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In Vitro and In Vivo Efficacy of SYL0O40012, a Novel
siRNA Compound for Treatment of Glaucoma
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Glaucoma is a progressive ocular syndrome character-
ized by degeneration of the optic nerve and irrevers-
ible visual field loss. Elevated intraocular pressure (IOP)
is the main risk factor for glaucoma. Increased IOP is the
result of an imbalance between synthesis and outflow of
aqueous humor (AH). Blocking B2 adrenergic receptor
(ADRB2) has shown to reduce IOP by decreasing pro-
duction of AH at the ciliary body (CB). SYL0O40012 is a
siRNA designed to specifically silence ADRB2 currently
under development for glaucoma treatment. Here,
we show that SYL0O40012 specifically reduces ADRB2
expression in cell cultures and eye tissues. The com-
pound enters the eye shortly after administration in eye
drops and is rapidly distributed among structures of the
anterior segment of the eye. In addition, SYL040012 is
actively taken up by cells of the CB but not by cells of
systemic organs such as the lungs, where inhibition of
ADRB2 could cause undesirable side effects. Moreover,
SYL040012 reduces IOP in normotensive and hyperten-
sive animal models and the effect appears to be long
lasting and extremely well tolerated both locally and
systemically.
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INTRODUCTION

Glaucoma is a chronic condition characterized by progressive
optic nerve damage and visual impairment frequently leading to
blindness." It is the second leading cause of blindness worldwide;
and the prevalence of the disease increases with age.” The major
risk for developing glaucoma is elevated intraocular pressure
(IOP)’ and fluctuations in IOP, even within normal ranges, signifi-
cantly contribute to visual field loss.* Increased IOP is caused by
an imbalance in the production and drainage of aqueous humor
(AH), the clear liquid that fills the anterior and posterior cham-
bers of the eye. AH is secreted by the ciliary epithelium lining
in the ciliary body (CB) into the posterior chamber; it circulates
around the lens and through the pupil into the anterior chamber.
The roles of AH include delivering essential nutrients to the cells
of the eye and IOP maintenance. AH leaves the eye through one of
two pathways at the anterior chamber: the conventional pathway

passing through the trabecular meshwork or the nonconventional
route passing through uveoscleral pathway.>®

Current glaucoma treatment cannot restore vision-loss
caused by disease progression, but is focused on IOP reduction.*
Controlling IOP has been shown to protect against damage to the
optic nerve in glaucoma.>’

B-Blockers are among the most prescribed drugs for glau-
coma.® Topical ocular application of B-blockers reduces IOP by
decreasing AH production at the CB. Unfortunately, topically
administered -blockers are also absorbed via conjunctival epi-
thelium, lachrymal channel, nasal mucosa, and gastrointestinal
tract into systemic circulation inducing systemic adverse reac-
tions such as brachycardia, hypotension, precipitation of heart
failure, respiratory failure, dyspnea, cough, bronchospasm, and
conduction arrhythmias.”"!

In the eye, adrenergic receptors have been located at blood
vessels that irrigate the CB and trabecular meshwork, where their
main effect is vasoconstriction, although their involvement in AH
secretion has also been described. Studies in rabbits’ eyes have
shown high density of B-adrenergic receptors in conjunctival,
corneal and ciliary process epithelia. B-adrenergic receptors are
also present in corneal endothelium, lens epithelium, choroid and
extraocular muscle. Most -adrenergic receptors detected in eye
belong to the 2-type.'>**

RNA interference (RNAi) involves specific gene silencing
by small molecules of double stranded RNA: small interference
RNAs (siRNAs).'*"'8 This technology has emerged as a very pow-
erful tool to develop new compounds aimed at blocking and/or
reducing anomalous activities in defined proteins.’?' RNAi is a
very attractive approach to chronic conditions, since upon cessa-
tion of treatment the silenced protein has to be re-synthesized in
order to recover its biological activity. Hence, the effects of com-
pounds based on RNAI are in general more prolonged than those
of conventional treatments.'*?

The eye is a relatively isolated tissue compartment; this par-
ticularity 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. It allows
for local silencing of a gene while reducing the likelihood of wide
spread silencing outside the eye. In addition, the immune system
has a limited access to the eye; therefore immune responses to
the compound are less likely to occur.?? Finally, the eye has lower
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content in RNases than other tissues, allowing for an increased
stability of RNA-based compounds.

We have developed SYL040012, a chemically synthesized
double-stranded siRNA able to selectively inhibit synthesis of
[2-adrenergic receptor, which shows promising results in animal
models for treatment of elevated IOP.

RESULTS

In vitro silencing effect of SYL040012 and rSYL040012
ADRB2 mRNA levels were analyzed by qPCR at different time
points (24, 48, and 72 hours) after transfecting human cell cultures
(BxPC3 or MDA-MB-231) with either 100 nmol/l SYL040012 or
a scrambled siRNA; the above mentioned cell lines were chosen
due to their constitutive expression of ADRB2. A decrease varying
between 50-70% of basal mRNA levels of ADRB2 was observed,
depending on the time-point. In both cell lines, maximal effect
of SYL040012 was observed between 24 and 48 hours after trans-
fection and it reached ~50% of basal levels. In BxPC3 cells, basal
ADRB?2 levels recovered ~72 hours after transfection, whereas
recovery in MDA-MB-231 cells was slower. Transfection of a
scrambled RNA sequence did not modulate ADRB2 levels dem-
onstrating specificity of the effect (Figure 1a).

