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KEYNOTE:	
	
Chemical	Biology,	CRISPR,	RNA	Therapeutics,	and	More	-	Just	Love	What	You	Do!	
Keith	Gagnon,	Southern	Illinois	University,	Carbondale,	IL		
	
Most	of	the	project	directions	I	thought	I	would	follow	when	I	started	my	independent	faculty	position	
never	materialized.	It	is	difficult	to	fit	a	square	peg	into	a	round	hole.	For	the	past	several	years,	I	have	
tried	to	follow	my	nose	and	pursue	ideas	I	considered	interesting	or	exciting,	building	on	existing	
strengths	and	exploring	new	areas.	My	philosophy	has	grown	into	balancing	the	business	of	science	with	
the	fun	of	science.	We’ve	been	working	in	diverse	research	areas,	all	connected	by	the	common	thread	
of	RNA.	These	includechemical	biology	and	guide	modification	for	CRISPR	systems,	aptamer	and	
nucleicacid	structure-function,	building	cell	models	for	repeat	expansion	disease	RNAbiology	and	drug	
screening,	and	sequencing	thousands	of	SARS-CoV-2	genomes.	Iwill	talk	about	how	these	project	
directions	arose,	career	decisions	I’ve	made,bits	of	good	fortune,	help	and	advice	from	colleagues	and	
advisors	along	theway,	and	managing	to	enjoy	the	process.	
Session.Title:	
	



	
Session:	Next-Gen	Early	Career	Scientist	Meeting	
	
Differential	Uptake	Of	Antisense	Oligonucleotides	In	Mouse	Hepatocytes	And	Macrophages	
Revealed	By	Simultaneous	Two-photon	Excited	Fluorescence	And	Coherent	Raman	Imaging	
Prabuddha	Mukherjee1,	Edita	Aksamitiene1,	Aneesh	Alex2,	Jindou	Shi1,	Kajari	Bera1,	Chi	Zhang1,	Darold	R	
Spillman,	Jr.1,	Marina	Marjanovic1,	Michael	Fazio3,	Punit	Seth3,	Kendall	S	Frazier2,	Steve	R	Hood4,	
Stephen	A	Boppart1		
1University	of	Illinois	at	Urbana	Champaign,	Urbana,	IL;2GlaxoSmithKline,	Collegeville,	PA;3Ionis	
Pharmaceuticals,	Inc,	Carlsbad,	CA;4GlaxoSmithKline,	Stevenage,	United	Kingdom	
	
Antisense	oligonucleotides	(ASOs),	a	novel	paradigm	in	modern	therapeutics,	modulate	cellular	gene	
expression	by	binding	to	complementary	messenger	RNA	(mRNA)	sequences.	While	advances	in	ASO	
medicinal	chemistry	have	greatly	improved	the	efficiency	of	cellular	uptake,	selective	uptake	by	specific	
cell	types	has	been	difficult	to	achieve.	For	more	efficient	and	selective	uptake,	ASOs	are	often	
conjugated	with	molecules	with	high	binding	affinity	for	transmembrane	receptors.	Triantennary	N-
acetyl-galactosamine	conjugated	phosphorothioate	ASOs	(GalNAc-PS-ASO)	were	developed	to	enhance	
targeted	ASO	delivery	into	liver	via	the	hepatocyte-specific	asialoglycoprotein	receptor	(ASGR).	We	
assessed	the	kinetics	of	uptake	and	subsequent	intracellular	distribution	of	AlexaFluor	488	(AF488)-
labeled	PS-ASOs	and	GalNAc-PS-ASOs	in	J774A.1	mouse	macrophages	and	primary	mouse	or	rat	
hepatocytes	using	simultaneous	coherent	anti-Stokes	Raman	scattering	(CARS)	and	two-photon	
fluorescence	(2PF)	imaging.	The	CARS	modality	captured	the	dynamic	lipid	distributions	and	overall	
morphology	of	the	cells,	2PF	measured	the	time-	and	dose-dependent	localization	of	ASOs	delivered	by	
a	modified	treatment	of	suspension	cells.	Our	results	show	that	in	macrophages,	the	uptake	rate	of	PS-
ASOs	did	not	significantly	differ	from	that	of	GalNAc-PS-ASOs.	However,	in	hepatocytes,	GalNAc-PS-ASOs	
exhibited	a	peripheral	uptake	distribution	compared	to	a	polar	uptake	distribution	observed	in	
macrophages.	The	peripheral	distribution	correlated	with	a	significantly	larger	amount	of	internalized	
GalNAc-PS-ASOs	compared	to	the	PS-ASOs.	This	work	demonstrates	the	relevance	of	multimodal	
imaging	for	elucidating	the	uptake	mechanism,	accumulation,	and	fate	of	different	ASOs	in	liver	cells	
that	can	be	used	further	in	complex	in	vitro	models	and	liver	tissues	to	evaluate	ASO	distribution	and	
activity.	



	
Figure	1.	Differential	uptake	of	GalNAc-PS-ASO	and	PS-ASO	in	primary	hepatocytes	observed	with	
simultaneous	Raman	(a)-(b)	and	2PF	(c)-(d)	imaging.	
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Discovery	And	Characterization	Of	Spike	N-terminal	Domain-binding	Aptamers	For	Rapid	
SARS-CoV-2	Detection	
Lucy	Yang	,	University	of	Washington,	Seattle,	WA		
	
The	coronavirus	disease	2019	(COVID-19)	pandemic	has	devastated	families	and	disrupted	healthcare,	
economies	and	societies	across	the	globe.	Molecular	recognition	agents	that	are	specific	for	distinct	viral	
proteins	are	critical	components	for	rapid	diagnostics	and	targeted	therapeutics.	In	this	work,	we	
demonstrate	the	selection	of	novel	DNA	aptamers	that	bind	to	the	SARS-CoV-2	spike	glycoprotein	with	
high	specificity	and	affinity	(<	80	nM).	Through	binding	assays	and	high	resolution	cryo-EM,	we	
demonstrate	that	SNAP1	(SARS-CoV-2	spike	protein	N-terminal	domain-binding	aptamer	1)	binds	to	the	
S	N-terminal	domain.	We	applied	SNAP1	in	lateral	flow	assays	(LFAs)	and	ELISAs	to	detect	UV-inactivated	
SARS-CoV-2	at	concentrations	as	low	as	106	copies/mL.	SNAP1	is	therefore	a	promising	molecular	tool	
for	SARS-CoV-2	diagnostics.	
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Investigating	The	Impact	Of	Epitranscriptomic	Modifications	On	RNA	Ensembles	
Hala	Abou	Assi,	Bei	Liu,	Christopher	Holley,	Hashim	Al-Hashimi		
Duke	University,	Durham,	NC		
	
Studies	over	the	past	decades	have	emphasized	the	dynamic	nature	of	RNA	structures	showing	that	they	
do	not	adopt	a	single	conformation	but	rather	an	ensemble	of	conformations	that	have	different	
populations	and	that	interconvert	on	timescales	ranging	between	picoseconds	and	seconds.	In	addition	
to	the	dominant	ground	state	(GS)	secondary	structure,	the	dynamic	ensemble	includes	low-abundance	
short-lived	RNA	conformations	referred	to	as	‘excited	states’	(ESs)	that	form	on	the	micro-	to-
millisecond	timescale	and	possess	alternative	secondary	structures.	Despite	being	low-populated	and	
short-lived,	ESs	have	been	detected	with	the	use	of	NMR	R1rho	relaxation	dispersion	(RD)	and	chemical	
exchange	saturation	transfer	(CEST)	experiments.	ESs	have	been	shown	to	play	critical	roles	in	the	
folding	and	regulatory	functions	of	RNAs	and	are	increasingly	considered	to	be	attractive	drug	targets.	
Recently,	post-transcriptional	modifications	have	been	shown	to	play	essential	roles	in	the	biological	
functions	of	coding	and	non-coding	RNAs	with	more	than	100	modified	RNA	nucleosides	identified	to	
date.	These	modifications	can	have	a	profound	effect	on	RNA	stability,	translation,	splicing,	and	RNA-
protein	interactions.	Some	post-transcriptional	modifications,	such	as	N6-methyladenosine,	primarily	
exert	their	biological	activity	by	recruiting	reader	proteins.	However,	for	other	modifications,	such	as	2’-
O-methyl	(Nm),	no	reader	proteins	have	been	discovered	to	date.	We	hypothesize	that	these	
modifications	affect	biological	processes	by	altering	the	RNA	ensemble.	To	investigate	whether	
epitranscriptomic	modifications	have	the	potential	to	redistribute	the	RNA	ensemble,	HIV-1	TAR	was	
chosen	as	a	model	system	since	it	is	one	of	the	few	RNAs	for	which	a	detailed	and	comprehensive	
ensemble	is	available.	Our	studies	show	that	Nm	preferentially	stabilizes	alternative	secondary	
structures	in	which	the	Nm-modified	nucleotides	are	paired,	increasing	both	the	abundance	and	lifetime	
of	a	low-populated	short-lived	ES	by	up	to	10-fold.	The	extent	of	stabilization	increased	with	the	number	
of	Nm	modifications	and	was	Mg2+-dependent.	On	the	contrary,	m6A	destabilized	the	TAR	ES	relative	to	
the	GS	by	~2	kcal/mol.	Therefore,	our	results	suggest	that	epitranscriptomic	modifications	could	alter	
the	biological	activities	of	modified	RNAs	by	redistributing	their	secondary	structural	ensembles	as	well	
as	establish	the	utility	of	modifications	as	tools	for	the	discovery	and	characterization	of	RNA	excited	
state	conformations.	
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Scalable	Synthesis	Of	DNA	And	RNA	Oligomers	Using	Mechanochemistry	
James	D	Thorpe,	Masad	J	Damha,	McGill	University,	Montreal,	QC,	Canada	
	
