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QLIGONUCLEQTIDES

FIELD OF THE INVENTION
The present invention relates generally to the fisld of RNA splicing. In particular, the invention
refates to splice-switching oligonuclectides (8803} capable of altering the splicing of a pre-
mRNA encoding a variant of the SLO25413 gane. The invention also relates o the use of

S80s as therapeutic candidates for reating oilrin deficiency.

BACKGROUND
Citrin deficiency s an autosomal recessive disorder of urea cyole metabolism, caused by
pathogenic varants in the SLC25413 gene encoding cilrin, @ mitochondrial aspartaie-
ghitamate carrier. This condilion can marnfest as neonatal intrahepatic cholestasis during
infancy (NICCD) and citrullinemia type I (TTLNZ) characterized by adult-onsst recurrent
hyperammonemiz  with  altered mental siatus that s refractory o conveniional
hyparammonemia therapies. NICCD may usually be self-limited and i is followed by &
retatively asymptomatic period during childhood. Duning the so-called “asymptomatic period”
some patients with ciinn deficiency may have recurrent hypoglycemia, feeding difficulties, or
growth restriction. Affected ndividuals generally have a unigue aating pattern (preference of
high-fat/protein feods and avoidance of high-carbohydrate diet) with typically lsan habitus
before the onset of CTLNZ. identifying strisk individuals during this period is challenging due
ie the absencs of specific clinical indings or biechemical markers {0 address the disease
progression.  Undiagnosed  individuals are at sk for significant growth  resiriction,
hypogiycemia, and sudden onset of life-threatening hyperammonemia.  Therefors,
astablishing a diggnosis of citrin deficiancy in & tmely manner and the devslopment of

aeffective therapies are crucial, The delailed mechanism of tha disease remains unclear,

Currently, the only avallable management for citrin deficiency is distary modification with a
high-protein/fat diet and adding medium chain riglyeerides in distin some cases, Additionally,
high carbohydrate diet and alcohol intake are discouraged since these can cause metabolic
decompensations including hypsrammoeneamia, which can lead o neurclogical damages.
Howsever, while distary modification may be used 1o manags the sympioms of citrin deficiency,
it does not cure the underlying genstic cause of the diseass. Recent studies suggesied that
the camier frequancy of citnin deficiency was relatively high {(nearly 1 in 20-40), particularly in
Fast Astan countries such as in Singapore o Japan. Thus far, no curative management for
citrin deficiency exists except for liver ransplantation. Howsver, liver ransplantation is a major
operation that comes with rigks of medical complications such as bleeding and infections. Liver

fransplantation also carries risks such as immune rejection, biliary complications, transplanted
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fiver failure and the nead for lifslong immuneg suppression medication. There is thus a need
for & new therapeulic strategy that corecis the underlying pathogenic genetic variant of the
SLC2EATS gene that overcomes the drawbacks of the prior art. Furthermore, other desirable
features and characteristics will become apparent from the subsequent detailed description
and the appended claims, taken in conjunction with the accompanying drawings and this

background of the disclosure.

SUMMARY
i one aspect, there s provided a methed of exon-skipping comprising providing a splice-
switching cligonuclectide (880 that binds 1o a site within & target region present on g pre-
mRNA franscript of the SLEZ25A 13 gene, wherein the binding of the 850 induces the exclusion
of SLC2BAMS-PES from a mature mRNA transcript of the SLC28413 gene.

in one embodiment, the target region has af least 95% sequence identity 1o SEQ 1D NG 28

i one embodiment, SLEC25A1TS-PED comprises the sequance of SEG D NO: 28

i one embodimant, the method as described herein comprises providing an 580 having &

binding site that lies within SLCZ5A1E-PED.

in oneg embodiment, the method as described herein comprises providing an 850 having a
Binding sile that overlaps with the acceplor splice site of BLC28A13-PED and with or a part of
SLUZBATI-PES,

i one embodiment, the method as describad herein comprises providing an 380 having 8
binding sile that overiaps with or a part of SLC25413-PES and with the donor splice site of
SLOZEATE-PESD,

in oneg embodiment, the method as described herein comprises providing an S50 having a

sequence selected from the group consisting of SEQ ID NOs 1 to 12.

i one embodimeant, the method as described hersin comprises providing an SSO having a

sequence selected from the group consisting of SEQ ID NOs 13 to 27.

i one aspect, there is provided a splice-switching oligonuclectids {S50) that binds to a sie
within a larget region present on a pre-mRNA ranscript of the SLCZ25473 gene, the larget

region having at least 35% sequence identity to SEQ 1D NO: 28, and wherein binding of the
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BE0 induces the exclusion of SLCZEA13-PES fram a mature mRNA transcript of the
SLC2EATS gana.

in one embodiment, the SSO as described herein has a binding site that lies within SLC25A13-
PES5 and wherein SLC25A13-PE5 comprises the sequence of SEQ ID NO: 29.

i one embodimant, the SSO as described herein has a binding site that overlaps with the
acceptor splice site of SLC25A13-PE5 and with or a part of SLC25A13-PE5, and wherein
SLC25A13-PE5 comprises the sequence of SEQ ID NO: 29.

In one embodiment, the SSO as described herein has a binding site that overlaps with or a
part of SLC25A13-PE5 and with the donor splice site of SLC25A13-PE5, and wherein
SLC25A13-PE5 comprises the sequence of SEQ ID NO: 29.

i one smbodirnent, the SSO as described herein comprises a sequence selected from the
group consisting of SEQ ID NOs 1 to 12.

in one embodimant, the SSO as described herein comprises a sequence selected from the
group consisting of SEQ ID NOs 13 to 27.

in ong aspect, there is provided an SSO as described herein for use in treating citrin

deficiency.

in one aspeact, there is provided a use of an SSO as described herein in the manufacture of a

medicament for treating citrin deficiency.

in one aspedt, there is provided a mathod of treating ciirin deficiancy comprising administering

to & subject a composition comprising an S50 as described hergin.

in one embodiment, the 880 as described herein is between 18 and 40 nuclectides in tength.
i one embodiment, at lgast ong of the nuclectides of the 350 is chemically modified and the
chemical modification is 2-O-msthyl RNA modification, 2-0O-methoxyethyt RNA modification,

focked nuddsic acid substitution, oF phosphorothicats linkage.

in one embodiment, the S80 as described hergin comprises phosphorothioaie linkages

betwean all nuciectides of the 880,
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In one embodiment, ezch nucteatide of the S30 as described herein comprises either g 2°-0-
methyt RNA modificgtion, a 2-0-methoxyethyt RNA modification or a locked nucleic acid

subrshifution.

ir one aspedct, there is provided g pharmaceutical composition comprising (a) a therapeutically
effective amount of an SSO as described herein and (b) one or more pharmaceutically

acceptable carriers and/or diluents.

BRIEF DESCRIPTION OF THE DRAWINGS
in order that the present invention may be fully understood and readily put into practical effect,
there shall now be described by way of non-limitative examples only preferred embodiments
of the present invention, the description being with reference o the accompanying illusirative

figures.

irt the Figures:

Figure 1 is a schematic of @ minigene sysiem that harbours the specific genomic mutation,
£ 488-28220>T of the SLOZE413 gene {(accession number NM_001180210.2). The minigens
inciudes the fuli sequence of exon &, the first 2,000 bases (from axon & donor splice siie) and
fast 4,823 bases of intron 5 {or 4,823 bases before exon § acceptor site), and the complete

seqguence of exxon 8. The relative lodl of the G-lo-T substitution is demarcaled in the figure.

Figure 2 szhows that CRISPR knock-in and minigens recapiulates the generation of
BLOZBATS-PES (¢ 489-2809 to ¢.488-2825 with reference o NM_001180210.2). Figure 24 ig
a gel slectrophoresis image of PCR preducts from mRNA extracied from hepatocyiss
differentisted from human embivonic stem cells (e induced hepalocyles, or iHeps)
cortaining CRISPR knook-in of the ¢ 488-2022G>T mutation. HET i 3 heterozygous clong,
andd HOM1 and HOMZ2 are two separate homozygous clongs containing the ¢.488-282206>T
riutation. CAPN1D serves as a lbading control. The data shows that CRISPR knock-in of the
C.465-2022G>T mutation recapitulates the retention of ihe pssudoexon SLECZBA1E-PES in
endoganous SLO2E4 13 mature mRNA. Figure 28 is an immunoblot image confirming the loss
of full tength citrin protein in mutant iHeps as a result of the incorporation of SLC25A13-PES
into SLC25413 mature transcripts. Figure 2C is @ graph indicating loss of ureagenic potential
and Figure 20 is a graph revealing loss of ammonia clearing capability in mutant iHeps. Figure
2E is a graph showing that hepalooyte differentiation markers ALB and ASGRY are not

significantly different in iHeps harbouring wildivpe or mulant (heterozygous or homozygous
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for cABS-28220G>T) SLO25A1S, suggesting that loss of citrin does not impact hepaiooyte
differentigtion, and that the vss of ureagenic polential and ammonia dearing capability are
not due (o g difference in hepatooyts differentiation. Figure 2F is a gel electrophorasis image
showing PCR products from three cell lines (HEK283T, Huh? and Hep(2) transfectsd with
gither pCiT2 (WT minigene constructi or pCiTZmud (mutant minigene constructy, The
rinigens containing the same mulghon recapiulates the relention of the pseudosxon
SLEZBATI-PED in mature massenger RNA (mRNAY Al thres oell lines showed correct
sphicing of exon 5 {o axon 8§ when fransfecied with pCITZ, and all thres cell Hines show
incorporation of the 85bp pssudoexon when ransfected with pCIT2mul. Figure 23 is a sample
ssguencing data showing the incorporation of the pseudosxon SLEZBA1E-FPES in mature

mRNA from cells transfected with pCHITZ2mut.

Figure 3 is a capillary electrophoresis image from soreening of 580s against SLEZ5A1T3-PE.
Huh? ware co-transfectsd with 500ng of pCiT2mut and 25nkd of B80s, after which FOR was
performed on complementary DNA {CDNAY generated from RMNA edracted from the
transfecied calls. The dala reveals efficacy of the 580s in mediating splice exclusion of
SLC2BAMS-PES. Bvery ribose sugar moisty in a 380 s modifisd with 2°-C-methyl that is linked

via phosphorothioate (PS) backbone.

Figure 4 {5 a graph showing S350 concentration response ocurves of selecled B80s from the
screen in Figure 3. Huh? were co-transfected with 500ng of pCiT2mut and S80s at the
indicated amounis, after which PCR was performad on oNA generated from RNA exiracted
from the transfected cells. Capiliary slectrophoresis was used on PUR products to quantify
the amount of products with the pseudosxon and without the pseudosxon. Efficacy is reflectsd
as the percentage of PCR products without the pseudogxon over the tal amount of PCR

products (% splicing correction}.