SYL040012 is specifically designed to silence human ADRB2,
the human target sequence differing in two nucleotides to the
corresponding rabbit sequence. In vitro studies demonstrated
that SYL040012 was not able to induce knock-down of the rabbit
gene, therefore, a surrogate compound (rSYL040012) was synthe-
tized in order to analyze SYL040012 efficacy in a relevant animal
model. This surrogate was designed against the same region as the
human compound, thus both compounds differ only in these two
nucleotides. This approach has been widely used in development
of oligonucleotides.*

Rabbit RAB-9 cells were transfected with either rSYL040012
at 100 nmol/l or a scrambled sequence at the same dose. ADRB2
mRNA levels were analyzed at the same time-points as in human
cell cultures. Results show a significant decrease in ADRB2
expression 24 hours after transfection; mRNA levels continued to
decrease over time and hadn’t recovered to basal levels 72 hours
after transfection (Figure 1b).

Compounds based on RNAi depend on the activity of endog-
enous RNAi machinery. One of the pitfalls of RNAI is that this
endogenous system can be saturated when big amounts of exog-
enous RNA molecules are added.” With the aim of assessing the
effect of different doses of siRNAs targeting ADRB2, BxPC3, and
RAB-9 cells were transfected with increasing doses of SYL040012
or rSYL040012 (0.001-100 nmol/1). Total RNA was isolated 24
hours after transfection and ADRB2 mRNA levels determined by
qPCR (Figure 1c,d). A significant decrease in ADRB2 levels was
observed at a 0.5 nmol/l dose in both cell lines. These decreases
became more pronounced with dose until 10 nmol/l; beyond this
point further dose increase did not achieve significantly higher
knock-down of the target gene. Using these data, the inhibitory
concentration 50 (IC50) value was calculated to be 9.2 nmol/l in
BxPC3 cells and 1.99 nmol/l in RAB-9 cells.

Specificity of a compound for its target is crucial to mini-
mize side effects in the clinical setting. Consequently, the effect
of SYL040012 on other receptors of the adrenergic family was
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analyzed. mRNA levels of adrenergic receptors ADRB2, adrener-
gicreceptor B1 (ADRB1),and adrenergicreceptor 1B (ADRA1B)
were assessed in BxPC3 and RAB-9 cells after transfection with
either 100 nmol/l SYL040012 or rSYL040012. Figures le,f show
that both siRNAs were able to selectively decrease ADRB2 mRNA
levels in human and rabbit cell lines without significantly affect-
ing the mRNA levels of ADRB1 or ADRA1B.

Finally, in order to assess if a decrease in ADRB2 levels had an
effect on cell viability a 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl
tetrazolium bromide assay was performed at the same dose and
time points mentioned above. SYL040012 did not cause a signifi-
cant effect on cell viability over time (Table 1). This result indi-
cates that a decrease in ADRB2 mRNA in response to SYL040012
does not result in cell toxicity.

Stability of SYL040012 and rSYL040012

Naked siRNAs are very easily degraded by RNAses and cannot
be systemically administered for therapeutic purposes without a
delivery vehicle or chemical modifications that significantly pro-
long its half-life in serum. Locally applied siRNAs require some-
what different stability properties. In the case of the eye, sufficient
stability for the siRNA to exert its action within the eye is desirable
but a reduced half-life in serum usually reduces the likelihood of
systemic side effects. Figure 2 shows the stability of rSYL040012
in human (A) and rabbit (B) serum, respectively, and AH. In both
cases, SYL040012 stability rapidly decreases in serum, being the
rate of decrease in human serum greater than in rabbit serum.
In contrast, the compound has a significantly higher half-life in
AH; ~60% of the compound is still intact in human AH 24 hours
after incubation, whereas 80% of the compound remains in rab-
bit AH. Again, as observed in serum, the rate of decrease of the
intact compound in human AH is greater than the rate of decrease
observed in rabbit AH. Stability of the surrogate rSYL040012 was
also assessed in rabbit serum and AH to ensure that this com-
pound had similar stability properties to the human compound.
Figure 2C shows that ~80% of rSYL040012 remains intact 24
hours after incubation in rabbit AH and <20% remains intact after
24 hours incubation in rabbit serum.

Ocular and systemic biodistribution of SYL040012

An important step in any interference study is to optimize
conditions of siRNA delivery in vivo. The ability to detect phe-
notypic changes or loss of function in a target cell population
depends on the efficiency with which the siRNA is delivered into
the target tissue.

In order to investigate whether SYL040012 can access rel-
evant structures of the anterior chamber of the eye and to assess
systemic exposure of the compound following topical ocular
instillation, we performed rabbit biodistribution studies were
executed. In addition, detection of the 5-phosphorylated anti-
sense strand of the compound was performed. 5 phosphoryla-
tion of the antisense strand of siRNAs takes place in the cytoplasm
of the cell once the compound has escaped from the endosomes
and serves therefore as a marker for intracellular delivery of the
siRNA.?¢ The results of the biodistribution study show that, fol-
lowing topical ocular administration of a single dose of 60 nmol/
eye SYL040012, the highest content of intact SYL040012 was
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In vitro efficacy of SYL040012 and rSYL040012 in human and rabbit cells. (a) Time course inhibition of ADRB2 in human cells: BxPC3 and

MDA-MB-231 cells were transfected with either 100 nmol/I SYL040012 or 100 nmol/I of a scrambled sequence siRNA, RNA was isolated and expression
of ADRB2 was analyzed 24, 48, and 72 hours after transfection by qPCR. (b) Time course inhibition of ADRB2 in rabbit cells: RAB-9 cells were trans-
fected with either 100 nmol/I of rSYL040012 or 100 nmol/l of a scrambled sequence siRNA, RNA was isolated and expression of ADRB2 was analyzed
24, 48, and 72 hours after transfection by qPCR. (c) Dose-dependent inhibition of ADRB2 in response to SYL040012 in BxPC3 cells 48 hours after
transfection. (d) Dose-dependent inhibition of ADRB2 in response to rSYL040012 in RAB-9 cells 48 hours after transfection. (e) Expression of adrenergic
receptors 2, B1, and aB1 in human cells (BxPC3 and MDA-MB-231) in response to 100 nmol/I SYL040012, the same dose of a scrambled sequence
or phosphate-buffered saline (PBS) (vehicle). (f) Expression of adrenergic receptors $2, B1, and aB1 in rabbit cells (RAB-9) in response to 100 nmol/I
rSYL040012, the same dose of a scrambled sequence or PBS (vehicle). Results show means + SEM of five independents experiments. Statistical signifi-
cance was calculated by unpaired Student’s t-tests and was as follows: *P < 0.05; **P < 0.005; ***P < 0.001 versus time O (a—d) or versus vehicle (e-f).