In	recent	years,	oligonucleotide	therapeutics	have	been	thrust	to	the	forefront	of	drug	discovery	due	to	
their	wide-range	of	potential	targets,	particularly	for	those	that	were	previously	thought	of	as	
undruggable.1,	2	Demand	for	synthetic	oligonucleotides	has	reached	an	all-time	high	and	is	expected	to	
increase	exponentially	in	the	coming	years	for	both	therapeutic	and	diagnostic	purposes.	Despite	an	
increased	interest	of	pharmaceutical	companies	in	therapeutic	oligonucleotides,	large-scale	synthesis	
remains	a	challenge	due	to	scalability	and	environmental	factors.	The	use	of	large	amounts	of	
environmentally	detrimental	and	potentially	toxic	solvents	such	as	acetonitrile,	pyridine,	and	
dichloromethane	has	plagued	solid-phase	oligonucleotide	synthesis	for	years.	The	large	demand	and	
environmental	impact	of	solid-phase	oligonucleotide	synthesis	has	led	to	the	development	of	alternate	
synthetic	strategies	such	as	solution-phase	synthesis3	and	the	use	of	soluble	supports.4	Previous	work	in	
our	lab	has	demonstrated	the	mechanochemical	coupling	of	nucleotides	using	both	phosphoramidite	
and	H-phosphonate	chemistry	using	stoichiometric	amounts	of	solvent.5	Coupling	and	oxidation	of	
internucleotide	linkages	has	been	achieved	in	generally	good	yields	(80-90%	per	step)	using	vibration	
ball	milling	(VBM)	and	minimal	amounts	of	solvent.	Herein,	we	report	the	synthesis	of	DNA	and	RNA	
oligomers	using	mechanochemistry.	By	adopting	a	block	coupling	approach,3,	6	we	have	been	able	to	
assemble	longer	oligomers	than	previously	reported	using	mechanochemistry.	Additionally,	this	
approach	provides	access	to	oligonucleotides	containing	phosphodiester	and	phosphorothioate	
backbones	based	on	the	choice	of	reagents.	We	expect	this	method	to	find	general	utility	in	the	
preparation	of	chemically	modified	oligonucleotides	of	therapeutically	relevant	lengths.	
1.	Khvorova,	A.;	Watts,	J.	K.,	The	chemical	evolution	of	oligonucleotide	therapies	of	clinical	utility.	Nat.	
Biotechnol.	2017,	35	(3),	238.	2.	Gait,	M.	J.;	Agrawal,	S.,	Advances	in	nucleic	acid	therapeutics.	2019.	3.	
Reese,	C.	B.;	Yan,	H.,	Solution	phase	synthesis	of	ISIS	2922	(Vitravene)	by	the	modified	H-phosphonate	
approach.	J.	Chem.	Soc.,	Perkin	Trans.	1	2002,	(23),	2619-2633.	4.	Donga,	R.	A.;	Khaliq-Uz-Zaman,	S.	M.;	
Chan,	T.-H.;	Damha,	M.	J.,	A	novel	approach	to	oligonucleotide	synthesis	using	an	imidazolium	ion	tag	as	
a	soluble	support.	J.	Org.	Chem.	2006,	71	(20),	7907-7910.	5.	Thorpe,	J.	D.;	O'Reilly,	D.;	Friscic,	T.;	
Damha,	M.	J.,	Mechanochemical	synthesis	of	short	DNA	fragments.	Chemistry-A	European	Journal	2020.	
6.	Hassler,	M.;	Wu,	Y.	Q.;	Reddy,	N.	M.;	Chan,	T.	H.;	Damha,	M.	J.,	RNA	synthesis	via	dimer	and	trimer	
phosphoramidite	block	coupling.	Tetrahedron	Lett.	2011,	52	(20),	2575-2578.	
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Simultaneous,	Single-particle	Measurements	Of	Size	And	Loading	Give	New	Insights	Into	The	
Structure	Of	Drug-delivery	Nanoparticles	
Albert	Kamanzi1,	Yifei	Gu2,	Radin	Tahvildari2,	Zach	Friedenberger2,	Xingqi	R.	Zhu2,	Romain	Berti3,	Marty	
Kurylowicz3,	Dominik	Witzigmann1,	Jayesh	A.	Kulkarni1,	Jerry	Leung1,	John	Andersson4,	Andreas	Dahlin4,	
Fredrik	Hook4,	Mark	Sutton2,	Pieter	R.	Cullis1,	Sabrina	Leslie1		
1University	of	British	Columbia,	Vancouver,	BC,	Canada2McGill	University,	Montreal,	QC,	
Canada3Scopesys	Inc.,	Vancouver,	BC,	Canada4Chalmers	University	of	Technology,	Gothenburg,	Sweden	
	
Nanoparticles	are	a	promising	solution	for	delivery	of	a	wide	range	of	medicines	and	vaccines.	
Optimizing	their	design	depends	on	being	able	to	resolve,	understand,	and	predict	biophysical	and	
therapeutic	properties,	as	a	function	of	design	parameters.	While	existing	tools	have	made	great	
progress,	gaps	in	understanding	remain	because	of	the	inability	to	make	detailed	measurements	of	
multiple	correlated	properties.	Typically,	an	average	measurement	is	made	across	a	heterogeneous	
population,	obscuring	potentially	important	information.	In	this	work,	we	develop	and	apply	a	new	
method	for	characterizing	nanoparticles	with	single	particle	resolution.	We	use	CLiC	(Convex	Lens-
induced	Confinement)	microscopy	to	isolate	and	quantify	the	diffusive	trajectories	and	fluorescent	
intensities	of	individual	nanoparticles	trapped	in	microwells	for	long	times.	First,	we	benchmark	detailed	
measurements	of	fluorescent	polystyrene	nanoparticles	against	prior	data,	to	validate	our	approach.	
Second,	we	apply	our	method	to	investigate	the	size	and	loading	properties	of	lipid	nanoparticle	(LNP)	
vehicles	containing	silencing	RNA	(siRNA),	as	a	function	of	lipid	formulation,	solution	pH,	and	drug-
loading.	By	taking	a	comprehensive	look	at	the	correlation	between	the	intensity	and	size	
measurements,	we	gain	new	insights	into	LNP	structure	and	how	the	siRNA	is	distributed	in	the	LNP.	
Beyond	introducing	a	new	analytic	for	size	and	loading,	this	work	opens	the	door	to	new	studies	of	
dynamics	with	single-particle	resolution,	such	as	LNP	fusion	and	drug-release	kinetics.	The	prime	
contribution	of	this	work	is	to	better	understand	the	connections	between	microscopic	and	macroscopic	
properties	of	drug-delivery	vehicles,	enabling	and	accelerating	their	discovery	and	development.	
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Antisense	Drug	Development	Guideposts:	An	Ionis	View	
Richard	Geary,	Ionis	Pharmaceuticals		
	
The	clinical	development	process	has	multiple	components	that	include	unique	attributes	associated	
with	the	target	patient.	This	presentation	will	provide	the	overall	scope,	but	also	the	rationale	and	
innovation	behind	the	process	including	building	a	risk	balanced	and	strategic	pipeline.	Patient	centricity	
and	ultimate	access	are	critical	components	that	will	be	reviewed.	Finally	the	unique	elements	of	RNA-
targeting	development	that	result	in	efficiencies	in	the	overall	process	will	also	be	reviewed.	
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Method	Validation	Approaches	for	Oligonucleotides	and	Raw	Materials	
Heidi	Heck,	Nitto	Denko	Avecia		
	
Analyticalmethod	validation	is	a	progression	of	the	method	development	lifecycle.	Themethod	lifecycle	
includes	early-stage	development	through	method	transfer	andend-user	experience	with	the	method	to	
monitor	its	performance	over	time.	Allaspects	of	the	method’s	performance	should	support	its	intended	
use	and	adjustas	specifications,	process	information	and	regulatory	expectations	change.	
Thepresentation	provides	specific	examples	of	how	this	validation	strategy	hasbeen	implemented	in	
support	of	oligonucleotide	manufacturing	for	the	analysisof	raw	materials,	in-process	samples,	drug	
substance	and	drug	product.	
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Oligonucleotide	Synthesis:	Reminders	of	the	Classics	and	Exploring	the	New	
Masad	J.	Damha,	McGill	University,	Montreal,,	QC,	Canada	
	
	
This	lecture	will	cover	methods	for	the	synthesis	of	oligonucleotides,	providing	some	historical	
perspective	and	challenges,	and	highlighting	a	handful	of	recent	developments	our	the	field.	
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Successes	and	Challenges	of	Current	Technologies	for	Developing	Therapies	for		
Genetic	Diseases	
Meena	Meena,	Stoke	Therapeutics,	Bedford,	MA		
	
Whole	genome	sequencing	enabled	us	to	identify	the	role	of	several	inherited,	de-novo	and	acquired	
mutations	in	genetic	diseases.	The	treatment	of	genetic	diseases	depends	on	the	development	of	
'genetic	medicines’;	therapies	that	use	nucleic	acids	to	alter	the	gene	expression	to	treat	the	diseases.	
Targeting	messenger	RNA	(mRNA),	either	by	knockdown	or	restoration	of	gene	expression	has	been	
established	in	clinic	by	approval	of	several	antisense	oligonucleotides	(ASOs)	and	small	interfering	RNAs	
(siRNAs).	Many	challenges	were	overcome	during	the	development	of	these	therapeutics	in	last	three	
decades	including	instability	to	nucleases,	immune	activation,	unfavorable	physicochemical	
characteristics,	and	targeted	delivery	to	bring	safe	and	effective	drugs	to	market.	Although	targeting	
mRNA	is	a	viable	approach	to	address	several	monogenic	diseases	and	the	therapeutic	effects	are	long	
lasting	compared	to	small	molecule	drugs,	however,	patients	still	require	life-long	treatment.	On	the	
contrary,	Gene	therapy	and	Cell	therapy	that	involve	the	transfer	of	genetic	material	via	viral	or	non-
viral	delivery,	and	the	uptake	of	the	gene	into	the	appropriate	cells	of	the	body	in	the	patient,	are	often	
one-time	treatments	to	alleviate	the	underlying	cause	of	a	disease.	The	technological	advances	made	
during	the	development	of	nucleic	acids	therapeutics	including	the	delivery	of	large	nucleic	acids,	
facilitated	the	progress	of	gene	and	cell	therapy	field,	nonetheless,	the	discovery	of	Clustered	regularly	
interspaced	short	palindromic	repeats	(CRISPR)	and	the	associated	protein	(Cas9)	nucleases	
revolutionized	“cut-and-paste”	tool	to	modify	genomes.	A	few	Gene	editing	based	drugs	have	been	
approved	for	use	in	human	and	several	of	them	are	in	development.	Despite	the	tremendous	progress	
made	in	understanding	the	pathways	of	genetic	diseases	and	applying	current	technologies	to	deliver	
disease	modifying	therapies,	a	few	challenges	remain	before	us	for	their	broader	application.	A	few	
examples	of	approved	therapies	and	the	challenges	of	these	technologies	will	be	discussed.	
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Sequence-based	Design	of	Small	Molecules	Targeting	RNA	Structure	
Matthew	Disney,	Scripps		
	
