© 2016/138425 A1 I 0O 00O OO

(43) International Publication Date
1 September 2016 (01.09.2016)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2016/138425 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

International Patent Classification:
A61K 31/505 (2006.01) A61K 31/7068 (2006.01)
A61K 31/7042 (2006.01)

International Application Number:
PCT/US2016/019852

International Filing Date:
26 February 2016 (26.02.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/121,379 26 February 2015 (26.02.2015) US
62/246,455 26 October 2015 (26.10.2015) US
62/247,099 27 October 2015 (27.10.2015) US
Applicant: UNIVERSITY OF KENTUCKY RE-

SEARCH FOUNDATION [US/US]; 201 Gillis Building,
Lexington, KY 40506-0033 (US).

Inventors: AMBATI, Jayakrishna;, 740 S. Limestone,
Lexington, KY 40536-0284 (US). FOWLER, Benjamin;
201 GIllis Building, Lexington, KY 40506-0033 (US).
AMBATI, Kameshwari; 740 S. Limestone, Lexington,
KY 40536-0284 (US).

Agents: DECKER, Mandy, Wilson et al.; Suite 800, 401
Commerce Street, Nashville, TN 37219 (US).

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))
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(57) Abstract: The present disclosure relates to compounds, compositions, and methods useful for treating retinal damage and/or
retinal degradation / retinal degeneration, for inhibiting inflammasome activation by Alu RNA associated with a cell, for reducing
ATP-induced permeability of a cell, for reducing an amount of mitochondrial reactive oxygen species in a cell, and for reducing an
amount of mitochondrial reactive oxygen species in a cell. The present disclosure further relates to compounds, compositions, and
methods for use in protecting an RPE cell and/or for treating, including prophylactic and therapeutic treatment, of conditions associ -
ated with retinal damage and/or degradation including, but not limited to, dry age related macular degeneration (AMD) and wet
AMD, Alzheimer disease, various forms of arthritis, atherosclerosis, diabetes mellitus, chronic obstructive pulmonary disease, in -
flammatory bowel disease, and Duchenne muscular dystrophy.
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COMPOSITIONS AND METHODRS FOR TREATING RETINAL DEGRADATION

{8081} This application claims priority to and the benefit of U.S. Provisional Patent
AppHcation Nos. 62/247,099, filed Ootober 27, 2013, 637246455, filed October 26, 2015;
and 62/121,379, filed February 26, 2013, the entire disclosures of which are incorporated

herein by this reforence.

TECHNICAL FIELD
{0062} The present disclosure relates to compounds, compositions, and methods useful
for treating retinal damage andfor retinal degradation / retinal degeneration, for inhibiting
mflammasoms activation by Aly RNA associated with a cell, for redocing ATP-induced
permeabibity of g cell, for reducing an amount of putochondnial rerctive OXYEOD Speits i 8
cell, and for reducing an amount of putochondrial reactive oxygen speaies ma ool The
present distlosure relates to compounds and compositions comprising a nicleoside andfor a

nuclcoside reverse ranscriplase inhihitor (NRTY).
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BACKGROUND

{8003} Geographic atrophy, an advanced form of age-related macular degeneration that
causes blindness in millions of people worldwide and for which there is no approved
treatment, results from death of retinal pigmented epithehum (RPE} cells. For example,
expression of DICER, an enzyme tinvolved in microRNA (nuRNA)Y biogenesis, 1s reduced in
the RPE of lnsman eves with geographic atrophy, and that conditional ablation of Dicerd
indvees RPE degeneration i mice. Surprisingly, ablation of severn other enzymes
responsible for muiRNA biogenesis or function does ot induce such pathology. Instead,
knockdown of DICER ] feads to acoumulation of Ak repeat RNA 1n buman RPE cells and of
81 and B2 (dhe-lke cloments) repeat RNAs inthe RPE.of muce. e RNA i dramatically
increased in the RPE of husnan eves with geographic atrophy, and mtroduction of this
pathological RNA induces death of hunman RPE cells and RPE degeneration in mice,

[0004] Age-related macular degeneration {AMD), which is as provalent as cancer in
mdustrialized countries, is a leading caunse of blindness worldwide. In contrast 1o the
neovascutar form of AMD, for which many approved treatments exist, the far more common
atrophic form of AMD remans poorly understood and without effective clinmical intervention.
Extensive atrophy of the retinal pigment epithelium leads to severe vision loss and 1s termed
grographic aophy,

{0005] Hence, there remains a need for compositions and methods for treating retinal

degradation / retinal degeneration, and particudmly RPE degradation,

{6806] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference fo the following detailed description that sets forth Hustrative
cmbodiments, in which the principles of the mvention are used, and the accompanying
drawings of which:

{0007] FIG. 1 displays a top row of ocular fundus photographs of nutce receiving control
PBS, or Alu RNA treatmoent, with or without increastng amounts of 47T (left to right); and
RPE flat mounts, staimed for mtercellular junctions (Z0-1) 1a red that are disrupied upon Alu
RNA administration but that are restoved to healthy RPE morphology/itercellular junchions

at highest dose of 44T,

tni
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{9808] FI1G. 2 provides a bar graph showing that beaman (Helad cells troated with an
entorced expression plasmid for Alu RNA (pAluA) for denoted amounts of time exhibuted
profoundly reduced viability compared to a null plasmid (pUCH), as momtored by MTS
profiferation assay and that d47 co-admimistration prevented cell death induced by Alu
OVETEXPression.

{8009] FIG. 3 shows the results of Northern blotting using an Alu-specific probe. As
presented m FIG. 3, primary human RPE cells treated with antisense oligonucieotides
targeting DICERT (Der as) (lane 3 (third lane from {eft)) show increased Alu RNA fevels o
the nuclear compariment compared to control antisense oligonucleotides (Cir as} (fane |
{Icfimost)), and co-adnunistration of d47T (lanes 2 and 4) does not reduce Alu RNA levels. ub
{hottom row} is shown as a loading control for nuclear fraction.

{8610] FIG. 4 provides another example of the results of Northern blotting using an Alo-
speeific probe. As presented in FHG. 4, co-administration of d47 does not change Alu RNA
fevels at L, 4, or 24 hours after ransfection in the nuclear fraction of human RPE cells
wansfected with Alu RNA, with or without d4T, as detected by Northern blotting using an
Ale-speeifie probe. ob {bottom row) s shown as loading contrel fornuclear fraction in FIG.
4,

{0011} FIG, $ provides the results of @ Western blot showing that Alu RNA causes
Caspase-1 matgration in primary homan RPE cells at 24 bours after Aly adomnistration {top,
mididie lane, lower band), which is blocked by co-treatment with dd7T (100 uM; rightmost
lang). The bottom row is 7 vincubin loading control.

{0012} FIG. 6 is 2 Western blot showing that Aly RNA causes Caspase-1 maturation in
primary buman RPE cells at 24 hours after Alu admimustration {top, middie lane, lower band),
which 1s blocked with co-treatment with 3TC (20-108 oM rightmost lane), wheremn the
lowermaost band 1x the loading control, vinculin.

{0613} FIG. 715 a Western blot showing that Ale RNA caoses Caspase~1 matuvation in
primary human RPE colls at 24 hows after Alu administration {top, middic {ane, lower band),
which is blacked with co~-trestment with azidothyvmidine (AZT), cordyeepin, and abacaviy
{ABC)Y (50-100 ub; tanes 3-8 from left). The loading control vincelin s shown on the
hottom.

{0014] FI1G. 8 provides a gol showing that primary human RPE cells treated with
LPS/ATP, a classic inflammasome activator, exhibit increased Casp-1 activation, and
phosphoryvlation of IRAKA4, which 15 also a marker of inflammasome signaling via the celi
surface receptor adaptor protein MyD88. Morecover, as shown in FIG. 8, dd47 (257100 wd)

3
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blocks Casp-1 activation and IRAK4 phosphorviation maduced by LPS/ATP. Vineulin was
ased as the loading control in the gel of FIG. 8. Additionally, as shown, LPS and ATP
activate the NLRP3 inflammasome only in combmation.

[8015] FIG. 9 provides the results of Western blotting, wherein dd7T, 3TC, and
cordyeepin (at 100 oM}, all di-deoxy nucleoside reverse transeriptase inhibitors, are shown o
inhibit Caspase-1 activation (active p28 band, top) and IL-1¥ mataration (bottom) induced by
LPS/ATP, To produce FIG. 9, cell culture supernatants were collected after (i) no treatment,
{11} LPS treatment, or (i) LPS/ATP weatment of mouse bone nmarrow-derived macrophages
and run on Western blotting probing with antibodves for Caspase-1 and IL-18.

[0816] FI1G, 10 provides the resalt of 3 Western blot showing that d4T {100, 250 uM)
inhibits IL-1 beta maturation (top, 18 and 22 kDa forms) and Caspase-1 activation {active
p20 band, bottom) indueced by nigericin. To produce FIG. 14, cell culture supernatants were
collected affer (i) no treatment, (1) LPS weatment, or {1it) LPS/Mmigericin treatment of mouse
hone marrow~-derived macrophages and run on Western blotting probing with antsbodies for
1L-1 beta and Caspase-1.

{#017] FIG. 11 shows a bar wraph fustrating that d47 does not inhdbit 10-1 beta
secretion from PMA-differentated THE-! monocytes induced by monosodhan wrate (MSU).
Fi(x. 11 was crcated after human THP-1 monoeytes were difforentiated into macrophages
with PMA, and, as shown in FIG. 1, treatment with MSU, 3 known inflammasome activator,
increased -1 beta secretion compared 1o non-ireated cells, whereas dd47 co-administration at
a range of doses (251000 uM) did not significantly affect HL-Ibeta seoretion.

{0018] FIG. 12 is a bar graph, which shows that d4T and other nucleoside reverse
transeriptase inhibitors do not inhibit IL-1 beta secretion from PMA-differentiated THP-1
monocytes induced by ML Human THP-1 monocyies were differentiated into
macrophages with PMA. Their freatment with MSU increased 1-1 beta secrction compared
to non-treated cells, as shown in FIG. 12, while co-adnunistration of 84T, 3TC, or cordycepin
{all are di-deoxy nucleotide analogs) at a range of doses (25-1000 uM) did not sigmficantly
affect Th-1beta scerction.

{0019] FIG. 13 is a graph, which provides that d47T reduces NLRP3 priming induced by
Alu RNA. Indeed, as shown in FIG. 13, Aly RNA vansfection moreases NLRPI mRNA
levels n primary human RPE cells at 16 howrs, an event tormed “priming™ (Y -axis) comparsd
to mock {transfection reagent alone), This effect is blunted by co-administration of 447 (100

uM) and normabized to 188 RNA cantrol.
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{9828] FIG, 14 Hlustrates, in graph format, that Alu RNA transfection increases 1L-1 beta
mRNA levels in primary human RPE cells at 24 howrs, an event termed “priming”, {Y -axis}
compared to mock {transfection reagent alone), This effeet is blunted by co-administration of
d4T {100 uM) and normalized 0 185 RNA conwrol.

{8021] FIG. 15 shows that d47T redaces mitochondrial ROS caused by Alu expression.
Indecd, FIG. 15 demonstrates that enforced expression of Ale (pAluA} causes increased
nutochondrial reactive oxygen species (mtROS), as detected by MitoSox assay. In order o
produce FIG. 15, primary human RPE cells were meubated with Alu expressing plasmid or
control plasmid (pUTTY with or without dd4T. Afier 15 hows cells were co-stained for
mtROS {red) and for coll count, nuclet {hine; Hocchst DNA stam). Cells n the pAlaA group
exhibited greater mtROS staining (red) compared to pUCTY control, an effect that is reduced
in pAleA + d4T treated cells.

{8022] FIG. 16 provides a graph showing that 447 does not inhibit ATP release induced
hy Alu RNA, Morgover, primary human RPE cells reated with Alu RNA, for the times
indicated in FIG. 16, velease ATP. Cell culture supernatant was collected from mock or Alu
RNMNA weated cells, with or without 447, and ATP was detetted using an ATP-depondent
huciforase assay. Notably, 47T did not affect ATP release.

{0823] FIG. 17 shows that 47T reduces ATP-nduced cell permeabifity 1o Yo-Prod
{PZX7 receptor assay). Indeed, d47T dosc-dependently reduced Yo-Pro entry induced by
ATE, determined by an area-scan fluoresesnt measoarsment in a 96 well microplate reader.
FIG. 17 provides the resolis of the flunrescence measurement i relative fluorescence unis
{RFU, y-axis).

[024] FIG. 18 illustrates, in graph format, that 34T reduces extracethdar potassium
fevels, which increase atter Al RNA transfection. Indeed, cell cudtwre potassivm levels
merease in primary human RPE cells treated with Alu RNA for 6 hours, an effect that is
reduced by d4T co-administration.  Potassium levels were determined in cell cultare
supernatants speetrophotometrically using a potassivm-dependent pyravate kinase assay,

[0025] FIG. 19 shows that d47T blocks bzATP-induced ccll pormeability to ¥o-Prol
{P2X7 receptor assay). To prepare FIG. 19, d47 blocked YO-PRO-1 sodide entry in HEK293
cells stably expressing the human P2X7 receptor stumulated with the P2X 7-selective agonist
bzATP. Cells were pre-incubated with d47T for 30 minutes prior to addition of bxATPYO-
PRO, and fluorescence (in relative fluorescence units) at 4857513 nm was measured at =30

mimites,
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{9826] FI1G, 20 provides a chenuical strugtrs of methoxy-dd4T {me-dd4T, HIPAC name: -
H2R 58)-5-(methoxymethyl}-2, S-dihydrofuran-2-y1}-S-methyl- 1,2, 3 4-tetrahvdropyrimidine-
2 4-dione, also referred to herein “Kamuvudine 17). More specifically, as shown in FIG. 20, a
single substitution of the ribose S™ hydroxyl group of d4T with a methoxy group (circled) has
been destgned fo prevent d47T phosphorylation,

{0027} FIG, 21 is 3 Western blot of Caspase-1 activation {p20 subunit) in primary homan
RPE cells transfected with 4y RNA + me-d4T.

{0028 FlIG. 22 shows cells, wherein ummodified d47T, but not me-d47, blocks replication
of a GFP-expressing fentiviras w Hela cells,

{0029] FIG. 23 provides a graph illustrating that unimodified d47, but not me-ddT,
reduces mtDNA levels {normalized to chromosomal DNA exon-intron junction sequence) in
primary mouse RPE cells as deterniined by real-time quantitative PCR. n=d | #p <08 by
Student’s t-test.

{0030] F1G, 24 provides flat mounts stammed for zonula eccludens-1 {(£0-1; red), bottom
row. Degeneration outlined by blue arrowheads. Representave images of n=4 (B, C, E}
shown. Scale bars, (O 280w (B 20

{0831] FIG, 25 provides a schematic overview of me-d4 T synthesis,

{0032] FIG. 26 15 an HPLC chromatogram of me-d4T (peak # 63 final product, >97%
purity.

{8033] FIG. 27 15 a HH NMR spectroscopy of me-ddT final product, wherein the
chemical shifts are consistent with the structure of me~ddT.

{0034] FIG. 28 provides the results of hquid chromatography/mass spectrometry of me-
d47T final prodact, nv'z ratio consistent with the structure of me-dd T,

{35] FIG, 29 provides the methoxy vartant of @ nucleoside analog. The chemical
structure of 3TC (2737 dideoxyevtiding) is shown, wherein the methoxy varianon (O~methyl
group) of nucleoside analog is circled.

{6036] FIG. 30 provides the methoxy variant of a nucleoside analeg. The chemical
structure of AZLT (3azido-2' 3-dideoxythynudine) 1s shown, wherein the methoxy variation
{O-methyi group) of nucleoside analog 1s cireled.

{3837] FIG. 31 provides the methoxy variant of @ nucleoside analog. The chemical
structure of ABC (cyclopropylammnopurinvicyvelopentene) is shown, wherein the methoxy
variation {Q-methyl group) of nucleoside analog is circled.

[6038] FIG. 32 shows a cell permeant variant of d47T (3C-d4T), where “n” group is equal
to 11, Dervatives include cell permeant vaniants of 3TC, AZT, AB{, where the nucleobase

H
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group {circled} may be replaced, in various ambodiments, by 3TC, AZT, ABC, or methoxy-
variants of dd4T, 3TC, AZT, ABC (FIG. 29-31), or derivatives thercof,

{0039] FI1G, 33 provides the stracture of an cxemplary NRTT according to the present
disclosure.

[8040] FIG. 34 15 a Western blot of Caspase-1 activation {(p20 subunit) and IRAK4
phosphorylation in primary human RPE cells ransfected with Afu RNA + d4T.

[0041] FIG. 35 is a Western blot of Caspase-1 sctivation in human RPE cells transfected
with 4l RNA + NRTIs (3TC, AZT, ABC.

{a842] FIG. 36 mncludes fundas photographs: top row; flat mounts stained for zomuda
occhudens-1 {Z0~1; red), bottom row, Scale harg, 50 um.

[8043] FIG. 37 provides fundas photographs: top vow; flat mounts stained for zonula
occludens-1 (ZO~1; red), bottom row. Scale bars, 56 um.

{8044] FIG. 38 itlustrates that NRTIs block LPS/ATP-mnduced inflammasome activation,
Specifically, FIG. 38 shows a gel ndicating that d47T blocked Caspase-1.

{0045] FIG. 39 also iHlustrates that NRTis block LPS/ATP-induced mflammasome
activation, showing specifically & gel indicating that 447 blocked 1L-1 hata

{00:46] FIG. 48 presents chromatograms showing that Raji TK cells, but not Raji TK
cells, phosphorviate AZT to AZT-tnphosphate (AZT-TF) as determined by hguid
chromatography-mass spectrometry {LE-MS).

{6047 FIG. 41 shows that AZT blocks IL-1 beta activation by LPS/ATE in both Raji
TK and TK cells, as determined by Waestern blot of cell lysates.

{0048] FIG. 42 is a bar graph Hlostrating that 33T does not block 4hie-indoced ATP
retease from primary human RPE cells (n=d),

{40] FIG, 43 provides a graph of PRX7-mediated YO-PRO-1 dyve uptake
{ fluorescence) induced by bzA TP (100 pM) in HEK293 cells stably expressing the human
P2X7 receptor was inhibited by 34T and A438079 (64 uM for both drugs). Fluorescence
vahses are baschine subtracted from cells without bzATP treatment. * bzATP ve d4T. #
bzATP vs. A438079, p < {105 by Student-Newman Keuls post-hoc test (n = 12).

{030] FI1G. 44 is o Western blot of Caspase-1 activation {p290 subanit) and IRAK4
phosphorvlation in primary mouse RPE cells ransfected with 44 RNA + d4T.

[0051] FIG, 45 is a Northern blot of biotin-UTP-labeled A RNA-tansfected primary
buman RPE cells,

[0852] FI1G. 46 provides LO-MS/MS spectra of AZT-riphosphate (AZT-TP).

{8053] FIG. 47 provides LO-MSMS spectra of AZU-triphosphate (AZT-TP).