Table 1 Cell viability in MDA-MB-231 and BxPC3 cells following treatment with either 100 nmol/l SYL040012, 100 nmol/l of a scrambled
sequence or PBS

Time MDA-MB-231 BxPC3 RAB-9

(hour) Vehicle SYL040012 Scrambled Vehicle SYL040012 Scrambled Vehicle rSYL040012  Scrambled
24 100.00+4.19 99.51+£5.36 99.62+7.02 100.00+3.80 94.95+2.00 96.62+6.23 100+ 5.54 109.43+3.67  102.84+3.14
48 100.00+2.14 101.70+0.64 101.71+2.96 100.00+2.38 102. £ 0.90 102.29+2.01 100 +3.40 102.77 +4.64 84.54+2.48
72 100.00+0.99 100.15+3.04 106.27 £0.99 100.00 +3.60 100.29+15.62 107.92+0.97 100 +4.00 87.02+6.78 109.43+2.49

Cell viability was analyzed using MTT assay 24, 48, and 72 hours after treatment with 100 nmol/I SYL040012 (MDA-MB-231 and BxPC3) or rSYL040012 (RAB-9),
the same dose of scrambled sequence siRNA or vehicle. Data represent means + SEM of three independent experiments.
PBS, phosphate-buffered saline.

found in the cornea 5 minutes after administration. At the same
time point ~20% of the amount found in cornea was found in CB
and iris, respectively; indicating that the compound enters the
eye and reaches these structures very rapidly. Very small amounts

of the compound were found in the AH 5 minutes after admin-
istration; this indicates that either SYL040012 is very rapidly
cleared from AH or that it reaches the CB and iris avoiding the
AH. Significantly less quantity of intact SYL040012 was found in
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Figure 2 Stability of SYL040012 in biological fluids. Stability of
SYL0O40012 and rSYL040012 was assessed in human and rabbit aque-
ous humor (AH) and serum by spiking freshly obtained samples of each
of the biological fluids with a 20 umol/I solution of the siRNA. Samples
were thereafter incubated during 1, 2, or 24 hours at 37 °C and follow-
ing incubation separated by electrophoresis (a) Stability of SYL040012
in human AH (HAH) and human serum (HS). (b) Stability of SYL040012
in rabbit AH (RAH) and rabbit serum (RS). (c) Stability of rSYL040012 in
RAH and RS. Results are represented as percentage of the initial amount.
Data represent means + SEM of three independent analyses.

lacrimal gland, ~25% of the amounts found in iris and CB (Figure
3a). Five minutes after topical ocular instillation the highest
amount of 5'P-SYL040012 was found in the CB; the compound
was also efficiently taken up by the cells of the cornea and iris
and to a minor extent by cells of the lachrymal gland (Figure 3b).
Thirty minutes after ocular instillation the intact compound could
still be detected in cornea, iris, CB and lacrimal gland, although
the quantities were significantly reduced (Figure 3c). The relative
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quantities of the intracellular distribution of the compound were
the same 30 minutes after administration than those observed
5 minutes after administration (Figure 3d). It is of interest that
the compound decrease in the extracellular compartment in each
of the ocular structures analyzed was greater than the decrease
in the intracellular compartment. This observation indicates
that the degradation rate of SYL040012 is different when the
compound is inside the cells than when it is in the extracellu-
lar compartment. This difference was of significant magnitude
in the CB, where the relative quantity of 5"P-SYL040012 versus
the total amount of SYL040012 increased from 5% at 5 minutes
after administration to 13.5% at 30 minutes. An increase of this
ratio was also observed in iris (from 2.5% to 5.6%) in contrast to
the observations made in the rest of the ocular structures; where
the relative amount of 5'-P-SYL040012 versus the total amount of
compound decreased over time. The results also show that only
trace amounts of intact SYL040012 reached the back of the eye
segment, as indicated by the low content of compound in vitreous
humor (Figure 3).

Verylowamountsofintact SYL040012 duplex (1.10+0.49 ng/g)
were detected in plasma and even lower amounts were detected in
systemic organs such as lungs, liver or kidney at the time points
studied (Table 2). No 5"P-SYL040012 was detected in any of the
systemic tissues or in plasma, indicating that the trace amounts
present in systemic tissues were not taken up by the cells and were
therefore not biologically active.

In vivo efficacy of rSYL040012

As a first step to demonstrate in vivo efficacy of rSYL040012
New Zealand White Rabbits were treated with two products
currently used in the clinic to manage glaucoma: 2% dorzol-
amide hydrochloride and 0.005% latanoprost. A single drop (40
ul) of each of the compounds was instilled into the eyes of two
separate groups of rabbits over a period of 4 consecutive days.
IOP measurements were obtained every hour for 8 hours, start-
ing 1 hour after the last administration. All compounds caused
an IOP decrease of 20-35%, depending on the compound, and
this effect lasted ~6 hours (Table 3). These experiments con-
firmed the suitability of this animal model due to its ability to
respond to IOP regulators.

To assess the effect of rSYL040012 on IOP, New Zealand White
rabbits received a topical administration of either 20 nmol/day of
the compound or phosphate-buffered saline (PBS) over a period
of 4 consecutive days. Figure 4a shows that there was 21.81% +
1.55 IOP decrease when compared with the vehicle-treated group.
The effect of rSYL040012 on IOP was detectable 2 days after the
first administration and values remained below basal levels until
~2 days after the last administration (Figure 4b).

