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Introduction

Age-related macular degeneration and inherited retinal diseases are pathologies of the back of the eyes leading to
visual impairment and often total blindness. Although much progress has been made in understanding ocular
anatomy and disease pathophysiology, there is still a need for effective therapeutic interventions??. Recently, we
demonstrated that 7,8-dihydroxyflavone (7,8-DHF), restores vision in a zebrafish model of inherited blindness3. 7,8-
DHF is brain derived neurotrophic factor (BDNF) mimetic, able to positively stimulate the TrkB pathway with
consequent cell survival and proliferation*. However, recent reports question the direct agonism of the TrkB
receptor in vitro°. Thus, the molecular mechanism by which 7,8-DHF restores vision remain unclear. Furthermore,
we generated data suggesting systemic delivery of 7,8-DHF in mice did not result in high levels in the retina
warranting alternative delivery system for ocular drug availability (unpublished).

Indeed, the eye is a particularly challenging tissue in terms of drug delivery: various barriers from tear dilutions to \ ~
blood-retinal barrier make the retina a difficult tissue to reach. Several routes (Fig.2) can be used to reach the intracamerai injection NP W — dystenic
retina, such as topical, systemic and intraocular injections . Here we investigate the mechanism by which 7,8- / Sl Renniadtion
DHF restores vision and use Poly D-L(lactide-co-glycolide), PLGA, an FDA approved polymer, for the formulation
of 7,8-DHF nano/microparticles’.

Figure 1. 7,8-dihydroxyflavone
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Figure 2. Routes of ocular administration.
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. Visual behavior was assessed using the optokinetic response assay (OKR)

. The analysis of disease pathomechanism and the therapeutic mechanism of 7,8-DHF was
investigated via RNA sequencing. Differentially expressed genes were analyzed using Cytoscape
and gProfiler

. PLGA nano and microparticles were produced by single emulsion solvent evaporation method

. Nanoparticles size, charge and zeta potential were assessed by DLS

. Encapsulation efficiency (E.E%) of both nano and microparticles was analyzed using the HPLC

. The SEM was used to assess microparticles size and shape
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Behavioural analysis shows that 7,8-DHF rescues vision in atp6v0e7--
larvae. (A): Schematic of experimental design. Treatment is performed at 3
dpf, refreshed daily and optokinetic response assay performed at 5 dpf after
immobilizing the larva into methylcellulose. Saccades per minute are recorded
manually. (B) 20 uM of 7,8-DHF rescues vision in atp6vOe1-- mutant larvae
compared to the DMSO vehicle control atp6vOe1” (p=0.04). 40 uM 7,8-DHF
and DMSO vehicle control atp6v0e 17~ have similar OKR score (p=0.58).
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3. Identification of genes altered in IRD and by 7,8-DHF
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Multiple pathways are deregulated in IRD and altered by 7,8-DHF. (A): Experimental design of RNA sequencing. (B): Among
2565 genes significantly altered in 5 dpf eyes of atp6vOe1, the top 10 upregulated genes encode apolipoproteins and
complement system-related proteins, whilst the top 10 downregulated genes are related with development, visual perception and
translation, as shown by the heatmap and table 1. (C) RNAseq analysis identified 1633 genes upregulated and 932
downregulated in atp6v0e 17 after the restoring vision treatment 7,8-DHF, as shown by the heatmap and table 2.

plasma, respectively (unpublished). Hours

1. Gheorghe et Al. Rom J Ophthalmol. 59(2):74—7. (2015)
2. Vazquez-Dominguez et Al. Genes-basel 10, 654 (2019)
3. Daily et Al. Sci Rep-uk 7, 11320 (2017)

4. Liu et Al. Transl Neurodegener 5, 2 (2016)

5. Boltaev et Al. Sci Signal 10, eaal1670 (2017)

6. Chen at A.l Tzu Chi Medical J 20, 25-34 (2008)

7. Herrero-Vanrell et Al. Prog Retin Eye Res 42, 27-43 (2014)

. Dr. Gautam Behl and Dr. Brian Murphy (PMBrc) for introducing me

to analytical chemistry and drug delivery

. OPGG, OTRG_PMBrc groups and UCD biomedical facility staff.
. InnOftal group for all the tips and support

4. 7,8-DHF reduces inflammation in the eye

Volcano Plot - DHF vs dye )
Platelet degranulatlon 1 @
Cell-Cell communicatio ®
Response to elev: tdpltlty1 I02 o
ngt of the extracellular matrix 8]
Extracellula rmt orga nlzaton- ]
Neutrophil degranulatio ®
Immun Sy stem .
6 ! ! Innate Immune System - °
! ! Regulation of Insulin-like Growth Factor (IGF) transport and - L]
) ) Post-translational protein phosphorylation - * P Value
| | Plasma lipoprotein assembly, remodeling, and clearance ® log10
Z-score °, I Chylomicron assem bly - (] —log
3 o0 ' ! Plasma lipoprotein assembly - ® 10.0
o 0 ! Plasma lipoprotein remodeling- o
7)) 2 oﬂ' : Retin dmtblm nd tra pt- ® 7.5
— %q , Regulation of Glucokin by GI okinase Regulatory Protein - )
Q 1 o Nu | c mpI (NPC) Disassem bly- e 5.0
+ i T pt nal regulation by small RNAS 1 e
g e 0 o4 ..‘ s SIG Inactivation y d regulation of the phototransducti e o 25
= e k= ° e The phototransduction cascade 9 e O
Q e -1 o) L ! O DHF_Effect Visual phototransduction - e O 0.0
T o g i’ ° . GABA A (rho) receptor activation - .
-2 E’ o © % X nsig Metabolism of RNA - .
a o) . SRP-dependent cotranslational protein targeting to membrane Ratio
-3 o fgg apoba ° d rpl27a O sig Nonsense Mediated Decay (NMD) independent of the Exon Juncti ® 0.1
—— azml apoa4b 1 0®o 0. ¢ Formation of a pool of free 40S subunits - .
ch B 12265 % bysl rRNA processing - ® o2
7 and ) rRNA processing in the nucleus and cytosol
apoa2 bb. 1 e ¢ cntnia Major pathway of rRNA processing in the nucleolus and cytoso A . 0.3
21 ces26 8apo apocf Iro6 Nonsense-Mediated Decay (NMD) - . oud
® sﬁ)ﬁ P Nonsense Mediated Decay (NMD) enhanced by the Exon Junction - g
@ «C3a.3 fewb @0 ° L13a-mediated translational silencing of Ceruloplasmin expre 4 . 05
8 _______________________ o~ _a _________________ GTP hydrolysis and joining of the 60S ribosomal subunit 4
1