A	challenge	in	biomedical	research	is	exploiting	new	targets	for	medicine	development.	RNA	directly	
causes	many	diseases	and	yet	is	believed	to	be	recalcitrant	to	small	molecule	targeting.	Our	focus	has	
been	on	developing	technologies	to	identify	which	cellular	RNAs	are	“druggable”	targets	for	small	
molecules	and	small	molecules	to	target	them.	In	this	talk,	I	will	focus	on	the	development	of	small	
molecules	that	target	RNA	structures	and	trigger	their	elimination	or	degradation	from	cells	and	pre-
clincal	animal	models.	For	example,	structure-binding	ligands	have	been	endowed	with	the	ability	to	
affect	the	degradation	of	repeat	expansions	to	study	molecular	recognition	of	small	molecules	to	RNA	
from	cells	to	mouse	models	of	disease.	Mutant	alleles	that	drive	disease	can	be	specifically	targeted	by	
structure-binding	compounds.	Small	molecules	can	also	facilitate	natural	decay	of	repeat	expansions	in	
various	ways	that	are	mechanistically	distinct,	that	include	affecting	RNA	processing	to	cause	decay	and	
facilitating	unnatural	interaction	of	RNAs	with	ribonucleases.	These	studies	and	others	suggest	that	
RNAs	can	be	a	rich	source	of	small	molecule	targets	and	their	biology	can	be	programmably	manipulated	
in	many	ways	including	targeted	degradation.	
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A	New	Class	of	Oligonucleotide	Building	Blocks	
Maureen	McKeague1,	Hanadi	Sleiman2,	Donatien	de	Rochambeau2,	Daniel	Saliba2,	Serhii	Hirka2		
1McGill	University;2McGill	University,	Montreal,	QC,	Canada	
	
High-throughput	screening	of	unprecedented	chemical	diversity	has	been	enabled	by	DNA-encoded	
libraries	and	is	now	a	mainstay	in	drug	discovery.	Together	with	the	Sleiman	lab	we	designed	and	
synthesized	a	DNA-encoded	library	of	chemically	diverse	sequence-defined	oligonucleotides	composed	
of	non-nucleosidic	building	blocks.	The	constructs	were	designed	as	branched	DNA	strands,	each	
composed	of	a	DNA	code	and	a	highly	functionalized	sequence-defined	oligo(phosphodiester).	The	
specific	nature	and	position	of	each	non-nucleosidic	unit	is	encoded	by	a	three-DNA	base	codon	residing	
on	the	covalently	linked	DNA	arm.	As	a	proof-of-concept,	we	used	the	split-and-pool	strategy	and	high-
throughput	screening	to	generate	highly	functional	aptamers	with	improved	binding	affinity,	kinetics	
and	serum	stability.	We	anticipate	this	strategy	can	be	applied	for	the	discovery	of	diverse	functional	
oligonucleotides	including	DNAzymes.	
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Catalytic	Asymmetric	Synthesis	of	P-Containing	Scaffolds	with	P(III)	and	P(V)	Transfers	
Scott	Miller,	Yale	University		
	
This	lecture	will	discuss	a	new	peptide-catalyzed	approach	to	the	synthesis	of	P-stereogenic	
dinucleotides.	The	unexpected	origins	of	the	project	will	be	described	to	set	the	stage	for	the	
applications	to	nucleotide	coupling	reactions.	
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SHORT	TALK:		5'	Phosphofluoridate	Modifications	Impact	Sirna	Activity	Profiles	
Andrew	J	Varley,	Jean-Paul	Desaulniers,	Ontario	Tech	Univeristy,	Oshawa,	ON,	Canada	
	
Within	the	past	three	years,	short	interfering	RNA	(siRNA)	technology	has	reached	major	milestones	
such	as	FDA,	Health	Canada,	and	EMA	approval.	These	successes	were	made	possible	by	decades	of	
research	in	nucleic	acid	chemistry	and	the	development	and	characterization	of	novel	nucleic	acids	
modifications.	The	continued	success	of	siRNA	will	benefit	from	the	development	of	novel	chemically	
modified	nucleic	acids	to	improve	potency,	specificity,	and	safety	of	such	drugs.	Gene	silencing	by	siRNA	
is	achieved	through	recruitment	of	a	single	strand	into	the	RNA-induced	silencing	complex	(RISC);	a	
process	which	is	dependent	on	the	anchoring	of	a	terminal	5'	phosphate	into	a	deep	binding	pocket	of	
the	RNA-guided	nuclease.	This	process	plays	a	large	role	in	siRNA	potency	and	selection	of	the	proper	
(antisense)	strand.	Recruitment	of	the	improper	(sense)	strand	can	lead	to	partial	recognition	and	
repression	of	non-target	genes.	Additionally,	the	higher	the	sense-to-antisense	strand	recruitment	ratio,	
the	lower	the	siRNA	potency.	This	results	in	a	higher	therapeutic	dose	and	increases	saturation	of	RNAi	
machinery,	which	leads	to	widespread	deregulation	of	naturally	repressed	genes.	Therefore,	to	improve	
our	understanding	of	the	5'	phosphate	binding,	a	terminal	5'	phosphofluoridate	modification	was	
developed.	Multiple	biological	activity	assays	were	performed	with	siRNA	carrying	this	modification	on	
the	antisense,	sense,	or	both	strand(s).	Protein	knockdown	was	measured	via	the	dual	luciferase	assay.	
Strand	selection	was	characterized	by	mRNA	cleavage	of	the	antisense	or	sense	strand	target.	
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SHORT	TALK:	Backbone	Hydrocarbon-constrained	Nucleic	Acids	Modulate	Hybridization	
Kinetics	For	RNA	
Graeme	Freestone1,	Punit	Seth1,	Stephen	Hanessian2		
1Ionis	Pharmaceuticals,	Carlsbad,	CA;2University	of	Montreal,	Montreal,	QC,	Canada	
	
Hybridization	of	therapeutic	oligonucleotides	with	complementary	RNA	inside	cells	triggers	post-binding	
events	such	as	RNA	cleavage	or	splicing	that	result	in	downstream	pharmacological	effects.	The	binding	
affinity	of	therapeutic	oligonucleotides	for	their	cognate	RNA	is	determined	by	the	rates	of	association	
(ka)	and	dissociation	(kd).	Single	stranded	oligonucleotides	are	highly	flexible	and	can	adopt	multiple	
conformations	in	solution	some	of	which	may	not	be	conducive	for	hybridization.	We	investigated	if	
restricting	rotation	around	the	sugar-phosphate	backbone,	by	tethering	two	adjacent	backbone	
phosphonate	esters	using	hydrocarbon	bridges,	can	modulate	hybridization	kinetics	of	the	modified	
oligonucleotides	for	complementary	RNA.	Given	the	large	number	of	possible	analogs	with	different	
tether	lengths	and	configurations	at	the	phosphorus	atoms,	we	employed	molecular	dynamic	
simulations	to	optimize	the	size	of	the	hydrocarbon	bridge	to	guide	the	synthetic	efforts.	The	backbone	
constrained	nucleotide	trimers	with	stereo-defined	configurations	at	the	contiguous	backbone	
phosphorus	atoms	were	assembled	using	a	ring	closing	metathesis	reaction,	then	incorporated	into	
oligonucleotides	by	an	in	situ	synthesis	of	the	phosphoramidites	followed	by	coupling	to	solid-supports.	
Evaluation	of	the	modified	oligonucleotides	revealed	that	the	length	of	the	hydrocarbon	bridge	and	
absolute	configuration	at	phosphorus	were	important	for	modulating	hybridization	kinetics	and	duplex	
stability.	Furthermore,	the	experimental	data	supported	the	molecular	simulation	results	suggesting	
that	this	strategy	can	be	used	as	a	predictive	tool	for	designing	the	next	generation	of	constrained	
backbone	oligonucleotide	analogs	with	improved	hybridization	properties.	
	