The mean time effect of each compound in response to
one daily administration during 4 consecutive days was cal-
culated 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 hours) versus latanoprost (5.36 hours) and
dorzolamide (4.75 hours). In addition, analysis of IOP evolu-
tion when rSYL040012 was administered in two cycles of 4 days
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Figure 3 Ocular biodistribution of SYL040012 in rabbits. Quantification of intact (a,c) SYL040012 and (b,d) 5’-P-SYL0O40012 in ocular structures.
Animals were administered with a single dose of 60 nmol/eye SYL040012 and killed (a,b) 5 and (c,d) 30 minutes after administration. Data represent
means + SEM of three animals per group. AH, aqueous humor; C, cornea; CB, ciliary body; |, iris; LG, lachrymal gland; VH, vitreous humor.

Table 2 Systemic biodistribution of SYL040012

Intact duplex (ng/g tissue) 5 30’

Plasma 1.10+0.49 0.38+0.16
Kidney medulla 0.96+0.45 0.62+0.42
Kidney cortex 0.58+0.26 0.63+0.22
Liver 0.35+0.23 1.69+1.33
Lung 0.23£0.11 0.23+£0.11

Intact SYL040012 was detected as stated in the methods section following a
single topical ocular administration of 60 nmol/eye of SYL040012. Tissues were
harvested 5 and 30 minutes after the administration. Data represent means

+ SEM of three animals per group. Limit of detection: 0.6 ng/g in tissue and
0.25ng/ml in plasma.

separated from each other by a drug-free period of 48 hours
showed that the decrease in IOP was maintained during the
drug-free period.

To evaluate the IOP-lowering effect of rSYL040012 in condi-
tions closer to pathological sceneries observed in glaucoma, an
oral water overloading model in New Zealand White Rabbits
was used. This model has previously been described by several
authors.”*° The main advantage of this model over other experi-
mental models of ocular hypertension is that administration of
irritant compounds or techniques that are traumatic to the eye are
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Table 3 Maximal IOP decrease and mean time effect of rSYL040012,
latanoprost and dorzoalamide in NZW rabbits

Maximal IOP Mean time
Compound decrease (%) effect (hour) N
rSYL040012 21.81+1.55 91.63 6
rSYL040012* 19.29+0.89 166.83 6
Latanoprost 23.40+2.36 5.36 4
Dorzolamide 21.18+2.78 4.75 8

Animals received a daily instillation of either 20 nmol/eye/day SYL040012, 40
pl/eye/day of 0.005% latanoprost or 40 pl/eye/day of 2% dorzolamide over

a period of 4 consecutive days. Maximal IOP decrease shows the maximal
percentage of IOP decrease with respect to PBS administered animals during
the administration period; data represent means + SEM. Mean time effect 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.
Abbreviations: 10P, intraocular pressure; NZW, New Zealand White.

“Two sets of four daily 20 nmol administrations separated from each other by a
drug-free period of 72 hours.

avoided, leaving ocular structures intact and allowing a normal
response to hypotensive drugs.*

The first experiment was a dose-range finding in which four
different doses of rSYL040012 (10 nmol, 20 nmol, 40 nmol, and
60 nmol/eye/day) were administered a total of three times: 48, 24,
and 2 hours before hypertension induction. All treatments were
applied in both eyes and IOP was measured before hypertension
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Figure 4 In vivo efficacy of rSYL0O40012 in rabbits. (a) Intraocular

pressure (IOP) lowering effect of rSYL040012: two groups of New
Zealand White (NZW) rabbits were treated with either rSYL040012 (20
nmol/eye/day) or phosphate-buffered saline (PBS) over a period of 4
consecutive days. IOP was assessed every 2 hours up to 8 hours after
each administration, the same schedule was followed on days 5-10 but
no compounds were given. (b) Comparison of the IOP lowering effect
of rSYL040012 and latanoprost: two groups of NZW rabbits were treated
with either 20 nmol/eye/day rSYL0O40012 or 40 pl of 0.005% latano-
prost. IOP was assessed as described above. Data represent means +
SEM of at least four animals per group performed in three independent
experiments.

induction and every 20 minutes up to 120 minutes after oral over-
loading. Analysis of the results showed a statistically significant
effect of treatment over time (P < 0.0001). Differences between
each of the doses and PBS were analyzed using a one-way analysis
of variance with a Dunnetts post-hoc test. Figure 5a shows that
rSYL040012 provides significant protection against the rise of IOP
at all doses tested (P < 0.01 versus saline in all cases).The maxi-
mum mean AIOP value (IOP after water-loading — IOP before
water-loading) in animals treated with rSYL040012 was 6.6, 8.2,
4.8, and 4.3 mmHg for doses of 10, 20, 40, and 60 nmol/eye/day,
respectively versus a maximum AIOP in control animals (treated
with vehicle) of 15.55 mmHg.

In order to confirm the efficacy and specificity of rSYL040012
on IOP, a larger group of animals was treated with a dose of
40 nmol/eye/day over a period of 4 consecutive days; on the
fourth day, ocular hypertension was induced by water loading.
As seen in Figure 5b, water loading caused an increase in IOP
of ~7 mmHg during the first hour after hypertension induction

© The American Society of Gene & Cell Therapy

in animals treated with PBS. Analysis of the results showed an
overall significant effect of treatment (P < 0.0001). Further analy-
sis performed by comparing IOP values at each time point indi-
cate that treatment with rSYL040012 significantly reduced AIOP
values within the first hour compared with PBS-treated animals
(P < 0.05 versus PBS). The effect of rSYL040012 was specific since
treatment with a scrambled sequence siRNA had no effect on IOP
(P > 0.05 versus PBS).