Figure 5 shows the result of soreening of shortensd seguences and mixmers. Figure BA s a
graph showing splicing correction efficacy of B50s #2032, #2033 and #2034 moedifisd with
2'Ce-methyl (200} or 2-C-methoxyethyi (ZMOE), ali of which are shoriened from #2008, when
Huh cells stably exprassing the mutant minigens were reated at 200nM by free uplaks in
calclum-enriched medium (CEM). #2008 serves as positive control. Figure 5B i3 a graph
showing the screening of mikmars derivad from the sequence of #2034 when transfectad at
10ni into HepdS2 stably expressing the mutant minigens. In both sets of experniments, PCR
wias performed on cDNA generated from RNA extracted from the transfecied cells. Capillary
glectrophoresis was used on PCR products to guantify the amourd of products with the

pseudoexon and without the pseudoexon. Efficacy is reflecied as the percentage of PCR
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products without the pseudoexon over the total amount of PCR products (% splicing
corraction). Every ribose sugar molety in a mixmer is either modified with 2-0O-msthyl or 2°-0-
methoxyethyl substituied with a locked nucleie acid (20ML or 2MOL, respectively) that is

linked via phosphorothicate backbone.

Figure 6 shows the results of screening of shortened mignsrs used in Figurs § by free uptake
in calciurn-enriched medium (CEM). Figure 84 is a graph showing screening of mixmers by
free uptake under CEM on Huh? or HepG2 cells stably expressing the mutant minigene when
treated with 20nM or 200nk of 8803, respectively. The use of CEM stimulates in vifro uptake
by celis and betler reflects the in vivo efficacy when compared to ransfection. The data shows
that the shortened mixmers were abie 1o modulate splice-out of SLCZEA1E-FES in the
ghszsance of a transfection agent. Figure 8B is a graph showing the fres upiake dose response
curve of selectied 5508, revealing gocd efficacy of #2034.5 and #2034.15 with ECs in the
nanomolar rangs in Huh? cells stably expressing the mutant minigene. In fact, ECss of the two
ribuners arg about 10 times lower than their parent 350 (#2008} and the singly 2-C-meathyl
modified #2034 Figure 80 is a graph of MTT assay whereby Huh? cells stably expressing
the muiant minigens were treated by free uptake under CEM with different concentrations of
B&0s for 72 howrs; 350s with a "7 mrefix are additional negative controls whose sequence
is full complementary with identical chemical modifications as the correspending S8C lead
#2034, Az each “Cl-prefied 550 was chemically modified in the exact patlem as is
corresponcing mixmar, £ 38rvas as a negative contral in the context of chemical modifications,
The data suggests a2 lack of foxiclly caused by the sequence and chemistry combinatlions.
LNAZZ with the sequence BAlaggaaacacabAT (SEQ 1D NG 48) and LNA4T with the
sequence EAEatlccgotETG (SEQ 1D NG 47) sre gapmers with full PS backbone linkage
containing natural DNA bases {in small letters) flanked by threg LNAS (in capital lefters) on
both ends that were previcusly shown 1o be raspectivaly non-1oxic and acutsly hepatotoxic in
vive i mouse studies. Therefore, LNADSZ sarves as a negative control and LNA4T serves as
a positive control In SEQ 1D NOs 48 and 47, capital lefters reprasent LNA, small letlers

represant DNA, and “E” represents S-msethyicviosine,

Figure 7 shows resulls from asiglogiycoprotein receptor-mediated functional uptake of 880s
{in the absence of CEM and a fransfeckion agent) in iHeps homozygous for SLC28A13-FES
with 4pM of GalNAc*2 (GN3k-conjugaied non-targeting control (NC2 g1.1), 20348
(2034 5011 or 2034185 (2034 18g1. 1) in either 2-Cemethyl + LNA QOMLY o 20
mathoxyethyl + LNA (ZMOL) chemistry combinations. Three GalbNAc molecules, GN*3, were
chemically bonded in & trivalent configuration o the 5 of each 38530, which allow for receptor-

mediated uptake of the 350s through the asialoglycoprotain recepior (ABGR1/2) expressed
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spacificaily on hepatooytes (Figure ZE). Figurs 7A reveals that the GaiNac-conjugated 580s
20345 and 203415, but not NC2, can modulate spiice-out of SLC25A13-PES from
gridogenous SLCSZSATY wanscripts. Figure 7B displays expression of total SLC25413
franscripts in mutant iHeps, reflected as relative exprassion upon normalization o WT iHeps
treated with the respective NC2g1. 1 non-iargeting control {200 for 20ML 880s or 2MOE for
MG §80s). The data suggests that the splicing correction by the GalNAc-conjugated S350s
rascuss SLCZB4A13 transcript levels, which wers degraded by nonsense-mediated decay in
rrtant iHeps, Figure 70 shows rescue of ureagenesis and Figure 7D highlights rescus of
ammonia cigarance when mulant iHeps were realed with GalNAz-conjugated 350s. Date
stwown are of mutant iHeps normalized 10 WT iHeps reated with the respective NCZg1.1 non-
targeting control. Figure 7E is a graph of expression of acute toxicity markers COKNTA, BAX
and PUMA in mutant iHeps treated with $50s, shown relative o WT iHeps treated with
MC2g1.1. The data hints at lack of acule toxicity in treated mutant iHeps with no significant
increase in expression of acute ndeity markers COKNTA, BAX and PUMA when comparsd
o WT iHeps treated with NCZ2g1.1. Flgure 7F shows an imraunoblot image whereby
axprassion of full length chirin protein is rescued in iHeps homozygous for SLC2BA13-FES
{(HOM1) treated with GaiNAc-conjugated #2034, 18 20ML (GN*3-2034.15 20ML). This would
corroberate with the functional data, suggesting that the rescue in the functional assays {(Fig.

7C and 7D} ars likely due o rascus in the protein level, and thus prolein activity,

DETAILED DESCRIPTION OF THE PRESENT INVENTION
irt an aspect of the invention, thare is provided a methed of exon-skipping comprising providing
a splice-swiiching oligonuciantide (B30} that binds 0 a site within a targset region present on
a pre-mRNA franscript of the SLC25413 geng, wherein the binding of the 350 induces the
axciision of SLC25A13-PES from a mature mRNA iranscnpl of the SLC354713 gene.

By "cligoenuclectide”, # is mesnt {o refer 10 any pelynucisctide. A "polynuclectide”™ is an
gligomer comprised of nucleotides. A pobynuciectide may be comprised of DNA, RNA modifiad
forms thereof, or 3 combination thereof The term "nucieotide” or its plural as used herein is
interchangeable with modified forms as discussed herein and otherwise known in the art. in
certain instances, the art uses the term "nucieobase” which embraces naturally occwring
nuclectides as well as modifications of nuciectides that can be polymerized. Thus, nucleotide
or nuclechase means the naturally ocourring nuciecbases adenine {4}, guanine {G), cyiosine
(3, thymine {T) and wract (L) as well as non-naturally ocourning nuclecbasss such as
xanthing, diaminopurine, &-oxo-NG- methviadenine, 7-deazesanthine, 7-deazaguanine,
M4 N4-gthanooytosin, N N-ethans-2,6- diaminopurine, S-methyioytosineg (mG), 5-{C[3} C8)-

glkynyloylosing, 5-fluorouracil, 5 bromourach, pseudoisocyiosine, 2-hydroxy-S-methyb4-ir-
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fazolopyriding isocytosine, isoguaning, inosing and the "non-naturally cccurring” nuclechasss
described in Benner of ah, U. 8. Pat. Mo, 5432272 and Suszan M. Freler and Kar-Heinz
Almann, 1997, Nucleic Acids Research, vol 25 pp 4428-4443 The term “nuciecbsse” slso
inciudes not onty the known puring and pynimidine heterooycles, but also heterogyclic
analogues and tautomers thereof Further naturally and non-naturally oocurring nuclenbases
inciude those disclosed in U S Pat. No. 3,687 808 (Merigan, st al), in Chapter 15 by Banghi,
i Antisense Rasearch and Application, BEd. 8. 7. Crooks and B. Lebleu, CRC Prass, 1853, in
Enghsch el ah, 1881, Angewandte Chemie, Intermational Edition, 30 813722 (see especially
pages 8§22 and 623, and in the Concise Encyclopadia of Polymer Scisnce and Enginesring,
4oL Kroschwitz BEd. John Wiley & Sons, 1990, pages B58-85%, Cook, Anti-Cancer Drug
Design 1991, 8, 585-807, sach of which is hereby incorporated by referencea in its entiretyl. In
various embodiments, pelynuclectides also include one or more "nucizosidic bases” or "hase
untits” which include compounds such as hseterocydlic compoeunds that can serve ke
nuclechases, including cerain "universal bases” that are not nucleosidic bases in the most
classical sense but serve as nuoleosidic bases. Universal bases include 3-nitropyrroie,
optionally substituled indoles {e.g., S-nitroindole), and optionally substitided hypoxanthine.
Other desirable universal basss include pyrrole, and diazole or triazole derivatives, including

those universal bases known in the art.

Folynucieoiides may also include modified nuclechasss. A "modified hase” is undarstood in
the art o be one that can pair with a natural basa {(2.¢., adsning, guaning, cviosine, uraci,
andfor thyming) and/or can pail with & non-naturally occurring base. Exemplary modified
ases are desoribed in EF 1 072 879 and WO 87/12898, the disciosurss of which are
incorporated harein by refarence. Modified nuclecbases include, without limitation, 5
methyicyiosing  {(5-mea-C),  S-hydroxymethyl  oytosine,  xanthing, hypoxanthing,  2-
amincadenins, S-methyi and oiher allyt derivatives of adenineg and guaning, 2-propy! and
other alkyl derivatives of adenine and guanine, Z2-thiouraci, 2-thiothyming and 2-thiocyiosine,
S-halourach and oytosing, S-propymyl uract! and oytosine and other alkynyl derivatives of
pyrimidine bases, S-azo uracl, cytosine and thyming, S-uracl {pseudouwraciy, 4-thinuracit, 8-
hate, -aming, 8-thial, 8- thicalkyl, 8-hydrexy! and other 8-substituted adenines and guanines,
S-halo particularly 5- bromo, S-rifflucromethy] and other S-substituted uracis and cyiosines, 7-
methylguanine and 7- methyladening, 2-F-adenine, Z-amino-adening, §-azaguaning and 8-
azaadening, 7-deazaguanine and 7-deazaadening and 3-deazaguaning and 3-deazaadenine.
Further modified Dbases include incychc pyrimidines such as phenoxazing oytidine(iH-
pyrimido[d 4-b}  [L4lbenzoxazin-2{3H)- one), phencthiazine coylidine  {H-pyrimido{d 4-bj
Ldlbenzothiazin-2(3Hrone), G-clamps such as a substituted phenoxazine oytidine {e.g. 8-(2-