	



Session	I:	Nucleic	Acid	Chemistry	
	
SHORT	TALK	:	Aminooxy	Click	Chemistry	(aocc):	A	Versatile	Bioconjugation	Approach	
Dhrubajyoti	Datta1,	Shohei	Mori2,	Muthiah	Manoharan1		
1Alnylam	Pharmaceuticals	Inc.,	Cambridge,	MA;2Ono	Pharmaceuticals,	Osaka,	Japan	
	
Conjugation	chemistry	has	invigorated	oligonucleotide	therapeutics	field	as	demonstrated	by	the	clinical	
success	of	siRNA	conjugated	to	GalNAc,	the	ligand	for	the	asialoglycoprotein	(ASGPR)	hepatocyte-
specific	receptor.	Aminooxy-functionalized	(-O-NH2)	sugars	and	nucleosides	have	attracted	interest	as	
they	can	be	easily	derivatized	through	oxime	ligation1-4	and	N-oxyamide	functionalization5.	Compounds	
derived	from	O-amino	carbohydrates	and	O-amino	nucleosides	have	proven	useful	in	various	biological	
applications6,7.	In	the	present	work,	we	developed	a	simple	“click	type”	amino-oxy-based	chemistry	that	
we	call	aminooxy	click	chemistry	(AOCC)	and	used	it	to	synthesize	2ʹ-,	3ʹ-	and	5ʹ-aminooxy	nucleosides	
conjugated	to	bis-homo	(I)	and	bis-hetero	(II)	ligands.	The	bis-homo	ligand	conjugation	leads	to	bivalent	
ligand	presentation.	The	bis-hetero	conjugation	will	allow	placement	of	ligands	with	different	chemical	
functions,	for	example,	an	aldehyde	and	an	acid;	and	also	ligands	with	different	biological	functions	such	
as	a	targeting	ligand	and	a	pharmacokinetics	modifier	to	the	same	-O-NH2	linkage.	In	the	context	of	RNA	
interference-based	therapeutics,	furthermore,	we	are	in	the	process	of	testing	whether	these	
conjugates	enhance	better	strand-bias	for	antisense	strand	incorporation	into	the	RNA-induced	silencing	
complex	and	improved	metabolic	stability	from	nucleases.	
References:	1.	Bertozzzi	et.	al.	J.	Org.	Chem.	1998,	63,	7134;	2.	Lonnberg	et.	al.	Bioconjugate	Chemistry	
1999,	10,	815;	3.	Xie	et.	al.	Synthesis	2012,	44,	1718;	4.	Morvan	et.	al.	J.	Org.	Chem.	2017,	6931;	5.	
Morvan	et.	al.	J.	Org.	Chem.	2019,	84,	14854;	6.	Xie	et.	al.	Molecules	2018,	23,	641;	7.	Renaudet	et.	al.	
Chem.	Rev.	2017,	117,	9839.	
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n-Lorem,	a	Charitable	Solution	for	Patients	with	Ultra-Rare	Mutations	
Stanley	T.	Crooke,	Ionis/n-Lorem		
	
In	this	presentation	Dr.	Stan	Crooke	focuses	on	how	n-Lorem	is	meeting	the	needs	of	some	patients	with	
ultra-rare	diseases,	and	summarize	the	progress	made	to	date.	
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Talk	Topic:	ALS	
Bob	Brown,	University	of	Massachusetts,	Worcester,	MA		
	
Abstract	not	available	at	time	of	publishing.
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Preliminary	Studies	on	Use	of	ASOs	to	Reverse	Imprinting	and	Treat	Angelman	Syndrome	
Elizabeth	Berry-Kravis,	Cesar	Ochoa,	Haley	Richter,	Maura	Nolan,	Emil	Kakkis,	Melanie	Brandabur,	Scott	
Dindot,	Jennifer	Panagoulias,	Scott	Stromatt		
Rush	University	Medical	Center,	Chicago,	IL		
	
OBJECTIVE:	GTX-102	is	an	antisense	oligonucleotide	(ASO)	thatprevents	transcription	of	UBE3A-AS,	
which	allows	transcription	ofpaternal	UBE3A	and	UBE3A	protein	expression	in	AS	models.	This	
studyinvestigated	the	safety	and	efficacy	of	GTX-102	in	the	first	humans	with	Angelmansyndrome	(AS)	
treated	with	an	ASO	to	activate	the	paternal	UBE3A	gene.	METHODS:This	was	a	Phase	1/2a	open	label	
dose	finding	study	with	intra-patient	andinter-cohort	dose	incrementation	across	4	monthly	doses	given	
intrathecally	byLP	infusion	for	each	patient.	RESULTS:	Cohort	1	(N=2)	received	4	doses	of	3.3,10,	20,	36	
mg.	Cohort	2	(N=2)	received	3	doses	of	10,	20,	36	mg	and	Cohort	3	(N=1)received	1	dose	of	20	mg	
before	the	study	was	stopped	for	an	SAE	of	acuteinflammatory	lumbosacral	(LS)	polyradiculopathy	with	
significant	leg	weaknessin	all	5	patients.	The	SAE	fully	recovered	in	all	patients.	Aside	from	
variabletransient	post-dose	ataxia/tiredness	which	reversed	in	1-2	days,	no	othersignificant	AEs	were	
seen.	Improvements	in	symptoms	and	acquisition	of	newskills	were	seen	in	all	5	patients	on	the	CGI-I-
AS.	Multiple	patients	improved	onthe	ORCA	communication	measure,	and	Bayley	Scales	of	Infant	
Development,	and	therewere	gait	improvements	on	the	Actimyo	and	reduction	in	abnormal	delta	power	
andepileptiform	activity	on	EEG.	CONCLUSIONS:	GTX-102	appears	to	improvefunctioning	in	AS	and	study	
restart	is	planned	with	limitation	to	doses	<14mg.	The	strategy	of	activation	of	paternal	UBE3A	appears	
likely	to	besuccessful	as	a	treatment	for	humans	with	AS.	
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Development	of	Lumasiran	for	the	Treatment	of	Primary	Hyperoxaluria	Type	1	
Pushkal	Garg,	Alnylam	Pharmaceuticals,	Cambridge,	MA		
	
Primary	Hyperoxaluria	Type	1	(PH1)	is	a	rare,	autosomal	recessive	disorder	caused	by	mutations	in	the	
hepatically-expressed	gene,	AGT,	that	results	in	excess	hepatic	oxalate	production	leading	to	renal	
failure	and	ultimately,	systemic	oxalosis.	Lumasiran	is	a	hepatically-directed,	RNAi	therapeutic	designed	
to	reduce	expression	of	glycolate	oxidase,	thereby	lowering	hepatic	oxalate	production.	Successful	
development	of	lumasiran	for	PH1	depended	heavily	on	extensive	input	and	contributions	from	key	
stakeholders	in	the	patient	advocacy,	physician,	and	regulatory	communities	which	lead	to	a	rapid	and	
full	approval	based	on	novel	biomarker-based	endpoints.	
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The	N=1	Collaborative	
PrimaryAuthor.AuthorBlock:	
Timothy	Yu,	Harvard/Boston	Children's	Hospital		
	
We	introduce	the	N	of	1	collaborative,	a	new	community	effort	devoted	to	the	safe	and	just	
advancement	of	individualized	medicine.	The	N=1	collaborative	will	work	synergistically	with	academic	
medical	centers,	the	OTS,	n-Lorem,	and	other	international	efforts	to	tackle	opportunities	and	
challenges	in	this	growing	field:	developing	and	disseminating	best	practices,	promoting	institutional	
readiness,	and	facilitating	data	sharing.	
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SHORT	TALK:		Exon-skipping	Antisense	Oligonucleotide	Therapy	For	A	Patent	With	Nieman	
Pick	Type	C	
Marisa	Ofrim,	Qiang	Zhang,	Ivan	Doykov,	Charalambos	Demetriou,	Gavin	Arno,	Lyn	Chitty,	Wendy	E.	
Heywood,	Kevin	Mills,	Paul	Gissen,	Haiyan	Zhou		
University	College	London,	London,	United	Kingdom	
	
Niemann-Pick	type	C	disease	(NPC)	is	an	autosomal	recessive	lipid	storage	disorder	caused	by	mutations	
in	the	NPC1	or	NPC2	genes.	We	here	report	a	patient	in	the	UK	with	long-standing	history	of	apraxia	
presented	to	the	general	paediatrician	at	the	age	of	12	years,	with	progressive	deterioration	in	motor	
and	cognitive	function.	The	patient	was	suspected	of	NPC	at	the	age	of	14	years	as	indicated	by	
progressive	neurodegenerative	symptoms	and	abnormal	NPC-related	biomarkers	in	laboratory	
examinations.	Genetic	diagnosis	test	by	Sanger	sequencing	identified	one	heterozygous	candidate	
variant	c.	2702G>A,	(p.	Ser901Tyr)	on	the	paternal	allele	in	the	NPC1	gene.	Subsequent	whole	genome	
sequencing	as	part	of	the	UKs	100,000	genomes	project	revealed	a	single	candidate	variant	c.1554-
1009G>A	on	the	maternal	allele.	This	deep	intronic	variant	creates	a	cryptic	acceptor	splice	site	and	
leads	to	inclusion	of	a	194bp	pseudo-exon	located	between	exon	9	and	10	in	the	mature	mRNA	
transcripts	as	confirmed	by	subsequent	transcriptional	studies	in	cDNA	synthesized	from	patient’s	skin	
fibroblasts.	A	series	of	splice-switching	antisense	oligonucleotides	(ASOs)	in	phosphorothioate	2’-O-
methyl	chemistry	were	designed	to	induce	exon-skipping,	by	annealing	to	pseudo-exon	9	and	its	flanking	
introns.	Multiple	rounds	of	screening	in	patient’s	skin	fibroblasts	led	to	the	identification	of	three	lead	
ASOs	in	inducing	pseudo-exon9	skipping	at	mRNA	level.	The	lead	ASOs	were	further	validated	in	2’-O-
methoxyethyl	(MOE)	chemistry	and	Phosphorodiamidate	morpholino	oligomers	(PMO).	Significant	
restoration	of	NPC	protein	was	detected	in	cultured	patient’s	skin	fibroblasts	after	ASOs	treatment.	This	
was	confirmed	by	both	western	blotting	and	mass	spectrometry.	More	promisingly,	ASO	treatment	and	
skipping	of	the	pseudo-exon	also	restore	NPC	at	functional	levels.	ASO	treatment	significantly	reduce	
the	accumulation	of	toxic	glycolipids	in	cultured	cells	and	media	of	patient’s	fibroblasts.	To	move	this	
experimental	treatment	forward,	we	are	now	in	collaboration	with	the	n-Lorem	foundation,	aiming	to	
pursue	IND-enabling	pre-clinical	studies	and	an	n=1	clinical	trial	for	this	patient.	
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Intronless	genes	trigger	Argonaute	surveillance	and	a	novel	mode	of	co-translational	silencing	
Craig	Mello,	RTI,	University	of	Massachusetts	Medical	School		
	