To assess if the IOP decrease was accompanied by a decrease
in ADRB2 mRNA levels in relevant ocular structures the animals
used in the water loading experiments were killed 24 hours after
the last administration and mRNA levels of ADRB2 were analyzed
in the following ocular structures: cornea, lacrimal gland, and CB
by qPCR. Figure 5c¢ shows that there was a statistically significant
decrease in ADRB2 mRNA levels in lachrymal gland and CB 24
hours after the last administration of rfSYL040012 (P < 0.001).

Safety of SYL040012 in cynomolgus monkeys

GLP compliance 28-day toxicity studies were performed in
cynomolgus monkeys, this animal model was chosen because
the target sequence of SYL040012 is identical in humans and
cynomolgus monkeys. Using an animal model that has the
same target sequence as humans would allow for the detection
of adverse events caused either by exaggerated pharmacology
or by the action of these molecules on unintended targets (i.e.,
off-target effects, immunotoxicity). Animals received topical
ocular administration of SYL040012 at three different doses (72,
144, and 288 nmol/eye/day) over a period of 28 days and were
observed twice a day for the presence of clinical signs and/or
alterations to the eye. In addition, ophthalmoscopic examina-
tions and electrocardiograms were performed before beginning
treatment at different time-points during the administration
schedule. Table 4 summarizes the parameters analyzed in the
study, the time-points at which these analyses were performed
and the observations made during the study. A pharmacokinetic
profile of SYL040012 in plasma was also obtained at days 1 and 28
of administration; the results obtained indicate that SYL040012
was not detected above the detection limit (44.2 ng/ml) at any
time point. At the end of the study animals were killed and his-
topathology studies were performed. Figure 6 shows representa-
tive microphotographs of monkeys eyes treated with either PBS
or the highest dose of SYL040012 (288 nmol/eye/day). Analysis
of the eyes revealed no macro- or microscopic alterations in
response to any of the SYL040012 doses. In addition, the results
of this study showed no alterations in any of the parameters ana-
lyzed (Table 4); therefore, SYL040012 was found to be safe and
well tolerated at all doses used.

DISCUSSION

Glaucoma is one of the leading causes of blindness worldwide.*!
2.65% of global population over 40 years old suffered from glau-
coma in 2010.2 Current treatments for increased IOP associated to
glaucoma have relatively few ocular side effects but may have sys-
temic side effects if the compound reaches the bloodstream.*?**
Treatments that are systemically better tolerated, such as pros-
taglandins, have many local tolerance issues.** This fact together
with the required frequency of instillations in order to maintain

www.moleculartherapy.org



© The American Society of Gene & Cell Therapy

Efficacy of SYL040012 for Treating Elevated IOP

a po b 12,0
—e— PBS
—0— SYL040012 10 nmol 10.0 I —&— PBS
20.0 1 —A— SYL040012 20 nmol —0— SYL040012 40 nmol
—0— SYL040012 40 nmol 8.0 ..-¢-- Scramble
15.0 -| —0— SYL040012 60 nmol

Last
administration

DIOP (mmHg)

Oral water
loading

-10.0
120.0

100.0

©
o
S)

o
o
S)

40.0

ADRB2 expression (% over control)

N
o
S)

0.0

Ciliary body

Lacrimal Gland

6.0

DIOP (mmHg)

Last
administration

l"/

o —ose—  d

4.0

250 _150

Oral water
loading

O PBS

B SYL040012 40 nmol

Cornea

Tissue

Figure 5 Efficacy of rSYL0O40012 in a rabbit model of high intraocular pressure induced by oral water overloading. (a) Dose response of
rSYL0O40012 on intraocular pressure (IOP): animals were administered either rSYL040012 at one of the following doses: 10, 20, 40, or 60 nmol/
eye/day or phosphate-buffered saline (PBS) over a period of 4 days. 120 minutes after the last dose ocular, hypertension was induced by oral water
overloading. IOP was assessed coinciding with the last dosing, 60 minutes and immediately before oral water overloading and a total of 10 times
with a 25-minute interval between measurements after oral water overloading. Data represent means + SEM of two animals per group. (b) Specificity
of SYL040012 on IOP: animals were administered either 40 nmol/eye/day of SYL040012, the same dose of a scrambled siRNA or PBS as mentioned
above. Oral water overloading and IOP measurements were performed as mentioned in a. Data represent means + SEM of 12 animals for SYL040012;
11 animals for PBS and 2 animals for the scrambled siRNA. (c) Decrease of ADRB2 levels in animals treated with rSYL040012. Animals were treated
as stated in b and immediately after the last IOP measurement they were killed, eyes were enucleated and cornea, lachrymal gland and ciliary body
were isolated. Total RNA was extracted and expression of ADRB2 was analyzed by real time PCR. Data represent means + SEM of at least three animals

per group. Statistical significance was calculated by unpaired Student’s t-tests and was as follows: ***P < 0.001 versus PBS.

adequate levels of IOP makes treatment compliance a challenge
for patients.’ Failure to comply with therapy cannot only allow for
disease progression but can also have a reboot effect causing sud-
den increases in IOP that can be very damaging to the optic nerve.
Treatments for glaucoma based on RNAIi technology are very
attractive since they should help to overcome the challenges of
difficult treatment compliance.® siRNAs are specifically designed
to silence expression of a target gene; thus, they are extremely spe-
cific molecules. In addition, naked RNAs are quickly degraded
and cleared by the kidneys when they reach the bloodstream, thus
reducing the likelihood of systemic side effects.”*® Finally, the
mechanism of action of siRNAs usually extends the efficacy of the
compound from hours to days.!” This latter reason could have a
direct impact on the number of instillations required to maintain
constant levels of IOP.