aminoethoxy-He-pyrimidol[5 4-bl  [L4lbenzox  azin-2(3H)one}, carbazole coviidine {(2H-
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pytimidol4, 5-blindol-2-one}, pyridoindoie ovtidine (M- pyrido{3' 24, Slpyrrolol? 3-dipyrimidin-
Z-one). Maodified Dases may alse include those in which the purine or pyrimiding base s
repiaced with other heterocycles, for example 7-deaza-adeninge, 7-deazaguanosing, 2-
aminopyridine and Z-pyridone. Additional nuciecbases include those disclosed in U, 3. Pat
Mo, 3,687 808, those disclesed in The Concise Encyoiopedia Of Polymer Sclence And
Engineering, pages 858-858, Kroschwitz, J. 1, d. John Wiey & Sons, 1890, those discinsed
by Englisch et al, 1881, Angewandts Chemie, Infernational Ediion, 30 813, and those
disclosed by Sanghvi, Y. 8., Chapter 15, Antisense Research and Applications, pages 288~
302, Crocke, 5. 7. and Lebleu, B, ad., CRC Fress, 1993, Certain of these bases are useful
for increasing the binding affinity of the polynuciectide and include b-substituted pyrimidings,
&~ azapyrimidines and N-2, N-8 and G-8 substituted purines, including 2-aminopropyladenine,
5 propynviuracii and S-propynvicyiosine. S-methyicyiosing substiiutions have been shown o
increase nucleic ackd duplex stability by 0.6-1.2.deg.C and are, in certain embodiments,
combingd with 2~ O-methoxyethyl sugar modifications. Ses, U, & Pat Nos. 3.687 808, U. 5.
Fat Nos. 4,845 208 5130,302; 5, 134,088, 5,175,273, 5387086, 5432272, 5,457 187,
5,450 2658; 5 484 D08, 5502, 177, 5,525,711 ; 5,552 540, 5,587 4680 5 584, 121, 5506081 ;
5,514,817 50845985, 5830653, 5,763,508, 8,005,006, 57506892 and 5881841, the

disclosures of which are incorperated herain by reference,

As used herein, the lerm “splice swilching oligonuciectides” (880s) or “splice switching
gligomers” is mgant 1o include synthelic antisense nucleic acids that base-pair with 3 pre-
miRNA and disrupt the splicing process by sterically biocking the BRNA-RNA bass-painng or
protain-RNA binding interactions that oocur bebwesen components of the splicing machinery

55 i

and the pre-mRNA. The 8503 may also be Known as “antisense nucleotides”, “steric blockers”

or “steric hindrance anlisense nuclectides” which can modulate splicing. 880s may medulate
splicing via steric blocking. In some embodiments, S30s may be mixmers. The term "mixmer”
inciudes an oligomer on which different types of chemical modifications are applied on its
sugar moisties, or on s backbong linkages, or both. Examples of chemical modifications
include phosphorcthinate linkages, 2-C-methyt RNA modifications, 2-O-methoxyethyl RNA
modifications and locked nucleic acid substifuions. The terms “phosphorothicate bored” and
‘ohosphorothicats linkage” are used interchangeably. The chemical modifications may
increase the efficacy, selectivity and siability while manfesting superior {oxicity profile of

B&5s.

The term “splining” refers {o an RNA processing mechanism in which & pre-mBNA is made
into a mature MRNA. During splicing, infrons are removed and exons are connected. Splicing

is catalysed by the splicecsome complex. As used herain, the term “allernative splicing” is
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meant W include g process by which 8 gene can encods for mulliple mRNA and protein
proeducts by diffsrentially sslecting which exons are 10 be included in a mature mRNA
fransoript. For example, atermnative spiicing can iake the form of ene or more skipped sxons,

variable position of intron splicing, or intron refention.

As used heraein, the term “introny” refers {o a segment of non-coding nuckeic acid sequence that
is ranscribed and is present in the pre-mRNA but is excised by the splicing machinery and

therefore not presert in the mature mRNA fransaript,

As used herein, the term "exon” refers {o & segment of a nucleic acid sequence that is
fransoribed ivto MRNA and that is present in mature mRNA after splicing. The farm "exon
skipping” is meant 0 include the process by which an entire exon, or a portion thereof, is
rernoved from a given pre-mBRNA and is thereby excluded from being present in the mature
miENA. For exampie, the portion of the profein that is otherwise encoded by the skipped sxon

is niot prasent in the expressed form of the protein.

i one embodiment, the target region has at lzast 85% sequences identity to SEQ D NO: 28,
in various embodiments, the target region may include g variant sequence of SEG D NG 28,
The target region may comprise, consist or consist substantially or essentially of & sequence

having at least 90%, B6%, 97%, 98%, 89% ot 100% sequence identily thersio,

As used herein, the term “splice sile” is meant 1o nclude specific nucksic adid sequanceas that
can ba recognized by the splicing machingry as being suilabis for excision andfor ligation with
the corresponding splice site. The splice site defines the precise exon-intron boundary that
allows the excision of infrons present i pre-mBNA franscripls. As used herein, the term %
splice site” {also known as donor splice site) refers 1o a nucisic add sequence surrcunding
the exorriniron boundary at the & end of an intron that marks the start of the infron and its
boundary with the preceding exon sgguencs, The term "3 splice site” {(also known as aceeptor
aspfice sife} as used hergin refors 1o 2 nuclels acid sequence surrounding the Infron-exon
boundary at the 3 end of an intron that marks the end of the intren and s boundary with the

following exon seguence.

As usad herein, the term “pre-mRNA” or "precursor mRNA” refers {0 3 strand of messengsr
ribonucieic acid (MRNAY, synthesized from a DNA template by ransoription. Pre-mRNA is
composed of exons, infrons and untranslated sequences (before the first and after the last
gxons respectively). Generally, sukaryotic pre-mRNA exists only briefly before i s fully

processed into mature mRNA
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The term “binding” a5 used in the contexd of an S30 is meant {o inciude the hybridization of
the 880 to g sie within a targel region on a pre-mRNA transaript. The term “hybridize” or
“hybridization” may include the binding of a single-stranded nucleic acid or a locally single-
stranded region of 2 doeuble-stranded nucleic acid o ancther single-strandesd nudsic acid or
a lccally single-stranded region of 2 double-stranded nudleic acid having a complementary
saguence through the pairing of complementary nucieic acids. It is generally known o a
person skilled in the art that binding or hybridization of one seguence io ancthar does not
require total complementarity of the sequences. For example, he sequence of the S50 may

be completely complementary or partiglly compiementary 1o the target region to which it hinds.

The term “site” refers to a lpcation that the 350 is substantially or fully complementary io. The
S80 may bind to this site. In the context of "a sile within a targst region on a pre-mRNA
transcript’, the siie lies within the target region, and the target region forms a part of the pre-

i NA franscript.

By “variant” in the relevant gene, it is meant to include any variation or alteration in the
sequences of said gene, such that the sequence differs from what is found naturally or in most
people. Similarly, a “non-variant” may include any sequence of the gene that may be
considered “wild-type”, i.e. a sequence that is deemed normal or typical for said gene. As
such, a “variant’” of the gene means any one or more alteration(s), i.e. a substitution,
duplication, inversion, insertion, and/or deletion, at one or more (several) positions, of the
polynucleotide of the gene. A substitution may include a replacement of one or more
nucleotide(s) occupying a position with one or more different nucleotide(s); a deletion means
removal of one or more nucleotide(s) occupying a position; and an insertion means adding
one or more nucleotide(s) immediately adjacent to a nucleotide occupying a position. The term
“variant” may also refer to any variation or alteration in the sequence of a gene that results in

the loss of wild-type protein expression and/or function, or gain-of-function.

in one embodiment, the pre-mRMNA franscript of the SLC2B4713 geng is a pre-mBRNA transcript
of a variant of the 8L C25413 gene. The variant of the SL.C254 13 gene may comprise a ¢ 468-
292247 mutation. In one embodiment, the binding site of the 880 as described herein
resides within a target region of 5 -
CCUCCCAUUGHUCAAUAGCUCACGAUUUGUUCAUICAYUUGGUUUUACAGAAUACLI
VUCACUGAUGAGAAUGCCUGUCAUUVAUUGAGCACCUACUAUACAUCUAAAGCALLC

UGCUGAGCUGCAUGUALAAAUGUAAGUAGAUGCUUACAGGACUUCAAARGGUUAUAC
VGUCUULILCCUUGE - 37 (BEQ 1D NGO 285, The ¢DNA sequence that encodes for SEQ 1D
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NC: 28 is & -
CCTCCCATTGTTCAATAGCTCACCATTTCTICATTCATTTGOTTTTACAGAATACTTTTCA
CTGATGAGAATGCCTGTCATTTATTGAGLACCTACTATACATCTARAGUATTCTGLTGAG
CTGUATCTATAAATCTAAGTAGATGLCTTACAGGACTTCAAAAGGTTATACTGTCTTTITLL

TTGGE - 3 (SED D NG 44). 1 would be generally understond that g skilled person given SEQ
1D NG: 44 would know how o derive the RNA sequance of the target region (Le. BEQ 1D NG:
28y SEQ D NO2Z8B comprises the sequence of SLEC25AME-PES (SEQ 1D NG: 28) as well as
the sequence of partial introns flanking SLC25A13-PES. The sequence of partial introns
flanking SLCZBA13-PES include the acceptor and donor splice sites of SLCIZ5A13-PES. The
£ 489-2822G>T mutation In SEQ 1D NGO 44 and the corresponding GrU mutation in SEQ D
NC: 28 are shown in bold and underline above, In one embodiment, the binding site of the
S50 may overlap with the SLOZSATB-PES scceptor splice site and with or a pard of
SLEZEATS-PES. In ancther embodiment, the entire binding site of the 3530 may le within
SLECZ2BATS-PED. inysl another embodimeant, the binding stie of the S50 may overlap with or
g part of SLCZEAMB-PES and the BLO25A13-FES donor splice site,

i one embodiment, SLC28A13-PES comprises the sequance of SEG D NG: 28,

The term "pssudoexon” refers (o a potential exoen, containing adequats & and 3 splice siles,
that s not normally spliced indo mature mRMNA by the splicing machinery. The inclusion of a
pseudoexon in a mature mRNA, for example dug 1o 8 mulation that either creales/aclivaies
or sliminates/diminishes & splicing motif or splice site, or dysregulation of the splicng
machinery stemming from the absence or overproduction of one or mors components of the
splicsosoms complex or speciic RNA Dinding protein{s) acting as splicing enhancers or
splicing silencers, may cause a shift in the codon reading frame, an in-frame premature stop
codon, or addition of novsl amino acid residues, resulting in a loas of expression/function of
the protein. For clarity, the genetic mutation{s) that ffects the creation of a pseudosxon neead

not reside within the pseudoesxon.

in one emboediment, the term “pseudosxon” as used hersin refers 10 SLEC25A13-PES with the
RNA SROUBNICS ) -
AAUACUULUCACUGAUGAGAAUGCCUGUCAUUUAUUGAGCACCUACUAUACALCUAA

AGCAUUCUGCUGAGCUGCAUGUAUAAAL - 3 {EEQ ID NCG: 28). The cDNA seguence that
gncodes for SLO2BA43-PES is & -
AATACTTTYCACTGATGAGAATGLCTGTCATTTATTCAGCACCTACTATACATCTAAAGT

ATTCTOCTGAGCTECATGTATAAAT — 37 (BEQ 1D NG 45). Hwould be genegrally understood

that a skilled parson given SEQ 1D NG 45 would know how 1o derive the RNA sequence of
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SLOZBATE-PES (le. SEQ 1D NG 29). The terms “SLOZSA13-PEY, “SLCZ5A13-PE, "PE”

and “Exon 5 may be used interchangsably.

in one embodiment, the method as described herein comprises providing an 830 having a
binding site that lies within SLCZ25A13-PES.

i one ambodiment, the method as described hersin comprises providing an 880 having &
hinding site thatl overlaps with the accepior splice site of SLCZEATS-FPES and with or a part of
SLOZBATE-PESD.