In	animals	Argonaute	small-RNA	pathways	scan	germline	transcripts	to	silence	self-	replicating	genetic	
elements.	Little	is	known	however	about	how	endogenous	gene	expression	is	recognized	and	licensed.	
Here	we	show	that	the	presence	of	introns	and	by	inference	the	process	of	mRNA	splicing	prevents	
default	Argonaute-mediated	silencing	in	the	C.	elegans	germline.	Silencing	of	intronless	genes	is	initiated	
independently	of	the	piRNA	pathway	but	nevertheless	engages	multiple	components	of	the	downstream	
amplification	and	maintenance	mechanisms	that	mediate	transgenerational	silencing	including	both	
nuclear	and	cytoplasmic	members	of	the	worm-specific	Argonaute	gene	family	(WAGOs).	Small	RNAs	
amplified	from	intronless	mRNAs	can	trans-silence	cognate	intron-containing	genes.	Interestingly,	a	
second	small	RNA-independent	cis-acting	mode	of	silencing	also	acts	on	intronless	mRNAs.	Our	findings	
suggest	that	cues	put	in	place	during	mRNA	splicing	license	germline	gene	expression	and	provide	
evidence	for	a	splicing-dependent	and	dsRNA-	and	piRNA-independent	mechanism	that	can	program	
Argonaute	silencing.	
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A	Journey	with	the	Argonautes	
Leemor	Joshua-Tor,	CHSL		
	
No	abstract	available	at	time	of	production.	
	
	
	
	
Session	III:	20th	Anniversary	of	Mammalian	RNAi	
	
Harnessing	RNAi	for	a	New	Class	of	Medicine	
John	Maragonore,	Alnylam	Pharmaceuticals		
	
No	abstract	available	at	time	of	production.	
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SHORT	TALK:		A	Genome-wide	Screen	Of	siRNA	Molecules	Against	Sars-cov-2	
Omer	Weissbrod1,	Giorgia	Battistoni2,	Dario	Bressan2,	Ohad	Yogev2,	Ilaria	Falciatori2,	Adi	Naamati2,	Myra	
Hosmillo3,	Shaul	Ilan1,	Daniel	Douek4,	Ian	Goodfellow3,	Gregory	Hannon2,	Yaniv	Erlich1		
1Eleven	TX,	Tel-Aviv,	Israel2Eleven	TX,	Cambridge,	United	Kingdom3Cambridge	University,	Cambridge,	
United	Kingdom4NIH,	Bethesda,	MD		
	
The	world	urgently	needs	a	wide	arsenal	of	anti-viral	therapies	to	mitigate	covid-19	and	to	prevent	
future	pandemics.	Multiple	studies	have	shown	that	nasally-administered	RNAi	triggers	are	an	effective	
prophylactic	treatment	for	respiratory	viruses,	including	SARS-CoV,	influenza,	and	RSV.	However,	siRNA	
synthesis	is	expensive,	necessitating	hyper-potent	siRNA	triggers	to	reduce	dosage	and	associated	costs.	
Here,	we	harnessed	a	new	framework	called	Sens.AI	to	find	hyper-potent	RNAi	triggers	against	SARS-
CoV-2.	Sens.AI	utilizes	a	cost-effective	massively	parallel	assay	for	screening	RNAi	triggers,	using	
synthetic	biology	and	bioinformatics	tools.	We	used	Sens.AI	to	screen	&gt;	16,000	RNAi	triggers	against	
SARS-CoV-2,	testing	virtually	every	amenable	site	in	the	virus	genome.	We	performed	multiple	
validations	to	ensure	the	quality	of	our	screen.	We	found	high	consistency	between	the	rankings	of	two	
biological	replicates	(R	&gt;	72%,	P	&lt;	10-9),	and	between	our	screen	results	and	prediction	algorithms	
(R	&gt;	90%,	P	&lt;	10-20).	We	additionally	verified	that	our	top-ranked	siRNAs	are	significantly	enriched	
for	sequence	motifs	known	to	be	associated	with	potent	RNAi	(P	&lt;	10-20).	
To	validate	our	results,	we	selected	10	of	the	top-ranked	siRNAs	for	further	experimentation,	using	(1)	a	
flow	cytometry	reporter	assay,	which	identified	5	hyper-potent	siRNAs	with	IC50	&lt;	30pM;	and	(2)	live	
virus	tests,	which	identified	5	siRNAs	that	decreased	viral	load	in	Vero	E6	cells	by	&gt;	95%.	Encouraged	
by	these	results,	we	evaluated	14	cocktails	spanning	pairs	of	our	top	siRNAs	with	live	virus.	We	identified	
four	cocktails	that	exhibit	synergistic	effects	and	further	reduce	viral	load	by	2-3x	using	the	same	
concentration.	Importantly,	each	of	these	four	cocktails	targets	every	known	SARS-CoV-2	strain	with	at	
least	one	of	its	two	siRNAs.	We	selected	two	promising	cocktails,	chemically	formulated	them	to	prolong	
their	effect	and	in-vivo	durability,	and	verified	that	these	formulations	do	not	affect	their	efficacy.	We	
are	currently	testing	these	chemically	modified	cocktails	using	a	hamster	model.	
In	conclusion,	Sens.AI	can	screen	complete	viral	genomes	to	solve	the	needle	in	a	haystack	problem	of	
finding	hyper-potent	RNAi	triggers.	Our	platform	enables	using	siRNAs	as	a	new	type	of	cost-effective	
prophylactics	beyond	vaccines	for	respiratory	viruses.	
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SHORT	TALK:		Identification	Of	Small	Interfering	RNAs	For	Allele-selective	Silencing	Of	Murine	
Von	Willebrand	Factor	
Yvonne	K.	Jongejan1,	Richard	J.	Dirven1,	Kalina	Paunovska2,	Kim	D.	van	der	Gouw1,	Elisa	Schrader2,	
Annika	de	Jong1,	James	E.	Dahlman2,	Bart	J.M.	van	Vlijmen1,	Jeroen	C.J.	Eikenboom1		
1Leiden	University	Medical	Center,	Leiden,	Netherlands2Georgia	Institute	of	Technology,	Atlanta,	GA		
	
High	von	Willebrand	factor	(VWF)	plasma	levels	are	associated	with	(arterial)	thrombosis.	Antiplatelet	
therapy	increases	bleeding	risk	and	often	fails	to	prevent	arterial	thrombosis.	Lowering	of	endothelial	
VWF	through	allele-selective	silencing	of	VWF	would	be	an	approach	which	averts	complete	VWF	
knockdown	and	thus	minimizes	bleeding	risk.	To	allow	in	vivo	proof	of	concept,	we	aimed	to	identify	
small	interfering	RNAs	(siRNAs)	that	can	distinguish	between	strain-specific	differences	in	murine	Vwf	to	
be	used	in	allele-selective	knockdown	studies	in	heterozygous	mouse	models.	We	selected	two	
commonly	used	mouse	inbred	strains,	C57BL/6J	and	129S1/SvImJ,	based	on	genetic	differences	between	
their	Vwf	genes	and	comparable	plasma	VWF	levels.	siRNAs	were	designed	to	target	one	or	two	of	11	
genetic	differences	between	these	mouse	strains.	In	silico	analysis	predicted	14	siRNAs	to	be	active,	
meaning	that	they	effectively	inhibit	either	of	the	strain-specific	Vwf	alleles.	All	selected	siRNAs	were	
identically	chemically	modified	to	increase	stability,	which	included	2’O-Methyl	and	phosphorothioate	
backbone	modifications.	Activity	and	allele/strain-selectivity	of	the	siRNAs	were	determined,	dose-
dependently,	in	HEK293	cells	transiently	expressing	both	C57BL/6J	and	129S1/SvImJ	Vwf.	A	non-
selective	siRNA	(siVwf)	was	also	designed	to	test	feasibility	of	in	vivo	Vwf	silencing	by	means	of	
polymeric	nanoparticle-mediated	endothelium-specific	siRNA	delivery.	Upon	in	vitro	transfection,	6	out	
of	14	strain-selective	siRNAs	effectively	inhibited	the	targeted	allele	(≥80%	at	5	nM	siRNA),	with	minimal	
inhibition	of	the	untargeted	allele.	The	other	siRNAs	either	showed	lower	allele-selective	inhibition	
(<70%),	non-selective	inhibition	of	both	alleles	(effective	inhibition	of	~60%	on	both	alleles)	or	limited	
inhibition	of	both	alleles.	Out	of	the	6	effective	and	allele-selective	siRNAs,	2	lead	candidates	were	
chosen	based	on	potency	(good	inhibition	at	concentrations	62.5	pM-1	nM),	strain-selectivity	and	ability	
to	target	one	nucleotide	difference.	The	non-selective	siVwf	showed	inhibition	of	Vwf	in	vitro	for	both	
strains	(~90%	at	0.5	nM).	It	also	strongly	reduced	Vwf	at	the	level	of	lung	mRNA	(~90%)	and	plasma	
protein	(~80%)	in	C57BL/6J	mice	at	dose	1.5	mg	siRNA/kg	body	weight.	In	summary,	we	have	identified	
strain-selective	siRNAs	that	can	distinguish	between	C57BL/6J	and	129S1/SvImJ	Vwf	based	on	one	or	
two	nucleotide(s)	difference	between	their	Vwf	genes.	The	selected	lead	compounds	will	be	tested	in	
vivo	in	F1	hybrids	of	C57BL/6J	x	129S1/SvImJ	mice,	permitted	by	the	successful	in	vivo	silencing	
approach.	
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SHORT	TALK:		Imaging	Huntingtin	Messenger	RNA	For	Diagnosis	And	Therapy	
Eric	Wickstrom1,	Sushil	K	Tripathi1,	Joshua	Saylor1,	Mathew	L.	Thakur1,	Chang-Po	Chen2		
1Thomas	Jefferson	University,	Philadelphia,	PA;2Henan	Normal	University,	Xinxiang,	China	
Abstract.Abstract1:	
	