7
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{9854] FI1G, 48 shows the clromatographic separation of Raji TX cells spiked with
AZT-TP wath MY spectra (inset) o confirm identity of designated peaks.

[0055] F1G, 49 shows the chromatographic separation of Raji TXK cells spiked with
AZULTP with MS spectra (imset) to confirm identity of designated peaks.

{8056] FIG. 50 i a standard corve of AZT-TP standards {(black circle). As shown, Raj
T samples treated with AZT produced AZT-TP (white wriangles), whereas AZT-TP was
not detectable m Ragjt TK cells treated with AZT.

{0037] FIG. 51 is a Western blot of Caspase-~1 acuvation {p20) subunit) in primary human
RPE cells transfected with 4l RNA, with short peptide (Panx1'™), which blocks P2X7 pore
fanction but not cation flux {vs. scrambled peptide: Ser Panx1*).

{8058} FIG. 52 is a Westomn blot of Caspase-1 activation {p20 subunit} in primary homan
RPE cells transfected with 4 RNA, with calmidazoliom (FIG. 32 provides the chemical
structure of 1{- and EC-d4T used), which blocks P2X7T cation flux bt not pore function,

{0839] FI1(, 53 is o Western blot of Caspase-1 activation {p2¢ subunit) in primary human
RPE cells transfected with 4l RNA | with cell permeable (10), cell-impermeable (EC), or
anmodified (o tag) 941

{060] FIG. 54 shows that d47T prevents pAlu-induced nitochondrial ROS generation in
primary human RPE cells, In FIG. 54, mitochondrial reactive oxygen species (ROS) were
visualized with MitoSox {(Red) and cell nuciet with Hoechst {Bhue).

{8061} Fig. 58 is a western blot of Caspase-1 activation {p20 subunit} in pramary nanan
RPE cells in the presence of iron (T1) ammonawm citrate. The addition of TM-3TC {Structure
R} {25 M) blocked won-induced Caspase-1 activation. Botton: Loading control tubulin,

[3062] Fig. 56 is & westemn blot of Caspase-1 activation {p 10 subunit} in primary homan
RPE cells in the presence of fron (1) samumoniam aitrate. The addition of ddT-ene {Structure
325 M) blocked won-induced Caspase-1 activation. Bottom: Loading control tubulin,

{0063} Fig. 57 is a western blot of Caspase-~1 activation {p20 subunit) in primary human
RPE cells i the presence of won {11 ammonien citrate. The addition of 2me-ddT (Structure
43 {25 uM) blocked ron-induced Caspase-1 activation. Bottony: Loading control tubulin,

j0064] Fig. 58 is a western blot of Caspase-1 activation {(p20 subunit) in primary human
RPE cells transfected with 44 RNA. The addition of d4T-ene (Stracture 1 and TM-3TC
{Structure 8) {25 and 100 ud) blocked df-induced Caspase-1 activation. Bottom: Loading
confrol tubulin,

{0065] Fig. 39 is a graph of the relative quantity of mtDNA in primary lnsman RPE cells
treated with NRTs or derivatives (relative to veldcle treatmment {DMSQ), "No Tx Y at s

8
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concentration of 30 pm for alf drags. DNA was collected after four davs 1 coll coltare with
exposure {o drug. Quantitative polvmerase chain reaction was performed for mtDNA and
normahized to genomie DNA sequence. Modified versions of ddT that are not phosphorylated
{o.g. me-d4T (Fig. 203, 2 me-ddT (Structure 43} do not exhibit nutDNA depletion compared fo
parental NRTLH (T TM-3TC 15 structure §. N = 3-4/groap, crror bars are S EM.

{8066 Fig. 60 is a graph of the relative quantity of mtDNA m primary human RPE cells
treated with NRTIs or derivatives (relative to vehicle treatment (DMSO), "No Tx™at a
concentration of 50 pm for all drugs. DNA was collected after four days 1 cell culture with
exposure to drug. Quantitative polymerase chain reaction was performed for ntDNA and
nornalized to genomic DNA sequence, Modified versions of AT that are not
phosphorylated {me-AZT Structare 1), Ne-Me-Me-AZT {Stucture 10} do vot exhubit mtDNA
depletion compared to pavental compound (AZT). N = 3-dfgroup, error bars are S.EM.

{8067] Fig. 61 displays a top row of avular fundus photographs of mice recetving
subretinal control empty-vector plasmad {pNudl), or Alu RNA-expressing plasnud (pAlw),
reated with twice dasly intraperitoneal modified NRT1s (me-AZT (Structure 1), N-me-me~
ALT Buuctare 1), or 2 mie=ddT (Stracture 4); 25 mgdhy/administration} or control vehicle,
and botiom row RPE flat snounts, stained for attercelhudar pactions (Z0-1) in red that are
disrupted upon Al RNA capression but that are restored to healthy RPE
morphotogy/intercelinlar junctions with modificd NRTI freatment. Scale bars 20 pm.

{8068 Fig. 62 provides a schematic overview of the synthesis of Formula | (structure €
w Scheme 1), Formula IV (structure B), Formwula VI (structwre B), Formula X {structure 13),
and methoxy-dd4T (strpcture A7 also Fig. 201,

{869] Fig. 63 is a graph of a lentiviras transduction assay showing that modified NRTig
do not block lentivine replication (I contrast 1o NRTIs, which blocked {entiviras GFP
expression). A GFP-expressing lentivirus was added to 2.5x10° HeLa cells at multiplicity of
infection of 20 1n the presence of NRTIs (AZT, 3TC, #4T1), wodified NRTIs (me-AZT,
structure §; 2me-AZT, structure 10; TM-3TC, stracture §; me-d4T, Fig. 20; 2me-ddT,
structure 43, or condrol (vebicle). All drugs ware added at a concentration of 1 M. Cells
were imaged for GFP expression 72 howrs after addition of fentivirus, GFP-positive celfs per
ficld of view were recorded. n = 4-11, ervor bars S EM. Reverse transeription of lentivirus is
essential for GFP expression; moditied NRTls should not block reverse transcriptase,
whereas NRT1s are known to block reverse transenptase.

{6070] Fig. 64 is a bar graph showing results of an iGluc cell luminescence assay,
showing inhibition of Caspase-1 activation in a dose-dependent manner in response to 3TC,

)
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{0071] Fig. 65 is a bar graph showing resulis of an iGlue cell hunineseence assay,
showing inlubition of Caspase-1 activation in a dose-dependent manuner in response fo 3Me-
ITC

{8072] Fig. 66 is a bar graph showing resolts of my 1Glae cell fununescence assay,
shonwing inhibitton of Caspase-1 activation in a dose-dependent nanner in response (o 3B
3TC.

{0873] Fig. 67 is a bar graph showing resulis of an {Glue cell haninescence assay,
showing inhibition of Caspase-1 activation in a dose-dependent manner tn response to AZLT.

{0074] Fig. 68 15 a bar graph showing results of an 1Glue cell huninescence assay,
showing mhibition of Caspase-1 activation in a dose-dependent manngr in response to 2Me-
AZT.

{8075] Fig. 69 is a bar graph showing resolts of an 1Glac cell luninescence assay,
shenwing inhibition of Caspase-1 activation in a dose-dependent manner in response o 2Bt
AZT.

{0076] Fig. 70 1s a bar graph showing results of an iGluc cell huninescence assay,
showing hhibition of Caspase-1 sctivation in a doseedependent wmasuier in response fo d47.

{77 Fig 71 s a bar graph showing results of an iGlac cell luninescence assay,
showing inhibition of Caspase-1 sctivation in a dose-dependent nxanner in response 1o O-Me
N-Et d4T.

{8078} Fig. 72 is a bar graph showing resalts of an 1Glac cell lunnnescence assay,
showing mhilntion of Caspase-1 activation 1o response to Me-ddT,

{079] Fig, 73 is & bar graph showing results of an iGhee cell luminescence assay,
showing inhibition of Caspase-1 activation in a dose~-dependent manner in response to 28t~
4T,

{6080] Fig. 74 includes a serics of western blots showing that Ale-RNA-mduced caspase~
1 activation is reduced by 2Et-d4T (23 M), IMe-AZT (25 uM), O-Me N-Et dd7T (25 ud},
ddT-ene {25100 pM), and TM-3TC (25-100 uM).

{0081} Fig. 78 includes a series of western blots showdng that fron~-indaced caspase-
activation is reduced by TM-3TC (28 1M, ddTeene (25 M), 2Me-ddT (23 M), Me-AZY
£25-100 uM), and 2Mc-AZT (25 uM). N=3-4.

{0082] Fig. 76 includes a western blot showing that Conploment-induced Caspase~

activation is reduced by ITC (23 pd),
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{9883] Fig. 77 includes a wostorn blot showing that Paraguat-induced Caspase-1
actrvation is reduced by 3TC (25 pM).

{60B4] Fig. 78 includes a western blot showing that Amyloid beta-induced Caspase-1
activation is redaced by 3TC {10-25 phf).

{0088] Fig. 79 includes data showing chorotdal neovasculanzation in a model of “wet
AMD™ 15 reduced by 3TC (055 wmol), ABC (0,64 mumol), or AZT {0.535 nmwol}.

{8086] Fig. 80 includes data showing choroidal neovascolanzation (CNV} in a model of
“wet AMD™ s reduced by Me-ddT, O-Me-N-Et-d4T, 2Et-AZT or 3EE3TC {014 mmol).

{0087] Fig. 81 includes Amdus photographs of the Ieft ey (top two rows) and the right
eyve (bottont two rows) of a first mouse having pre-existing NV lesions, the first and durd
row showing time dependent dyve leakage from the TNV lesions, the second row showing
time-dependent dye leakage after o single infravitreous administration of 123 ng of 3TC, and
the fourth row showing time-dependent dye leakage after a single intravitreous administration
of 62.3 ng of 3-Me-3TC.

{60B8] Fig. 82 includes Rmdus photographs of the left eve (top two rows) and the right
eve (bottom two rows) of a second mouse having pre-exasting CNV lesions, the first and third
row showmg ume dependent dve feakage from the ONV lesions, the second row showing
fime-dependent dye leakage after 2 single infravitreous administration of 125 ng of 3TC, and
the fourth row showing tme-dependent dye leakage after a single intravitreous admimstration
of 62.5 ng of 3-Me-3TC.

{6089} Fig. 83 includes data showing Ala BRNA-induced RPE degeneration in a model of
“dry AMBD” 15 blocked by 3Me-3TC and O-Me N-Et 447,

{8098 Fig. 84 meludes data showing pAlu-induced RPE degeneration n a model of “dry
AMD” is blocked by 3Me-3TC.

{8891] Fie. 85 includes data showing pAheinduced RPE degencration in a moded of “dry
AMD” is blocked by 3Ee-3TC.

[6092] Fig. 86 includes data showing pAlu-induced RPE degencration in 3 model of “dry
AMID™ s blocked by 2E6dT or 2ERAZT

{8093] Fig. 87 includes data showing poly ICandoeced RPE degencration by a model of
“dry AMBD” 15 blocked by Me-ddT or 2-Me-d4T.

{0094] Fig. 88 includes data showing Amvioid beta~induced RPE degeneration in a
model of “dry AMD” by 3TC or K-2 {(2Me-ddT)
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{9895] Fie. 89 includes data showing fron-induced RPE degencration n a model of “dry
AMD” is blocked by ddT, K-1 (Me-ddT), or K-2 (2Me-ddT).

{0096] Fig. 99 includes data showmg that ddT, AZT, or 3TC can cause retinal
degeneration.

{8097] Fig. 91 includes data showing Kamuvudines are not toxic to the retina,

{8098] Fig. 92 inchudes fRurther data showing Kamuvudines are not toxic to the retina.

{0099] Fig. 93 includes data showing that NRTTs (dd4T, 3TC, or AZT) reduce
mitochondrial DNA (nDNA) while modified NRTTs (Me-ddT, 2Me-d47T, TMITC Me-
AZT, or 2Me-AZTY do not reduce miDNA,

[00160]  Fig. 94 includes data showing that NRTTs (47, AZT, or 3TC) inhibun L1
retrotransposition bat modified NRTs (Me-ddT, 2Me-d4T, Me-AZT, 2Me-AZT, 3Me-3TC,

JECA4T, 2E-AZT, or 3EL3TC) do not inhibit L1 retrotransposition.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

{80161] The presently-disclosed sabjoct matter is tHustrated by specific bot non-
hinnting examples throughout thus deseription. The examples may mclude compilations of
data that ave representative of data gathered at various tmes during the course of
development and experimentation related to the present invention{s). Each example is
provided by way of explanation of the present disclosure and is not a Hmitation thereon, In
fact, i will be apparent 1o those skilled 1 the art that various modifications and varations can
be made o the teachings of the present disclosure without departing from the scope of the
disclosure. For instance, features tlustrated or described as part of one embodiment can be
used with another emnbodiment to vield a sul further embodiment.

[00102]  All references to singular chavactenistics or hinutations of the present
disclosurs shall mehade the corresponding plural charactenistic(s) or limitaton(s) and vice
versa, unless otherwise specified or clearly tmplied to the contrary by the contoxt in which
the reference 15 made.

[60103] Al combinations of method or process steps as used herein can be performed
i any order, unless otherwise specified or clearly smplied to the contrary by the context m
which the referenced combination is made.

{R104]  Whale the wrns used herein are believed o be well understood by those of
ordinavy skill i the an, cortain definitions are set forth to facihitate explanation of the

presently-disclosed sabject matter,
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{00105]  Unless defined otherwise, all techimcal and sciontific torms used herein have
the same meanng as is conwnonly understood by one of skill in the art to which the
mvention{s} belong.

[80106]  Where reference is made to a URL or other such identifier or address, it
understood that such identifiers can change and particudar information on the Internet can
come and go, but equivalent information can be found by searching the internet. Reference
thereto evidences the availability and public disseminaton of such information.

{00187]  As used herein, the abbreviations for any proteciive groups and compounds,
are, undess indicated otherwise, in accord with thelr common usage, recognized
abbreviations, or the IUPAC-IUB Commiission on Biochemical Nomenclature (sce, Biochem.
(19723 1H9R1726-1732).

{80108} Following long-standing patent law convention, the terms “a”, “an”, and “the”
refer to “one or more” when used 1 this application, including the claims. Thus, for
example, reference to “a coll” includes a pluraliy of such cells, and so forih.

[00109]  Usless otherwise indicated, all nurshers expressing guantities of mgredients,
proportios such as reaction comditions, and so forth used in the specification and claims are ko
be understood as being modified in all nstances by the term “abowt”. Accordingly, wnless
mdicated to the condrary, the numerical parameters set forth in this specification and claims
are approximations that can vary depending upon the desired propertios sought to be obtained
by the presently-disclosed sebiect matter,

{00118} As used herein, the ferm “about,” when referning to a value or to an amount of
mass, weight, time, volame, concentration or porcentage Is meant to encompass variations of
in some embodiments £20%, in some embodiments £10%, in some embodiments 5%,
some embodiments £1%6, m some cmbodiments +0.5%, and i some embodimenty £3.1%%
from the specified amount, as such variations are appropriaie 1o perform the disclosed
method.

{80111]  Asusecd herein, ranges can be expressed as from “about” one particalar valae,
andfor to “abowt” snother particudar value, s also understood that there swe a number of
vatues disclosed herein, and that each vahue is also herein disclosed as “about™ that particolar
vatue in addition to the value itself. For example, if the value *107 is disclosed, then “gbout
107 is also disclosed. 1t is also understood that cach uait betweon two particular units are also
disclosed. For example, if 10 and 15 are disclosed, then 11, 12, 13, and 14 are alse disclosed.

[80112]  Asused berein, “optional” or “optionally” means that the subseguently
desenibed event or circumstance does or does not occar and that the deseription includes

i3
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imstances whore said ovent or clrcumstance occurs and Instances where i does not. For
exampie, an optionally variant portion means that the portion is variant or non-variant.

{06113  The term “physiologically funconal dertvative” means any pharmaceuatically
acceptable derivative of a compound of the present disclosure, For example, an amide or ester
of a compound of fornusda {IY or of a compoand of fornwla (I, which upon administration o
a subject, particudarly a mammal, is capable of providing, cither directly or indirectly, a
compound of the present disclosure of an active metabolite thereof

[00114]  The terms “treatment” or “treating” refer to the medical management of a
subject with the intent to e, ameliorate, stabilize, or provent a condition or disorder {e.g.,
retinal degradation), This term includes active treatment, that s, treatment directed
specifically toward the improvement of a condition, and also inchudes causal treatment, that
1s, treatment divected foward removal of the cause of the associated condition. In addition,
this term inchudes palliative treatment, that s, treatment designed for the relief of symptoms
rather than the curing of the condition; proventative reatment, that s, treatment dirgcted to
nunimizing or partially or completely mnlubiting the development of symptoms or disorders of
the agsociated condition; and seppintive freanment, that 18, reatmont employed to supploment
another speeific therapy directed toward the inprovement of the associated discase,
pathological condition, o disorder.

{80115]  With regard to adounistering the compound, the torm “administering™ refoes to
any method of providing a composition and/or phiarmaceutical compesition thereof in a
subject. Such metheds are well known to those shalled in the art and include, ut are nat
himited to, oral admibustration, transdermal admunistration, administration by inhalation, nasal
administration, topical administration, intravaginal administration, ophthalmic administration,
wtrasural adnunistration, intracercbral administration, rectal sdnunistration, and parentoral
adpinistration, meluding mjectable such as intravenous admibuistration, intra-artertal
adsingstration, miramuscolar administration, subowtancous administration, intravitreous
adnunistration, inchading via intravitroous sustained drug delivery device, intracameral (into
anterior chaniber) sdininistration, supracharoidal injection, subretinal admiistration,
Subconjunctival injection, sub-Tenon's administration, penbalbar admibustration,
Transsclerat drug delivery, adounistration via topical eve drops, and the like. Admimistration
can be comtinuous or infermittent. In various aspects, a proparation can be adnunistered
therapeutically,; that s, administered to treat an existing disease or condition (.2, cxposure
to OPF compounds). In further various aspects, a preparation can be administered
prophylactically; that 1s, administered for prevention of a disease or condition.

14
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{98116]  The teem “effective amount™ refors to an amoant that s sufficient to achiove
the desired result or to have an effect on an undesived condition. For example, a
“therapeutically etfective amout” refors to an amownt that is sufticient to achicove the destred
therapeutic result or to have an effect on undesired symiptowms, but is generadly insufficient to
cause adverse side effects. The specific therapeatically effective dose level for any particular
patient will depend upon 3 variety of factors including the disorder being treated and the
severity of the disorder; the specific composition employed; the age, body waght, general
health, sex and digt of the patient; the tme of administration; the route of adnunistration; the
rate of excretion of the speaific compound employed; the deration of the treatment; drugs
used in combination or coincidental with the specific compound emploved and like factors
well known in the medical arts. For example, it s well within the skill of the art to start doses
of a compound at levels lower than those requived o achieve the desived therapeatic effect
and o gradually morease the dosage antil the desired effcot is achioved. If degived, the
effective daily dose can be divided into multiple doses for purposes of adounistration,
Consequently, single dose compaositions can contain such amounts or submultiples thereofto
sake wp the daily-dose. The dosagevan be adjusted by the individeal phivsiciay in the ovent
of any contraindications. Dosage can vary, and can be administered in one or more dose
administrations daily, for one or several days. Guidance can be found in the Hierature for
appropriate dosages for given classes of pharmaceutical products. In fiwther various aspects,
a preparation can be adminisicred in a “prophylactically effective amount”™; that is, an amount
effective for prevention of a disease or condition.