In one embodiment, the method as described herein comprises providing an S50 having a
binding site that overlaps with or g part of SLCZBA1S-PES and with the donor splice site of
SLEZBATI-PES.

I various embodimeants, the method as described hersin comprises providing an 380 having

a sequence selected from the group consisting of SEQ ID NOs 1 to 12.

in varicus embodimants, the method as described herein comgprises providing an 80 having

a sequence selected from the group consisting of SEQ ID NOs 13 to 27.

in one aspsct of the present invention, there is provided a splice-swilching oligonudcigotide
{(SS0) that binds o 2 site within a target region present on a pre-mRNA franscript of the
SLLZ25413 gene, the target region having at lsast 95% sequsnce identity to SEQ HD NG 28,
and whersin binding of the S50 induces the exclusion of SLC2BA13-FES from a mature
mRMNA transcript of the SLC28473 gene.

and

[83]

i varicus embodiments, the 880 has a binding site that lies within SLCZSA13-PE
wherein SLCZ25A13-PES comprises the sequence of BEG D NG 28

in various embodiments, the S50 has a binding site that overlaps with the acceptor splice site
of SLC2BAI3-PES and with or a part of SLO25A13-PES, and wherein SLE2BA13-FES

comprises the sequence of SEQ 1D NO: 28
in various embodimeants, the S8C has a binding site that overlaps with or 2 part of SLC25413-

PES and with the doner splice site of SLCZ2BA13-PES, and wherein SLCZ5AT3-PED comprises
the zequence of SEQ D NO: 28,
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in various embodiments, the 350 of the invention comprises a sequence saiected from the
group consisting of SEQ 1D NOs 1 o 12, In varicus smbediments, the 880 comprises a
sequance selacted from the group consisting of SECQ D NOs 13 0 27 The 880 may be

betwean 15 and 40 nuclechides in langth.

Besides ¢ 488-2822G> 7T, other mutations may be able to cause the generation of SLEZ28A13-
FES. Examples of the other mutations that may result in the inclusion of SLEC25A13-FES
include ¢ 489-2022G>C, ¢ 489-2822G>A, 0.468-2023AT ¢ 489-2823A>(, ¢ 460-2923A>(C,
£.468-2023 469-2020del, ¢ 489-2822_488-2821del, ©468-2923_480-2021del, £ 489
2524 469-2921del, <.489-28232dsl,  ©40B-2023_489-2022dsl, ¢ 408-2824 489-2020dsl,
€. 409-2824 468-2921del, ¢ 408-2823 468-2022insT, .489-2923_489-2822insC, ¢ 460-
2833del, < 488-2024_469-2923del and ¢ 468-2025_460-2023del. | would be generally
appraciated by the skilled person that binding or hybridization of one ssouence to ancther
does not require olal complementarity of the sequences. Therefors, 880s with & seguernce
that is not completely complementary o the target region of SEG D NO: 28 would also be
able to bind to the target region. For example, 880s complementary o a pre-mRNA resulling
from & mutation selected from the group consisting of ¢488-20220G>C, ©488-20225G>4,
2. 468-2028A>T, ¢ 488-2928A>G, ©489-2023A>C, ¢4B0-2823 468-2020del, ©.489-
2022 489-2921del, ©.488-25233 489-2921del, ©489-2024 485-2021del,  £.489-2820dsl,
0. 409-2823 409-2022dsl,  ©480-2024 488-2922dsl,  c4680-2824 4099-2021del, ©.460-
2923 489-2922insT, ¢ 488-2023 488-2822insC, ¢.489-2023dsl, ¢ 468-2824_488-2023ds!
and ©.468-2925_480-2920del would also be able o bind to BEQ 1D NO: 28,

Advantageously, the 5803 of the present embodiments are able 1o bind o the respactive
binding sites on the target region competitively due o favourable binding thermaodynamics and
axtent of co-ranscriptional locally single-strandsd binding site on the target region identified.
Selection of the target region involves considering the presence of RNA-binding protein muotifs
ot the target region. The 3805 of the present embodiments are able 1o induce the dasired
spdicing modulation by competifive binding o targed sites that encompass or overlap sequence
motifs  used by the appropriate RNA-binding protein(s), snRNPs {(small nuclear

ribonucieoproteing), or both. Advantagaously, shortened S50s reduce propensity of immune

responss and may have supearor uplake kinetics by cells, as shown in Figure 6.
in various embodimeants, at least one of the nuciestides of the 830 is chemically moedified and

wharain the chemical modification is 2-C-methyl RNA modification, 2-O-methoxysthyl RNA

maodification, locked nudleic acid substitution, or phosphorothioate iinkage. The ferm “locked

14



10

15

20

25

30

35

WO 2024/005715 PCT/SG2023/050458

nuclaic ack” (LNA) generally refers 10 a modifiad RNA nucledtide where the ribose ring is

“lecked” with a methylens bridge connecting the 20 atom with the 4-C atam.

Modified polynucleciides are confemplated for use wherein both ong or more sugar andfor
one or more infernuclectide linkage of the nudlestide units in the polynudleotide s replaced
with "norengturally cccurning” sugars (e, sugars other than ribese or deoxyriboss) or
intemuciectide linkages, respeciively. in one embodiment, this ambodiment contemplates &
peptide nucisic acid (PNAY. In PNA compounds, the sugar-backbone of & poiynuclectide is
rapigced with an amide-containing {e.g., peptide bonds between N-(Z-aminosthyli-glycineg
uris: backbone. See, for example U &, Patent Nos. 5,530,082, 5,714,331 ; and 5719282,
and Mieisen ot ah, Science, 1991, 254, 1487~ 1500, the disclosures of which are herein
incorporated by reference. Modified polynucleciides may also contain one or more substituted
sugar groups. In ong ambodiment, a modification of the sugar includes Locked Nucleic Acids
{LMNAgY in which the 2~ hydroxyl group is linked 1o the 37 or 4 carbon atom of the sugar ring,
thereby forming a bicyclic sugar group. The inkage is in certain embodiments a methylens {-
CHer i group bridging the 2° oxygen atom and the 4’ carbon gtom whergin nis 1 or 2. LNAs
and preparstion thereof are described in WO S8/3093252 and WO §8/14228, the disclosures of
which are incorperated herein by referance. in the present invention, preferably, the antisense
shigonuciestide comprises a modified polynuciectide backbone. The madifisd polynulestide
backbone may comprise a modified meisty substituied for the sugar of al isast one of the
polynucigotides, The modified mioiely may be selecied from the group comprising of
phosphorediamidale morpholine oligomer (PMO), peplide-conjugated phosphorediamidate
riorpholine ofigomer {(PFRMO), and non-peptide dendrimeric octaguanidine molety-taggsd

morpholinge oligomer,

in various embodiments, the modified polvnucisotide backbone comprises at least one
modified intemuciectids linkage. The modifisd internuclectide linkage comprises a modified
phosphate. Mors preferably, the modified phosphate 8 any one selected from the group
comprising of 3 non-bridging oxygen atom subsiituting a sulfur atom, a phosphonats, a
phiosphoreihicate, a phosphodiester, 2 phosphoramorphotidate, a phosphoropiperazidate and

a phosphorcarnidate.

in various embodiments of the invention, the 880 comprises a backbone selecied from the
group comprising of ribonucieic acid, deoxyribonucisic acid, DNA phosphorothicate, RNA
phosphorothicate, 2-O-mathyl-oligoribonucisotide and 2-C-methyl-cligodeaxyribonucieotids,
2-O-hydrocarbyl ribonucleic acid,  2-O-hydrocarbyl DNA, 2-O-hydrocarbyl RNA
phosphorethioate, 2-O-hydrocarbyl DNA  phosphorothioste, 2-F-phosphorothioate, 2-F-
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phosphodiester, Z-methoeyethyl phosphorothicate, Z-methoxyeihyl phosphodiester, daoxy
methyiens{16ore18laming) (deomy MMD, 2-O-hydrocarby MM, deoxy-mesthylphas-phonate,
2-O-hydrocarbyt methyiphosphonate, morpholine, 4'-thic DNA, 4-thio RNA, peplide nucieic
acid, F-amidate, deoxy IF-amidate, 2-0- hydrocarbyl Z.amidate, locked nucleic acid,
cyclohexane nucieic  acd, tioyole-DNA,  2-fucre-arabine nucleic  goid,  N3WPH
phosphorcamidate, carbamate linked, phosphotriestar linked, a nyion backbone modification

and mixtures of the aforementioned backbones.

i various embodiments, the oligonudiectide s chemically linked {o ong or more conjugates

that enhance the activity, cellular distribulion, or celiular uptake of the 880,

in various embodiments, the 380 comprises phosphorothioste linkages betwsen all
nuciactides of the 380,

I various embodiments, sach nudeotide of the 880 comprises either a 2-0-methyl RNA

modification, a 2-C-methoxyethyl RNA modification or a locked nucieic adid substitution,

in ancther aspect of the invention, there is provided the S&0s of this invention for use in
meadicing or in treating citrin deficiency. As used herain, the term “real” or “reating” in the
cortext of treating a diseass such as cidrin deficiency i meant 10 include mproving olinical
gutcomes of patients having the disease. This includes improving the survival rates of palients
having the disease. Theterm “reat” or "reatment” may refer 1o prophyiactic and/or therapeutic

treatment.