Eukaryotic Translation Initiation 4

Cap-dependent Translation Initiation

Translation 4

Formation of the ternary complex, and subsequently, the 43S 4
ning and start codon recognition

: .
f 1
B | 1
9 ] 1 1
] 1 1 Ribosomal scan 1
1 1 - i
FDR: 0.05 | 1 Activation of the mRNATp Ibtd gtfth ;:nb nding c mpl
plex formatio
01 | | Tra ptht pttCythm
10 . . Transport of Mature mRNA derived from ai I ntron—-Containing T 1
— -4 -2 0 2 A 2 D I 5} © 1 )

Fold Change (log2)

P
©10000000000000000000°

7,8-DHF normalizes genes previously altered in the mutant: (A-B): Heatmap and volcano plot showing a triple analysis
between the vehicle control-treated siblings, vehicle control treated atp6vOe1”- and 7,8-DHF treated atp6vOe1”-. The
statistically altered genes were clustered into 10 cluster using apcluster v1.4.8 in R. Using a cut-off of 1.5 and FDR < 0.05,
cluster 4 and 10 were identified to contain genes normalized by 7,8-DHF, e.g genes involved in lipid transport and
inflammation (e.g apoba, apoa4b.1, apoaz2, c3a.1, c3a.3) and genes involved in translation (e.g rpl27a, bysl) previously
altered in the mutant. (C) biological processes altered by 7,8-DHF were analyzed. Cluster 4 and 10 involve the highest
number of biological processes normalized after the treatment, as shown by the functional gene enrichment analysis
performed via gProfiler. Among these, lipid transport, remodeling and assembly are the processes altered in cluster 4; whilst
processes involved in translation are the major constituent of cluster 10.
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Drug + polymer in

organic solvent

Continuous phase
(aqueous)

O/W emulsion  Solvent evaporation

Recovery of
Micro/nanoparticles

7,8-DHF-loaded PLGA microparticles

Table 1

Nanoparticles

Microparticles

Microparticles

Diameter

222.6 nm
(DLS)

38-20 um
(SEM)

20-10 pm
(SEM)
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7,8-DHF ctrl

20-10 pm

Polarity

Negative 8.6 mv

Size and shape
analysis with SEM

Zeta Potential

Encapsulation efficiency
V|a HPLC

100 pl sample + 900 ul
acetonitrile

Encapsulation efficiency
Via HPLC

Encapsulatio

n Efficiency
(E.E%)

59.14 £ 4.97 %

58.8+3.1%.

32.2412.9%.

PLGA nano and microparticle for 7,8-DHF encapsulation. (A) 7,8-DHF nanoparticles were generated using a single
emulsion solvent evaporation method, in which 1 mg of 7,8-DHF and 3.5 mg/ml PLGA (38000-54000 RG504H) were
dissolved into 2 ml of dichloromethane (DCM) to form the oil phase. The oil phase was added, drop by drop, into 10 ml of
aqueous phase 1% Poloxamer (surfactant). The solution was kept stirring until complete evaporation of DCM at room
temperature. Nanoparticles were collected after a 15 minutes centrifuge at 3000 rpm, 4 °C, and analysed by DLS to measure
particle size, charge, zeta potential and E.E% by HPLC, as shown in figure A and table 1. (B) Single emulsion solvent
evaporation method was also used to generate microparticles. 10 mg of 7,8-DHF and 100 mg of PLGA 502 were dissolved
into 75% DCM and 25% ethanol as shown by the schematic in figure B. The oil phase was added into 100 ml of 2% PVA 72
kDa. After the evaporation of the organic phase, microparticles were filtered while washing with dH,O. Particle shape was
analysed by SEM and the E.E via HPLC, as shown by figure B and Table 1.

6. Conclusions and future directions

« This research provides an insight on the 7,8-DHF mechanism of restoring vision in a zebrafish
model of inherited blindness (atp6v0e 1)

« The disease pathomechanism of atp6v0e 1~ is characterized by a significant upregulation of
apolipoproteins and downregulation of development and translation related genes

« 7,8-DHF revert the expression of those genes in a disease model normalizing their level

 RNA seq validation via gPCR is currently ongoing

* Future directions include release study during secondment at UCM, Madrid, and efficacy and safety
analysis with preclinical models of blindness at Experimentica, Finland
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