JB1E7] The torms “subject” or “subject v need thereof™ refer to 8 target of
administration, which optionally displays symptons refated to a particular discase, condition,
disorder, ov the ke, The subjest(s) of the herein disclosed methods can be haman or non-
human {¢.g., primate, horse, pig, rabbit, dog, shoep, goat, cow, tat, guinea pig, rodent, and
non~manumals). The term “subject” does not denote a partioudar age or sex. Thus, adelt and
newbom subjects, as well as fetuses, whether male or female, are imtended fo be coverad.

The term “subject” includes bunian and veterinary subjects.

{B118]  As will be recognized by one of ordinary skill in the art, the terms
“suppression,” “suppressing,” “suppressor,” “inhibiton,” “inhibiting™ or “inhibitor” do not
refer to a complete elumination of angiogenesis m all cases. Rather, the skilled artisan will
understand that the term “suppressing” or “ahibiting” refers to a reduction or decrease in
angiogenests. Such reduction or decrease can be deternuned relative to a control. In some
eonbodiments, the reduction or deergase relative to g control can be abouta 1, 2, 3,4, 3,6, 7,

i
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916, 11,12, 13, 4,13, 16, 17, 18, 19,20, 21, 22, 23, 24, 253, 26, 27, 28, 29, 3G, 31, 32,
33,34, 35, 36, 37, 38,39, 40,41, 42,43 44, 45, 46,47 48,49, 50 5§}, 32, 5;,
K, 59,60, 61, 62,03, 64, 63, 66,67, 68,69, 70, 71,72, 73,74, 73, 18,77, 78,

*

B3, 84, BS, Re, 87 BE, BY 90, 91, 92, 93, 94 95, 96, 97, 9%, 99, or 100% decrease.

-

56, §7

5

.80, 81,82,

LA
\-D i
-
1
T4

{80119]  In some cxemplary embodiments, the presently-disclosed subject matter
includes methods for treating retinal damage andfor retinal degencration. Indeed, some
methods of the present disclosure comprise administering to a subject 1n need thereof an
effective amount of 8 composition for treating retinal damage andfor degradation.

{98128]  In some embodiments the composition comprises a nucleoside andfor a
nucicoside reverse transcriptase inhibitor (NRTI). Further, in some embodiments, the
composition is a pharmaceutical composition comprising 3 nucleoside andfor a NRTI
compoand as well as a pharmacentically acceptable carrier,

{80121]  As discussed herein, in some exemplary methods of the present disclosure, the
adounistered composition 1S @ composition comprising a nucleoside andfor NRTL Thus,
exemplary conposiions are comprised of compounds ncluding, but not biputed to, stavadine
(4T, ladvadine 3TOY, condyeepin, adidothynidine (AZT), abacaviy (ABC), choododd
dertvatives thersof {e g, methoxy-dertvatives to abrogats ;ﬁmxyh@midtmn} and the hke.
{ther possible vompounds include, for exmmple, those deswribed in US, Patent No,

6,514,979 o Heredia et al, Those of ordinary skl m the art will also recognize farther
mucleosides andfor NRTs, as described herein, that can be used in the compaositions and
methods of this disclosare.

{01221 In some embodiments a method of the present disclosure comprises inhibiting
activation of one or more physiological processes by Alu RNA. As disclosed herein, Alu
RNA @ncloding Alu repeat RNA m homan cells and Bl and B2, Ale-Hke clement repeat
RNAs) increases are associated with cells that are associated with certam conditions of
interest. For example, an Alu RNA merease 1s associated with the retinal pigment epithelium
{RPE} cells of oyes with goographic atrophy. This increase of Alu RNA induces the death of
RPE cells. Mothods and conypositions disclosed berein can wreat RPE degradation, therchy
treating conditions associated with such celf death,

{01231 In some embodiments, a method of the present disclosure comprises inhibiting
the gctivation of at least one inflammasome. In cortain embodiments, the at least one
nflammasome is selected from an NLRPZ inflammasome, 8 1L-1beta inflammasome, and a
combination thereof. In some embodiments, the inhibiting one or more nflammasomes of a
cell inclodes administering an inhibitor (composition} to the cell andfor to a subject, wherem

i6
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the cell is the cell of a sebject. For compositions comprising an inhibitor, an inhibitor as
described herem can be, for example, a polvpeptide inhibitor (including an oligonucieotide
mhibitor}, a small molecule mbibitor, andfor an siRNA inhibitor,

[80124] Moreover, some exemplary methods of adwimistering the present
compositon{s) can inhibit inflampwtion by LPS/ATP, mflanunasome sotivation by
LPS/ATP, inflammasome activation by Al RNA| andfor nigericin-tnduced inflammasome
sctivation. Exemplary methods can also treat retinal degradation andfor other retinal damage
by reducing mitochondrial reactive oxygen species, particularly as caused by Alu RNA
expression, by blocking entry via the P2X7 receptor, sadfor by reducing ATP-induced cell
permesbility,

{80125 In some embodiments, a method of the present disclosare comprises treating
retinal damage by inhibiting a partiadar sction inacell. In some embodiments, the cell s
selected from an RPE cell, a retinal photoreceptor cell, or a choroidal eefl. In some
embodiments, the cell is an RPE cell. In some embodiments, the cell is the cell of a subject.
In some embodiments, the cell is a cell of a subject having, suspected of having, or at nisk of
having & condition of interest. In some embodineats, the cell s & oxll of a sobject having,
suspected of having, or atsisk of having age-related mucular degeneration. I some
cmbodiments, the cell is a cell of a subjoct having, suspocted of having; or atrisk of having
geographic atrophy. In some embodiments, the cell is a coll of a subject having, suspected of
having, or at risk of having geographic atrophy and the cell is an RPE cell. In some
cmbodiments, a subject having age~-related macular degeneration can be treated using
miethods and compositions as disclosed herein.

{00126  Thus, as used herein with reference o a polypeptide being inhibited, “of a
cell refers to 3 polypeptide that i mside the celf Gaside the coll membrane), on the cell (i
the coll membrane, presented on the cell membrane, otherwise on the cell), or outside of a
cell, but insofar as the polypeptide 1s outside of the cell, 1t is i the extracelludar miliew such
that one of ordinary skill in the art would recogmize the polypeptide as being associated with
the cell. For example, VIACTH VDAQY, caspase-8, NFxB, or a polypeptide of an
mftammasome (e.g., NLRP3, PYCARD, caspase-1) could be in the cell. For another
example, NLRP3 could be in the cell or on the cell.

[00127]  As deseribed herein, the presentiy-disclosed subjoct matter fuvther includes
pharmaceutical compositions comprising the compounds deseribed herein together with a

pharmaceutically acceptable carrier.
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{61281 The torm “pharmaceutically acceptable carrier” refers to sterle agueous or
nonaquecus solations, dispersions, suspensions or cmulsions, as well as sterile powders for
reconstitution o sterile iyjectable solutions or dispersions just prior to use. Proper flurdity
can be mamtained, for example, by the use of coating matertals such as lecithin, by the
maintenance of the required particle size in the case of dispersions and by the use of
surfactants. These compositions can also contain adjuvants such as preservatives, wetiing
agents, emulsifying agents and dispersing agents. Prevention of the action of nucroorgamisms
can be ensured by the inchusion of various antsbacterial and sntifumgsl agents such as
paraben, chlorobutanol, phenol, sorbic acid and the like. It can also be desirable to include
isotontic agents such as sugars, sodium chioride and the ke, Prolonged absorption of the
injectable pharmaceuticat form can be brought about by the inclusion of agents, such as
aluminum monostearate and gelatin, which delay absorption. Injectable depot forms are
made by forming microencapsule matrices of the drug in biodepradable polymers such as
polyvlactide-polvelveolide, poly{orthoesters) and poly(anhydnides). Depending upon the ratio
of drug to polymer and the nature of the particular polymer employed, the rate of drug release
can becomtrolied. Depot injeciable formulations are also prepared by entrapping the drag in
liposomes or microcmalsions which are compatible with body tissues. The injectable
formulations can be sterilized, for example, by filtration through a bacterialretaining filter or
by incorporating sterilizing agents in the form of sterile solid compositions which can be
dissolved or dispersed in sterile water or other sterile imnjectable media just prior to use.
Suttable inert carriers e inchude sugaws such as lactose.

[00129]  Suitable fornudations include agueons and non-aqueous sterile injection
solutions that can contain antioxidants, buffers, bacteriostats, hactericidal antibiotics and
sodutey that render the formulation isotonic with the bodily fluids of the hrtended revipient;
and aqueous and non-agueous sterile suspensions, which can include suspending agents and
thickening agents.

{80138] The compositions can take such forms as susponsions, solations or emulsions
in wily or aguecous vehicles, smd can contain fornuddatory agents such as suspending,
stabilizing andfor dispersing agents. Alternatively, the active ingredient can be in powder
form for consgtitution with a suitable vebicke, e g, stertle pyrogen-free water, before use,

{00131]  The formulations can be presented i unit-dose or multi-dose contatners, for
cxamye scaled ampoules and vials, and can be stored in a frozen or freeze-dried
{Iyophilized) condition requiring only the addition of stenile liquid carvier immediately prior

{0 use.
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{00132] For oral admimisivation, the compositions can take the form of, for example,
tablets or capsules prepared by a conventional techmque with pharmaceutically acceptable
excipients such as binding agents {e.g., pregelatinized maize starch, polyvinyipyrrolidone or
bydroxypropyl methyvicellalose); fillers {e.g., lactose, microcrystatline cellulose or calcium
bvdrogen phosphate); lubricants {e.g., magnesium stearate, tale or silica); disintegrants {e.g.,
puotato starch or sodiam starch glyeollate); or wetting agents {e.g., sodium lauryl sulphate).
The tablets can be coated by methods known in the ant.

{00133]  Liquid preparations for oral administration can take the form of, for example,
solutions, syrups or suspensions, or thev can be presented as a dry product for constitution
with water or other suitable vehicle before use, Such hquid preparations can be prepared by
conventional techniques with pharmacentically acceptable additives such as suspending
agents {o.g., sorbitol svrup, cellulose derivatives or hvdrogenated edible fats); emuldsifying
agents {e.g. lecithin or acacia), non-aqueous vehicles {e.g., almond o, oily esters, cthyl
alcohol or fractionated vegetable ouls) and preservatives {e.g., methyl or propyl-p-
hvdroxybenzoates or sorbic acid). The preparations can also contain buffer salts, flavoring,
coloring and sweetendng agenty-as sppropriate. Preparations for orabadmivsstration canbe
suttably formudated to give controlled relcase of the active compound. For buccal
administration the compositions can take the form of tablets or fozenges formulated in
conventional manner,

{60134]  The compositions can be formulated as eve drops. For example, the
pharmaceutically acceptable carrier may comyprise saline sohution or other substances used to
formulate eye drop, optionally with other agents. Thus, eve drop formulations permt for
topical administration directly fo the eyve of a subject.

{8138]  The composinonsean also be fornndated as a preparation for implantation or
mjection.  Thas, for example, the compomnds can be formulated with suitable polymeric or
hivdrophobic materials {e.g., as an emulsion in an acceptable o1} or ton exchange resins, or as
sparingly soloble derivatives {e.g., as a sparingly soluble salt). The compounds can also be
fonmuiated m rectal compositions, creams or lotions, or transdenual patches.

[0136]  The presently-disclosed subject matter further includes a kit that can include 5
compound or pharmacestical composition as deseribed herein, packaged together with a
device useful for adminstration of the compound or composition. As will be recognized by
those o ordinary skill in the ant, the appropriate admibmistration-aiding device will depend on
the formulation of the compound or composition that 1s selected andfor the desired
administration site. For example, # the formulation of the compound or composition is
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appropriate for injection in a subject, the deviee could be a syninge. For another example, if
the desired adnunistration site 18 cell culture media, the device could be a sterile pipette.

{01371 Moreover, NRTis of the present disclosure are a diverse, widely used,
inexpensive class of small molecules, with extensive pharmacokimetic and safety data
collected over the past several decades of nnman wse; NRTIs are thevefore ripe for drog
repurposing, As sach, the present disclosure provides a novel and broadly apphicable basis
for use of one or more NRTs by addressing major unmet medical needs.

[00138]  As boefly desersbed above, age-related macular degencration is a disease that
affects tens of milhons of people worldwide, and theve 1s no effective treatment for AMD
{Ambati and Fowler, 2012}, Sinularly, graft-versus host discase is the major obstacle
preventing successfit tissue transplant (Ferrara et al., 2009); and sterife hver inflanymation is
a magor contributor to drug-induced hver injury and steatohepatitis, a major determinant of
fibrosts and carcinogenesis (Kubes and Mehal, 2012} Thus, some methods andfor
compounds of the present disclosure are intended to treat gee-related macular degeneration,
graft-versus host disease, snd/or sterile liver milammation by adnunistering, in some
ermbodiments, a compound comprising ot least one NRT as provided in the presont
disclosure.

{06139 Since inflammasome inhibition by NRTls can be achicved without
phosphorylation of a particudar NRT, the use of me-d4T or other phosphorylation-
incompetent nucleoside analogs, as provided herein, should avoid therapeutic-limiting
toxiities associated with NRTI-triphosphate-mediated polymerase miubition (Lewis et al,
20033 Accordingly, in some embodiments, the present disclosure s directed to methods for
treating retinal disease by administering me-ddT or another phosphorvlation-incompetent
nucleoside atalog to 8 subject in noed thereot

[00140]  Further, m cortain embodiments, the preseat disclosure provides methods for
treating retinal damage, comprising: adnunistering an offective amount of a compound or
composition to a subjeet in need thereof, wherem the composition comprises a compound as
disclosed herein or combinations thercof.

[00141] 1o some embodiments, the prosently disclosed subjoet matter provides
mthods for protecting an RPE ccll, a retinal photoreceptor cell, a chorondad cell, ora
combination thoreo, cornprising at least the step of admbustering an effective amount of a
compound or comnposition 1o 3 subject in need thereof, wherein the conposition comprises a

compound as disclosed herein or combinations thereof,
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{98142]  In some embodiments, the prosently disclosed subjeot matter provides
methods for conditions asseciated with reting! damage andfor degradation, which mvalve
administering an effective amount of a connpound or composition 1o a subjeet in need thereod,
wherein the composition comprises a compound as disclosed herein or combinations thereof.

{80143}  In some ombodiments, the presently disclosed subject matter provides
methods for treating age related macular degeneration (AMDY, which involve administering
an cffective amount of a compound or composition to a subject in need thereof, wherein the
composition comprises a compound as disclosed herain or combinations thereof. In some
embodiments the AMD 15 wet AMD. In some embodiments the AMD is dry AMD.

{00144]  As described herein, the present inventors have found that nucleoside roverse
transcriptase inhibitors, which ave FDA-approved for the weatment of HIV and HBV, were
surprisingty found to be effective in mouse models of dry and wet age-related macular
degeneration {AMD} (Fowler et al. Science 2014}, However, some of the NRTIs tested by the
present inventors (1., d4T, AZT) cause undesirable side effects m patients, which 1s thought
to ocour duc to off-target effects on DNA polvmerase-garmma, which leads to mitochondrial
depletion. 1 NR T are to be used to treat chronin discases such as AMD, long-tem
polymerase inhibition with NRTIs coudd hinder their clinical translation.

{00148]  The present inventors designed a novel methoxy-modified version of 44T
{Fowler et al. Science 2014). However, the svithesis of me-d47 was laborious (over 10
steps). Farthermore, other NRTIs such as AZT and 3TC also blocked mouse models of dry
and wet AMD (Fowler et al. Science 2014; Mizutani of al. TOVS 2015, 1o press), although &
is not known whether modified versions of these drugs are also effective in these wodels.
Accordingly, the present-disclosed subject matter includes unique compounds usefal for the
indecations as disclosed hercin, without the drawbacks of proviousty-known compounds.

{00146]  The presently-disclosed subject matier provides, in certain embodiments, a

compoond having the structure
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Ry Re . or & pharmesuticatly acceptable salt theveof, wherem
R, 1 selected from vovalent bond, H, alkyl, sobstituted alkyl, branched alkyl,
atkylene, aovl, atkowyl, acvloxyl, and acylamino] v soree embodiments, B, is selected from
ethyl, butyl, propyvl, emethyipropyl, and t-butyl and in some orobodiments Ry 15 selected
from covatent bond, Hand -CH;:

R is selected from H, atkyl, substituted atkyl, branched allod, alkvlene, syl alkoxyl,
acyioxyl, sand acviamine; wn some embodimoents, By s selected from ethyl, butsd, propyl, 2
methyipropyl, and tbuatvl; and i some embodiments, Ry 18 ~M(Rah, where each Ry is
independently scleeted from alkyl, substituted alkyl, branched atkyl, alkylene, acvl, atkoxyl,
soyloxyl, and acvianuno, and in some embodinients, each Ry 1s independently sclected from
H, OH, ethyl, beped, t-batvl, isohutl, propvl, 2amethylpropsd, isopropyl, pentvl, and boxyl;

Ry ix selected from H, alkyl, substitoted alkyd, branched alled, allovlene, acovl, alkoxyl,
acyioxyl, and soviamine; amd i some embodiments, Ry 1 selocted from -CH; and wibyl;

R 18 selocted from CH and 5;

s 18 selected from H, alkyl, substituted atkyl, branched alkovl, alkyvione, acyl, atkoxyl,
acvloxyl, and acylaming: in some embodiments, By is selected from cibnd, butyl, propyl, 2-
methylpropyl, and butyl; and in some embodiments, Ry 15 selected from ~N=N"=NH and Ny
and

Rois H, alkyl, sudstituted alkyl, branched allyd, alkvlene, sovl, slkoxyl, acvloxd, and
acyvianune; by sonwe emwbodiments, Ry iy seleeted frone athyl, butyl, propyd, 2-methyvipropyl,
and t-butyl) i some embodinenis, Ry s selected from ~CHO-CH, ~CHy, =CH,, ~CH-
NH,, and ~CH-N=N"=NH; and in some onbodiments, Ry is ~CH-O-R, wherein Ry is
sefected from alkyl, substiteted alkyl, allovlens, sovl, sltkonyd, acvioxyl, andacviaming and in
some embodiments, R is selocted from ~CH;, ethyl, propyl, T-metndlpropmyd, dsopropyl, batvl,

t-butvl, isabutvl, pentyl, hexyl

s
bt
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{8147 As usod heromn the form “alkyt” refirs to CO1-20 imchwsive, lingar (e,
"straight-chamn™), branched, or ovelic, saturated or at least partially and in sooe cases fully
ansaturated (Le., atkenyl and atkynyl) bydrocarbon chaims, inchudimy for examyple, methyl,
ethvl, propyd, isopropyl, batvl, ischutyl, tert-butyl, pentyl, hexyl, octyl, ethenvl, propenyl,
butenyl, pomtenyl, hexenyl, octenvl, utadienyvl, propynel, methyvipropymyd, ugynvl, pentynyt,
hoxynyl, heptynvl, and alleny! groups, "Branched” refors to an allodd group in which a lower
atkyl group, such as methyl] ethyl or propyl, 18 attached o a Hoear atkyl chan, "Lower alkyl”

refers to an alkyl group having 1 to sbout 8 carbon atoms (e, a Cl-B atkyll g 1, 2, 3,

4';';"

3,6, 7, or ¥ carbon atowms. "Higher allvl” refers 1o an alkyl group having about 10 to abou
20 carbon atoms, e, 10, 11, 8213, 14 15, 16, 17, 18, 19, or 26 carbon aloms. In cortain
enthodiments, "alkel” refers, in particudar, o U8 straight-chain alkyls. In other
enthodiments, “alky!™ refers, fn partieslar, to C1-8 branched-chain alkyls,

{80148]  Alky! groups can optionatly be substiteted {a “sobstibged atky T} with one or
7101 a’i}cyi group substituents, which can be the same or different. The term "alkyl group

suhstituent” wncludes but s not imited o alkyl, substiuted atkyl, hado, avvlamino, acyl,
hydeoxyd atvhmoviatkosvi, aliorilio, arvithio, aralkyioxyd, aralkyitio, carboxyd,
alboxyearbonyl, oxe, and ovcloalkel. Thers can be optionally inserted along the sl chain
OBe Of MHNC oxygon, sulfin or substituied or unsubstituted nitrogen wtoms, whersn the
wiregen substiteent is hydrogen, vwer alkoyd {also reforred to horein as “alkylaminoalky ™,
or aryl,

{0149 Thus, as used herom, the oot "substituted alkyl” includes alloylt groups, ax
defined horein, in whoch one o more atoms or fanctional groups of the alky! group ave
replaced with another atom or fanctonal group, ichsding for example, allo, substinsted
alked, halopon, wrvl, substitated arvl, alkoxyl, bydroxyl, nitro, aming, alkvlaming,
diatkviaming, sulfite, and mercapto.