i one aspect, thers is provided & use of an 880 as described herein the manufacture of 3
medicament for reating citrin deficiency. iny another aspect, there is provided a methoed of
treating citrin deficiency comprising administering ¢ & subject a composiion comprising an
S50 a5 desoribed herein. These 580s may be used in compositions that can be used for
freatment, e.g. 83 g pharmaceutical composilion comprising the S50 of the invention and a
pharmaceutioally acceptable carrier. The composition is suitable for parenteral administration
aither naked or complaxad with a delivery agent o a palient. The carrier is selected from the
group consisting of a nanoparticle, such as a polymeric nanoparticle; a iposome, such as pH-
sansifive liposome, an andibody conjugatad liposome; a viral vector, a cationic lipid, a polymer,
a LsnRNA such as L7 snRNA and 2 celf penetrating peplide. The 880 is administerad orally,
or rectal, of Pansmucosal, or intestinal, or inframuscular, or subcutanaous, or intramedullary,
or intrathecal, or direct intravendricular, or idravenous, or infravitreal, or infraperiioneal, or

intranasal, or inraccular,
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A pharmaceutically acceptable carrier refers, generally, o maierials that are suilable for
administration {0 a subject whersin the carrier is not biclogically harmiul, or ctherwise, causes
undasiraiie effects. Such camiars are typically inert ingredients of @ medicameant. Typically a
carnier is administered 0 a subject slong with an active ingredient without causing any
undesirable biclogical effects or interacting in a deletericus manner with any of the cother
componsnts of a pharmacsutical composition in which it is contained. Suitable pharmacsutical
carriers are describad in Martin, Remington's Pharmacsutical Sciences, 18" Fd., Mack
Fublishing Co., Easton, Pa., (1880}, incorporated by reference hersin in its entirely.

in a more specific form of the disclosure there are provided pharmaceutical compositions
comprising therapsutically effective amounis of an 550 fogether with pharmaceutically
acceptabie diluents, prassrvatives, solubllizers, emulsifiers, adivvants andior carriers. Such
composiions include diluents of various buffer content (e.¢g., phosphate, Tris-HOI, acetale),
pH and ionic strength and additives such as detergents and solubilizing agents {e.g., Tween
80, Polvsorbate 80), anti-oxidants {8.q., ascorbic acid, sodium metabisuifite), praservatives
{e.q., Thimersol benzyi alcoholy and bulking subsiances (e.q., lactos2, manniiol}. The material
may be incorporated inte particulate preparations of polymerns compounds such as, for
sxampie and withoul limitation, polylactic acid or polygiveshic acid, or inte posomes.
Hylauronic acid may also be used. Buch compositions may influence the physical sigtg,
stability, rate of in vive releass, and rate of in vive clearance of the disclosed composiiions,
The compositions may be preparad in hguid form, or may be in dried powder, such as

yophilized form.

Howill be appraciated that pharmacsuticsl compoesitions provided according o the disclosure
may e adminisiersd by any means known in the art Preferably, the pharmaceuticsl
compositions for administration are administared by injection, orally, or by the pulmonary, of
nesal route, The antisense polynuciectides are, in vanous embodiments, deliversd by
intravenous, intra-arterial,  infraperitongal,  inframuscuiar, or subcutangous roules of

administration.

The dligonuciectides of the invention encompass any pharmaceuiically accepiabls salls,
estars, or salis of such asiers, or any other compound which, upon administration to an animal
including & human, s capable of providing {directly or indirgctly) the biclogically active
metabolite or residus thereof Accordingly, for example, the disclosure is alse drawn 1o
prodrugs and pharmaceutically acceptable salts of the compounds of the invention,

pharmaceutically acceptable salis of such pro-drugs, and other biceguivaients.
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The tenm "pharmaceudically acceptable salts” refers o physiologically and pharmaceytically
acceptable salts of the compounds of the invention: L e, salls that retzin the dasired bickogical

gctivity of the parent compound and do not impart undesired toxicological effects thersio.

For polynudleotides, preferrad examples of pharmaceutically acceptable salts include, but are
not limited to, (8 salls formed with cations such as sodium, potassium, ammonium,
magnesium, calcium, polvamines such as spermine and spermiding; (b acid addition salis
formed with inorganic acids, for example hydrochioric acid, hydrobromic acid, sulfuric acid,
phosphoric acid, nitric acid; () salts formed with organic acids such as, for example, acstic
acid, oxalic acid, tartanc acid, succinic ackd, maleic acid, fumarnc acid, ghuconio acid, citric
goid, malic acid, ascorbic acd, benzoic acid, fannic acid, palmitic acid, alginic acid,
polyglutamic acid, naphthalenssulfonic acd, methanesulfonic acid, p-tolusnesulfonic acid,
naphthalensdisulfonic acid, polvgaiachuronic acid; and {J) salls formed from slemental anions
such as chioring, broming, and ioding. The pharmaceutical compositions of the disclosure may
he administered in a number of ways depending upon whather local or systemic treatment is
desired and upon the area {o be treated. Adminisiration may be fopical (including ophthalmic
and o mucous membranes including rectal delivery), pulmonary, a.¢., by inhalation of
powders or asrosols, {including by nebulizer, intralracheal, intranasal, epidermal and
transdermal, oral or parenteral Parentersl sdministration includes intravenous, intra-arterial,
subcutaneous, intraperiioneal or intramuscular injection or infusion; or intracramial, 2.4,

intrathecs! or infraventricular, adminisiration.

The pharmaceutical formulations of the disclosure, which may conveniently be presented in
unit dosage form, may be prepared according 10 conventional technigues well known in the
pcharmaceutical industry. Such techniques include the step of bringing into association the
getive  ingredients with the pharmacsuticsl carrier(s) or sxeipient(s). in general the
formulations are prepared by uniformiy bringing into assodciation the active ingredienis with
Hgesd carniers or fingly divided solid carriers or both, and then, if necessary, shaping the

product,

Combingtion therapy with an additional therapeutic agent may siso be contemplated by the
disclosurg. The term “combination” or “combination therapy” as used throughout the
specification, is meant to encompass the administration of the referred therapeutic agents to
a subject suffering from a disease, disorder or pathological condition, in the same or separate
pharmaceutical formulations, and at the same time or at different times. If the therapeutic

agents are administered at different times they should be administered sufficiently close in
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time to provide for the potentiating or synergistic response to occur. In such instances, it is
contemplated that one would typically administer both therapeutic agents within about 12-24
hours of each other and, more preferably, within about 6-12 hours of each other. In some
situations, it may be desirable to extend the time period for treatment significantly, however,
where several days (2, 3, 4, 5, 6 or 7) to several weeks (1, 2, 3, 4, 5, 6, 7 or 8) lapse between
the respective administrations. In other situations, it might be desirable to reduce the time
between administration, administering both therapeutic agents within seconds or minutes to
hours, preferably within about 6 hours from each other, more preferably within about 1 or 3
hours.

The term "therapeutically effective amount" refers to the amount of the SSO that is required
to confer the intended therapeutic effect in the subject, which amount will vary depending on
the route of administration, status of disease, age, gender, body weight, and possible inclusion
of other therapeutics or excipients. The method and uses of the invention are for a patient in
need thereof. The compositions and methods of this invention are for a subject or patient in
need thereof. The term “patient in need thereof” refers to a person who has or is suspected of
having or developing citrin deficiency, as well as a person who is predisposed to but yet to

develop citrin deficiency.

To practice the methods of this invention, the SSO may be administered orally, parenterally,
by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservaoir.
The term “parenteral” as used herein includes subcutaneous, intracutaneous, intravenous,
intramuscular, intraarticular, intraarterial, intrasynovial, intrasternal, intrathecal, intralesional,
and intracranial injection or infusion techniques. A sterile injectable composition, e.g., a sterile
injectable aqueous or oleaginous suspension, can be formulated according to techniques
known in the art using suitable dispersing or wetting agents (such as Tween 80) and
suspending agents. The sterile injectable preparation can also be a sterile injectable solution
or suspension in a non-toxic parentally acceptable diluents or solvent for example, as a
solution in 1,3-butanediol. Among the acceptable vehicles and solvents that can be employed
are mannitol, water, Ringer's Solution and isotonic sodium chloride solution. In addition,
sterile, fixed oils are conventionally employed as a solvent or suspending medium (eg.
Synthetic mono-or dyglycerides). Fatty acids, such as oleic acid and its glyceride derivatives
are useful in the preparation of injectables, as are natural pharmaceutically-acceptable oils,
such as olive oil or castor oil, especially in their polyoxyethylated versions. These oil solutions
or suspensions can also contain a long-chain alcohol diluents or dispersant, or carboxymethyl
cellulose or similar dispersing agents. Other commonly used surfactants such as Tweens or

Spans or other similar emulsifying agents or bioavailablity enhancers which are commonly
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used in the manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms

can also be used for the purposes of formulation.

A composition for oral administration can be any orally acceptable dosage form including, but
not limited to, capsules, tablets, emulsions and aqueous suspensions, dispersions and
solutions. In the case of tablets for oral use, carriers that are commonly used include lactose
and corn starch. Lubricating agents, such as magnesium stearate, are also typically added.
For oral administration in a capsule form, useful diluents include lactose and dried corn starch.
When aqueous suspensions or emulsions are administered orally, the active ingredient can
be suspended or dissolved in an oily phase combined with emulsifying or suspending agents.
If desired, certain sweetening, flavouring, or colouring agents can be added. A nasal aerosol
or inhalation composition can be prepared according to techniques well known in the art of
pharmaceutical formulation. A SSO-containing composition can also be administered in the
form of suppositories for rectal administration. The carrier in the pharmaceutical composition
must be “acceptable” in the sense of being compatible with the active ingredient of the
formulation (and preferable, capable of stabilising it) and not deleterious to the subject to be
treated. For example, one or more solubilising agents, which form more soluble complexes
with the SSOs, or more solubilising agents, can be utilised as pharmaceutical carriers for
delivery of the active compounds. Examples of other carriers include colloidal silicon dioxide,
magnesium stearate, sodium lauryl sulphate, and D&C Yellow #10

in various embodiments, the method as described herein comprises providing an S50 that is
betwaen 15 and 4€ nudiactides in lsngth.

i various embodimeants, the method as described hersin comprises providing an 880 with at
teast one of the nucleotides of the 350 being chemically modified and wharein the chemical
modification is 2-Ce-methyl RNA modification, 2-O-methoxysthyl RNA modification, locked

nuciaic acid substitution, or phosphorcthicats inkags.

in various embodiments, the methed as described harain comprises providing an 580 having

phosphorothioate linkages between all nucieotides of the 330
b various embodimeants, the method as described herein comprises providing an 880 with

gach nuclestide having either a 2-C-methyl RNA modification, a 2-O-methoxyethyl RNA

modification or a lockad nucleic acid substitution.
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In one aspect of the present invention, there is provided a pharmaceutical composition
comprising (a) a therapeutically effective amount of an SSO as described herein and (b) one

or more pharmaceutically acceptable carriers and/or diluents.

The listing or discussion of an apparently prior-published document in this specification should
rot necessarily be taken as an acknowladgerment that the document is part of the state of the

art or is common general knowladgs.

Any document referred {o herein is hereby incorporated by reference in ils entirety.