In this report, we show that silencing ADRB2 in the anterior
segment of the eye with siRNAs designed to specifically silence
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this gene is capable of reducing IOP in normotensive and hyper-
tensive animal models. Target gene expression in animal models
following a 40 nmol/eye/day administration over a period of 4
days is reduced around 50%, this being sufficient to cause a sig-
nificant decrease in IOP. Given the similarity in size and distribu-
tion of ADRB2 of the human and rabbit eye, the dose used in the
current study might serve as an indicator for the efficacious dose
in humans.?” The results shown in the present report demonstrate
that the efficacy of rSYL040012 in reducing IOP in animal models
is similar to the effect of commercially available drugs such as dor-
zolamide or latanoprost.”*® On the other hand, when commercial
drugs are used, sustained IOP decrease relies on the continuous
application of the drugs. This is not the case with rSYL040012,
whose effect in animal models not only lasts 15 times longer than
the effect of dorzolamide or latanoprost; but is also able to main-
tain these IOP levels even when the compound is not adminis-
tered over a period of up to 72 hours. This feature is very attractive
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Table 4 Test, readouts and frequency of the readouts performed on the 28-day toxicity study in cynomolgus monkeys

Test Readouts Time-points Results
Clinical signs Mortality, change in behavior, reaction to treatment, health. Eyes checked =~ Twice daily Normal weight gain. Small
prior and after administration. wounds and tail lesions not
related to the treatment.
Ophthalmoscopy Observation of cornea, lens, conjunctiva, sclera, iris and fundus. Pretest and week 4 No alterations observed
Electrocardiograms Heart rate, P wave duration and amplitude, P-Q interval, QRS and Q-T Pretest weeks 1 and 4; No treatment related effects.
intervals measured electronically using a representative section of the before administration
electrocardiogram from lead II. The Q-T interval was corrected for the and 30 minutes after
heart rate using the Van de Water’s correction. administration.
Hematology RBC, HB, HCT, HDW, MCV, RDW, MCV, MCHC, MCH, PLT, Pretest and week 4 No changes between basal
reticulocytes, RMI, WBC, differential leukocyte count. and week for values.
Coagulation PT/APTT Pretest and week 4 No changes between basal

Clinical biochemistry

Urinalysis Volume, specific gravidity, color, appearance, pH, nitrite, protein, glucose,
ketone, urobilinogen, bilirubin, erythrocytes, leukocytes, sediment.
Toxicokinetics Analysis of intact SYL040012 by LC-MS
Necropsy Detailed macroscopic and microscopic examination of main organs. Organ At the end of the study

weights.

Glucose, urea, creatinine, bilirubin, chol, TGA, AST, ALT, AP, CK, GGT,
Ca™, iP, Na*, K*, CI', protein, albumin, globulin, alb/glob.

and week for values

Pretest and week 4 No changes between basal

and week for values

Pretest and week 4 No changes between basal

and week for values

Prior and 1, 5, 15, 30 min
and 1, 2, and 20 hours
postdose on days 1

and 28.

All samples were below the
LLOD (44.2ng/ml)

No treatment related
observations.

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; AP, Alkaline phosphatase; APTT, activated partial thromboplastin time; CK, Creatine
kinase; HB, hemoglobin; HCT, hematocrit; HDW, hemoglobin concentration distribution width; LC-MS,liquid chromatography-mass spectrometry; LLOD, lower limit
of detection; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; PLT, platelet count; PT,
prothrombin time; RBC, red cell count; RDW, red cell volume distribution width; RMI, reticulocyte maturity index; TGA, triglycerides; WBC, white blood cell count.

Figure 6 Microscopic features of cynomolgus monkeys’ eyes treated with phosphate-buffered saline (PBS) or SYL040012 over a period of
28 days. Histomorphologic assessment of (a,d) cornea, (b,e) ciliary body, and (c,f) retina treated with either (a—c) PBS or (d-f) 288 nmol/eye/day
SYL040012 after 28 days of treatment. Representative photographs are shown. Bar represents 100 nm.

since it would protect against eventual optic damage caused by a
reboot effect in IOP in cases of poor compliance with treatment.
There are several programs developing siRNAs for the treat-
ment of eye diseases most of which focus on diseases of the back
of the eye where the compounds are administered via intravitreal
injections.* Several of these programs have been discontinued
due to lack of efficacy. In addition, the work of Kleinman and

coworkers has shown that naked siRNAs 21 nucleotide or lon-
ger intravitreally administered suppress angiogenesis through
unspecific activation of TLR3 and more recently that inhibition of
angiogenesis is accompanied by induction of retinal degeneration
via the same mechanism.**** These studies show significant vacu-
olization of the retinal pigmented epithelium, pigment loss, and
disorganization of the overlying photoreceptor array following a
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week of daily administration of a dose of 2 ug of a 21-nt naked
siRNA to mice. Here, we show that the safety studies performed
by administering doses as high as 288 nmol/eye/day (4,320 pg/
eye/day) of SYL040012 over a period of 28 days to cynomolgus
monkeys indicate that there are no micro- or macroscopic altera-
tions in the retina or in any other structure of the eye. These dif-
ferences in retinal degeneration between mice and monkeys in
response to naked siRNAs may be caused by biological and ana-
tomical differences between the two species, or it might also be
possible that the doses required to induce retinal toxicity cannot
be achieved by topical administration of siRNAs. This latter fact
is supported by the low content of intact SYL040012 found in the
vitreous humor in biodistribution studies.