{08158  Fuorther, as wsed horen, the terms alkyd anddor “sobstited adke?” inclode an
“allyl” or an Vallviic group.” The terms “allvlic groap™ or Pallvi” rofer w the growp

CHIHC=CH? and dorivatives thereof formed by substitution. Thas, the torms alkyl andior
substitated a!kyi iclude albyd groups, such as but not houted 1o, albvl, methylalbvl, &-
mothovladivl, and the bke. The term Yallvlic positon”™ or “allviie sute™ refers o the saturated
carbon atom of an allyhe group. Thus, a group, such gs a hydroxy! group or other substituent
group, attached at an allylic site can be referved o as “allylie”

{01811 "Alkvilene” refors to o straight or branched hivalent aliphatic hydrocarbon
group having from | {o abowt 20 cwbon atoms, eg, 1, 2,3, 4, 5,6, 7, 8,9, 10, HH 12,13, 14,

23
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15, 16,17, 18, 19, or 20 carbon atoms. The allodlens groap can be steaight, braswhed or
eyclic. The atkviene group alse can be optionally wsatirated andfor substitutod with ong or
mare “atkyl growup substitvends.” There can be optionally mserted along the atkyviene group
oue of move oxygen, sudfur or substitoted or wnsubstituted nivogen atons {(also referved ©
beretn as “slkylandnoalky!™), whorein the nitrogen substitoent s alkyt as proviousty
deseribed. Excmplary atbyvlene groups inchade macthylone {-CH2-); ethyvlene (-CH2-CH2-);
propyiene ({OH233-) evelohexylone ((C6H 10—y, -C H:{T'HmCH:CHﬁ ~{CH=CH~CH2 -, ~
{CH2 )N CH2 -, wherein each of g and 1 15 independently an steger from O to about
200 L2345 & TR 8 10 L IR0 1 IS 16, 17 16,19, or 20, and R 15
hydrogen or lower stkyl; wethylensdiony! {~OQ-CH2-0-}; and ethykenedioxyl (~O-({CH2):

-3 An allylene group con have about 2 1o aboet 3 carbon atonws and can farther have 6-20
cavhons.

{88152 Asused herain, the ferm "acy!” rofers & an organte aad group wherein the
OH of the carboxy! group has been replaced with another substituent {1.c., as ropreseated by
RCO—, wherein R 15 an alkyl or an aryl group as defined heretn). As such, the term "acyl”
specifically meludes arvlacyl groups, sueh s an scetvlurs and e phenaoyl wronp. Spegific
examples of acyl groups inclade acety! and benzoyl

{80153]  “Alkoxyl or “alkoxyalky!™ refor to an alkyl-{0- proup wherem alioyl is as
previcusly described, The term "alkoxyl” as ased herein can refer to C1-280 inclustve, linear,
branched, or cyelic, satnated or unsaturated oxo-hyvdrocarbon chains, mcloding, for example,
methoxyl, ethoxyl, propaxyl, isopropoxyl, butoxyl, € butowyl, and pentoxyl,

{0I54] "Acyloxyt” vefers to ay acy -0 group wherein acyl is as proviousty
deseribed,

{ISS]  MAoylaming” rofors 0 an aoybNH- grovp wherein acovl s as praviously
deseribed.

(081561  The twrm “anuno” refors o the ~NH2 group.

{80157 A dashed ling representing a boad in a eyelie ring sttuchire indicates that the
bond can be cither present or absent In the ring. That is a dashed line representing a bond m a
evehie ring structure indicates that the ring structure is selected from the group conmisting of &
saturated ring structure, a partially saturated ring structure, and an ansaturated ring structure.

{0158]  Moreover, in some cndbodiments, the present disclosure is direcied to the
compounds of, pharmaccutical connposttions including compounds of, synthesis of, andfor

use of one or more of the conmpounds disclosed herembelow.
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{98159] In some embodiments, the presently disclosed compound has the stractarg of

any ong of Formela -X1V, or 3 pharmacautically acceptable salt therend

{h
Me-AZT: H{SR)-2-(methoxymethyl)-5-{ S-methyl-2 d-dioxo-1 2 3 4-tetrahydropyrmudin-1-
yhioxolan-3-vijtriaza-1.2-dien-2-1am {also referred o heren as Kamuvudine 5)

(I ;
deoxy-methyl-ddT: S-methy 2R SR -Snethy 12 S-dibvdrofuran-2-v1-1.2 3 4-
tetrahydropyrimidine-2, 4-dione

(H1h
methylene d471) S-methyl {2R)-S-methyvhidene-2 5-dibydrofuran-2 i} 1,234+
tetrabvdropyrimiding-2 $-dione

vy
IMe-dd T HOR R Simethosymethy -2 S-dilyrdrofiran-2-v11-3, 5-dimethyi- 1,2 3 4-
tetrahydropyrimidine-2 4-dione {also referred to hereln "Kamuvudine 27)

o
LFi
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by
Sy
B §
_._;{/'L. ¥

v :
deoxy-amino-d4 T, 1-{ZR)-3-(aminomethyl}-2 S-dihydrofuran-2 -1 3-methyi-1 2,3 4-
tetrshydropyrinuddine- 2, 4-dione

Ny

(V1) i
Me-3TC 4-amino-1-{{2R 35 2-{methoxymethy -1, 3-oxathiolan-S~y1- 1,2~
dihydropyrinudin-2-ong

-
Oy
A

S
».

;‘
(Vi) Bt
deaming-Me-3TC: 1-{(ZR,38)-2-(methoxymethy )1 3-oxathiolan-5-y1]-1 2 3 4-

tetrahbivdropyrimidine-2, 4-dione

Wl o,
R, VR
N

(VD e
3Me-3TC: 4-{dimethylamino}- 14 (2R, 58)-2-{nethoxyaethyik- 1 3-oxathiolan-S-pi}-1 2~
)

e,

dibydropynnudin-2~one (also referred 1o herain as Kamuvudine 6 and TM-3TC)
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{EX)
Azido-ddT: I-{{(25.8R)-3-{ S-methyl-2 d-dioxe-1,2 3 d-tetrahydropyrimidin- 1 -y1}-2,5-

diydrofaran-2-ylHmethyt Hriazee 1, 2-dien-2-num

3

R N

S
B
AN

~

i

K -
{}\ﬂ {
N

Vg

X3
IMe-AZT: R 48,58 d-arido-S-(methoxymethvDoxolan-2-91]-3 S-dimethyt-1 2 3 4-

tetrahvdropyrinudine~2 d-diove {also referved to herain as Kamuvudine 4)

S

R

{Xn)
O-Me N-Et 84T 3-othyl-1-{[{2R 58-S -{methoxymethy -2, S-dihydroferan-2-y1}-S~methyl~

£,2.3 d-tetrahydropyrimidine-2 4-dione (alse referred to herein as Kamuvuding 33

~°
=
~ e
£
Q) -
(XID) s

JEL-AZT: (2R 48 58 -4-azido-S-(cthoxymethy Doxolan-2-vi}-3-cthel-S-methel- 1 23 4~
teteahiydropyriniding-2 d-dione (also referred 1o herein as Kanmuvadine 8)

{(X1i)
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IE-dAT: 2R 58)-5-({cthoxymethyl}-2, S-dihvdrofuran-2-vi}-3-cthyl-S-methyi- 1,2 3 4-

tetrabydropyrimdime-2 4-dione (also referred to berein as Kamuvadine 7)

IELITC: d-(dicthvlamine)-1-{2-(ethoxymethyli-1 3-oxathiolan-5-vi}-1 2~dilyydropyrimudin-
2~onee {also referred to herein as Kanupvudine 9

{00168] {n some embodiments, the preseatly disclosed conpound has the strecture of

any onv of the following compounds, or a pharmaceutically acceptable salt thereof

\
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{90161] I some emboduments, the presently disclosed compound has the structure of

any one of the following compeounds, or a pharmmceutically acceptable sali thereof
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{06162]  In some embodirecnts, the presently disclosed conpound has the structure of
any one of (e following compounds, or a pharmaceatically acoeptable salt thereofl
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{00163]  Further, the present disclosure provides uses of the compounds disclosed
herein, or any combination thereot] i the preparation or manufacture of 2 pharmaceutical
composition, such as a drug andfor medicine, especially a composition for the treatment of
retinal damage andfor retingl degencration in a nranumnal. In some cmbodiments, the prosent

disclosure provides a pharmaceutical composition conprising the compounds as disclosed
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hevery, any salt, partiadarly any pharmaceutically acceptable salt, any solvate, sndfor any
physiclogical dertvative thereof, together with a pharmaceutically acceptable carrier,
[00164]  In cortain embodinments, the methods and compositions of the present
disclosure inhabit graft-versus-host disease, chronic pain, proliferative vitreoretinopathy,
glavcoma, rheomatoid arthritis, maltiple sclerosis, bipolar disorder, nwjor depressive
disorder, renal fibrosis, nephritis, pulmonary fibrosis, Huatington's disease, osteoporosis,
chronic lymiphocytic leukenua, anxiety disorders, pulmonary tuberculosis, osteoporosis in
post-menopausal women and fracture patients, systemic tupus ervthematosus, discoid hupus
ervthematosas, chronic nflanunatory and nearopathic pain, aulosomal dominant polyovstic
kidney disease, spinal cord injury, Alzhetmer’s discase, nearopathic pain, hypertension,
varicose veins, tvpe T diabetes, type I diabetes, gout, autoimaume hepatits, graft vascular
injury, atherosclerosis, thrombosis, metabolic syndrome, salivary gland inflammation,
trargmatic brain injury, ischemic heart disease, ischemic stroke, Parkinson™s
discase, melgnoma, neuroblastoma, prostate, breast, skin, and thyroid cancers, tubular carly
gastric cancer, sewroendocrine cancer, mucoid colon cancer, colon cancer; high-grade
grothelial carchroma, kidoey clear cell carcinoms, vndifforentiated ovary carcinoma,
paptiary miracystic breast carcinoma, gram negative sepsis, infections Fsenwdomonas
aernginasa, ¥ibrio cholera, Legionella spy., Francisella spy.,
and Leishmania spp. Chiamndia spp., cryvopyrinopathics; keratitis, acne vulgacs, Croba's
disease, uloerative coditis, irritable bowel syndrome, insulin resistance, obesity, hemolytic-
wente syadrome, polymma vivus infection, mnwuse complex renal discase, acute tubular
mjury, lupos nephritis, familial cold avtownflanmumatory syndrome, Muckle-Wells syndrome
and neonatal onset nudtisystem nflammatory disease, chronic infantile newrologic cutaneous
andd articelar antomflammatory diseases, renal schenng-perfusion injury, glomeroknephiitis,
cryvoglobulinemia, systenue vasculitides, 1pA nephropathy, malaria, helminth parasites, septic
shock, allergic asthma, hay fever, chronic obstructive pulmonary disease, drug-induced lang
inflammation, contact dermatitls, keprosy, Burlbolderia conocepacia infection, rospivatory
syncitial vires infection, psoriasts, scloroderma, reactive arthyitis, oystic fibrosis, syphilis,
Sidgren's syndrome, inflarmrastory joint disease, now-aleoholic fatty liver disease, cardiac
surgery {peri-‘post-operative inflammaton), acute and chronic organ transplant rejection,
acute and chrome bone marrow transplant rejection, tumor angingenesis, amyotrophic lateral

clerosis, autism spectrum disorder (e.g., through Kamuvudine blockade of P2X7, as shown

o

m mouse models of autism), andfor any combination thereof.
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{p0165] Morcover, in some embodiments, the present disclosare provides that non-
caponical NRTI function, mdependent of chain tormination, prevents P2X7-dependent
blindness, graft-versus-host disease andfor stertle inflammation. Accordingly, the present
disclosure is directed, in certain embodiments, to methods of preventing P2X7-dependent
blindness, graft-versus-host disease andf/or inflammation in a subject by administering an
effective amount of #i least one NRTI, ax described herein, 1o subject in need thereof.

[00166]  Further, in certain embodiments, the methods and compositions of the present
disclosure inhibit (3) inflanwoasome activation by Alu RNA associated with a cell; (1)
mflammation by LPS/ATP, Gi) inflammasome activation by LPS/ATE, {iv) migericin-
induced inflammasome activation, andfor combinations thereof. And in soime embodiments,
the inflamnwsone i1 selected from the groop cousisting of « NLRP3 inflammasome andfor a
1L-Theta inflammasome. Additionally, some embodiments of the methods of the present
disclosure may include, for example, the steps of (1) blocking entry via a P2X7 receptor
associated with a cell; (11} reducing mitochondrial reactive oxygen species caused by Alu
contemplated in the presemt-disclosure may inclode, for example, an RPE coll; a retingd
photorceeptor cell, a choroidal cell, or any combination thereof.

{60167]  Further, NRTs are mainstay therapeutios for HIV, and they block retrovires
rephication. Alir RNA| an endogenous retroclement that also reqoires reverse transcriptase
{RT} for its life cvole, activates the NLRP3 inflacumnasome o canse cell death of the retinal
pigment epithebiunt ia peograpbic atrophy., which 15 the untreatable fomu of age-related
macidar degeneration that blinds mithions of individuals. Moreover, the inventors of the
present disclosure have found that NRTIs, as a class, are novel inhibitors of the NLRP3
mflamaasome, And, swrprisingly, this effect 15 independent of roverse transcriptase
mhibition.

{06168]  The detarls of one or more embodiments of the presently-disclosed subject
matter are set forth m this docoment. Modifications to embodiments described in this
docunient, and other cimbodiments, will be ovident to those of ordinary skill in the st after a
study of the information provided in this document. The information provided in this
document, and particularly the specific details of the deseribed exemplary embodiments, is
provided primarily for clearness of understanding and no unnecessary limitations are to be
understood theretrom. In case of conthict, the speaification of this document, including

definitions, will control.
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{98169  The prosently-disclosed subjeot matter is further iustrated by the following
specific but non-linuting examples. The following examples may melude compilations of
data that are representative of data gathered at vartous times during the course of

development and experimentation related to the present fimvention.

EXAMPLES

{60178]  Example }

{80171]  The mventors of the present disclosure have found that the NRTIs 347, AZT,
ABC, and 3TC block Caspase 1 activation by 4l RNA, as does §-methoxy-d4T, which does
not inhibit reverse transeniptase. Farther, the present inventors have found that AZT 15 not
phosphorviated in thymidine kinase-deficient cells but still blocks LPSATP-induced
mierieukin-1 beta secretion; that NRTIs block P2X7-dependent YOPRO-1 dye uptake and
mouse models of geographic atrophy, graft-versas-host disease, and sterile fiver
nflanumation; and that NRTIs are novel inhibitors of the NLRP3 inflanunasome independent
of canomical reverse anseoriptase inhubition.  Accordingly, NRTls are nipe for drug
repurposing i a vanety of P2X7-driven diseases.

{00172  NRTls were first discovered to be anti-viral compounds m 1974 (Ostertag ot
al., 1974), and arc widely used to treat human omunodeficiency virus (HIV). The canonical
mechanism of action of NRT1s is via chain teomination of DNA synthests from a viral RNA
template, thoreby mierforing with the viral Ife cvele of reverse transoriptase-dependient
VIFUSEs.

{00173] Age-related macular degoneration {AMDY is a leading cause of blindness in
the clderly worldwide {Ambat et al., 2003, Ambat and Fowler, 28121 Inthe more provalomt
and untreatable dry form of AMD, overabundance of non-coding Al RN As causes blindness
hy inducing cell death of the retinal pigment epitheliom (Bnidi et al, 2012; Kancko et al,,
2011 Tarallo st al, 2012} 4lw sequences ave now-coding retrotransposons that; ke HIV, rely
on reverse transeriptase for their life ovele (Batzer and Detnmger, 2002, Dewannicux st al.,
2003).