The inwvention is described in greater detail below,

MATERIALS AND METHODS

Cell sulture

HERKZBAT, Huh? and HepGZ cells were maintained in Dulbeccd's Modified Eagle Medium
{OMERD with high glucose supplemented with 10% fetal bovine serumt and kept in g cell
cutture incubator sel to 37°C and 5% carbon disdde. Embryonic siem cells (£8 cells) wers
maintained on &S celi-gualified Matrigel (Corming) in mTeSR Plus medium (STEMCELL
Technologies). For hepaltooyte differsntiztion into induced hepatocyles (Heps), ES celis
secded at B0% confluency were induced in definilive endoderm medium 1 (RPMI 1840
medium supplemented with B-27 suppiement, 100ng/ml Activin A and 2ud CHIRBE02Z1) for
two days, definitive sndederm medium 2 (RPMI 1840 medium supplemented with B-27
supplement; for three days, hepatic endoderm medium {(definitive endoderm medium 2 with
2eng/ml BMP4 and 10ng/mlL FGF2) for five days, and Lonza Hepatooyte Culture Medium for
fourtesn days. CRIBPR knock-in of the ©.46%-29226>T variant info E3 cells was culsourced
to the Duke-NUS Btem Csll and Gene Editing (SCAGE) Cors Facility.

Co-transfection of 300ng of minigens plasmid and differing amounts of 380s into calls were
performed using Lipofectamineg 3000 reagent {Invitrogen) according o manufacturers
instructions using CUpt-MEM {Thermo Fisher). Celis were coliscied 24 hours post-transfection
for RNA analysis and wers treated with B0ug/ml cycicheximids 1o block NMD about 17 hours

prior to cell harvesting.

To establish Huh? and HepG2 cells stably expressing the minigens, the minigens was sub-

cloned into & Piggybac-based transfer veclor and co-transfected with a Piggybac transposon-
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axpressing plasmid at g 511 ratic for a total of B00ng using Linofectamine 3000 as above, after

which cells wers selected with puromycin gt Tugiml for 2 weeks,

Free uptake of 330s by Huh? and HepG2 under CEM was performed by freating cells with
S80s in caldum-snrichad medium {cell cullure media as above supplementad with 9mM
calcium chioride). Tells were coliected 72 howrs post-treatment for RNA analysis and were
treated with 50ug/mb oycloheximide about 17 hours prior io cell harvesting. For 380 realment
of iHeps, cells were treated with GalNAc-conjugsted S80s in Lonza Hepatooyte Culture
Medium for 72 hours. No oycloheximide treatment was performed for SS0-treated iHeps.

Splicing assay
FNA was extracted from cells using TRizd Reagent (Invitrogen) and meassenger RNA (mRNA)

was converted o complementary DNA (CDNA}Y using the Madma First Strand ¢DNA Synthesis
Kit {Therrno Fishery. PCR was performed on cDNA and POR products were separated using
standard gel elsctrophoresis on agarese gel for gualilative analysis or using capiilary
alechrophoresis on the Qsept00 Bio-Fragment Analyzer (BiOptic Ing} for guantifative analysis,
To anglyze sequence of PCR products, specific PCR bands were excised and extracted from
agarese gel using the GlAguick Gel Exiraction Kit (QlAgen) and Banger ssuguencing was

outsourced to Macregen Ingc.

Gruantitative real-time PCR
For guantitation of SLE25A13 and goute toxicity markers CDKNTA, BAX and PUMA mRNA

as wall as hepalocyte differentiation markers ALS and ASGRT, guantifative real-ims PCR

was performed on cDMNA using Powerlp SYEBR Green Masier Mix {Aoplied Biosysterns) and
detected using the CFX Touch Real-Time PCR Deteclion Sysiem (Bio-Rad). Primers used
are: COKNIA forward 5-AGCAGAGCAAGACCATETOGA-Z (BEQ 1D NO: 30}, reverse 5-
AATCTGTCATGOTGETCTGCC-3 (SEQ B NGO 31y B4AX forward 5

CCCGAGAGETCTTTTTCCGAG-Y {(SEQ D NO: 33, FEVETSES 5.
CCAGCCCATGATGGTTCTCAT-Z  {(BEQ I NGO 33y PUMA  foward 5
GACCTOAACGUACAGTACGAG-E (BEG D NG 343, rRVerse 5.

AGOGAGTCCCATCATOASATIGT-3  (SEQ 3 NG 3%, AL8  forward 5-
GTTGCATGAGAAAACGLCCAGT- {(SEQ in N a8y reversea o
GTCGUOTGTTCACCAAGGAT-3 (B8EQ D NGO 37y, ASGRY forward &
GAGACAGAGCTGGATAAG-T (BEQ 1D NO: 38}, raverse 5- CCCOTTUCCTTAAAATCCT-
I {SEGQ 1D NO: 38), SLC25413 forward 5-TGCACTOTATAGAGOTCTGTTEC-8 (BEGQ 1D
NG: 40), reverse §-COCTCACAAAATCGTTCACTET-3 (SEG 1D NGO 41);, CAPNT( forward
§-CTTCTGUGACTTGTCTACGOS-3 (SEQ D NO: 423, FEVErss 5.
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GTCTOGLACAAATCTCCTES-Z (SEQ 1D NO: 43). Relative guantification was calculated
using the 225 method with CAPN1G as loading control.

immungblot

Frotein was exiractad in Radicimmunocprecipiiation buffar (SUmM sadium chioride, 30mM Tris
buffer pH8 8, 1mM sthyienediaminetetraacetic awd, 1% Triton X100, G1%  sodium
deoxycholate) supplementad with protease and phosphatase inhibilors and quantified using
Bradford reagent (Bio-Rad). 30ug of lysales weare denatured in SDE nading dve (1% 8-
mercaptosthancl, 8.004% bromophens! blue, 6% glvceral, 2% sodium dodecylisuifate, 50mb
Tris huffer pHG.8), then separated by polvacrvlamide gels and transferred fo PVDF
membranes with the Bio-Rad Mini-Protean System, after which membranes were probed with
antibodies against ant-SLCZ25A13 (8bBB303, Abcam) and detectad using the iBright FL1BGC

{Invitrogen).

Lrea and ammonis assay

After iHeps weare tregted with GalNAc-conjugated 8803 for 72 hours, media was refreshed
with HCM supplemenied with 2mM ammonium chioride and ures was collected for 48 hours.
Urea in the madia was quantified using QuantiChrom Urea Assay Kit (BioAssay Bystems) and
signal detecled using Tecan Spark 10M plate reader. The amount of ammeoenia remaining in
the media was quantified using EnzyChrom Ammoenig/Ammonium Assay Kit (BicAssay
Systems) and signal delactad 35 above. Ammonia clsarance was calculated by deduciing the
rerrRining amount of ammonium in the media from the amount of ammonium measwed in a

control well with no celis.

MTT assay
Huh? cells stably expressing the mutant minigens were treated with 330s at 10niM, 50nM or

100nd by free uplake in calciume-enriched medium for 72 hours. MTT assay was than
performed using the MTT Assay Kit (Abcam) as per manufacturer’s instructions. In brief, celis
wers freated with MTT solution for 3 hours at 37°C, afterwhich MTT solvent was added o the
celis 0 release and disscive the reduced formazan crystals. Signals wers then measurad

using Tecan Spark 16M plate reader.

EXAMPLE 1

The sequences of S80s are shown in Table 1 below. Every sugar moisty in a 350 is linked
vig a phosphorothioate backbone. Every sugar moigty in a 880 is modified with 2-0-methyl
or 2-CO-methoxysihyl, with the exception of nuciectides substituted with locked nucleic acid as

indicated in bold font,
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ﬁlcE)Q ID ggge of Sequence from 5’ to 3’
1 1988 UGACAGGCAUUCUCAUCAGUGAAAAGUAUUCUGU
2 1989 UAGGUGCUCAAUAAAUGACAGGCAUUCUCAUC
3 1990 UACAUGCAGCUCAGCAGAAUGCUUUA
4 1991 GCUCAGCAGAAUGCUUUAGAUGUAUAGUAGG
5 2004 UAUACAUGCAGCUCAGCAGAAUGCUUUAG
6 2005 AACCUUUUGAAGUCCUGUAAGCAUCUACUUACAUUUA
7 2006 AUGAAUGAACAAAUCGUGAGCUAUUGAACAAUGGGAGG
8 2007 GAUGUAUAGUAGGUGCUCAAUAAAUGACAGGCAUU
9 2008 AGGUGCUCAAUAAAUGACAGGCAUUCUCAUCAG
10 2032 AAUAAAUGACAGGCAUUCUCAUCA
11 2033 AAUGACAGGCAUUCUCAUCAG
12 2034 AUGACAGGCAUUCUCAUCA
13 2034 .1 AUGACAGGCAUUCUCAUCA
14 2034.2 AUGACAGGCAUUCUCAUCA
15 2034.3 AUGACAGGCAUUCUCAUCA
16 2034.4 AUGACAGGCAUUCUCAUCA
17 2034.5 AUGACAGGCAUUCUCAUCA
18 2034.6 ATGACAGGCAUUCTCAUCA
19 2034.7 ATGACAGGCAUUCTCATCA
20 2034.8 AUGACAGGCAUUCTCAUCA
21 2034.9 AUGACAGGCAUUCTCATCA
22 2034.10 ATGACAGGCAUUCUCAUCA
23 2034.11 ATGACAGGCAUUCUCAUCA
24 2034.12 ATGACAGGCAUUCUCATCA
25 2034.13 AUGACAGGCAUUCUCAUCA
26 2034.14 AUGACAGGCAUUCUCATCA
27 2034.15 ATGACAGGCAUUCUCATCA
Tabie 1

The S80 comprising the sequence of SEQ 1D NO 12 has the same larget sequence as the

S350s comprising the sequence of any one of SEQ 1D NOs 1310 27,

in some embodiments, the S80s comprise multiple chemical modifications. The seguences

of 5505 with chemical modifications are shown in Table 2 below,

Mucieotides with g 2-0-Methyl RNA (2'OMe} are indicated with 'm”. Nuclestides with a 2-0-
riethoxyethyl (2MOE) RNA are indicated with "/MOE”. 2MOE-modified thymidine is used in

place of 2MOE-modified undine. Nucleolides with & locked nucleic acid (LNAY are indicated

with “+7. LNA-modified thymiding is usad in place of LNA-modifiad uniding.  Nudleotides joinad

24



WO 2024/005715 PCT/SG2023/050458

by & phosphorothicate (PS) bond 1o the following nuclectide are indicated with ™. Hwould be
generally Known 1o the person skilled in the art that the number of phosphorothioats bonds is
one lgss than the number of bases. "20M” indicates that the 350 is modified with 2-C-meathyl
REMA "CMOE” indicates that the 880 iz modified with 2-O-methoxyethyl RNA. “20ML7
indicates that the 350 includes 2-0O-methyl RNA and locked nucieic acid moedifications.
PMOLT indicates that the 880 includes 2'-Cemethoxyethyl RNA and locked nucleic acid

modifications.