Clinical	trials	of	genetic	therapy	to	knock	down	mutant	huntingtin	(HTT)	mRNA	in	Huntington’s	disease	
(HD)	are	underway.	We	previously	pioneered	mRNA	positron	emission	tomographic	(PET)	imaging	of	
oncogene	mRNAs	in	mouse	tumor	models,	and	fluorescence	imaging	of	MAOA	mRNA	in	neuronal	cells.	
In	a	preliminary	cell	culture	study	[1],	we	designed	HTT	mRNA	hybridization	agents	composed	of	
polyamide	nucleic	acid	(PNA)	to	resist	nucleases	and	proteases	in	human	blood	and	cells.	To	direct	
cytoplasmic	uptake	by	human	IGF1	receptor,	we	included	an	IGF1	tetrapeptide	was	at	the	C-terminus	of	
the	PNA	sequence.	For	visualization,	we	included	a	Cal560	fluorophore	at	the	N-terminus.	For	HTT	
mRNA	knockdown,	we	used	a	set	of	3	siRNAs.	qPCR	indicated	86	±	5%	knockdown	of	HTT	mRNA	by	the	
most	effective	siRNA.	By	confocal	fluorescence	imaging,	Cal560-HTT	PNA-peptide	fluorescence	intensity	
indicated	69	±	6%	reduction	in	HTT	mRNA,	with	a	Pearson	correlation	coefficient	of	0.865	for	all	three	
siRNA	sequences.	Based	on	the	cellular	results,	we	hypothesized	that	PET/CT	quantification	of	Htt	mRNA	
in	wild	type	mice	will	be	specific	to	the	Htt	PNA	sequence	and	to	the	IGF1	tetrapeptide	sequence.	
Mismatched	human	HTT	and	mismatched	peptide	controls	were	also	tested.	Aliquots	of	~350	µCi	of	Cu-
64-PNA-peptide	PET	imaging	agents	were	administered	by	tail	vein	into	wild	type	mice	24	hr	prior	to	
imaging	and	sacrifice.	3D	PET/CT	brain	images	showed	midbrain	concentration	of	the	Htt	PNA-IGF1	
peptide	agent.	No	midbrain	PET	image	was	seen	with	PNA	mismatch	and	peptide	mismatch	imaging	
agents.	Brain	standardized	uptake	values	(SUVs)	varied	between	0.39±.04	with	the	Htt-specific,	IGF1R-
specific	agent,	vs.	0.30±.04	with	the	PNA	mismatch	agent,	or	0.47±.12	with	the	peptide	mismatch	agent.	
Tissue	distribution	measurement	detected	only	0.1%	ID/g	in	the	mouse	brains.	The	results	suggest	that	
PET	imaging	of	HTT	mRNA	specifically	in	mouse	brains	is	possible.	However,	brain	uptake	must	be	
increased.	Thus,	we	will	prepare	PNA	agents	with	alternative	peptides	targeted	to	alternative	receptors	
highly	expressed	on	midbrain	cells.	We	will	then	carry	out	longitudinal	PET	imaging	of	Htt	mRNA	in	
therapeutic	mouse	models,	comparing	SUV	changes	with	qPCR	analysis	of	Htt	mRNA	knockdown	in	
mouse	brains	after	sacrifice.	Supported	by	grant	A14615	from	the	CHDI	Foundation.1.	Oh,	E.,	Liu,	Y.,	
Sonar,	M.	V.,	Merry,	D.	E.,	and	Wickstrom,	E.	(2018)	Fluorescence	imaging	of	huntingtin	mRNA	
knockdown.	Bioconjugate	Chemistry	29(4):1276-1282.	doi:	10.1021/acs.bioconjchem.8b00048	
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Combinatorial	Development	of	RNA	Delivery	Systems	
Daniel	Anderson,	MIT		
	
Abstract	not	available	at	time	of	production.	
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Extra-hepatic	delivery	of	Centyrin-targeted	siRNA	conjugates	
Karyn	O'Neil,	Aro	Biotherapeutics		
	
Centyrins	are	~10kDa	proteins	that	combine	the	affinity	and	specificity	properties	of	antibodies	with	
significantly	improved	biophysical	properties.	Using	large	libraries	of	Centyrin	variants,	we	have	
identified	a	panel	of	Centyrins	that	bind	to	human	transferrin	receptor	1	(hCD71)	and	have	
demonstrated	potent	functional	delivery	of	oligonucleotide	conjugates	into	skeletal	and	heart	muscle	
while	sparing	knockdown	in	liver	and	kidney.	
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Novel	Technologies	for	Enhancing	Oligonucleotide	Delivery	in	Neuromuscular	Disease	
Matthew	Wood,	University	of	Oxford		
	
Oligonucleotide	therapies	have	potential	for	treating	a	wide	range	of	inherited	neuromuscular	and	other	
disorders	through	modulating	gene	expression	e.g.	via	splice	modulation	or	gene	silencing.	The	classical	
example	is	Duchenne	muscular	dystrophy	(DMD),	where	modulation	of	pre-mRNA	splicing	of	the	DMD	
gene	can	restore	a	viable	reading	frame	and	the	expression	of	functional	protein.	While	significant	
progress	has	been	made	with	FDA	approval	of	the	first	oligonucleotide	therapeutics	for	both	DMD	and	
spinal	muscular	atrophy	(SMA),	a	major	challenge	is	overcoming	the	low	efficacy	and	poor	intracellular	
oligonucleotide	delivery	to	affected	tissues	including	skeletal	and	cardiac	muscle,	and	central	nervous	
system.	Advances	in	oligonucleotide	chemistry	and	the	development	of	ligand-based	and	
nanotechnologies	will	overcome	this	challenge.	Current	progress	and	future	prospects	will	be	discussed.	
References	1.	Alvarez-Erviti	L,	Seow	Y,	Yin	H,	Betts	C,	Lakhal	S,	Wood	MJ.	Delivery	of	siRNA	to	the	mouse	
brain	by	systemic	injection	of	targeted	exosomes.	Nature	Biotechnology	2011	Apr;29(4):341-52.	
Hammond	SM,	Hazell	G,	Shabanpoor	F,	Saleh	AF,	Bowerman	M,	Sleigh	JN,	Meijboom	KE,	Zhou	H,	
Muntoni	F,	Talbot	K,	Gait	MJ,	Wood	MJ.	Systemic	peptide-mediated	oligonucleotide	therapy	improves	
long-term	survival	in	spinal	muscular	atrophy.	Proc	Natl	Acad	Sci	U	S	A.	2016	Sep	27;113(39):10962-7	3.	
Klein	AF,	Varela	MA,	Arandel	L,	Holland	A,	Naouar	N,	Arzumanov	A,	Seoane	D,	Revillod	L,	Bassez	G,	Ferry	
A,	Jauvin	D,	Gourdon	G,	Puymirat	J,	Gait	MJ,	Furling	D	&	Wood	MJA.	Peptide-conjugated	
oligonucleotides	evoke	long-lasting	myotonic	dystrophy	correction	in	patient-derived	cells	and	mice.	
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SHORT	TALK:		Endosomal	Escape	Vehicle	Conjugation	Enhances	Functional	Delivery	Of	
Oligonucleotides	
Ziqing	"Leo"	Qian,	Xiang	Li,	Mahboubeh	Kheirabadi,	Patrick	G	Dougherty,	Kimberli	J	Kamer,	Christine	
Waters,	Ningguo	Gao,	Suresh	Peddigari,	Mahasweta	Girgenrath,	Andy	Stadheim,	Mohanraj	Dhanabal,	
Natarajan	Sethuraman		
Entrada	Therapeutics,	Boston,	MA		
	
Antisense	oligonucleotide-induced	(ASOs)	exon	skipping	is	a	promising	treatment	strategy	for	Duchenne	
muscular	dystrophy	(DMD),	an	X-linked	recessive	and	fatal	neuromuscular	disease.	DMD	is	caused	by	
mutations	in	the	dystrophin	gene	and	affects	approximately	1	in	3,500-5,000	male	births.	By	modulating	
the	splicing	of	dystrophin	pre-mRNA,	ASOs	can	restore	the	mRNA	reading	frame	and	generate	a	
truncated,	functional	dystrophin	protein.	This	exon	skipping	approach	can	address	~80%	of	the	
mutations	that	cause	DMD.	However,	the	poor	exposure	and	endosomal	escape	in	target	tissues	after	
systemic	administration	of	ASOs	remains	the	biggest	hurdle	for	the	treatment	of	patients	with	DMD	and	
results	in	insufficient	dystrophin	protein	restoration,	especially	in	non-skeletal	muscle	tissues	such	as	the	
heart.	Here,	we	have	developed	a	novel	ASO	delivery	platform	by	conjugation	of	Entrada’s	proprietary	
Endosomal	Escape	Vehicle	(EEVTM)	to	a	phosphorodiamidate	morpholino	oligomer	(PMO),	an	ASO	
modality	that	is	currently	utilized	for	DMD	treatment.	The	EEV	is	composed	of	a	cyclic	cell-penetrating	
peptide	coupled	with	a	nuclear	localization	sequence,	which	is	rationally	designed	to	facilitate	
intracellular	delivery,	endosomal	escape	and	finally	localization	in	the	nucleus.	The	EEV-PMO	
significantly	enhances	the	systematic	delivery	of	PMOs	and	results	in	robust	exon	skipping	and	
restoration	of	dystrophin	protein	in	both	skeletal	and	cardiac	muscle	in	the	mdx	mouse	model.	A	single	
dose	(20	mg/kg)	of	EEV-PMO	by	intravenous	administration	led	to	>50%	exon	skipping	and	>15%	
correction	of	dystrophin	protein	in	the	heart	seven	days	post	injection	with	dystrophin	protein	levels	
sustained	for	at	least	four	weeks.	Repeat	dosing	(10	mg/kg,	4	QW)	resulted	in	>30%	of	wild-type	
dystrophin	protein	levels	in	the	heart	and	normalized	serum	creatine	kinase	levels.	These	preclinical	
results	have	confirmed	the	significant	therapeutic	potential	of	EEV-PMOs	for	DMD	and	demonstrated	
that	the	EEV	platform	can	serve	as	a	general	and	highly	efficient	delivery	technology	for	the	extrahepatic	
delivery	of	therapeutic	oligonucleotides.	
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SHORT	TALK:	Improved	Delivery	And	Therapeutic	Efficacy	Of	Oligonucleotide	Therapeutics	
With	The	Use	Of	Optimer	Delivery	Vehicles.	
Edward	Barnes,	Shaun	Fell,	Suki	Klair,	David	Bunka,	Aptamer	Group,	York,	United	Kingdom	
	