[80174]  A4/x RNA mediates RPE cell death via sctivation of Caspase 1 and the NLRP3
nflanumasome {Tarallo et al, 212}, The present diselosure provides that g reverse
transeniptase inhibitor, such as stavadine (47T 273 dideoxythynudine; Zerit, Bristol-Myers
Squibb), which is FDA~approved for the treatment of HIV, prevents Caspase 1 cleavage to its
active 20 kDa form (Hentze ot al, 2003; Yamin et al,, 1996) in primary human (FIG. 34) and

munise RPE colls {FIG. 44) without reducing Ade RNA levels {FIG. 48), Further the prosed
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disclosure shows that 347 also blocks phosphorvlation of IRAKA, a kinase downstream of the
MyD¥8 adaptor that mediates Afu-induced RPE cell death (Tarallo ot al., 20123, in human
and mouse RPE cells (FIG. 34 and FIG. 44). The inventors of the present disclosure have
also foand that other NRTls, including the anti-HIV drugs aridothymidine (AZT; 3-azido-
 3dideoxythymiding; Retrovir, ViV Healtheare}, lamivudine (3TC; 273 dideoxyeytidine;
Zeftix, GlaxoSmithkline) and abacavir (ABC{ a di-deoxyguanosine apalog; Ziagen, ViiV
Healitheare), also block Caspase~1 cleavage induced by Al RNA (FIG. 35),

[00175]  Additionally, the present disclosure provides that 847 and AZT prevent RPE
degeneration i the 44 BN A-induced mouse model of dry AMD. (Kaneko et al, 2011
Tarallo et al,, 2012) Morcover, it has been found that mice receiving daily oral adnunistration
of d4T blocked RPE degeneration after sub-retinal injection of 8 plasmid expressing dfu
RNA {FIG. 36}, as did mtraperitoneal administration of AZT (FIG. 37},

{8017¢]  In order to test whether reverse transcriptase inhibition was required for
wflammasome blockade by d47, a §7 O~-miethyl-modified version of 47 (87-OCH3-d4T; me-
d47T) was synthesized (FIG. 20; FIG. 25, FIG. 36, FIG. 27, FIG. 28).  Accordingly, n some
ermbodiments, the present disclosure is divected (o mothods for symthesizing 3 §7 Q-methyl-
muodified version of d47 as provided hersin

{00177]  Only the wiphosphate version of nucleoside mnalogs inhibits revarse
transcriptase; the methyl modification at the §7 position prevents phosphorylation and thus
formation of nucleoside triphosphate (Nvkancn et al., 2001). Accordingly, like d4T, me-dd4T
also blocks Caspase-1 activation in human RPE cells (FIG. 21}

{01781 The present inventors have confirmed that me-d4T does not inhibit reverse
transeriptase; and, in contrast to unmodified d4T, me-d4T does not block lentiviras
reptivation (FIG. 223 Abso, the tiphosphate metabolite of di-deoxy nucleoside analugs
caused depletion of mitochondrial DNA; and consistent with the idea that me-d47T 1s not
phosphorylated, it has been found that 34T, but not me-dd7T reduces mtDNA levels. (FIG.
23y, Me-ddT also prevents 4he-indoced RPE degeneration in miee (FIG. 24). These data
indicate that d4'T can block Caspase-1 activation and RPE degencration independent of
reverse transeriptase infubition.

[00179]  Further, the present mventors also tested whether NRTIs blocked
nflammasome activation by LPS/ATP, which is not known to signal via reverse transcriptase
{Mariathasan of al., 2004; Mariathasan ot al., 2006; Martinon e gl 20073 B was found that
d4T inhihited LPS/ATP-induced Caspase-1 mataration in primary mouse bone marrow-
derived macrophages (FIG. 38} as detected by Western blot.

38



WO 2016/138425 PCT/US2016/019852

{981808]  Caspase-1 dirgotly processes miterdeakin 1 beta (IL-1 bota) upon LPS/ATP
stimulation; d4T also blocks secrction of mature HL-1 beta in these cells (FIG. 39), To
detorming whether LPS/ATP-induced inflammasome aclivation can he inhibited without RT
mhibition, the present inventors wtilized thymidine kingse-deficient (Rap/ TR ) and -
expressing (Raji/TK ) cells (Balzaring et al., 1989). After addition of AZT, TK, but not TK”
cells, the present inventors produced AZT-wiphosphate (AZT-TP), the AZT metabolite
required for RT mlubition (FIG. 40; FIG. 46, FIG. 47, FIG. 48, FIG. 49, FIG. 50). Even
though AZT was not phosphorylated s TK cells, AZT sull inhibited LPS/ATPanduced
interfaukin-1 beta matwration {(FEG. 41}, indicating that AZT did not inhibit interleukin-1 beta
matration via reverse ranseriptase mhibition.

{80181}  Alw RNA (Keruretal, 2013} and LPS/ATP (Qu et al., 2011) activate the
inflanumasome via the ATP receptor P2X7. The present inventors therefore hvpothesized
that 4T blocks P2X7 or some P2X7-dependent pathway. Firgd, testing was conducted to
determine whether d47T acts upstream of P2X7 by modulating ATP levels; however, d47T dogs
not block release of ATP to cell culture media induced by Afy RNA (FIG. 42).

{0182 Next testing was corhucted to determing whother &4 T directly antagonizes
PIXT function: upon ATP binding, cell-surface P2X7T forms nonp-sclegtive cation chamnels
that mediate mflammasome activation (Kahlenberg and Dubyak, 2004, Petrith et al., 2007},
However, d4T did not significantly modidate P2X7 cation channel function as monitored by
patch clamp analysis of HEK293 cells oxpressing cither the mouse or rat P2X7 receptor
{Humphreys ot al, 2000},

{00183]  Finally, P2X7 activation is associated with the formation of & large pore that 15
permeable o molecales of op to ~ 1000 Da (Adinolii et al., 2008; Cheswanskoolpong et al,
2005; Swyrenant of al., 1996} It was fownd that d47T, and also AZT and 3TC, mbhubited
P2X7-dependent uptake of the fluorescent dye YO-PRO! (MW, Daj in human P2X7~
overexpressing HEK293 stable cell line (FIG. 43) after addition of the selective PZX7 agomist
bzATP.

[00184] Consistent with the idea that NRTIs block di-induced P2X7-mediated
mflammasome activation via a mechamisin involving dye uptake, Al RNA-nduced Caspase-
1 activation was inhibited by a small peptide that blocks P2X7-mediated dye uptake and
LPS/ATP-induced inflammasome activation, but not cation flux (Pelegrin and Surprenant,
20063 (FIG. 5313, On the other hand, Alu-induced Caspase-1 activation was not inhibited by
calnudazohium, which selectively blocks P2X7-miediated cation flux but not dye uptake (FIG.
32).

39



WO 2016/138425 PCT/US2016/019852

{98185]  Furthermore, the intracellalar C-tominas of P2X7T governs PRX7-associated
dye uptake, and a version of d47 that 1s not cell permeable (Agarwal et al., 201 1) does not
block caspase-1 activation by Al RNA (FIG. 83, FIG. 32). Consistent with aotagonism at or
downstream of P2X7, but upstream of mitochondrial dysfunction, d4T blocks mitochondrial
ROS {maROS) production, which are produced upon LPS/ATP stimalation (Adinolfi et al,,
2405, Cruz et al, 2007, Garcia-Marcos et al., 235, Nakshirg ot al., 201 1) and Al
overexpression { Tarallo et al., 2012} was measured by MitoSOx assay (FIG. 34). Finally,
d47T does not prevent P2X7-ndependent interleukin ~beta secretion in PMA-primed THP-1
cells troated with crystalline monoesodium urate (FIG. 1D (Martinon ot al., 2006; Ritean et al.,
2012).

[80186] To explore the potential therapentic refevance of NRT s bevond the dhe
induced model of geographic atrophy {GA), 1t was hvpothesized that #f NRTIs fonction as
generic nflammasome mhibitors, then they might be broadly vsefid in other antmal models
of discase that gre alse driven by P2X7. Inthe NLRP3 mflammasome~ and P2X7-driven
graft-versus-host disease model (Jankovie et al., 2013; Wilhehn et al., 20103, treatment of
pice roceiving allogeneic bong mawow and T eells with d4T showed improved survival
compared to saling treated controls (30-70% vs. 0%6). Purthermore, in the NLRP3- and
PIX7-driven miodel of stenile mflanwastion (MoDonald et al |, 2010}, d47 reduced neutrophit
migration o the focus of liver infury.

{60187]  Intercstingly, # bhas been shoven that P2X7-dependeont pore function alons can
wfhuence phenotype (Sorge et al, 2012). However, at presom, there are not any FDA-
approved drugs that selectively target downstrearn P2X7 signaling and not fon channel
activation. Therefore, NRTIs could be valuable both clinically and experimentally in the
selective targeting of PZXT function.

[60188] A role for P2X7 i regulating HEV replication was recently proposed
{Hazleton et al., 2012}, and HIV patients have increased plasma IL-18 fevels (Abmad et al.,
2402 Tannello et al., 2610), which decrcase afler treatment with NRTE-containing highly
active anti-retroviral therapy (Stylianou et al., 2003). Notably, reduction of plasma 1L-18
levels by NRTT treatment of HIV-1 infected patients did not significantly associate with viral
load or CDd+ Teeell counts (David et al., 2000}, indicating that NRT1s can dampen IL-18
levels before inlubition of viral replication: securs, H-18 maturation requires pro-ILEK
cleavage by active Caspase 1, which typically also roquures P2X7 activation. Thus, the

methods and experinments of the present disclosure are consistent with the idea that NRTls
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can modulate HIV -induced cviokine expression indepondent of reverse franseriptase
wihibition.

{0189 v some emboduments, d47T prevents RPE degencration induced by Alu RNA
i wild type mice. As shown in FIG. 1| sub-retinal Ale RNA administration to nuce causes
RPE degeneration in @ mouse mode! of age-related macular degeneration. Indeed, as shown,
47 co-delivered to the vitreous hamor of wild type mice prevents Alu RNA-induced RPE
cell death in a dose-dependent manner at one week after debivery. The top row of FIG. |
provides an ocular fundus photograph of puce receiving control PBS, or Alu RNA treatment,
with or without increasing amounts of dd7T (left to right). Arrows depote depigmented
regions of RPE cell death, which resolve at highest dose of d4T. The bottom row of FIG. 1
shows an RPE flat mount, stained for imtercelolar junctions (Z0-1) i red that are disrupted
upon Ale RNA administration, but restored to healthy RPE morphology/intercellular
janctions at highest dose of 4T,

{00196]  Mcanwhile, in cortain embodiments, ddT protects against ovtotoxiaiy induced
by plasnud expressing Alo RNA s vifro, FIG. 2 shows that human (HeLa) cells weated with
anenforced exprossion plasmd for Al RNA {pATaA) for denoted amounts of thme exinbited
profoundly redaced viability compared o a sl plasmid (pUCIRY, as monitored by MTS
proliferation assay, and that d4T co-admbustration prevented cell death induced by Ay
OVETEXPICSTION.

{60191]  In some oxcmplary embodiments, 447 does not rescue oytotoxiciy via
reduction o Alu RNA Iovels. As presented in FIG. 3| prinary bunwan RPE cells treated with
antisense oligonucieotides targeting DICERT (Der ag) (fane 3 {third lane from left)) show
mereased Ala RNA levels in the muclear compartment conmpared to control antisense
cligonuckeotides (Ui as) {lane | gJefimost)), monitored by Northern blotting uxing an Alu-
speeific probe. Meanwhile, co-administration of d4T (lanes 2 and 4) does not reduce Alu
RNA Jevels. FIG. 3 shows ub {(bottom row) as a loading control for naclear fraction.

{08192 Morcover, in some embodiments, d4T does not reduce Ala RNA levels, For
example, primary human RPE cells may be transfected with Ala RNA, with or without d4T.
{FIG. 4) And, as presented in FIG. 4, co-adminstration of d47 does not change Alu RNA
fevels at 1, 4, or 24 hours after vansfection in the nuclear fraction, as detected by Novthemn
blotting using an Alw-specific probe. US (bottont row) 1s shown as loading contrel for
nuclear fraction in FIG, 4.

{60193]  The present disclosure further provides that, in some embodiments, d47
inhibits inflammasome activation by Aly RNA. Indeed, Alu RNA causes NLRP3
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mflammasome activation, which is marked by processing of the enzyme Caspase 1, and FIG.
$ provides a Western blot showing that Alu RNA causes Caspase-1 maturation in primary
buman RPE cells at 24 hours after Alu adonistration (Top, Lase 2, lower band), which is
blocked by co-treatment with 4T (HKuM; Lane 3. The bottom row in FIG. § is a vincalin
toading eontrol.

{80194]  In cortain embodiments, 3TC inhibits inflaramasome activation by Al RNAL
Indeed, Alu RNA causes NLRP3 inflaromasome activation, which is marked by processmng of
the enzyme Caspase 1. FIG. 6 15 3 Western blot showing that Alu RNA causes Caspase-l
maturation in primary hroman RPE cells at 24 hours after Ale admimstration {op, lane 2,
Tower band), which is blocked with co~treatment with 3TC (20-100 uM; lane 3). On the
bottom, the loading control, vincutn, is visible.

[80195] Next, FIG. 7 provides evidence of AZT, cordveepin, and abacavir inhibition of
inflammasome activation by Alu RNA. Indesd, Al RNA causes NLRP3 inflanymasome
activation, which 1s marked by processing of the enzyme Caspase 1. FIG. 7 15 3 Western blot
showing that Alu RNA causes Caspase-1 maturation i primary buman RPE cells at 24 howrs
after ARt administration (top, lame 2, lower band} which is blocked with Co-treatment with
azidothymidine (AZT), cordycepin, and abacaviy (ABC) (30-100 oM; Lanes 3-8} Again, the
ioading controd vinculin is shown on the bottm,

{80196] In cortain embodiments, the present disclosure provides that 447 inhibits
inflanunasome activation by LPS/ATP. As such, FIG. 8 provides a gel showing that primary
inuman RPE cells treated with LPS/ATP, a2 classic ndflammasomie activator, exhibit increased
Casp-1 activation, and phosphorylation of IRAKA, which 15 also a marker of inflarmnmasome
signabing via the cell surface receptor adaptor protein MyDE&. Moreover, as shown in FIG.
¥, 4T 25183 ubd) blocks Casp-1 activation and IRAKY phosphordation induced by
LPS/ATP. The loading control in FIG. 8 is vinculin, Furthermore, as shown, LPS and ATP
activate the NLRP3 inflammasome only in combination, thus treatment with one or the other
alone is usefud as a comtrol for this experiment.

[00197]  The present disclosure further provides that, in exemplary ciobodiments, d47T
ancd other NRTIs reduce milanunasome setivation by LPS/ATP. As presented in FIG. 9, 4T,
3TC, and cordycepin {at 100 aM), all di-deoxy nucleoside reverse transcriptase inhibitors,
mhibit Caspase-1 activation (active p20 band, top) and IL-18 matwation (bottom} induced by
LES/ATP. To produce FIG. 9, cell culture supernatants were collected after (i) no treatment,
{1} LPS geatment, or (1) LPS/ATP treatment of mouse hone marrow-derived macrophages
and ran on Westemn blotting probing with antibodics for Caspase-1 and {L-18.
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{98198]  in some embodiments of the presont disclosiae, d47T inhibits nigoricin-induced
milammasome activation, Per FIG. 10, d4T (100, 250 ¢M) mbibits IL-1 heta maturation
{top, 18 and 22 kDa forms) and Caspase-1 activation {active p20 band, bottom} induced by
migericin, Cell culture supernatants were colfected after (i) no treatment, (31} LPS treatment,
or (i1} LPS/nigericin treatment of mouse bone marrow-derived macrophages, and ran on
Western blotting probing with antibodics for JL-1 beta and Caspase-1. Fl(. 10 shows the
results of these efforts,

{00199]  Additionally, in somie embodiments, d47 does not inhubit H.-1 beta seeretion
from PMA-differentiated THP-1 monocytes induced by MSUL Hunian THP-1 monocytes
were differentiated into macrophages with PMA. As shown in FIG. 11, treatment with
mongsodiom wrate (MST), a koows inflammasome activator, increased IL~1 beta secrstion
compared fo non-treated cells, whereas 347 co-admimistration at a range of doses (25-1000
whi) did not significantly affeet TL-1beta secretion. Further, 347 does not block MSU-
mduced 1L-1 beta seeretion as determined by ELISA (n=3-4}.

{00200]  In cortwin embodiments, d47 and other nucleoside reverse transcriptase
inhibitors do pot inhibis I0-1 beta secrction from BMA-difforentiated THP-1 monoeytes
mduced by MSUL To iustrate this, lonan THP-1 monocyies wers differentiated into
macrophages with PMAL Treatment with MSU mereased 11-1 beta secretion connpared o
non-froated cells. (FIG. 12) Meanwhile 347, 3TC, or cordycepin (all are di-deoxy nucleotide
analogs) co-administration at a range of doses {25-1000 wM) did not signmificantly affect I~
Theta secretion, as shown in FIG. 12,

[0201]  Next, in some embodiments, 34T reduces NLRPS primmng induced by Al
RNA. Indeed, as provided in the bar graph of FIG. 13, Alu RNA transfection increases
NLRPI mBNA levels iy primary baman RPE celis at 16 hours, an event termed "priming”
{Y-axis) compared to mock (transfoction reagent alone). This effect is blunted by co-
administration of d4T (100 uM) and normalized to 188 RNA control.

{60262 Farthermore, in excmplary cmbodiments of the present discloswee, 4T
reduces Ho-Theta priming induced by Ala RNA. FIG. 14 illustrates that Alu RNA
transfection increases IL-1 beta mRNA fevels in primary human RPE cells at 24 hours, an
event tormed “prinung”, (Y-a0s) compared to mock {transfection reagent alone). This effect
is blunted by co-admmistration of dd4T (100 uM) and normalized to 188 RNA control,

[00203]  Meanwhile, n some embodiments, d47T reduces mitochondrial ROS caused by
Alu expression. FIG. 15 demonstrates that enforced expression of Alu (pAlaA) causes
increascd mitochondrial reactive oxygen species (miROSY, as detected by MitoSox assay. In
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order to produce FEG. 15, primary human RPE cells were incubated with Alu expressing
plasmid or control plasnud (pUCTY) with or withowt dd4T. After 15 hours cells were co-
stained for niROS (red) and for celf count, nuelei (blue; Hoechst DNA stain), Cells in the
pAleA group extubited greater mtROS staining (red) compared to pUCTY control, an effect
that is reduced in pAlud + d4T treated cells.

{80204 And in forther cmbodiments, d47T does not inhibit ATP release induced by Alu
RNA. (FIG. 16) Primary human RPE cells treated with Alu RNA for the tmes indicated
release ATP. To provide FIG. 16, cell culture supermatant was coltected from mock or Alu
RNA treated cells, with or without 447, ATP was detecied using an ATP-dependont
fuciferase assay. And, notably, d47 did not affect ATP release.

[80205] In certain embodiments, d47T reduces ATP-induced cell permeability fo Yo-
Prol (P2X7 receptor assay), as shown in FIG. 17, To prepare FIG, 17, THP-1 cells
differentiated into macraphages by PMA allowed entry of the large fluorescent dve Yo-Pro 1,
o an assay for PIX7 receptor activity. It was obscrved that d47 dose~-dependently reduced
Yo-Pro entry induced by ATP, detervuned by an arca-scan fluorescent rocasurement s a 96
well microplate reader. Indeed, FIG. 17 provides-the resudts of the fluorescence measaroment
m relative fluoreseence undis (RFU, veaxis),

{60266] Furthenmore, it has been shown that d47T reduces extracellular potassiinn
levels that increase after Alu RNA transfection, (FIG. 18) Indeed, cell culture potassiam
levels mcrease in primary human RPE cells treated with Ala RNA for 6 bours, an effect that
ts reduced by d47T co-advunistration. For FIG. 18, potassium levels were determined in cell
aidture supernatants spectrophotometrically using a potassiam-dependent pyrovate kinase
ansay.