SEQ | Name Sequence from 5’ to 3’
ID of SSO
NO

48 1988 MU*MG*mA* MC*mA*MG* mG*mMC*mA*mU* mU*mC*mU*mC*mA*mU*m
20M C*mA*MG*MU*mMG*mA* MA*MA*MA* MG MU*mA*mU*mU*mC*mU*mG*
mU

49 1989 MU*MA*MG* mMG*mU*mG*mC*mU*mC*mA*mA*mU*mA*mA*mA*mU*m
20M G*MA*MC*MA* MG MG MC* mA*MU*mMU*mC* mU*mC*mA*mU*mC

50 1990 MU MA*MC* MA* MU MG MC* MmA* MG mMC* mU* mMC*mA* MG*mMC*mA*m
20M G*mA*MA*MU*mG*mC*mU*mU*mU*mA

51 1991 MG*MC*MU*MC* mA* mG* mC* MA MG MA* MA* MU MG mMC* mU*mU*mU*mA*m
20M G*'mA* mU*mG*mU*mA* mU*mA*mG*mU*mA*mG* mG

52 2004 MU*MA*mU*mA* mMC*mA*mU*mG* mC*mA*mG*mC*mU*mC*mA* mG*m
20M C*mA*mMG*MA*MA* MU mMG*MC*mU*mU*mU*mA*mG

53 2005 MA*MA*MC*MC*mMU*mU*mU*mU*mG*mA*mA*mG*mU*mC*mC*mU*m
20M G*'mU*MA*MA*MG* MC*mA* MU MC*mU*mA* mC*mU*mU*mA*mC*mA*
mU*mU*mU*mA

54 2006 MA*MU*MG*mA*MA*MU*mMG* mA*MA*MC* MA*mMA*mA* mU*mC*mG*mU
20M MG'MA MG MC MU MA MU MU MG MA* MA* MC* MA* MA* MU MG*m
G*mMG*MA*mMG*mG

55 2007 MG*MA* MU MG*mMU*mA*mMU*MmA* MG* mMU*mMA* MG mG* mU*mG*mC*m
20M U 'mC* mA* MA* MU MA MA* MA* MU MG MA* MC* MA* MG MG* mMC*mA*
mU*mU

56 2008 MA*MG*MG*mMU*MG* mC*mU*mC*mA*MA*MU*mA*mA*mA*mU*mG*mA
20M MC*MA* MG MG MC*MA* MU MU*mC* mU* mC* mA* mMU*mC*mA*mG

57 2032 MA*MA*MU*MmA*mA*mA* MU*mG*mA*mC*mA*MG*mG* mMC*mA*mU*mU
20M *MC*mU*mC*mA*mU*mC*mA

58 2032 /MOErA/*IMOErA/*/MOErT/*/MOErA/*/MOErA/*/IMOErA/*/MOErT/*/MOEr
2MOE | G/*/MOErA/*/MQOErC/*/MOErA/*/MOErG/*MOErG/*/MOErC/*/MOErA/*/M
OErT/#/MOErT/*/MOErC/*/MOErT/*/IMOErC/*/MOErA/*/MOErT/*/MOErC/
*/MOErA/

59 2033 MA*MA*MU*MG*MmA*MC*MA* MG MG*mMC*mA*MU*mU*mC*mU*mC*mA
20M *MmU*mC*mA*mG

60 2033 /MOErA/*/IMOErA/*/MOErT/*/MOErG/*/MOETA/*/MOErC/*/MOErA/*/MOE
2MOE | rG/*/MOErG/*/IMOErC/*/MOErA/*/MOErT/*/MOErT/*/MOErC/*/MOEST/*/M
OErC/A/MOErA/*IMOErT/*/MOErC/#*/MOErA/*/IMOErG/

61 2034 MA* MU MG*MA* MC* MA* MG MG MC* MA* MU*mU*mC*mU*mC*mA*m
20M U*mC*mA

62 2034 /MOErA/*IMOErT/*MOErG/*/MOErA/*/MOErC/*/MOErA/*/MOErG/*/MOE
2MOE | rG/*/MOErC/*/MOErA/*MOErT/#/MOErT/*/IMOErC/*MOErT/*/MOErC/*/M
OErA/*/MOEIT/*/MOErC/*/MOErA/
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63 2034 .1 MA*MU*+G*mA*MC*MA*+G* mG*mMC*mA*mU*mU*mC*mU*mC*+A*mU*
20ML mC*mA

64 2034.2 | mA*mMU*mMG*mA*+C*mA* mMG* mMG*MC* mA*mU*mU*+C*mU*mC*+A*mU*
20ML mC*mA

65 2034.3 | mA*mMU* MG mA*+C*mA* mG*MG*mC*mA* mU*mU*+C*mU*+C*mA*mU*
20ML mC*mA

66 2034.3 | /MOErA/*/MOErT/*/MOErG/*/MOErA/*+C*/MOErA/*/MOErG/*/MOErG/*/
2MOL MOErC/*/MOErA/*/MOEIT/*/MOErT/*+C*/MOErT/*+C*/MOErA/*MOErT/*
/MOErC/*/MOErA/

67 2034.4 | +A*mU MG mA* MC* MA* MG MG MC* MA* mMU*mU*mC* mU*mC*+A*mUuU*
20ML mC*+A

68 2034.4 | +A*/MOErT/*/MOErG/*/MOErA/*/MOErC/*/MOErA/*/MOErG/*/MOErG/*/
2MOL | MOErC//MOErA/*/MOErT/*/MOErT/*/IMOErC/*/MOErT/*/MOErC/*+A*/M
OErT/*/MOErC/*+A

69 2034.5 | +A*mU*mG*+A*mC*mA*MG* MG MC*mA*mMU*mU*mC*mU*mC*+A*mU*
20ML mC*+A

70 2034.5 | +A*/MOErT/*/MOErG/*+A*/MOErC/*/MOErA/*/MOErG/*/MOErG/*/MOEr
2MOL | C/A/MOErA/*/MOErT/*MOErT/*/MOErC/*/MOErT/*/MOErC/*+A*/MOErT/*
/MOErC/*+A

71 20346 | mA*+T* MG MA* MC* MA* MG MG MC* MA* MU MU mC*+T*mC*+A*mU*
20ML mC*mA

72 2034.7 | mA*+T*mG*MA*MC*MA* MG* MG MC*MA* mMU*mU*mC*+T*mC*mA*+T*
20ML mC*mA

73 2034.7 | MCEA S+ TYMOErGA MMOErA REOErC/MOErAM MOErGHROErS/ M OCErC/
2MOL OEASMOE T AOErT A MOErC T MOErCA MQErA S+ TMOENC/MOE
rA/

74 2034.8 | mA* MU MG MA* MC*MA* MG* MG MC* MA* MU mU*mC*+T*+C*+A*mU*
20ML mC*mA

75 2034.9 | mA*MU* MG MA*MC*mMA* MG* MG*MC* mA*mU*mU*mC*+T*+C*+A*+T*
20ML mC*mA

76 2034.10 | +A*+T*mG* MA*MC*MA* MG*MG*MC*mA* MU*mU*mC* mU*mC*mA*mU*
20ML mC*+A

77 2034.10 | +A*+T*/MOErG/*/MOErA/*MOErC/*IMOErA/*/MOErG/*/MOErG/*/MOEr
2MOL | C/*/MOErA/* IMOErT/*/MOErT/*/MOErC/*/IMOEIT/*/MOErC/*/MOErA/*/M
OErT/#/MOErC/*+A

78 2034.11 | +A*+T*mG*MA*MC*mMA* MG MG*MC* mA*mU*mU*mC*mU*mC*+A*mU*
20ML mC*mA

79 2034.11 | +A*+T*/MOErG/*/MOErA/*MOErC/*IMOErA/*MOErG/*/MOErG/*/MOEr
2MOL | C/A/MOErA/*/MOErT/*MOErT/*/MOErC/*/MOErT/*/MOErC/*+A*/MOErT/*
/MOErC/*/MOErA/

80 2034.12 | +A*+T*mG* mMA*MC*MA* MG*MG* MC*mA* MU*mU*mC*mU*mC*mA*+T*
20ML mC*mA

81 2034.12 | +A*+T*/MOErG/*/MOErA/*MOErC/*/IMOErA/*/MOErG/*/MOErG/*/MOEr
2MOL | C/AMOErA/*IMOErT/*/MOErT/*/MOErC/*/MOErT/*/MOErC/*/MOErA/*+T*
{MOErC/*/MOErA/

82 2034.13 | +tA* MU MG mMA* MC* MA* MG MG MC*mA* mMU* mU*mC* mU*mC*mA*mU
20ML *+C*+A

83 2034.13 | +A*/MOErT/*/MOErG/*/MOErA/*MOErC/*/MOErA/*/MOErG/*/MOErG/*/
2MOL | MOErC/*/MOErA/*/MOErT/*/MOEIT/*/IMOErC/*/MOErT/*/MOErC/*/MOEr
A IMOEIT/*+C*+A

84 2034.14 | +A*mU*mG*mA*MC* mA*mMG* MG MC* mA*mU*mMU*mC*mU*mC*mA*+T*
20ML mC*+A
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85 2034.14 | +A*/MOErT/*/MOErG/*/MOErA/*/MOErC/*/MOErA/*/MOErG/*/MOErG/*/
2MOL | MOErC/*/MOErA/*/IMOErT/*MOErT/*/MOErC/*/MOErT/*/MOErC/*/MOEr
A+ T*/MOErC/*+A

86 2034.15 | mA*+T*"mG* MA* MC* MA* MG MG MC* MA* MU MU mMC* mU* mC* mA*+T*
20ML mC*+A

87 2034.15 | IMOErA/*+T*/MOErG/*/MOErA/*/MOErC/*/MOErA/*/MOErG/*/MOErG/*/
2MOL | MOErC/*/MOErA/*/MOErT/*/MOErT/*/MOErC/*/MOErT/*/MOErC/*/MOEr
A/ +T*/MOErC/*+A

Tahie 2

EXAMPLE 2

To facilitate the validation of the rationally designed SSOs, a minigene system that harbours
the specific genomic mutation, ¢.469-2922G>T of the SLC25A 13 gene, was constructed. As
shown in Figure 1, the minigene includes the full sequence of exon 5, the first 2,000 bases
and last 4,923 bases of intron 5, and full sequence of exon 6; the relative loci of the G>T
substitution is demarcated in the figure. In the wild type minigene, there was proper splicing
of exon 5 to exon 6, whereas upon introduction of the ¢.469-2922G>T mutation, the inclusion
of the pseudoexon (Exon 5* or SLC25A13-PES5) when the mutant minigene was expressed in
several human cell lines was confirmed (Figure 2). This would imply that the ¢.469-2922G>T
mutation is causative for the retention of SLC25A13-PE5 in mature SLC25A13 transcripts.
The loss of citrin protein expression and the subsequent loss of ureagenic potential and
ammonia clearing capability in iHeps that carry the ¢.469-2922G>T mutation confirmed the

pathogenic effects (Figures 2B, 2C and 2D).