Targeting	of	therapeutic	oligonucleotide	molecules,	such	as	siRNA	and	Antisense	Oligonucleotides	
(ASO),	etc.	to	the	in	vivo	site	of	action	remains	a	major	challenge	in	the	therapeutic	oligonucleotide	
space	leading	to	failure	in	clinical	development.	In	the	absence	of	appropriate	tissue	targeting,	increased	
dosing	may	be	required	to	achieve	therapeutic	efficacy,	which	can	lead	to	undesired	patient	side	effects.	
Optimers	are	small	oligonucleotide-based	ligands	that	offer	faster	and	deeper	tissue	penetration	than	
larger	antibody	molecules.	Here	we	demonstrate	the	potential	of	the	Optimer	platform	to	successfully	
develop	oligonucleotide-based	delivery	vehicles	for	a	range	of	therapeutic	cargos,	including	ASOs	and	
chemotherapeutics.	In	this	study,	Optimer	ligands	were	identified	to	cell	surface	biomarkers	targeting	
diseased	cells	for	payload	delivery.	Fluorescence	microscopy	confirmed	internalization	of	the	Optimer	
delivery	vehicles	into	target	cells,	with	no	binding	to	healthy	control	cell	lines.	Direct	conjugation	of	the	
Optimer	to	the	ASO	payload	was	performed	using	routine	chemistry.	Successful	delivery	of	the	ASO	to	
target	cell	lines	was	assessed	by	qPCR,	demonstrating	a	more	effective	knockdown	of	the	target	gene	
(compared	to	the	ASO	alone).	The	prostate	cancer-specific	Optimer	was	modified	with	the	addition	of	a	
tail	sequence	to	allow	intercalation	of	the	chemotherapeutic,	doxorubicin.	The	delivery	and	efficacy	of	
doxorubicin	were	determined	using	a	colorimetric	MTT	assay.	This	demonstrated	a	reduction	of	cell	
viability	to	60%	of	the	untreated	cells	(Optimer	or	doxorubicin	alone	had	no	effect).	We	have	
demonstrated	that	Optimer	ligands	possess	the	necessary	properties	to	be	developed	as	therapeutic	
delivery	vehicles.	They	can	be	successfully	isolated	for	specific	cell	targeting	and	internalization,	showing	
no	off-target	interactions.	They	offer	straightforward	conjugation	through	a	variety	of	simple	
chemistries	to	diverse	cargo,	and	they	can	enable	the	delivery	of	the	active	therapeutic	payloads	to	
diseased	cells	without	affecting	healthy	cells.	The	potential	of	the	Optimer	platform	to	develop	effective	
delivery	vehicles	could	increase	therapeutic	potency	and	offer	improved	patient	tolerability	and	safety	
profiles.	Employing	Optimer	delivery	vehicles	for	targeted	therapeutics	has	the	potential	to	derisk	drug	
development,	improve	patient	outcomes	and	deliver	essential	cost	savings	to	healthcare	providers	who	
urgently	need	alternatives	in	the	face	of	the	high	cost	of	antibody	therapeutics.	
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UNLOCKING	THE	POTENTIAL	OF	OLIGONUCLEOTIDE	THERAPEUTICS	FOR	DUCHENNE	
MUSCULAR	DYSTROPHY	THROUGH	ENHANCED	DELIVERY	
James	McArthur,	PepGen,	Cambridge,	MA		
	
Duchenne	muscular	dystrophy	(DMD)	is	an	X-linked	recessive	disorder	that	occurs	in	1	in	3,500	live	male	
births.	DMD	causes	progressive	muscle	weakness	that	results	in	loss	of	ambulation	and	upper	body	
function	and	causes	early	mortality	due	to	cardiomyopathy	or	loss	of	respiratory	function	by	the	third	
decade.	Mutations	in	the	DMD	gene	cause	absence	of	the	protein	dystrophin,	which	leads	to	a	cycle	of	
damage	and	repair	of	muscle	tissue	that	over	time	results	in	replacement	of	muscle	tissue	with	fibrotic	
tissue	and	fat.	Individuals	living	with	Becker	Muscular	Dystrophy	(BMD)	also	harbour	mutations	in	the	
dystrophin	gene	but	produce	some	functional	dystrophin.	Such	individuals	show	much	slower	disease	
progression,	suggesting	that	restoring	even	relatively	small	amounts	of	dystrophin	protein	might	be	
beneficial	to	people	living	with	DMD.	Exon	skipping	therapeutic	oligonucleotides	are	precision	medicines	
designed	to	modulate	the	genetic	machinery,	which	show	great	promise	in	treating	monogenic	
disorders	such	as	DMD.	Such	oligonucleotides	can	be	utilized	to	skip	over	DMD-causing	mutations	and	
restore	the	reading	frame	of	the	gene	to	produce	a	truncated	dystrophin	protein	similar	to	protein	
produced	by	people	with	BMD.	Oligonucleotides	that	are	delivered	systemically	demonstrate	poor	cell	
penetrance	of	skeletal	and	particularly	cardiac	muscles.	PepGen	has	addressed	this	delivery	challenge	
through	the	rational	development	of	enhanced	delivery	oligonucleotides	(EDOs)	that	efficiently	and	
effectively	deliver	oligonucleotides	to	skeletal,	smooth	and	cardiac	muscle,	as	demonstrated	in	both	
mice	and	non-human	primates	(NHPs).	Wild	type	NHP	pharmacology	studies	showed	that	a	single	dose	
of	PGN-EDO51	was	well	tolerated	and	resulted	in	high	levels	of	exon	51	skipping	levels	in	the	tibialis	
anterior	and	in	the	heart.	A	repeat	dosing	study	in	NHPs	showed	a	dose	dependent	increase	in	
oligonucleotide	and	in	exon	skipping	in	both	skeletal	muscle	and	cardiac	tissue.	PGN-EDO51	treatment	
results	in	exon	skipping	at	doses	as	low	as	5mg/kg	in	the	biceps,	and	increased	exon	skipping	is	seen	
with	repeat	dosing.	Repeat	dosing	of	EDO51	was	well	tolerated,	and	a	detailed	safety	profiling	of	the	
candidate	has	been	completed.	The	efficacy	and	safety	of	our	approach	provides	strong	support	for	the	
advancement	of	our	lead	candidate	into	the	clinic.	
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Mary	Ann	Liebert	pulishers,	Inc.	Young	Investigator	Award	
	
Antisense	oligonucleotides	to	treat	inherited	retinal	diseases	
Alejandro	Garanto1,	Tomasz	Tomkiewicz2		
1Radboudumc,	Nijmegen,	Netherlands2Department	of	Human	Genetics,	Radboud	University	Medical	
Center,	Nijmegen,	Netherlands	
	
The	eye	is	at	the	forefront	of	therapeutic	development	due	to	its	accessibility,	containment	and	low	
immune	response,	amongst	other	characteristics.	Our	proof-of-concept	work	on	the	correction	of	a	
recurrent	splicing	defect	underlying	CEP290-associated	Leber	congenital	amaurosis	(LCA)	has	led	to	the	
initiation	of	a	clinical	trial,	with	positive	results.	These	demonstrate	that	antisense	oligonucleotides	
(ASOs)	are	efficacious,	safe	and	well	tolerated	by	the	eye.	In	the	last	years,	many	(deep-)	intronic	
variants	in	ABCA4	have	been	associated	with	splicing	defects	leading	to	Stargardt	disease,	another	
subtype	of	inherited	retinal	disease	(IRD).	However,	ABCA4	is	mainly	expressed	in	retinal	cells	which	are	
not	accessible	and	difficult	to	culture.	Artificial	systems	such	as	midigenes	transfected	in	HEK293T	cells,	
and	iPSCtechnology	have	been	crucial	to	characterize	these	RNA	defects,	sometimes	retina-specific,	and	
correct	them	using	ASOs.	To	date,	we	have	identified	and	corrected	more	than	25	different	ABCA4	
variants,	expanding	the	use	of	ASOs	to	treat	retinal	diseases.	In	this	talk,	I	provide	an	overview	of	our	
work	correcting	splicing	defects	for	different	subtypes	of	IRD	and	how	to	assess	preclinical	efficacy	
inrelevant	model	systems.	
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Dr.	Alan	M.	Gewirtz	Memorial	Scholarship	Award	for	Graduate	Students	
	
Sequence	Controlled	DNA-Polymer	Conjugates	for	The	Delivery	of	Nucleic	Acid	Therapeutics	
Hassan	H.	Fakih,	McGill	University,	Montreal,	QC,	Canada	
	