{I207]  Next, o some cmbodinenss, 34T blocks baATP-nduced coll prenreability to
Yo-Prol (P2X7 receptor assay), as shown in FIG. 19, d47 blocked YO-PRO-1 iodide entry
mn HEK293 cells stably expressing the human P2X7 reeeptor stimulated with the P2X7-
selective agonist bzATP, Cells were pro-mncubated with d4T for 30 aunuates prior to addition
of bz ATHYO-PRO, and fluorescence at 485/515 mun measured at =30 minutes.

[0208]  Moreover, d47T blocks dhinduced RPE degeneration and Caspase~1
activation independent of reverse transcriptase inhibition.

{00209 In some embodiments, the present disclosure is directed o 3 compound having
the structure(s) provided in FIG. 20, FIG, 20 includes a chomical structure of methoxy-ddT
{me-d4T) and of d4T. As shown in FIG. 20, a single suhstitunion of the nibose 3 hydroxyl
group with a methoxy group {circled) has been designed by the 1nventors of the present
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disclosure to provent d47T phosphorylation.  Accordingly, in some embodiments, the present
disclosure is directed fo a compound comprising a single substitution of a ribose 37 hydrogyl
group with a mcthoxy group. And, in some embodiments, the present disclosure provides
compoands comprising a methoxy group in place of a ribose 57 hydroxyl group for
preventing phosphorylation, such as dd47T phosphorviation.

{80218]  The present disclosure further provides the results of additional experiments in
FIG, 21-FHG. 23, Indeed, FIG. 21 15 2 Western blot of Caspase-1 activation {p20 subunit) m
primary human RPE cells transfected with Ay RNA = me-dd T, FIG, 22 shows cells, wheremn
gamodified d4T, but not me-d4T, blocks rephication of a GFP-expressing lentivivus in Hela
cells; and FIG. 23 provides a praph illustrating that unmodified d47T, but not me-d4T, reduces
miDNA fevels {normalized to chromosomal DNA exon-intron junction sequence} in primary
mouse RPE cells as determined by real-time gquantitative PCR. n=4, *p < 0.03 by Student’s ¢~
fest,

{08211}  In some embodiments, it has been shown that Me-d3T {intraperitoneal
mmjection) prevents Al-induced RPE degeneration i mige. FIG. 24, top row, provides flat
motints stained for zonula ovcludens-1 (Z0-1; red), bottom rovw. Exegeneration 1s cushined i
FHG. 24 by blue arrowheads. Representative Images of = 4 are shown.

{00212] Meanwhile, FIG. 25 provides a schematic overview of me-ddT svathesis, and
FIG. 26 18 an HPLC chromatogram of me-dd4T (peak # 6) final product, >97% purity, And
FIG. 27 is a 1H NMR spectroscopy of me-d4T final product, wherein the chemical shifts arc
consistent with the structure, and FIG. 28 provides the results of liquid chromatographyvimass
spectrometry of me-d4T final product, nv'z ratio consistent with the structure.

[00213] FIG. 29, FIG. 30 and FIG. 31 provide for methoxy variants of nacleoside
analogs. Specifically, FIG. 29 shows the chemical stractare of 3TC (273 dideoxyoytiding),
Fi(. 30 provides the chemcal structure of AZT (3azmdo-2'. 3 -dideoxythymidine); and FIG.
31 shows the chemical structure of ABC {eyclopropyiaminoparinyleyelopentene). In each of
FIGS. 29-31, the methoxy variation {G-methyl growy) of nucleoside analog is circled.
Further, FKG. 32 shows a cell permocant variant of ddT (10-dd4'T), where “n™ group 1s equal to
11, Derteatives include cell permeant vartants of 3TC, AZT, ABC, where the nacleobase
group {circled) mav be replaced, in various embodiments, by 3TC, AZT, ABC, or methoxy-
variants of 44T, 3TC, AZT, ABC (FIG. 28-31), or derteatives thereof.

[00214]  Meanwhile, FIG. 33 provides the chentical structie of an exemplary NRTH

according to the present disclosure.
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{0215 In cortmin cosbodiments, the presont disclosure provides that NRTs block Ain-
mduced RPE degeneration andfor Caspase-1 activation. For example, FIG. 34 shows a
Western blot of Caspase-1 activation {p20 subunit} and IRAK4 phosphoryviation in primary
human RPE cells transfected with Afu RNA + d47. FIG. 35 15 a Westem blot of Caspase-1
activation i human RPE cells vansfocted with 4l RNA + NRTIs (3TC, AZT, ABC). FIG.
36 shows that pAle causes RPE degeneration, which &5 prevented by oral administration of
d47, and FIG. 37 shows that pAlu causes RPE degeneration, which 1s prevented by
mtraperitoneal adounistration of AZT. FIG. 36 and FIG. 37 include fundus photographs: top
row; flat mounts stained for zonula occludens-1 (Z20-1; red), bottom row. Degeneration is
outiined by blug arrowheads, Scale bars, 50 pm.

[80216] FIGS. 38-41 iflustrate that NRTIs block LPS/ATPunduced inflammasome
activation. FIGS. 35 and 39 show that d47T blocked Caspase~1 (FIG. 38) and IL-1 beta (FIG.
39 activation in LPS/ATP treated primary mouse bone marrow-derived macrophages ag
determined by western blot of cell culture media and lysate. Moreover, FIG. 40 presents
chromatograms showing that Raji TK” cells, but not Raji TKD cells, phosphorviate AZT to
AL T-iriphosphate (AZT-TP) as determined by Hguid clvomatography-mass spectrometry
{LC-MS) And FIG. 41 shows that AZY blocks 1L-1 beta activation by LPS/ATE in both Raiji
TK" and TK "cells as determined by western blot of cell tysates. Representative images offn =
3-4 experiments are provided in each of FIGS. 3841,

{80217]  In some cabodiments, the present disclosure provides that NRTIs selectively
hlock F2X7 pore fumction and P2X7-driven models of graft rejection and sterile biver
mflammation, as shown in FIGS. 42-43. FIG. 42 is a bar graph ilustrating that d4T does not
block Aheinduced ATP release from primary homan RPE cells {(n=4}. Meanwhile, FIG. 43 i
a graph llustration showing that NR Tl selectively block P2X7 pore function and PRX7-
driven models of grafl rejection and sterife Hver mflammation, providing a graph of the
fluorescence (%o of bz ATP)Y over time (minutes}.

{80218] And in cortain exemplary cobodiments, the present diselosure provides that
A47T blocks Caspase-1 activation without reducing Al RNA levels, Accordingly, FIG, 44
provides a Western blot of Caspase-1 aetivation {p20 subanit) and IRAKY phosphorylation
primary mouse RPE cells transfected with 4/ RNA + 34T, And FIG. 45 presents a Novthern
blot of biotin-UTP-labeled 4/ RNA-transfected primary human RPE cells. Notably, in FIG,
43 44T did not reduce 4/ RNA levels (normmalized to ub RNA)

[80219]  Next, FIGS. 46-47 provide LO-MSMS spectra of AZT-triphosphate (AZT-
TP, target compound; FIG. 46) and AZU-triphosphate (AZU-TP, miernal standard; FIG. 47).
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And FIGS. 48-49 show the chromatographic separation of Rag TK colls spiked with AZT-
TP {FIG. 48) and AZU-TP (FIG. 49 with M3 spectra (insets) to confirm wdentity of
designated peaks.

[00228]  FIG. 50 s a standard curve of AZT-TP standards (black circle}. Raji T
samples treated with AZT prodeced AZT-TP (white triangles), whereas AZT-TP was not
detectable in Raji TK cells treated with AZT, FIG, 30 is represeatative of two experiments.

{00221]  FIGS. 51-54 show that, in some exemplary embodiments, P2X7-dependent
pore function mediates dh-induced Caspase-1 activation. Indeed, FIG. 51 15 a2 Western blot
of Caspase-1 activation {p20 subomit} in primary lnanan RPE cells transfocted with 4/ RNA,
with short peptide {(Panx1™™), which blocks P2X7 pore function but not cation flux {vs.
scrambled peptide: Ser Panx 1) FIG. 52 is a Western blot of Caspase-1 activation (p20
subunit} in primary human RPE cells transfected with 44 RNA, with calmidazolium (FIG.
32 provides the chemieal strocture of IC- and EC-d4T used), which blocks P2XT7T cation flux
hut not pore function; and FIG. 53 is a Western blot of Caspase-1 activation (p20 subunit} in
primary human RPE cells transfected with dfu RNA, with cell permeable (10}, cell-
istipernmeable (EC), or wimoditiod (no tag) 4T, Furtheomore, FIG: 34-shows that 347
prevents pAheinduced mitochondeial ROS goneration in primary lonan RPE cells, In FIG.
$4, mitochondrial regctive oxvgen species (ROS) were visualized with MitoSox (Red) and
cell nuclet with Hoechst (Blug),

{80222] Caspase-1 activation (p20 sabumt) In primary haman retinal pigment
epithchium (RPE)} cells i the presence of o (1) ammonium citrate was studied. The
addition of TM-3TC (Stractore 8) (25 aM) blocked iron-induced Caspase-1 activation, as
reflected in the western blot set forth in Fig. 55, The additon of 2me-d4T {Structure 4) 25
My blocked ron-idured Caspase-1 activation, as reflocted in the westorn Bot set forth in
Fig. 57.

002231  Caspase-1 activation (p10 subunit) in primary human RPE cells in the
prosence of iron (1) ammenion citrate was stadied. The addition of ddT-ene {Structare 3)
{25 pM) blocked won-mduced Caspase-1 activation, as reflected in the western blot set forth
in Fig. 56,

[08224]  Caspase~1 activation (p20 subonit) in primary hwman RPE cells transfected
with Alu RNA, The addition of d4T-cne {Structure 3} and TM-3TC (Structure 8) (25 and 100
uM) blocked Alu-induced Caspase-1 activation, as reflected m the western blot set forth in

Fig. 58.
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{98225] The relative guantity of miDNA 1w primary buman RPE cells treated with
NRTIs or dertvatives (30 pum for cach) was studied usmg vehucle treatment (DMSO) ("Ne
Tx"Yas a control, DNA was collected atter four davs in cell culiure with exposure to drag,
Quantitative polvimerase chain reaction was performed for mtDNA and normalized to
genomic DNA sequence. As reflected in Fig. 39, modified versions of d4T that are not
phosphorylated {e.g. me-ddT (Fig. 209, 2 me-ddT {Structere 4)) do not exhibit mtDNA
deplction compared to parental NRTT (1), TM-3TC 15 structure 8. As reflected m FIG. 60,
modified versions of AZLT that are not phosphorylated (me-AZT (Structure 1), N-Me-Me-
AZT (Structure 1) do not exhibit sxtDNA depletion compared to parental compound (AZT)

[80226]  Mouse studics were conducted to study treatment with NRTIs or derivatives.
Mice receiving subretinal control empty-vector plasnud (pNull), or Ale RNA-expressing
plasmid {p Ak, were treated with twice dasly intraperitoneal modified NRTis (me-AZT
{Stracture 1), Nome-me-AZT (Structure 10}, or 2 me-ddT (Structure 4); 23
mg/Rg/admimstration) or control vehicle, The top row of Fig, 61 displays ocular fundus
photographs of the nuce. The bottor row of Fig. 61 displays RPE flat mounts, stained for
itercellular porctions {201} in red that ave disvupted wpon Al RNA exprossion but that ave
restored o healthy RPE morphologyfintercetiular junctions with modified NRT treatment,

{08227] A schomatic overview of thy synthesis of Formulda I {structure C in Scheme 1),
Formuala 1V (struchwe B), Formuola VI (structure E), Formula X (structure D), and methoxy-
44T {(structure A also Fig. 20) is set forth in Fig. 62, The general svnihesis procedure i as
fidlonws: To a suspension of nucleotide (1.5 mmole) in dry THF (5 ml.)) was added NaH {15
mimole) and the mixture was strred for 10 punates at roomy teraperature under nitrogen.
Methyl Todide {135 numole) was added in one portion o the mixtore and stirved for 1-3h. The
reaction was chocked for completion by TLC and gquenched by drop-wise addition of
methanol. The mixture was neutralized with acetic acid and evaporated. The residus was
suspended in dichloromethane and washed with agueous NaHSO3 solution, dried over
MeS04 and evaporated the solvent. The product was purified by flash columa
chromatography using silica gel and 2 %o methanol in dichlovomethane. The structures of
dertvatives were confinned by LOMS and TH-NMR gpectroscopy.

Structure A) vield 200mg (56%). 1H NMR (500 MHz, DMSO) 1131 ¢, 1H, NH), 7.50

{d, 1H, 6-H), 6,82 {dd, 1H, I'H), 642 (dd, 1H, 3-H), 391 {dd, 1H, 2-H), 4.88 {5, 1H, 4-

H), 3.56 (o, 2H, §-H), 328 {s, 3H, OCH3), 1.78{s, 3H, CH3).
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Structure B} 67my (18.7 %) TH NMR (300 MHz, DMSO) 7.56(x, 1H, 6-H), 688 (dt, 1H,
P-HY 643 (dd, TH, 3-H), 390 {d, 1H, 2-H), 489 (5, TH, 4WH), 356 (m, 2H, 3WH), 3.27
{3, 3H, OCH3), 3.18 (5, 3H, NCH3), L8 (s, 3K, CH3).

Structure C) Fo- scale vield was 0.4¢ solid (36 203, 1H NMR(500 MHz, DMSO)Y 11.31 €5,
1H, NH), 7.36 (J,1H, 6-H), 6. 88 (dt, tH, 1"-H), 6,43 {dd, 2H, 3°-H}), 5.91 {m, 2H, 2"-H},
4.89(s, 1H, 4"H), 6.43 (dd, 1H, 3-H), §.01 {d, 2H, 2-H), 4.89 (s, 1H, 1), 3.55(1, 21, 5~
H), 3.27 (s, 3H, OTH3), 3.18 {5, 3H, NCH3), 1.8 ({d, 3H, CH3).

Structure DY oil (0.5g, 46 %), TH NMR (500 MHz, DMS0) 7.56 (d. 1H, 6-H), 6.8 (i,
TH, 1-H), 6.43 {dd, 2H. 3°-H), $.91 (m, 2H, 2°-H), 4.89(s, 1H, 4'H). 6.43 (dd. 1H, 3-H),
$.91 (d, 2, 2-H), 4.89 (s, 1H, 4%H), 3.55¢, 2H, S-H), 3.27 (s, 3H, OCH3), 3.18 (s, 3H,
NCH3), 1.8 (d, 3H, CH).

Structure E) Reaction was complete n one howr. Yield €.224¢(55 051 TH NMR (300

Mz, DMSO 781 (4, TH, He) 623 (0 TH, Ha™), 6.0 (4. TH, H3), 83 1H H2Y),

370 6m, 2H, HA'), 343 (dd, TH, HE ), 334 (3. 30, OCH3), 3.08 (dd, 1H, HSa), 3.04 (s,

6H, NCH))

{08228] Example2

{80229  In this Example, structires of wimgue NRTls, also referrad toag
“Kavwvadines”, are studied. A procedure for the synthesis of these Kanwvadines is
described herein. Also provided s NMR and mass spectrometry data for these Kamuvadines
and data regarding the biological activity of Kamuvudines.

{238]  Syuthesis of °-Oealkyl substituted and of di-alkyl substituted
Kamuvudines

[00231]  To a suspension of nucleotide (1.5 mmoled in dry THF ¢35 wl) was added
Nah (4.3 m-mole) and the mixture was stived for 10 minutes at room tfemperatare under
pitrogen. Alloel Todide (4.5 me-mole) was added in once portion to the nuxture and stirred for 1-
3h. The reaction was checked for completion by TLC and quenched by drop-wise additon of
methanol. The mixtare was neutralized with acetie acid and evaporated. The residue was
suspended in dichloromethane and washed with agueous NaHSO; solution, dried over
MeSO, and the sobvent was evaporsted. The product was purified by flash colunw
chromatograpby using sthica gel using ethyl acetate’hexane as solvent. The structures of
derivatives were confinmed by LOMS and "H-NMR spectroscopy.
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{82321 Synthesis of asymaetric di-substituied Banmusvudines.

j09233]  A) Synthesis of N-substituted nucleosides. To a suspension of nucleotide (1.5
m-mole} i dichloromethane (5 mL) was added NaHl (1.5 m-mole) and the nuxture was
stirred for H minutes at room temperature ander mwvogen. Alkyl Iodide {1.5 memole) was
added in one portion to the mixtare and stivred for 1-3h. The reaction was checked for
completion by TLC, Wash the extract with brine and dry with anhydrous sodium sulfate.
Evaporate solvent and punify the N-substituted product by flash chronmtography.

{00234]  B) To a suspension of N-substituted nucleotide (1.5 m-mole) in
dichioromethane {5 mL)} was added Nal {1.3 m-mole) and the mixtare was stirred for 10
minates at room temperabare under nifrogen, Alkyl lodide (1.5 m-mode) was added in one
portion to the mixtare and stirred for 1-3h. The reaction was checked for completion by TLC.
Wash the extract with brine and dry with anhydrous sodium sulfate. Evaporate solvent and
purify the di-vebstifsted product by flash chromatography.