EXAMPLE 3

As the pseudoexon is 85 bases long, its inclusion shifts the codon reading frame of SLC25A13
transcripts, resulting in the loss of expression and protein function (Figure 2). As a therapeutic
strategy to restore the expression of the wildtype protein, 9 SSOs were designed to induce
the exclusion of the pseudoexon and thereby corrects the reading frame. As shown in Figure
3, each of the SSO were highly efficient in inducing SLC25A13-PE5 exon skipping. The 7
most efficient SSOs were selected and titration experiments were performed to obtain their
respective concentration responses (Figure 4), for the purpose of further differentiating the
best performing SSO(s). Each of the SSOs were observed to achieve complete exclusion of
the pseudoexon at a concentration lower than 10 nM that is, ICi00 < 10 NM. SSOs #2005,
#2007 and #2008 were the top 3 performers whose [Cso < 0.1 nM and IC7; ~ 0.1 nM.

EXAMPLE 4

With the aim to reduce the molecular size of the lead SSO, which facilitates cellular uptake

and lower cGMP manufacturing cost, shorter versions of SSO #2008 were rationally designed
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with substitution of locked nuclei acids (LNAs) at specific ribose. Figure 5 shows that
shortened SSOs, #2032, #2033 and #2034, which are 40% shorter than the parent #2008,
lost substantially their efficiency in inducing the exclusion of the pseudoexon. #2034 was
selected for further optimization with 15 permutations of mixed chemical modifications,
labelled from #2034.1 to #2034.15. Lvery sugar moisty in a mixmer is either modified with 2.
Oe-methyl or substituted with a2 iocked mucleic acid that is linked via phosphorothicate
hackbone. Restoration of the efficiency in inducing the exclusion of the pseudoexon was
observed in several mixmers of #2034. ir1 both seis of experiments, 880s were co-lransfected
at InM with 500ng of pCIT2mut into Huh?. PCR was performed on complementary DNA
generated from RNA exdracted from the transfected cells. Capillary electrophorssis was used
ot PCR products {o quantify the amount of producis with the pseudosxon and without the
pseudoexon. Efficacy is reflected as the percentage of PCR products without the pseudosxon

aover the {efal amount of PCR products (% splicing correction).

EXAMPLE 8

The efficiency in inducing the exclusion of SLE25A13-FES by each mixmer of #2034, labelied
from #2034.1 to #2034.15, was defermined by free uptake in calcium-enrichad medium {CEM)
on Huh? or Hep(G2 cells stably expressing the mutant minigens when treated with 200M or
200nM of 380s, respectively. The use of CEM stimulales in vitro uptake by cells and betier
refiscts the in vive efficacy when compared o fransfection. The parant #2008, which is 40%
longer than #2034, abrograted almost all of ifs efficiency (Figure 6A). By contrast, efficiency
of the majorily #2034 mixmers were retained, which suggssts that 380 molecular size may
Be an important factor influgncing kinstics of fres uptake by cells (Figure 8A). Subsequently,
dose responses for two most efficient mixmers, #2034.5 and #2034.15, were oblained and
compared with thelr parent #2008 and the singly 2-C-methyl moedified version (#2034), Both
#2034.5 and #2034, 15 mbimers manifest similar dose respeonses and are 10X more potent
than sither #2008 or #2034 (Figure 88); BEC. for both #2034.5 and #2034.15 (< 10" nM) are
about 10 times lower than #2008 and #2034, Figure 8C showed that no apparent loxicity effect

was observed on cells treated with any of the 88Cs.

EXAMPLE S

To demonsirate therapaulic application, lead mboners were conjugated with three GalNAC
molecules (GN*3) to simulate asiaioglycoprotein recepiormediatad functional uptake {in the
absence of CEM and a transfection agent) by iHeps homozygous for BLTZ25A13-PES. The
GN*3 mosity was chemically bonded in g rivalent configuration to the 5 of each 880, which
gilow for receplor-madiated uptake of the 850s through the asialogivcoprotein receplor

expressed specifically on hepatocytes. 4uM of GalNAC™3 (GN2-conjugated nontargeting
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control (NC2 g1, 1), 2084.8 (2034.5¢1.1) or 2034 15 (2034, 158¢1.1) in either 2-Ce-methyl + LNA
(20ML) or 2-C-methoxyethy! + LNA (CMOL) chemistry combinations were incubated on
cultured iHeps. Figure 7A reveals that the GalNAc-conjugated S50s 2034 5 and 2034 15, but
niot NMC2, can modulate splice-out of SLC28A13-PES from endogenous SLEC2EA 1S transcripts,
which subsequently rescuss BLC25A 13 transcript levels that would otherwise be degraded by
nonssnse-madiated decay in mutant iHeps Figure 7B). The restoration of the fulklength
wildtype SLCZ25A1S exprassion in mulant iHeps, by either 2034 8911 or 2034.15g1.1,
rescues ureagensesis (Figure 70} that leads o restoration of ammonia clearance {(Figure 70).
The rescusg in functional protein activity correborated with the rescue in the full fength citnin
protein expression level via immunoblot in mutant iHeps freated with 2034.15¢1. 1 modifiad in
20ML chemistry combination (Figure 7F). No acule foxicity was observed in treated iHeps
from 2034.5g1.1 and 2034.15g1.1 in 20ML or 2MOL chemistry combinations, as inferred from
no significant increase In expression of acute toxiclty markers CDENIA, BAY and PUMA
{Figure 7E). The sequences of primers used in quantitative real-ime PCR for the quantitation
of acute toxicity markers COMNTA, BAX and PUMA, hepatocyte differentialion markers ALE
and ASGRT, SLCE2SA1Y and the lnading control CAPNTO mRNA, are shown in Table 3

SEQID NG Description Seguance from § 0 3
30 COKMN 1A forward primer AGUAGAGOGAAGACCATGTGOA
31 COKMNAA reverse primer AATCTGTCATEOTRGETCTGCC
32 BAX forward primer COCBAGAGEBTCTTTTTCCGAL
33 BAX reverse primer CCAGUCCATGATGETTCOTGAT
34 FUMA forward primer GACCTCAALCGCACAGTACGAG
35 FLUMA reverse primer AGGAGTCCCATGATGAGATTET
38 ALE forward primsar GTTGUATGAGAAAACGCCAGT
37 ALB reverse primer GTCOCCTCTTCACCAAGGAT
38 ASGRT forward primer CAGACAGAGTTGGACAAS
349 ASGRT reverse primer CCCCTTCCCTTAARATCCT
44 SLO25A1S forward primer TGGACTGTATAGAGOTCTGTTGS
41 SLO25413 reverse primer COCTOAZAAAATOGTICACTET
42 CAPNTE forward primer CTTCTGOCGACTTGTOTACGED
43 CAPNTO reverse primer CTGTGGCACAAATOTCOTGS
Table 3.

Whilst there has been described in the foregoing description preferred embodiments of the

present invention, i will be understood by those skilled in the technology concarned that many

29



WO 2024/005715 PCT/SG2023/050458

variations or modifications in details of design or construction may be made without departing

fram the present invention,
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CLAIMS

1. A method of exon-skipping comprising providing a splice-switching oligonucleotide
(SSO) that binds to a site within a target region present on a pre-mRNA transcript of the
SLC25A13 gene, the target region having at least 95% sequence identity to SEQ ID NO: 28,
wherein the binding of the SSO induces the exclusion of SLC25A13-PES5 from a mature mRNA
transcript of the SLC25A13 gene, wherein SLC25A13-PES5 comprises the sequence of SEQ
ID NO: 29.

2. The method of claim 1, comprising providing an SSO having a binding site that lies
within SLC25A13-PES5.

3. The method of claim 1, comprising providing an SSO having a binding site that
overlaps with the acceptor splice site of SLC25A13-PE5 and with or a part of SLC25A13-PES5.

4. The method of claim 1, comprising providing an SSO having a binding site that
overlaps with or a part of SLC25A13-PE5 and with the donor splice site of SLC25A13-PES5.

5. The method of any one of claim 1, comprising providing an SSO having a sequence

selected from the group consisting of SEQ ID NOs 1 to 12.

6. The method of any one of claim 1, comprising providing an SSO having a sequence

selected from the group consisting of SEQ ID NOs 13 to 27.

7. A splice-switching oligonucleotide (SSO) that binds to a site within a target region
present on a pre-mRNA transcript of the SLC25A13 gene, the target region having at least
95% sequence identity to SEQ ID NO: 28, and wherein binding of the SSO induces the
exclusion of SLC25A13-PE5 from a mature mRNA transcript of the SLC25A13 gene, wherein
SLC25A13-PE5 comprises the sequence of SEQ ID NO: 29.

8. The SSO of claim 7, wherein the SSO has a binding site that lies within SLC25A13-
PES.

9. The SSO of claim 7, wherein the SSO has a binding site that overlaps with the acceptor
splice site of SLC25A13-PE5 and with or a part of SLC25A13-PES5.
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10. The SSO of claim 7, wherein the SSO has a binding site that overlaps with or a part of
SLC25A13-PE5 and with the donor splice site of SLC25A13-PES.

11. The SSO of claim 7, comprising a sequence selected from the group consisting of SEQ
ID NOs 1 to 12.

12. The SSO of claim 7, comprising a sequence selected from the group consisting of SEQ
ID NOs 13 to 27.

13. An SSO of any one of claims 7 to 12 for use in treating citrin deficiency.

14 Use of an SSO of any one of claims 7 to 12 in the manufacture of a medicament for

treating citrin deficiency.

15. The method of any one of claims 1 to 6, or the SSO of any one of claims 7 to 13, or

the use of claim 14, wherein the SSO is between 15 and 40 nucleotides in length.

16. The method of any one of claims 1 to 6 and 15, or the SSO of any one of claims 7 to
13 and 15, or the use of claims 14 or 15, wherein at least one of the nucleotides of the SSO
is chemically modified and wherein the chemical modification is 2’-O-methyl RNA modification,
2'-0O-methoxyethyl RNA modification, locked nucleic acid substitution, or phosphorothioate

linkage.

17. The method of any one of claims 1 to 6 and 15 to 16, or the SSO of any one of claims
7to 13 and 15to 16, or the use of any one of claims 14 or 15 to 16, wherein the SSO comprises

phosphorothioate linkages between all nucleotides of the SSO.

18. The method of any one of claims 1 to 6 and 15 to 17, or the SSO of any one of claims
7 to 13 and 15 to 17, or the use of any one of claims 14 or 15 to 17, wherein each nucleotide
of the SSO comprises either a 2’-O-methyl RNA modification, a 2'-O-methoxyethyl RNA

modification or a locked nucleic acid substitution.
19. A pharmaceutical composition comprising (a) a therapeutically effective amount of an

SSO according to any one of claims 7 to 12 or 15 to 18 and (b) one or more pharmaceutically

acceptable carriers and/or diluents.
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