h after the last application, animals were 

sacrificed and both eyes collected and processed for fluorescence microscopy. 

siRNA biodistribution in green fluorescent protein (GFP) transgenic mice 

An important first step in any interference study is to optimize conditions of siRNA 

delivery in vivo. The ability to detect phenotypic changes or loss of function in a target 
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population depends on the efficiency with which the siRNA is delivered into target 

tissue. 

In order to investigate whether siRNAs can pass through the cornea and access the 

anterior chamber of the eye, a green fluorescent protein specific siRNA was assayed in 

eGFP transgenic mice. The application of a siRNA specifically designed for eGFP, 

diminished fluorescence in the ciliary processes and trabecular meshwork when 

compared to untreated mice (Figure 3). This result indicates that, on the one hand the 

siRNA can access the anterior chamber of the eye and, on the other hand, once there, it 

is taken up by the cells of the ciliary processes and is capable of reducing the expression 

of the target gene. 

EXAMPLE 4: In vivo efficacy 

Animals 

Adult male New Zealand White Rabbits (NZW) (Granja San Bernardo, Spain and 

Charles River Laboratories) of approximately 10 weeks were used for all experiments. 

Animals were individually housed in standard cages in a controlled-temperature room 

with a 12h light/dark cycle with free access to food and water. Animals were subjected 

to a basic ophthalmic examination during the week prior to the beginning and at the end 

of each study. The following parameters were observed: eyelid irritation/inflammation, 

tear production, pupil size, cornea appearance and conjunctive irritation/inflammation. 

All animals were handled according to the ARVO statement for use of Animals in 

Ophthalmic and Vision Research. 

IOP Measurement 

IOP was measured using the Applanation Tonometer TONO-PEN AVIA™ after topical 

application of Colircusi® anestesico (0.4% tetracaine + 0.4% oxibuprocaine, Alcon) to 

the cornea, to avoid animal discomfort. Every measurement was performed by triplicate 

and average results are shown. 

Oral water-loading hypertension model 
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Four days prior to beginning each study five IOP measurements were registered with 2 

h intervals between measurements. Animals were thereafter assigned to experimental 

groups randomizing the animals according to IOP values. Compounds were instilled on 

into the eye once a day over a period of 4 days in a dose volume of 40|aL per eye 

containing 20nmol of siNA in PBS. PBS was used as a negative control. During the first 

three days of administration basal IOP measurements were recorded prior to test item or 

vehicle administration. IOP was measured 4 times post-administration with a 2 hour-

interval. 

On the fourth day of study, basal IOP measurements were recorded prior to 

administration and 1 and 2 hours post-administration. At this point hypertension was 

induced by means of oral water-loading (60 mL/kg) in overnight fasted animals. 

Thereafter, IOP was measured a total of 10 times with a 25 minute-interval between 

measurements. After the last measurement, animals were euthanized by an overdose of 

pentobarbital and the main ocular structures were collected and preserved in RNA later 

until processing. 

In vivo efficacy of SYL040012 

As a first step to demonstrate in vivo efficacy of SYL040012 New Zealand White 

Rabbits were treated with three of the products that are currently first-line treatment for 

glaucoma: Trusopt (dorzolamide), Xalatan (latanoprost) and Timoftol (timolol). A 

single drop (40 (iL) of each of the compounds was instilled into the eyes of three 

separate groups of rabbits over a period of four consecutive days. IOP measurements 

were obtained every hour for 8 hours, starting one hour after the last administration. All 

compounds caused an IOP reduction of between 20-35%, depending on the compound, 

and this effect lasted approximately 6 hours (data not shown). These experiments 

confirmed the suitability of this animal model due to its ability to respond to IOP 

regulators. 

To assess the effect of SYL040012 on IOP, New Zealand White rabbits were instilled 

with either 0.3 mg/day of SYL040012 or PBS over a period of 4 consecutive days, in 

the form of one 40 (ll eyedrop per day. Figure 4A shows that there was an IOP 

reduction of 21.81% ± 1.55% when compared to the control group instilled with 
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vehicle. The effect of SYL040012 on IOP was detectable after two days of treatment 

and the values remained below basal levels until approximately two days after the last 

application. Specificity of the effect was assessed by performing the same experiment 

administering a scramble sequence instead of the compound. The results, shown in 

Figure 4B, indicate that scrambled siRNA had no effect on IOP, thus the effect of 

SYL040012 was specific. 

The mean time effect of SYL040012 was calculated as the difference between the half 

maximal time-point of recovery and the time at which the half maximal effect on IOP 

was achieved. The results of these calculations are shown in Table 3, and illustrate the 

difference in mean time effect of SYL040012 (91.6 h) versus Xalatan™ (5.36 h) and 

Trusopt™ (4.75 h). 