{00233} NMR and Mass Spectrometry data for Kamuvudines

O
”\w«*’“g\N

89

s

Rz
1. &) Ry =CHy Ry =H

W70 5R;=CH, Ry sCH,
o ¢} Ry= CHyCHy, R, sCH,CH,
e N AR = H, Ry =0H,OH,
9 e} Ry =CH,, Ry sOHaGH,

X
R,

Loay O-Me-ddt

"H NMR (400 MHz, DMSO-d6) § 1137 (s, 1H), 7.26 {q, J = 1.3 Haz, 1H), 6.85 (dt, J= 3.6,
1.7Hz, 1H), 644 (dt, J= 6.0, Lo He, 1H)L 605 (de, J= 6.1, 18 Hz 1HL 3.04 (s, 1HL 441 (4,
J= 27 Hz, 2H)Y, 347 (d, = 1.2 He, 3H), 175 (d, /= 1.3 Hz, 3H). MS (ESD: {M+Na]” Mass

caleufated CiHiN-OGNa" = 261,23, found =261.2,

1.b) 2-Me-ddT
HENMR (400 MHz, DMSO-d6) 8 7.56 (g, /= 1.2 Hz, 1H), 6.89 (ddd, /=34, 1.9,

1.4 Hz, TH), 644 (de, /= 6.0, 1.8 Hz, 1H), 5.91 (ddd, 7= 6.0, 2.5, 14 Hz, 1H), 4.96 - 4.83
(m, 1H), 3.60~3.52 (m, 2H), 3.28 (s, 3H), 3.18 (s, 3H), 2.08 (s, JH), 181 (d,.7 = 1.2 Hz,
3H). MS (ESI): [M+Nal" Mass cateatated CyoH NyOsNa™ = 27528, found 2752,
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Locy -EeddT

HENMR (400 MHz, DMSO-d63 5 7.50 {t.J=13 He 1H), 689 {dg, /=34, 1.5 Hz, IH),
644 (dt, J= 59, 1.6 Hz, 1H), S.93 (ddt, J= 6.0, 2.5, 1.4 Hz, 1H), 490 (d, J= 3.6 Hz, 11,
393378 (m, 2H), 3.59 (ad. J = 3.1, 1.3 He, 2H), 3.45 (gt J= 7.0, 1.5 He, 3H), 1.80 (4, J =
1.3 Hz, 3HDY, 110 (1dd, J= 7.0, 5.2, 1.3 Hz, 6H) MS (ESIy: {M+Na]” Mass calculated
CiaHaNyOgNa" =363.3, found 3032

1. d) N-Et g4T

Y NMR (400 MHz, DMSO-d6) 5 7.69 (.7 = 1.2 Hz, TH), 6.89 {dt. /= 3.4, 1.7 Hz, 1H),
641 (At J=6.0, 1.8 Hz, 1H), 5.97 (ddd, J= 6.0, 2.4, 1.4 Hz, 1), 5.01 (¢, =53 Ha, 1H).
484475 (m, 1H), 3.85 (qd, = 7.1, 1.8 Hz, 2H), 3.60 (3d, J= 5.3, 3.4 Hz, 2H), 178 (4,7
= 1.2 Hae, 3H), 109 (¢, 7= 7.0 Hz, 3H). MS (BSD: [M+Na]" Mass calcufated CiH sNaONa'

=275.28, found 2752

Loy O-Me N-Ev 4T

HONMR (400 MHz, DMSO-0d6) 8 7.55 (d, 7= 1.3 Hz, 1H), 6.900dt, J= 33 1.7 Ha, TH),
645 (L J=60, 17 He, TH), 593 (ddd, /=61, 23, 14 He IH), 491 (d. /= 4.1 Hz, 1H),
381381 (m2H), 356 (dd, J= 3.1, L3 Hz, 2H), 3238 (s, 3H), 1.81(d, J=13Hg 3H), 110
(8. = 7.0 Hz, 3H). MS (BSh: [M+Na]” Mass caloudated CxHisNoQuNa' 289,31, found
289.2.

.’&
%{‘?
AN?’ &

N v
[N&Q 2. a) Ry =OHy Ry =H

3 R g o i

Q\g h? R uh\g, R\ k«rﬁ\.‘

G
N
Re Ny

2ot O MeAZT

U NMR (300 MHz, DMSO-d6) § 1130 (s, TH), 7.50(q./ = 1.1 Ha, 1H), 6.82 (4, /= 3.3,
1.6 Ha, 1), 6.41 (de, J=6.1, 1.7 He, 1H), 391 (ddd, /=62, 2.5, 1.3 Hz, 1H), 4.93- 477 (m,
THY, 3.55 (4, J=3.1 Hz, 2H), 3.28 (5, 3H), 1.75(d, /= 1.3 Hz, 3H}. MS (BSIx [MHT,

CrHiaNQy", caloulated 282.26, found 28222
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2.b) 2-Me-AZT

"HONMR (400 MHz, DMSO-d6) 3 7.63 (g, /= 1.2 Hz, 1H, H6), 6.15 (.7 =6.4 Hy, TH, H1",
443 (de, J=T3, 5.4 Hz, 1H, H3). 397 (dt, J= S.1, 4.1 Hz, 1H, H4"), 3.67 — 3.50 {m, 2H,
HS'), 3.35 (s, 3H, OCH), 3.17 {5, 3H. NCHy), 2.46 - 227 (m, TH, H2"), 1.85(d, /= 1.2 Hy,
3H, CHa).

MS (ESI): [MHH] CHaN:O4, caleulated = 296,29, found 296.2

2.0 -EAZT

'H NMR (400 MHz, DMSO-46) 8 7.62 (1, /= 12 He, TH HE)L6 164, J= 6.4 He, IH, HID,
443 {q,.f= 58 He, 1H, H3"), 396 (g, /=44 He, 1H, H4), 3.83 {q, J= 7.0 Hz, 2H), 3.68 ~
IS5y 2H, HE 3585 - 344 (m, 2H), 237 (dp, /= 205, 7O Hz, 2H, H2) 1 B4 (d, J= 12
Hz, 3H, CHy), LIS Gl 7= 7.0, 11 Hz, 3H), 108 {4, J= 7.0 He, 3H).

MS (EST) [M+HT caleulated CuHaaNsQy™ = 32435, found 3242,

§ 3 a; R'E:R\:Rz:{:}’ié
SN £} R, =R =R, =CHOH,

3.8 3-Me-3TC

' NMR (400 MFz, DMSO-d6) 37.82 {d, J=7.8 Hz, 1H), 6.23 (4, J = 5.2 Hz, 1), 6,09 (4, J=
78 Hz, TH), 831t J=4.7 Bz, 1H), 3.77 - 3.65 (m, YH). 3.44 (dd. J= 11.7,5.5 Hz, 1H).3.34
(s, 3H), 3.09 (dd. = 11.7, 4.9 Hz, 1H), 3.05 (s, 6H).

MS (ESD: [M#HT, CoHisNaGsS ' cateudated 272,34, found 2722

3. b)Y 3-Ee-3TC

'HONMR (400 MHz, DMSOQ-d6) 8 789 777 {m, 1H), 622 (4, F =47 Hz, 1H). 6.03{d, J=
8.2 Hz 1H), 5.29¢d, /=46 Hz, 1H), 374 (d, J=4.7 Hz, 2H), 3.60 - 348 {m4H, CHy), 332
{s, 2HY, 310 {(d, S =121 He, TH), I8~ LOI(m, OH, CHLMS (BSD: IMHT
CraHaaNa0:S7 caleulated 314,41, found 3144
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[00236]

Characteristics of NRTIs and Kamuyudines

100237

PCT/US2016/019852

in some embodiments, as compared to the original NRTIs (d47, 3TC, AZT),

the Kamuvudines (modified NRTIs) have more desirable drug-fike charactenstics. For

example, referring o Table 1 below, as compared to the NRTls, the Kamovudines have

greater LogP values {greater than 0 and close to 1) and lower solubility in water. Duning

certain types of compound release, such ag in an intraocular sustained release drug delivery

system, the greater LogP values and lower solubility of the Kamuvudines provide greater

resident times (1.2, longer halfhives) in the vitreous bumor and retina, as compared to the

original NRTis.

TABLE1

Name LogP Solubility {mg/ml)
g47 <023 1g6
Me-d4T .41 3
IMe-ddT (.63 Y
2E=d4T 1.33 0.09
O-Me, N-Et-ddT 0.9¢ 1.3
3TC -1.1 64
TM-3TC (.09 7
3E-3TC £.16 §.6
ALT -£.41 t6
IMe-AZT .45 .94
2EeALY b b o esr
LogP: Partition coefficient in L~octanol
Solubility in Water pH 7.2 a1 37 °C,

{00238}

Efficacy of NRTE and Kamuvudines in cells

(00239

With reference to FIGS. 64-73, and 74-78, compounds as disclosed herein

inhibit Caspase-1 activation. Caspase-1 is the enzyme at the core of the inflanunasome

complex and is an inportand danger response signal and mediator of RPE cell death in AMD.

FIGS. 64-73 show that Kamovudines dose-dependently inhibit Caspase-1 as determined by

the iGlue huninescence assay in mouse J774 1Gloe cells. Importantly, there was some

difference between individual compounds in torms of the dose response awrve, caphasizing

the nead to test cach compound (with wnique R groupis)) individually, Furthermore,

Kmrnuvudines exhibited variable, incomplete inhibition of Caspase-1 activation, also

suggesting that there are differences of compound activity within the class of Kamuvudines.

{10240

To obtain the data set forth in FIGS. 64-73, an 1GLuc assay was conducted

{modified from Bartok et al. 1GLuc: a luciferase-based milanunasome and protease activity

Ly
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reporier, Nature Methods 2013; 10(2):147-54), Brefly, 100,000 1GLuc cells per well were
plated in 3 96 well plate overnght. The next moming, media 15 aspirated from the plate and
replaced with 75 pl. of senom free DMEM with drugs (NRTIs or modified NRTis) for 30
min. After 30 minutes of drug exposare, 20 mM ATP (25 ubl) is added for a final
concentration of 5 mM. 50 pl of media from cach well is collected and 30 yl. of
caclenterazine 4.4 pM is added to cach sanple, and huninescence is read inmediately.

{00241 FIG. 64 shows that 3TC inlubits Caspase-1 activation, ATP (5 mM) induces
Caspase-1 activation, which 1s measured by haninescence monstoring of Luciferase cleavage
by Caspase-1 i mowse J774 10 L e cells. Exposure to ITC (3 oM 100 uM} reduces
Caspase-1 cleavage in a dose-dependent fashion. N=3,

[00242]  FIG. 65 shows that 3Me-3TC inhibits Caspase-1 activation. ATP (5§ mM)
maduces Caspase-1 activation, which is measwred by luminescence momtoning of Luciferase
cleavage by Caspase-1 wy mowse J77446GLue cells. Exposure to 3Me-3TC {1 oM ~ 100 u3d)
reduces Caspase-1 cleavage in a dose-dependent fashion, N=3,

{02431 FIG. 66 shows that 3E-3TC inhibits Caspase-1 activation, ATP {S M)
maduces Caspase-1 activation, which is measwred by luminescence momtoning of Luciferase
cleavage by Caspase~1 in mouse 1774 iGLue cells. Exposure to 3E-3TC (1 nM ~ 100 uM)
reduces Caspase-1 cleavage in o dose-dependent fashion, N=3.

[80244]  FIG. 67 shows that AZT inhibits Caspase-~1 activation. ATP (8 mM} induces
{aspase-1 activation, which i1s measured by laminescence momtoring of Luciferase cleavage
by Caspase~1 in mouse I774 1GLue cells. Exposure to AZT (1 oM - 100 wM) reduces
Caspase-1 cleavage in a dose-dependent fashion, N=3.

[00245]  FIG. 68 shows that 2Me-AZT inhihits Caspase-1 activation. ATP (5 mM)
icduces Caspase-1 activation, which 1s measured by leminescence monitoring of Luciferase
cleavage by Caspase~ L i mouse J774 1GLuc cells. Exposwre fo 2Me-AZT (1 oM — 100 1)
reduces Caspase-1 cleavage iy a dose-depondent fashion, N=3,

{00246]  FIG. 69 shows that 2E-AZT inhibits Caspase-1 activation. ATP (§ mM)
mdueces Caspase-1 activation, which is measured by taminescence monitoring of Luciferase
cleavage by Caspase-{ in mouse Y774 1GLue cells, Exposure to 2EHAZT (1 nM - 100 uM)
reduces Caspase-1 eleavage in a dose-dependent fashion, N=3,

{80247] FIG. 70 shows that d47T inhibits Caspase-1 activation. ATP (5 mM) induces

Caspase-1 activation, which 1s measured by huminescence monitoring of Luaciferase cleavage

Ly
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by Caspase-1 vy mouse 3774 1GLue cells. Exposure to d4T {1 oM — 106G pM) reduces
Caspase~] cleavage 1 a dose-dependent fashion, N=3,

{00248] FIG. 71 shows that O-Me N-Et d4T inhibits Caspase-1 sctivation. ATR {3
mb) induces Caspase-1 activation, which 15 measured by huminescence monitoring of
Laciferase cleavage by Caspase-1 n mouse 3774 1GLuc cells. Exposure to O-Me N-Et d4T (1
nM - 100 uM) reduces Caspase-1 cleavage in a dose-dependent fashion, N=3,

{80249] FIG, 72 shows that Me-d4T mhibits Caspase-1 activation, ATP {5 mM}
induces Caspase-1 activation, which is measured by huninesconce monitoring of Luciferase
cleavage by Caspase-1 tnmouse J774 1GLue cells. Exposure to Me-ddT (100 oM reduces
Caspase~1 cleavage in a dose-dependent fasluon. N=3,

[06258]  FIG. 73 shows that 2E¢-d4T inhibits Caspase-1 activation. ATP (5 mMj
induces Caspase-~] activation, which is measored by himinescence momitoring of Laciferase
clesvage by Caspase-1 in mouse 1774 1GLue cells. Exposure to 2Ed4T (1 oM - 100 ud)
reduces Caspase-1 cleavage in a dose-dependent fashion. N=3,

{00281 Asillustrated in FIGS. 70-73, compared to d47| there was a greater reduction
in inflapunasome activation by the Kamnsvadines (modified NRTIs). Specifically, d4T
reduced inflammasome activation by about 35%, while O-Me, N-Ei-ddT reduced
wnflammasome activation by about 35%, Me-d4T reduced mflanumasomme activation by about
FO%, and 2B-d4T reduced inflammasome activation by about 45%. Without wishing to be
bound by theory, as each of the Kamavudines provided a greater reduction in inflarmmasome
aciivation as compared to the parest NRTI (1o, 44T, it is bolioved that the Kamuvisdines
also provide increased blocking of vetinal degencration,

{80252]  FIG. 74 shows that Kaowvudines block Caspase-1 senvation induced by Aln
RNA in primary human RPE cells, as monitored by western blotiing, Al RNA induced
Caspase-1 activation in primary buman RPE cells, monitored by westera blotting, 15 reduced
by 2E-d4T (25 uby, 2Me-AZT (23 M), O-Me N-Et dd47 (35 pM), ddT-ene (25-100 uM),
and TM-3TC (25100 pM). N34,

[00253] fu RNA is a foxic endogenous refroctement that accomulates in and causes
death of the RPE in patients with dry AMD. FHG. 75, shows that Kamuvudines block
Caspase-1 activation in primary human cells exposed to fron (Fe 37) ammoniam citrate
{(FAC). FAC activates Caspase-1 via an 4l RNA intermediate, and induces NLRP3-
dependent RPE degeneration (Gelfand et al. Cell Reports 2015). Fe(l) anwmonium citrate

{100 ph-induced Caspase-1 sctivation in printary hunan RPE cells, monitored by western

L
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blotting, is reduced by TM-GTC (25 pM), d4T-vne (25 pM), 2Me-ddT (35 pM), Me-AZT
{25100 pMY, and 2Me-AZT (28 uM). Na3d,

{82541 FIGS. 76-78, show that the NRTI 3TC blocks Caspase~! activation induced
by AMD-associated stressors (Complement protein C3a, ROS-generator paraquat, and
amyloid beta) m primary human RPE cells, FIG. 76 shows that NRTIs reduce Complement-
mduced Caspase-1 activation in human RPE cells. Homan C3a (100 nMi-indoced Caspase-i
activation after LPS primuing in primary homan RPE cells, monitored by western blotting, is
reduced by 3TC (25 M) N=3-4, FIG, 77 shows that NRTls reduce Paraguat-induced
Caspase-1 activationt in human RPE cells. Pavaquat {230 M )-induced Caspase-1 activation
m primary human RPE cells, monitored by western blotting, is reduced by 3TC (25 uM).
N=3-4, FIG, 78 shows that NRTis reduce Amyloid beta-induced Caspase-1 activation i
human RPE cells. Oligomerize AP 1-40 peptide (8.5 uM)-induced Caspase-1 activation in
primary homan RPE cells, monitored by western blotting, i roduced by 3TC (125 uM)
N=3-4.

{00255  Efficacy of NRT1s and Kamuvudines in mice

{60256]  The efficacy of Kamuvadines m mouse models of drv and wet AMD is shown
horetn, With reference to FIGS. 79-87, compounds as disclosed herein reduce choroidal
neovascalarization (CNVY In a model of "wet AMD™ and block RPE degeneration in a modeld
of “dry AMD.”

{002587] FIGS. 79 and 80 show that NRTls and Kamuvudings are effective in the
faser-induced model of choroidal neovascularization {ONV wet AMD). FIG. 79 shows that
compounds disclosed herein reduce chovoidal neovaseulanzation 1o 3 model of “wet AMD™,
Intravitreous administration of 3TC (0.55 nmoel), ABC (11.64 nunol), or AZT{0.55 mmol) alfter
laser injury redoced faser infurv-induced NV vohane in wild-type muce. Injection of PBS or
DMSO wore vehicle controls. N=16, FIG, 80 shows that compounds disclosed berein reduce
choroidal neovascularization (ONV) in g model of “wet AMID”. Intravitreous adounisiration
of Me-ddT, O-Me-NeEt-d4T, 2E-AZT or 3E63TC (.14 nmol) after laser yjary reduced
choreowdal neovasolarization (UNV) volume i wild-type mice at day 7. Injection of DMSO
was vehicle controls, Ne=l6. Compared to NRTls (FIG. 79), modified NRTIs (FIG. 80) are
more potent (smaller dose required) at suppressing CNV and are more effective {greater
degree of suppression achicved).

{80258]  Without wishing 1o be bound by theory, it 1s belioved that both the NRTls and

the Ranwvodines provide antiangiogenic effecty in o P2X7-dependent manner, which reduces
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UNV., Specifically, intravitreous mgection of the NRTls or the Kamuvadines suppressed
laser-induced CNV in wild-tvpe mice as compared to PBS or DMSQ, respectively, while
mtravitreous injection of the NRTIs did not suppress the laser-induced CNV in P2rx 7™ mice.
Additionally, intravitreons injection of the NRTIs suppressed laser-indaced ONV in Nbp3™
mice, indicating that the antiangiogenic effects are NMrp3-independent. The P2X7 inhubition
andfor angio-inhubitory effects of the NRTis and Kamuvadines i3 also belicved to be
effective i treating other diseases, including, but not hinnted to, blocking tumor growth
andfor treating grafi-versus-host discase.

{98259 FHGS. 81 and §2 show that, compared to original NRTIs, Kamavudines have
moreased effectiveness and potency in treating existing neovascular disease. JRESSE mice
develop spontancous choroidal neovascularization {CNV) and are an anmimal model of wet ¢
neovascelar age-refated macultar degeneration (AMD). The activity of the ONV lesions can
he monttored using fheorescein angiography fo assess the degree of dye leakage from the
lesions, as is done in humans with ts discase. FIGS. 81 and 82 are representative inages

dependent-dye leakage from pre-oxisting CNV lesions in the left eve (instrow ) and right eye
{third row) of a first and second JR3538 mouse, respectively. The second row of FIGS. 81
and 82 show time dependent dye leakage in the left eve after a single intravitrvous
adnunistration of 125 ng of 3TC, and the fourth row shows time dependent dve leakage in the
right eve after a single mfravitreous administration of 62,5 ng of 3-Me-3TC. As seen in rows
two and four, both 3TC and 3-Me-3TC suppress the activity of pre-esasting UNV kesions 3
days after administration {1.e., reduce their dyve leakage). Additionally, compared to the
original NRTI (3TC), the Kamuvedine (Le., 3-Me-3TC) provides a greater reduction in CNV
lesion leakage (e, is mive elfsctivie) at lower doses{te. 18 more potend).

{00260]  Inmodels of dry AMD, in FIGS, 83-86, Kamuvudines are shown fo hlock
Afu-induced RPE degencration, as momitored by fundus photography and ZO-1 flat mount
staining of RPE, in a model of dey AMD.