Topical drugs can enter the eye through one of two pathways;
crossing the cornea to reach the AH or through the conjunctival-
scleral pathway. Depending on the size and hydrophilic/lipophilic
ratio of the molecule, the relative quantity that enters through
each of the above mentioned routes varies significantly. Generally
hydrophilic and large molecules are absorbed via the conjunctival
route whereas small lipophilic drugs are mainly absorbed through
the cornea.”™*” Topically applied macromolecules and nanopar-
ticles absorbed via the paracellular route of the conjunctiva and
sclera usually give a distribution pattern that resembles the one
obtained in the current study.**® Several studies have tried to
establish the rate-limiting size of a molecule to enter the eye.
Inulin (~5kDa) was one of the first macromolecules that were
shown to enter the eye through noncorneal absorption routes.*’
Subsequent studies by Bochot and coworkers showed that T16,
a 16-mer oligothymidylate instilled in rabbits eyes is detected in
cornea, sclera, conjunctiva and iris 10 minutes after administra-
tion and not detectable at any time-point in AH, vitreous humor
or lens.” Further studies performed by Himéldinen and cowork-
ers have specifically characterized the penetration routes through
cornea, conjunctiva and sclera. Studies performed by this group
have shown that the pore diameter in the apical rate-limiting cell
layer of the corneal epithelium was 2.0 nm whereas the pores of the
conjunctiva were between 3-4.9 nm; pores this large would allow
diffusion of macromolecules such as lysozyme with a molecular
weight of 14.000 Da and a diameter of 4.1 nm.* Moreover, other
studies show that molecules as large as 20 kDa such as dextrans or
single chain antibodies (26 kDa) are absorbed and distributed into
the eye when applied in eye drops without penetration enhanc-
ers.***! The low amount of SYL040012 found in AH, the rapid
diffusion of the molecule into the iris/CB observed in the biodis-
tribution studies and the physical properties of the molecule indi-
cate that the most likely route of entrance for SYL040012 into the
eye is through the conjunctiva.

Stability can be an issue when working with RNA-based com-
pounds.” Here, we show that both SYL040012 and rSYL040012
are degraded at a slower pace in human and rabbit AH than in
human and rabbit serum, where the compound is very rapidly
degraded. The biodistribution studies indicate that systemic expo-
sure to SYL040012 is extremely low and that the amounts present
in circulation and systemic organs are not actively being taken
up by the cells. The stability properties and biodistribution pat-
tern of SYL040012 support the use of a siRNA-based therapeutic
approach for glaucoma since the compound is stable enough to
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exert its effect in the eye but is rapidly degraded when reaching
systemic circulation.

Most B receptor blockers used in clinic for the management
of glaucoma are nonselective B-blockers. B-receptors present in
the CB are mainly ADRB2'; thus, the specificity of SYL040012
for ADRB2 ensures that only these target receptors are affected
avoiding alteration of other receptors that could be responsible for
eventual side effects.

Finally, the safety studies performed show no alterations
in electrocardiograms or breathing activity; therefore typical
side-effect observed in response to systemic [3-blockers are not
observed in animal models and are not expected in humans.

In summary, the results shown in the current study support
the specificity of SYL040012 to silence its target gene in the tissue
where it is supposed to exert its action. Restriction of the site of
action is sustained on the labile nature of the molecule in systemic
circulation and on the absence of cell penetration of the trace levels
found in systemic tissues. The efficacy studies performed in ani-
mal models demonstrate that due to the particular mechanism of
action of siRNAs, the effect observed on IOP is significantly longer
than that of other drugs currently used for glaucoma management.
Finally, safety studies confirm that SYL040012 is safe and well toler-
ated when administered over extended periods of time. SYL040012
is currently undergoing clinical trials with the hope of confirming
the features of this molecule observed in animal models.

MATERIALS AND METHODS

siRNAs. The siRNAs used in all studies were synthetized by BioSpring
(Frankfurt am Main, Germany) using standard phosphoroamidite
chemistry and contained the following sequences (5 to 3"): SYL040012-
sense: CAUUGUGCAUGUGAUCCAGATAT, SYL040012-antisense: CU
GGAUCACAUGCACAAUGATAT,rSYL040012-sense: CAUCGUGCACG
UGAUCCAGATAT, rSYL040012-antisense: CUGGAUCACGUGCAC GA
UGdTdT, scrambled-sense: GGCUACGUCCAGGAGCGCAATAT
Scrambled-antisense: UGCGCUCCUGGACGUAGCCATAT.

Animals. Adult male New Zealand White (NZW) Rabbits (Granja San
Bernardo, Spain; Charles River Laboratories and Hypharm, France)
~2-3 months old were used for the efficacy and biodistribution stud-
ies. Rabbits were individually housed in standard cages in a controlled-
temperature room with a 12 hours light/dark cycle with free access to
food and water. Drugs and vehicles were administered in all cases in a
dose volume of 40 pl/eye.

Cynomolgus monkeys (Macaca fascicularis; Dayling Pingnan,
Guangxi, China), aged 2-3 years, bred in captivity were used for the
28-day toxicology study. The females were nulliparous and nonpregnant.
Cynomolgus monkeys were housed in an ambient-controlled room with
temperatures set at 20-24 °C, relative humidity of 40-70% and a 12 hours
light/dark cycle. Animals received 180 g of standard monkey diet/day and
fresh fruit every day; water was available ad libitum. Drugs and vehicles
were administered in the following dose volumes: 72 nmol/eye/day in 40
ul; 144 nmol/eye/day in 2 applications of 40 pl; and 288 nmol/eye/day in
4 applications of 40 pl.

Animal studies were approved by the Institutional Review Boards of
both Sylentis and the CROs where the studies were performed. Animals
were handled according to the ARVO statement for use of Animals in
Ophthalmic and Vision Research.

All animals were subjected to a basic ophthalmic examination dur-
ing the week before the beginning and at the end of each study. The fol-
lowing parameters were observed: eyelid irritation/inflammation, tear
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production, pupil size, cornea appearance, and conjunctive irritation/
inflammation.

Cell culture and transfections. BxPC3 (human pancreatic epithelial cell
line), MDA-MB-231 (human mammary gland adenocarcinoma cell line)
and RAB-9 (rabbit fibroblast cell line) cells were obtained from American
Association of Culture Collection (Rockville, MD) and maintained in cul-
ture medium (BxPC3 cells: RPMI-1640 medium supplemented with 10%
FBS; MDA-MB-231 cells: 10% FBS supplemented DMEM and RAB-9 cells:
EMEM medium supplemented with 10% FBS, 1 mmol/l Sodium Pyruvate
and 1% of Glutamine) in a humidified incubator under an atmosphere of
5% CO,/95% air at 37 °C. For transfections cells were seeded at a density
of 106.000 cells/cm? for BxPC3 line; 200.000 cells/cm? for MDA-MB-231
line and 90.000 cells/cm? for RAB-9 line. When cell cultures reached ~90%
confluence, cells were transfected with siRNAs using Lipofectamine 2000
(Invitrogen, Pasley, UK). Transfection efficiency was estimated by quanti-
fying the amount of Block-it-Alexa fluor red fluorescent oligonucleotide
(Invitrogen) present inside cells in control cultures 24 hours after transfection.