In order to analyze the effect of SYL040012 over time, a group of rabbits received two 

sets of four once a day applications of the compound at a dose of 0.3 mg/day, separated 

from each other by a drug free period of three days. Figure 4C shows that there was an 

IOP reduction of 19.29 ± 0.89% and that this decrease in IOP was maintained over time. 

Reduction in IOP was observed from the second application until approximately 48 h 

after the last application, including during the three-day drug free period. The fact that 

SYL040012 is able to maintain the reduction in IOP levels in this animal model even 

when the compound is not administered for a period of up to 72 hours is very attractive. 

When commercial drugs are used, sustained reduction of IOP relies on the continuous 

application of the drugs. This latter feature suggests that SYL040012 can protect against 

the eventual optic damage caused by a reboot effect in IOP in case of patients' poor 

compliance with the treatment. 

EXAMPLE 5: In vivo efficacy in an animal model with ocular hypertension 

To evaluate the IOP-lowering effect of SYL040012 in conditions closer to pathological 

conditions observed in glaucoma, an oral water overloading model in New Zealand 

White Rabbits was used. This model has previously been described by several authors 
35-38 . The main advantage of this model over other experimental models of ocular 

hypertension is that administration of irritant compounds or techniques that are 
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traumatic to the eye are avoided, leaving ocular structures intact. This allows the eye to 
38 respond normally to test drugs . 

The first experiment was a dose-range finding in which four different doses of 

SYL040012 (0.15, 0.3, 0.6 and 0.9 mg/eye/day) were administered a total of 3 times: 

48, 24 and 2 hours before hypertension induction. All treatments were applied in both 

eyes and IOP was measured before hypertension induction and every 20 minutes up to 

120 minutes after oral overloading. A repeated measures two-way ANOVA analysis of 

the results showed a statistically significant effect of both time (p<0.001) and treatment 

(p<0.0001) but no interaction between these factors. Differences between each of the 

doses and PBS were analysed using a one-way ANOVA with a Dunnett's post-hoc test. 

Figure 5A shows that SYL040012 provides significant protection against the rise of IOP 

at all doses tested (p < 0.01 vs saline in all cases) .The maximum mean AIOP value 

(IOP after water-loading - IOP before water-loading) in animals treated with 

SYL040012 was 6,6 mmHg, 8,2 mmHg, 4,8 mmHg and 4,3 mm Hg for doses of 0.15, 

0.30, 0.60 and 0.90 mg/day/eye respectively vs a maximum AIOP in control animals 

(treated with vehicle) of 15,55 mmHg. 

In order to confirm the efficacy and specificity of SYL040012 on IOP a larger group of 

animals was treated with a fixed dose of 0.3 mg/day over a period of four consecutive 

days. As seen in Figure 5B, water loading caused an increase in IOP of approximately 7 

mmHg during the first hour after hypertension induction in animals treated with PBS. 

The repeated measures two way-ANOVA analysis of the results, show a significant 

effect of both time and treatment (p<0.0001 in both cases) but no interaction between 

these factors. Further analysis was performed by a one-way ANOVA with a Dunnett's 

post-hoc test for single comparisons. The results of this analysis show that treatment 

with SYL040012 significantly reduced the AIOP value within the first hour compared to 

PBS treated animals (p<0.05 vs. PBS). The effect of SYL040012 was specific since 

treatment with a scramble sequence siRNA had no effect on IOP (p>0.05 vs. PBS). 

To further ensure that the observed decrease on IOP was a reflection of a corresponding 

decrease in the levels of ADRB2 mRNA, the relevant tissues were analyzed. Animals 

were treated as described above were sacrificed immediately after the last IOP 

measurement, eyes were enucleated and cornea, lacrimal gland and ciliary body were 

isolated. Total RNA was extracted and expression of ADRB2 was analyzed by real time 
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PCR as described supra. As may be seen in figure 5C, a significant decrease in ADRB2 

mRNA levels was observed in both ciliary body and lacrimal gland. 

EXAMPLE 6: SYL040012 in humans 

Subjects 

Thirty healthy volunteers who had an IOP below 21 mmHg, Snellen visual acuity of 

20/25 or better and who were at least 18 years of age were recruited. All subjects 

completed the study according to the protocol. The mean ± standard deviations of the 

subjects' demographic parameters are shown in Table 1. A comprehensive physical 

examination and an ocular examination were performed before admittance into the 

study to assure the suitability of the subjects for participation in the study. 

Study Design 

A single-center, parallel, controlled, open-label phase I clinical study was designed to 

evaluate safety, tolerability, and bioavailability of SYL040012 administered as eye 

drops. An additional aim of the study was to determine the effect of different doses of 

SYL040012 on IOP. In all cases, the drug was instilled in one randomly chosen eye 

only; the fellow eye remained untreated and served as a control for ocular tolerance and 

safety. Both eyes were monitored in a blinded fashion. 