[o0261]  FIG. 83 shows that compounds disclosed hevein block Alu RNA-induced RPE
degeneration in 8 mode] of “dry AMD”, Subretinal injection of Alu RNA (0.3 ug) indoces
RPE degeneration (whitish vellow region on color fundus photograph (top row) and
disorganization of hexagonatl array (hottom row} In wild-type mice. Intraperitoneal
adnunistration of 3IMe-3TC {23 mg/ke, twice daily for 6 davs after Alu BNA injection)

protects against RPE degeneration, as seen on fundus photos {Top; smaller arca of wlatish
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araa of discoloration) and Z20-1 imnunoestained RPE flat mounts (Bottom; more hexagonal,
essellated appearance). Bottom pancls show fundus photographs that demonstrate that
miraperitoncal admbistration of O-Me N-Et d47T (25 mgiky, twice daily for 6 days after Alu
RNA imjection) protects against Alue RNA-induced RPE degeneration my wild-tvpe mice
Image representative of 6 experiments.

{80262 FIG. 84 shows that IMe-3TC disclosed herein block pAlu-induced RPE
degeneration in a model of “dry AMD". Subretinal injection of a plasmid encoding Al
{pAlu) induces RPE degencration (whitish vellow region on color fundus photograph (top
row} and disorgamzation of hexagonal array {(botiom row) in wild-type suice. Intraperitoneal
admisistration of 3Me-3TC (25 mgfke, twice daily for 6 days after pAlu injection) protects
against RPE degeneration, as scen on fundus photos {Top) and Z0-1 immuinostained RPE flat
mounts {Bottom). Image representative of 6 experiments.

{80263] FIG. 85 shows that 3E&3TC blocks pAle-induced RPE degeneration in a
miodel of “dry AMD”. Subretinal injection of a plasnud encoding Alu (pAlu) induces RPE
degeneration {whitish yellow region on color fundus photograph {1op row) and
disorganization of hexagonal aray {bottom row) in wild-tvpe nuce: Intraperitonest
administration of IEC3TC (28 mg/kg, twice daily for & days after pAla injoction) protecis
against RPE degeneration, as scen on fundus photos (Top) and ZO-1 immunostained RPE flat
mounts {Bottom). hmage representative of 6 experiments.

{80264] FIG, 86 shows that compounds disclosed herein block pAhs-tnduced RPE
degeneration in a model of “dry AMD”. Subretinal injection of a plasroid encoding Al
{pAly) induces RPE degeneration (whitish vellow region on color fundus photograph (top
row} and disorgamization of hexagonal array (bottom row} in wild-type nyice. Intraperitoneal
admimstration of 2E6-84T or 2ECAZT (25 medke, twice dasly for 6 days affer pAlu ingoction)
protects against RPE degeneration, as seen on fundus photos. Image representative of 6
experiments.

{60265] In FIGS. §7-89, Kamuvudines are showa to be effective in blocking RPE
degeneration after intraccular igection of poly IC, amyloid beta, and iron.

[0266]  FIG., 87 shows that compounds disclosed horewn block poly IC-induced RPE
degeneration in a model of “dry AMD™. Poly IC {812 p) admunistered into the subretinal
space of wild-tvpe mice induces RPE dogeneration (whitish yellow region on color fandus
photograph {top row) and disorganization of hexagonat array (hottom row), Intravitreous

administration of Me~ddT or 2-Me-ddT (0.14 nunol) {after poly IC injection) blocks this
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degencration {measured 7 days after poly ICh Top row shows represontative fundas
photographs. Botiom row shows representative Z0-1 mumunostained RPE flat mounts. Ned-
6.

{80267]  FIG. 88 shows that compounds disclosed heroin block Amyloid betasinduced
RPE degeneration in g model of “dry AMD”. Oligomernized Amyloid beta 1-40 peptide (0 83
punol) was mjected into the subretinal space of mice to mduce RPE degeneration
degeneration {whitish yellow region on color fundus photograph {top row) and
disorganization of hexagonal array {bottom row ). Intraperitoneal adnunisteation of 3TC ar K-
2 (Me-d4Ty on days o 6 (25 mg/kg) Mocked the development of RPE degencration on day
7. Top row shows cotor fandus photographs. Bottont row show ZO-1 stained RPE flat
founts.

{00268]  FIG. 89 shows that compounds disclosed heremn block Tron-induced RPE
degeneration in a model of “dry AMEY”, Fe(HD ammontan citrate (3 ol was mjected nto
the subretinal space of nuce to mduce RPE degeacration {whitish vellow region on color
fundus photograph (top row} and disorganization of hexagonal array {(bottont row).
hatraperitoneal admunistration of 4T K- Me-dd4T), or K2 2Me-ddTron days o 638
mgky) blocked the development of RPE degeneration on day 7 compared to vehucle
treatmoent. Top row shows color fundus photographs. Botiom row show Z0-1 stained RPE
fat mounts.

{08269  Safeiv/Toxicity of NRTIs vs Kamuvudines in mice and cells

[06278]  Safety and toxicity of the compounds was also studied. FIG. 98 shows that
NRTIs are toxic to the reting afier infravitreous mjection. Surprisingly and unexpectedly,
adding a single R substitution to NRTis chminated this toxicity: FIG. 91 shows that
wiravitreous injection of the swme dose of Kamuvadmes is not toxae, indicating thar they are
sater than NRTIs for mirsocular adounistration. Furthermore, FIG. 92 we shows that
Kamuvudines are safe in that theiwr intravitreous administration does not induce anatomical
disruption of the retina,

o271 FIG 90 shows that koown NR T can cause voling] toxicibe. Intravitreous
mjection of 84T, AZT, or 3ITC {0.56 nmol) in nuice induced areas of retingl depencration {red
arrowheads) retinal toxicity. Representative color fundus photopraph images shown (N=8),
These data indicate that, NRTIs could have adverse effects following intrascular

adnunistration.



WO 2016/138425 PCT/US2016/019852

{82721 FHG. 91 shoves that compounds disclosed horein are not toxie to the relina.
Intravitreous injection of Kamuvudines 1-9 (2.8 nmol} in mice did not induce retinal toxicity.
Representative color fumdas photograph mages shown {N=8). These data indicate that,
unlike NRTls, Kamuvudings ave safer for intraccular administration.

{80273] FIG. 92 also shows that compounds disclosed herein are not toxic to the
reting. Intravitreoys injection of Kamuvudines -3 (2.8 nmol) in mice did not induce any
anatomical disruption of the retina (H&E staining — top row) or changes m thickness of the
various layers of the retina (ILM: internal limiting membrane; QOLM: outer hanting
membrane; IPL: mner plexiforn layer; INL: mner noclear laver; ONL: owter muclear layer;
1S inner segments; OF: outer segments). N=8. These data indicate that, unlike NRTis,
Kamsvudines are safer for intraccutar administration even at very high concentrations.

{80274] Finally, FIGS. 93 and 94 show that Kamuvudines, lack “off-target”
polymerase inhibition of NRT1s. That is, the substittion of an R group on NRTis completely
changed theiwr activity towards polyvmerase inhibition.

DNA copy mumber iIn primary nonan RPE-cells in caltore. NRTTs deplete saitochondrial (i)
DNA by competing with endogenous nucleotides for BINA polymerase gamna; stDNA
depletion is thought to be largely responsible for many side offects associated with NRTT use.
There were some differences between Kamuvudines in the rescue of mtDNA levels,
indicating the need to test cach modified compound individually, The graphs show the
redative quantity of mtDNA 18 primary buman RPE cells treated with NRTIs {ddT, 3TC, or
AZTY or modified NRTIs (Me-ddT, 2Me-ddT, TM-3TC Me-AZT, or 2Me-AZT), relative o
vehicle weatment {DMSO, ak.a “No Tx™) at a concentration of 50 uM for all drugs. DNA
was eolttected after four days o ool cultuwe with exposare fo drug. Quantitative polymerase
chain reaction was performed for mtDNA and normalized to genomic DNA sequence. DaT,
3TC, and AZT exhibit mtDNA depletion. Modified versions of d4T and AZT do not exhibit
mtDNA depletion. N = 3-4/groap, error bars arc S.EM. These data indicate that NRTIs can
cause nutochondrial toxicity, whereas nost modified NRTis do not do cause mitochondsial
toxicity. As nutochondrial toxicity has been blamed for myopathy, peripheral neuropathy,
and hepatic steatosis with Iactic acidosis observed in patients taking NRTIs, and the modified
NRTIs do not cause mitochondrial toxicity, it is expected that the moditied NRTls are safer
{1.¢., decrease or chinmunate motichondrial toxicity} than the original NRTls.

[80276]  FIG. 94 shows the results of a L1 retvotransposition assay, in which an EGFP
reporter is exprossed only upon seceessful reverse transcription and integration of haman
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LANE-1 retrotransposon. NRTs, but not Kamuwvudings, Mocked L1 rotrotransposition,
mcdicating that they do not hlock RNA-dependent DNA polvmerase activity. These findings
pave way for the rational re-design and improvement of nucleoside analogs as novel
therapeutics. The enhanced green fluorescent protein (BGEP) cell cultare L1
retrotransposition assay was performed in Hela cells. Cells were wansfected with a plasand
expressing an active L sequence tagged with an EGFP reporter i the presence of vehiele
{RPS) or in the presence of NRTIs {dd4T, AZT, or 3TC) or methoxy-NRTls (Me-ddT, 2Me-~
447, Me-AZT, IMe-AZT, IMe-3TC, 2E-d4T, 2E-AZT, or 3EL3TC). Transtected cells
were selected n puromyain. 7 davs after traasfection, cells that underwent retrotransposition
{EGFP-positive} were assaved by flow cytometry. Cells were gated based on background
flaorescence of plasmid ML, which has two point nutations in LI-ORF1 that abolish
retrotransposition, Data are nornwhized with RPS set to 1. These data indicate that NRTIg
mierfere with endogenous L1 activity whereas the modified NRTis would not interfere with
this natural L1 activity of the cell, 3E6-3TC appears to have some residual nterference with
natural L1 activity, whereas the other Kamuvudines {modified NRTIs) have ne effecton L1
activity.

{02771 All publications, patents, and patent applivations mentioned in this
specification are herein incorporated by reforence o the same extent as if cach individual
publication, patent, or patent apphication was specifically and individually indicated to he

incorposated by reforence, including the reforeness set forth in the following list:
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{02781 One of ordinary skali i the art will recognize that additional embodiments or
miplementations are possible without departing from the teachings of the present disclosure
or the scope of the claims which follow. This detaited deseription, and particularly the
specific details of the exemplary embodiments and implementations disclosed herein, 1s given
primarity for clarity of wnderstanding, and no wunnecessary imitations are to be understood
therefrom, for moedifications will become obvious to those skilled m the art upon reading this
disclosare and may be made without departing from the spinit or scope of the claimed

mvention,
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CLAIMS

What s clammed i

i, A compound having the structure

R; Ry

. wherein

R; is selected from covalent bond, H, alkyl, substitmed alkyl, branched alkyl,
atkylene, acyl, alkexyl, acvioxyl, and asoylaming

Ry s selected from H, alkyl, substitvted alkyl, branched alkyl, alkylene, acvl, atkoxyl,
acyioxyl, and acyvhunino;

B is selected from H, alld, substinuted alkyl, branched alkovl, alkylons, aovl, alkonsd,
acvioxyl, and sovlamimy

Rs s selecied rom O, CH, and §;

Ry is selected from the groups consisting of H, alkyl, substitated skl branched atkyl,
alkvlone, aevl alkoxsd, aoviogv, and soviaming; and

Rris selocted from the group consisting of H, alkyl, substituted alkyl, branched alhyl,

alkylene, acvl, alkoxyl, scvloxyl, and scylanuno.

4 The compound of clanm 1, wherein B isxelectod fromn the group consisting of

ethrvl, butyl, propyl, T-methylpropel, and t-butyl.

3. The compoand of elaim 1, wherein Ry is selected from the growps consisting of

covalent bond, H and ~-CH,,

4. The compound of any one of clatms 123, wherein Ry is selected from the

group consisting of ethyl, batyl, propyl, Z-methylpropyl, amd t-baiyl

H3
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3, The compound of any oue of elaimy 123, whersin By 1 -N{R:h, whire each
R is independently sclected from the group conststing of alloyl, substituted atkyl. branched

atkyl, allydene, acyl, atkoxvl, aovloxyl, and acylamino.

&, The vonpound of clatm 5, wherein cach Rs i independently selected from the
group consisting of H, CH;, etuel, butyd, t-hutyl, sobutvl, propyl, S-methyipropyl, isopropyl,
pentyl, and hexyl.

7. The compound af any of claims -6, whorein By Is selocted from the group

consisting of ~CHz and otfned.

8. The compound of any of clatms 127, wheretn Ry is selected fron the group

comsisting of ethyl, butyl, propyl, 2-methyipropyl, and t-buiyl,

g, The conmmpowesd of any of dladms 127, wherein Ry is sclected from the wroup
constating of -N=N"=NH and N1,
{0, The compound of any of clanms 12, eherem By 18 selocted from the group

consisting of sthyl, bunl, propyl, Z-oethyipropyd, and sbatvl,

i1, The compound of any of claims -9, wherein Ry g selected front the groop
comsisting of ~CHO-CH ~CHy, =0, ~CHeNH;, and —~CHpNaN=NH,

[ The compmmd of any of claims {9, wherein Ba is ~CH-Q-R, wherein R s
selected from the group conaisting of alkyl, substituted alkyl, allvlone, acyl, alkoxyl,

b

acylonyl, and acviamine.

Sroup consisting

A

13 Thecompound of cladm 13, whorein Ry iy selected fromethe

of - Hy ethyd, propel, 2-nwethyipropyd, sopropyl, butl, t-batel, isobutyl, pentyl, and hexyl

4. The compownd of awy of clams 1413, wherein the compound is 3 nucleoside

reverse transcriptase inhibitor (NRTT).

Hé
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The compeund of claim 14, wheretn the conpound is 3 phosphorylation-

incompetent nucleoside analog of the nucleoside reverse transeriptase inhibitor (NRT1).

16, A pharmaceatically aceeptable salt of the compmund of any one of claims 1+

-

A compinund having a structure selected from the group consisting of!

o

¥,

o
s on, iy
‘)\ | virg Hig

N Q
'\U
‘o

[

N¥

A [
T, A
= o &
S Y s
{‘
¢
Hyid
Q
&
HN i &
A,
HR 3 . .
\ cand & pharmacoetically acceptable salt
thereof
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I8 A compound having a structure selvcted from the group consisting of)
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., and a
pharmaceatically socoptable salt thereof

19, A compound having a structure selvcted from the group consisting of)
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2h A compownd having a structure selocted frony the group consisting of
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0

A pharmaceutival composition comprising the compound of aay one of clapms
21 and 2 pharmaceatically accoptable carrier.

23, A wmethod for treating retinal damage, comprising:

adminisiering an ctfective anount of a compound of any one of claims 121 or

a compaosition of claim 22 o a subject in need thereof,

24, A method for mhibiimg mflanmmasome activation by Aln RNA assoviated

with a coll, comprising: adonnistoring an effective amownt of a compound of any one of

clams 1-21 or a coraposition of ¢laim 22 to a subject in need thereof.

25 The method of clatm 24, wheretn the imnflammasome 18 selected from an

NLEP3 inflaromasome, an [L-theta inflammasome, and a combination thereot,
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260 A method for reducing ATP-tnduced pormeability of & ocll, comprising:
adnunistering an effective amount of a compound of any one of clams 1-21 or a composition

of claim 22 to a subject m need thereof,

27 A method for reducing an ameount of mitochondrial reactive oxygen species in
a cell, comprising administering an cffective amount of a compound of any one of claims 1-

21 or a composition of claim 22 to a subject in need thereof.

28 Themethod of any one of glabms 23-27, wherein the cell 18 selected from the
group consisting of a retmal pigmented epithelnim cell, a retinal photorsesptor coll. 8

choroidal cell, and combimations thereof.

29, A method of treating a condition selected from conditions associated with
retinal damage andfor degradation including drv age related macular degeneration (AMD)
and wet AMD, various formos of arthritis, including rheumatoid arthritis and reactive artherng,
diabetes mellitus, chronic obstnugtive palmonary discase, inflammatory bowel disease,
writable bowel svadrome, Duchenne muscular dvstrophy, grafi-versus-host disease, clwonic
pain, protiferative vitreoretinopathy, glavcorns, mudtiple sclerosis, bipolar disorder, major
depressive disorder, renal fibrosis, nephritis, pulmonary fibrosis, Huontington™s disease,
osteoporasts, ehronic lvmphooytic leakena, anxicty disorders, pulmonary tuberculosis,
OsEOpOrasis in post-tuenopausal women and fracture patients, systemic lupus
erythematosus, discoid lupus ervthematosus, chronic inflammatory and neuropathic pain,
autosomal dominant polveystie kiduey discase, spinal cord injury, Alzheimer’s disease,
newropathic paty, hypertension, varicose veins, type ¥ diabetes, tvpe I diabetes, gout,
auteinmmune hepatitis, graft vascular injury, atherosclerosis, thrombosis, metabolic syndrome,
salivary gland inflammation, trasmatic brain injury, ischemic beart disease, Ischemic stroke,
Parkinson’s discase, melanoma, npauwroblastoma, prostate, breast, skin, and thyroid
cancers, tubiular carly gastric cancer, neuroendocorine cancer, mucoid colon cancer, colon
cancer: high-grade wrothehal carcinoma, kidney clear cell carcinoma, undifferentiated ovary
carcinoma, papillary intracystic breast carcinonw, gram negative
sepsis, infectious Preudomonas geruginosa, Vibrio cholera, Legionella spp., Francisella
spp., and Lelshmania spp. Chlamydia spp., crvopyrinopathies; keratitis, gone vulgars,
Crohn’s disease, nloerative colitis, insulin resistance, obesity, hemolvtic-uremic syndrome,
polyoma virus infoction, inunune complex ronal disease, acute tabudar typury, tapus nephritis,

74
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famibial cold automBanmatory syndrome, Muckle-Walls syndrome and neonatal onset
multisystem inflammatory discase, chivonic miantile neurologic cutancous and articular
autointlanunatory diseases, renal ischemia-perfusion inpry, glomeralonephritis,
crvoglobulinemia, svstemic vascuditides, 1gA nephropathy, malaria, helnunth parasites, septic
shock, allergic asthma, hay fever, drug-induced hing nflanunation, contact dermatitis,
leproay, Brurkholderia cenocepacia infection, respiratory syncitial viras mfection, psoviasts,
scleroderma, cystic fibrosis, syplulis, Sj8gren’s syndrome, milammatory jount discase, non-
alcoholic fatty liver disease, cardiac surgery (pen~/post~-operative inflanynation), acute and
chromic organ trapsplant rejection, acute and chronic bone marrow transplant rejection, tumor
angiogenesis, amyotrophic lateral sclerosts, and autism spectnnn disorder comprising
adnunistering an effective amount of a compound of any one of claims 1-21 or 2 composition

of claim 22 o a subject in need thereof.
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