RNA isolation, retrotrascription, and qPCR. Total RNA was isolated
from cell cultures or tissues using RNeasy RNA extraction kit (Invitrogen,
Carlsbad, CA). A 4 pg of total RNA were retrotranscribed using High-
Capacity cDNA Archive kit (Applied Biosystems, Foster City, CA) accord-
ing to the manufacturer’s instructions.

qPCR was performed using Stepone plus detection system (Applied
Biosystems). A 500ng of each cDNA were amplified in a TagMan 2X
Universal Master Mix under the following conditions: 95 °C for 10 min-
utes, followed by 40 cycles of 95 °C for 15 seconds, and 60 °C for 1 minutes
using TagMan chemistry and FAM-labeled reporter.

The data were analyzed using the AAC, method of relative
quantification.

Cell viability assays. Cell viability was assessed by the 3-(4,5-dimethythiazol-
2-yl)-2,5-diphenyl tetrazolium bromide method and assayed at different time-
points (24, 48, and 72 hours) after transfection in MDA-MB-231, BxPC3, and
RAB-9 cells using the Cell Titer 96 Aqueous Non Radioactive Cell Proliferation
Assay kit (Promega, Mannheim, Germany) following the manufacturers
instructions.

Stability studies. Stability of SYL040012 and rSYL040012 in rabbit and
human serum and AH was assessed by incubating the siRNAs at a con-
centration of 20 pmol/l in the appropriate biological fluid at 37 °C. At the
selected time-points the siRNAs were loaded and separated on a TBE-
UREA denaturing polyacrylamide gel (20% w/v polyacrylamide, 8 mol/l
urea in 1X TBE). Gels were run for at least 8 hours at 100V and 4 °C,
thereafter stained with SYBR safe and visualized on a UVI-DOC-UV light
visualization system. Pictures of the gels were digitilized and the density of
the bands was analyzed using Image J.

siRNA biodistribution studies. SYL040012 or PBS was topically applied to
both eyes of New Zealand White rabbits in a dose volume of 40 pl. Blood
samples were obtained immediately before killing the animals by an over-
dose of pentobarbital. Blood was collected in K,EDTA tubes containing
10% DEPC in PBS and immediately frozen in liquid N2. Following sacri-
fice the following structures and organs were harvested and processed for
quantification of SYL040012: cornea, AH, CB, iris, lachrymal gland, vitre-
ous humor, lungs, liver, kidney cortex, and kidney medulla.

Quantification of SYL040012 and 5'PSYL040012. Tissue and plasma
exposure of SYL040012 was evaluated at Axolabs GmbH (Kulmbach,
Germany) using a nondenaturing Anion Exchange (AEX)-HPLC com-
bined with fluorescence detection. Tissue samples were homogenized by
ultrasonic treatment in a denaturing cell lysis buffer (Epicentre MTH,
Madison, WI). The homogenized tissues as well as the plasma samples
were subsequently treated with proteinase K at 65 °C for 30 minutes.
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A 10 pmol of a fluorescently labeled PNA strand that is partially com-
plementary to the antisense strand of SYL040012 was added to an aliquot
of plasma and tissue lysis solution. (PNA-Sequence: Atto425-O0-CAT
TGT GCA TGT GAT CCA from Panagene, Seoul, South Korea). Samples
were heated at 95 °C for 10 minutes to dissociate SYL040012 siRNA into
the single strands and subsequently cooled to room temperature.

Finally, the samples were evaluated by nondenaturing AEX-HPLC
analysis on a Dionex Ultimate 3000 HPLC system coupled to a Dionex
RF2000 fluorescence detector (Idstein, Germany) without further pro-
cessing. Aliquots corresponding to 4.5 ul plasma or up to 5mg tissue
containing between 0.16 and 500fmol SYL040012 were analyzed. The
duplex formed between the SYL040012 antisense strand as well as related
metabolites (e.g., the 5’-phosphorylated antisense strand) with fluores-
cently labeled PNA probe were separated on a Dionex DNA Pac PA200
column (4x250mm) applying a sodium chloride gradient from 180 to
450 mmol/l. Excess PNA eluted in the void volume of the HPLC system
and no unspecific background signals were observed during gradient elu-
tion. All peak areas for duplex containing intact antisense strand as well as
duplex containing metabolites were evaluated against an external calibra-
tion curve from the parent compound SYL040012 (0.16 up to 500 fmol
on column).

IOP measurement. IOP was measured using the Applanation Tonometer
TONO-PEN AVIA after topical application of 0.4% tetracaine + 0.4% oxi-
buprocaine to the cornea, to avoid animal discomfort. All measurements
were performed in triplicate and the average of the three measurements
was used.

Oral water-loading hypertension model. Four days before beginning
each study, five IOP measurements were registered with 2-hour intervals
between measurements. Rabbits were thereafter assigned to experimen-
tal groups randomizing the animals according to IOP values. Compounds
were administered once a day over a period of 4 days in a dose volume of
40 pl per eye. PBS was used as a negative control. During the first 3 days
of administration, basal IOP measurements were recorded before test item
or vehicle administration. On the day of induction of ocular hyperten-
sion, basal IOP measurements were recorded before administration and 1
and 2 hours after 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 eutha-
nized by an overdose of pentobarbital and the following ocular structures
were collected for target gene knock-down analysis: CB, lachrymal gland,
and cornea.
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