Treatment Schedule 

To minimize the risk of adverse effects and in accordance with the Guidelines on 

Strategies to Identify and Mitigate Risks for First-in-Human Clinical Trials with 

Investigational Medicinal Products (EMEA/CHMP/SWP/28367/07), the intervention 

phase was divided into two intervals. Interval 1 began with instillation of a single dose 

of SYL040012 to one subject who was observed for 72 hours. Tolerability was assessed 

at 24, 48, and 72 hours after instillation; when the tolerability criterion was met 72 

hours after instillation, the next subject was dosed. The same procedure was followed 

for each new subject until six subjects had been administered. Good tolerance and thus 

the possibility of including the next volunteer was defined as an absence of grade 3 or 

higher toxicity on the Common Terminology Criteria for Adverse Events v3.0 scale. 14 

Safety and tolerability were assessed before interval 2 began. 
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During interval 2 SYL040012 was administered in daily instillations over 7 consecutive 

days. Two doses were assayed in this interval, each of which was administered to 12 

subjects. For safety reasons, an initial group of three subjects received the low dose 

(600 (ig) of SYL040012; when the tolerability criterion previously described was met, 

the remaining subjects assigned to this dose were administered. The same procedure 

was performed for the high dose (900 (ig). 

All subjects were treated in the Clinical Investigation Unit of the hospital, which 

guaranteed protocol compliance. Table 2 shows the flow chart diagram. 

IOP Measurements 

During interval 1, IOP was measured 1, 2, 4, 48, and 72 hours after instillation using 

Goldmann tonometry with the subjects sitting. During interval 2, the IOP curves were 

determined before the first instillation (screening) and after 4 days of treatment. In both 

cases, IOP was measured at 9:00, 12:00, 15:00, 18:00, and 21:00 hours. IOP was also 

measured every time ocular tolerance was assessed during intervals 1 and 2, 1 hour 

before and after instillation. Measurements performed outside of an IOP curve were 

taken in the morning between 9:00 and 12:00. 

Statistical Analysis 

Ocular and conjunctival local tolerance after SYL040012 treatment was assessed by 

analyzing occurrence and frequency of ocular adverse effects 72 hours after instillation 

for interval 1 and 24 hours after the last instillation during interval 2. Comparisons were 

made between eyes (administered vs. non-administered) using the chi-squared test. 

Analysis of single daily IOP values after one instillation was performed by comparing 

values obtained after SYL040012 instillation to the basal value at screening. Statistical 

significance was assessed by paired Student's t test. The effect of SYL040012 on IOP 

during interval 2 was assessed by comparing the IOP curve obtained at day 4 to the one 

obtained at screening. Statistical significance was assessed by repeated measures two-

way analysis of variance (ANOVA), using treatment and time of day as variables and 

IOP as the repeated measure followed by a Bonferroni post-hoc test to assess the 

significance at each time point. Other parameters (clinical analysis, visual acuity, 

symptom duration) were analyzed using paired Student's t tests or Wilcoxon test 
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depending on compliance of the conditions required for using each of these statistical 

tests. P < 0.05 was considered significant. 

Results: Effect of SYL040012 on IOP 

No significant differences in IOP were seen between the values obtained at screening 

and those obtained following a single instillation of SYL040012. During interval 2, 

administration of SYL040012 on a repeated dose schedule over a period of 7 days 

reduced IOP values in 15 out of 24 healthy subjects regardless of the dose used. The 

600 (ig dose of SYL040012 caused an overall statistically significant decrease in IOP 

after 4 days of administration; the post hoc data analysis showed a significant effect of 

SYL040012 on the measurements obtained at 15:00 hours (Fig. 6A). Five volunteers 

who received this dose showed a mean reduction in IOP values exceeding 20% on day 4 

compared to values at screening. We performed a separate analysis in this subgroup and 

found an overall statistically significant effect on IOP; the post hoc analysis revealed 

that the differences were statistically significant at all time-points studied (Fig. 6B). It is 

noteworthy that the basal IOP value in these five subjects was higher than the basal IOP 

values in other subjects (16.2 ± 2.9 mmHg vs. 14.9± 2.8 mmHg, respectively). This 

increased responsiveness with higher IOP values has been reported for other 

antiglaucoma drugs.39 

EXAMPLE 7: Treatment of ocular hypertension or open-angle glaucoma in adults: a 

double-blind, placebo controlled, multiple-dose efficacy trial 

Patients 

A total of 80 male and female subjects in good or fair general health as assessed by the 

investigator, aged >18 years, with a previous history or newly diagnosed elevated IOP 

(>21 mmHg) with or without open-angle glaucoma in both eyes are recruited. To be 

included in this study they must have a normal result, or result typical for open-angle 

glaucoma of the following assessments in both eyes: 

- Visual field 24-2 or equivalent (24-2 Humphrey visual field SITA test, about 5 

minutes per eye). 

- Optical coherence tomography (OCT). 

- Best corrected visual acuity >0.5 (20/40) on the Snellen chart, or <0.3 logMAR. 

- Schirmer test (lacrimation). 
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- Funduscopy. 

The main objective of this trial is to determine tolerability on the ocular surface (cornea 

and conjunctiva) and effect on intraocular pressure after a daily dose of SYL040012 

during 14 days of treatment. 

Secondary objectives include assessment of local tolerability after each dose, systemic 

tolerability (effect on laboratory parameters, physical examination, vital signs and 

electrocardiogram), and changes (if any) of the ocular fundus or visual acuity possibly 

related to the investigational product. 

Baseline period 

Up to 30 days before the first administration of the investigational product subjects are 

enrolled for eligibility to participate in the Treatment Period of the clinical trial. If an 

anti-glaucoma medication requires washout, this period may be longer. Temporary 

prescription of anti-glaucoma medication requiring a short wash-out is allowed. 

If at the beginning of the baseline period the patient is on an anti-glaucoma medication 

with several weeks wash-out (cf. European Glaucoma Society, footnote to the study 

Flow Chart), the investigator may prescribe another anti-glaucoma medication with a 

short wash-out time in order to avoid the eyes being without IOP-lowering medication 

for several weeks. 

Treatment period 

On Day 1 subjects are randomised to 80 (ig SYL040012, 300 (ig SYL040012, 900 (ig 

SYL040012 or placebo in a ratio of 1:1:1:1 to be administered in eyedrops. 

Subjects return each day (including bank holidays and weekends) to the site for 

investigational product administration and assessments. Subjects receive 1 dose of the 

investigational product once daily in both eyes for 14 days. 

Follow-up visit 

The final assessment will be done at the follow-up visit which takes place 4 to 7 days 

after the last investigational product administration (from 96 hours after the last 

administration [4 days] + 3 days). 
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To determine the effect of SYL040012 on patients' IOP, a 24-hour curve of IOP 

measurements is obtained with a Goldmann tonometer the day before beginning 

treatment, and on day 14. Time points are adjusted to a classical timetable for IOP curve 

measurements (09:00, 12:00, 15:00 and 18:00 and at 9:00 next day). Furthermore single 

IOP measurements are performed on day 1, 7 and 15, and also during the follow up visit 

which takes place between 4 and 7 days after receiving the last administration. 
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36 
MCSLLP 

1. The use of a short interfering nucleic acid molecule (siNA) comprising the 

nucleotide sequence of SEQ ID NO: 3 in the manufacture of a medicament for the 

treatment of an eye disorder characterized by increased intraocular pressure (IOP) 

wherein said siNA is for topical administration to the corneal surface of the eye of a 

patient in need thereof at a dose of between about 0.3 mg and about 0.9 mg. 

2. Use of between about 0.3 mg and 0.9 mg of a siRNA comprising SEQ ID NO: 2 in 

phosphate buffered saline (PBS) in the manufacture of a medicament for the 

treatment of an eye disorder characterized by increased intraocular pressure (IOP) 

wherein said medicament is for topical administration to the corneal surface of the 

eye of a patient in need thereof. 

3. Use of claim 1, wherein the siNA is administered once per day. 

4. Use of claim 1, wherein the siNA is delivered in a volume of between about 30 jal 

and about 40 (il. 

5. Use of claim 1, wherein the siNA is delivered to the eye with an eyedropper. 

6. Use of claim 1, wherein the siNA is short interfering ribonucleic acid (siRNA). 

7. Use of claim 6, wherein the siRNA is double stranded RNA (dsRNA). 

8. Use of claim 6, wherein the siRNA is short hairpin RNA (shRNA). 

9. Use of claim 1, wherein the siNA comprises at least one modified oligonucleotide. 

10. Use of claim 1, wherein the siNA comprises at least one linkage between 

two nucleotides that is not a phosphodiester linkage. 

11. Use of claim 1, wherein the eye disorder is selected from the group consisting of 

open angle glaucoma, angle closure glaucoma, and congenital glaucoma. 

12. Use of claim 1, wherein the siNA is 40 nucleotides or fewer. 
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13. Use of claim 6, wherein the siRNA is hybridised to its complement to make a 

dsRNA. 

14. Use of claim 7, wherein the dsRNA has a dinucleotide 3' overhang. 

15. Use of claim 14, wherein the dinucleotide 3' overhang is made of thymidine 

nucleotides. 

16. Use of claim 1, wherein more than one type of siNA is administered to the patient. 

17. Use of claim 16, wherein the more than one type of siNA decreases or inhibits 

the expression of the same gene. 

18. Use of claim 1, wherein said siNA is unmodified. 