Nucleic	acid	therapeutics,	such	as	small	interfering	RNA	(siRNA)	and	antisense	oligonucleotides	(AON),	
offer	unique	potential	for	gene	therapy	because	of	their	effectiveness	and	directed	silencing	of	the	
targeted	gene	of	interest.	However,	significant	challenges	have	impeded	their	translation	into	clinical	
applications,	such	as	instability	in	biologically	relevant	media,	off-target	effects,	poor	cellular	uptake,	
and	in	vivo	biodistribution.	An	attractive	solution	is	the	use	of	drug	delivery	nanomaterials	that	protect	
and	deliver	the	oligonucleotide	drugs	to	their	desired	target	site,	such	as	liposomes	and	polymeric	
nanoparticles.	However,	the	approval	of	these	drug	delivery	materials	has	been	slow	due	to	many	
hurdles	blocking	their	translation	from	lab	prototypes	to	actual	clinical	applications.	Most	synthetic	
carriers	are	a	mixture	of	polydisperse	molecules	that	are	not	precisely	controlled	in	size,	shape,	and	
composition.	This	leads	to	heterogeneity	in	properties,	toxicity,	and	off	target	effects.	DNA	
nanotechnology	offers	a	very	promising	alternative	that	utilizes	nucleic	acids	as	a	material	to	build	
nanostructures	that	act	as	targeted	drug	carriers.	This	is	due	to	the	ease	of	manipulating	DNA’s	
structural	parameters	(size,	shape,	rigidity,	functionalization)	as	well	as	chemical	composition.	These	
structures	are	monodisperse,	bio-degradable,	non-toxic,	and	can	themselves	be	therapeutic.	1	An	
especially	powerful	DNA	functionalization	is	the	attachment	of	hydrophobic	polymers,	which	has	led	to	
the	emergence	of	a	new	class	of	amphiphilic	DNA	block	copolymers.	We	have	developed	a	highly	
efficient	solid-phase	method	to	generate	monodisperse	and	sequence-defined	DNA-polymer	
conjugates.1	Based	on	this	method,	we	have	designed	a	range	of	molecules	and	vehicles	with	various	
functionalities	and	applications	in	drug	delivery,	with	fine	control	over	their	properties.1-6	In	this	work,	
we	will	be	highlighting	the	importance	of	this	sequence-controlled	DNA-polymer	conjugate	method	for	
therapeutic	applications.	Specifically,	we	will	be	focusing	on	two	systems	developed	from	this	method	
and	their	drug	delivery	applications:	spherical	nucleic	acids	(SNA)	and	albumin-binding	Dendritic-DNA	
(DDNA)	molecules.	Studies	such	as	characterization,	stability,	cell	work,	including	gene	silencing	and	
conditional	drug	release,	as	well	as	in	vivo	investigations	will	be	discussed.	
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Dr.	Alan	M.	Gewirtz	Memorial	Scholarship	Award	for	Postdocs	
	
Heteroduplex-structure	Reduces	CNS-toxicity	Of	ASO	With	Intrathecal	Administration	And	
Enhances	Therapeutic	Index	In	Rodents	And	Non-human	Primates.	
Kotaro	Yoshioka,	Maho	Katsuyama,	Chunyan	Jia,	Su	S	L	Mon,	Taiki	Matsubayashi,	Kie	Tanaka,	Tetsuya	
Nagata,	Takanori	Yokota,	Tokyo	Medical	and	Dental	University,	Tokyo,	Japan	
	
Therapeutic	oligonucleotides	have	been	developed	for	treatment	of	intractable	CNS	diseases.	One	of	
best	known	ASO	drugs,	nusinersen,	is	marketed	in	over	40	countries,	in	addition,	patient-customized	
ASOs	such	as	milasen	have	emerged	as	one	of	most	promising	modalities	for	‘N	of	1’	therapy	targeting	
CNS	diseases.	However,	ASOs,	especially	with	phosphorothioate	(PS)-modification,	causes	severe	and	
often	lethal	CNS-toxicity	via	injection	to	CSF	space.	Consequently,	the	CNS-toxicity	is	one	of	most	
challenging	and	urgent	issues	for	those	clinical	development.	We	have	developed	a	novel	double-
stranded	ASO,	hetero-duplex	oligonucleotide	(HDO)	comprising	ASO-strand	and	its	complementary	
strand.	The	HDO	has	shown	superior	characters	for	efficient	drug-delivery	and	potency	of	gene	
modulation	with	extra-	and	intra-cellular	mechanism	compared	with	the	parent	single-stranded	ASO.	
Here,	we	designed	HDOs	using	a	variety	type	of	PS-ASOs	to	overcome	its	CNS-toxicity	and	evaluated	
CNS-tolerance	and	motor	impairment	of	mice	with	intraventricular	injection	in	comparison	with	the	
single-stranded	ASO.	These	in	vivo	analyses	shows	that	the	double-stranded	HDOs	enables	significant	
reduction	of	CNS-toxicity	caused	by	any	type	of	ASO.	In	addition,	we	revealed	an	optimal	structure	in	
the	complementary	strand	of	HDO	for	mitigated	CNS-toxicity	with	no	reduction	of	potency	for	target	
gene	regulation	compared	with	the	parent	ASO.	As	a	result,	this	type	of	HDO	have	achieved	
enhancement	of	in	vivo	therapeutic	index	by	more	than	30-fold.	Furthermore,	in	cynomolgus	monkeys,	
the	HDO	dramatically	improves	severe	CNS-toxicity	including	low	arousal	state	and	quadriparesis	of	
posterior	limbs	dominance	via	intrathecal	injection.	Our	data	demonstrates	that	the	double-stranded	
HDO-technology	offers	great	promise	to	overcome	safety	concerns	about	CNS-toxicity	for	clinical	
development	of	ASO,	including	especially	rapid	candidate-selection	for	patient-customized	ASOs.	
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Paper	of	the	Year	Award	
	
Investigating	the	pharmacodynamic	durability	of	GalNAc-siRNA	conjugates	
Vasant	Jadhav1,	Christopher	R	Brown1,	Swati	Gupta1,	June	Qin1,	Timothy	Racie1,	Guy	He1,	Scott	Lentini1,	
Ryan	Malone1,	Mikyung	Yu1,	Shigeo	Matsuda1,	Svetlana	Shulga-Morskaya1,	Anil	V	Nair2,	Christopher	S	
Theile1,	Karyn	Schmidt1,	Azar	Shahraz1,	Varun	Goel1,	Rubina	G	Parmar1,	Ivan	Zlatev1,	Mark	K	Schlegel1,	
Jayaprakash	K	Nair1,	Muthusamy	Jayaraman1,	Muthiah	Manoharan1,	Dennis	Brown2,	Martin	A	Maier1		
1Alnylam	Pharmaceuticals,	Cambridge,	MA;2MGH	Program	in	Membrane	Biology,	Division	of	
Nephrology,	Massachusetts	General	Hospital	and	Harvard	Medical	School,	Boston,	MA		
	
One	hallmark	of	trivalent	N-acetylgalactosamine	(GalNAc)-conjugated	siRNAs	is	the	remarkable	
durability	of	silencing	that	can	persist	for	months	in	preclinical	species	and	humans.	Here,	we	
investigated	the	underlying	biology	supporting	this	extended	duration	of	pharmacological	activity.	We	
found	that	siRNA	accumulation	and	stability	in	acidic	intracellular	compartments	is	critical	for	long-term	
activity.	We	show	that	functional	siRNA	can	be	liberated	from	these	compartments	and	loaded	into	
newly	generated	Argonaute	2	protein	complexes	weeks	after	dosing,	enabling	continuous	RNAi	activity	
over	time.	Identical	siRNAs	delivered	in	lipid	nanoparticles	or	as	GalNAc	conjugates	were	dose-adjusted	
to	achieve	similar	knockdown,	but	only	GalNAc-siRNAs	supported	an	extended	duration	of	activity,	
illustrating	the	importance	of	receptor-mediated	siRNA	trafficking	in	the	process.	Taken	together,	we	
provide	several	lines	of	evidence	that	acidic	intracellular	compartments	serve	as	a	long-term	depot	for	
GalNAc-siRNA	conjugates	and	are	the	major	contributor	to	the	extended	duration	of	activity	observed	in	
vivo.	
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Programmable	RNA	Editing:	New	Approaches,	New	Challenges	
Prashant	Mali1,	Dhruva	Katrekar2,	James	Yen1,	Yichen	Xiang1		
1University	of	California,	San	Diego,	Dept.	of	Bioengineering,	La	Jolla,	CA;2University	of	California,	San	
Diego,	Dept.	of	Bioengineering,	La	Jolla,	CA,	CA		
	
Adenosine	deaminases	acting	on	RNA	(ADARs)	can	be	repurposed	to	enable	programmable	RNA	editing,	
however	their	exogenous	delivery	leads	to	transcriptome-wide	off-targeting,	and	additionally,	enzymatic	
activity	on	certain	RNA	motifs,	thus	limiting	their	utility	as	a	transcriptome	engineering	toolset.	Here	we	
describe	a	combination	of	protein	and	RNA	engineering	approaches	to	improve	the	specificity	and	
activity	of	ADAR	based	programmable	RNA	editing	tools.	We	also	perform	a	novel	deep	mutational	scan	
of	the	deaminase	domain	that	enabled	direct	coupling	of	variants	to	corresponding	RNA	editing	activity.	
Experimentally	measuring	the	impact	of	every	amino	acid	substitution	across	261	residues,	i.e.,	~5000	
variants,	on	RNA	editing,	revealed	intrinsic	domain	properties,	and	also	several	mutations	that	greatly	
enhanced	RNA	editing.	
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In	Vivo	Epigenome	Editing	with	CRISPR	Systems	
Charles	Gersbach,	Duke	University		
	
Abstract	not	available	at	production	time.	
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Prime	Editing:	Precise	and	Versatile	Genome	Editing	without	Double-Strand	Breaks	or		
Donor	DNA	
Andrew	Anzalone,	Prime	Medicine		
	
Single	base	pair	substitutions,	small	insertions,	and	small	deletions	represent	the	majority	of	known	
human	genetic	variants	associated	with	disease.	Genome	editing	technologies	that	are	able	to	install	
and	correct	these	variants	could	therefore	enable	the	basic	investigation	of	disease	mechanisms	and	the	
development	of	novel	human	therapeutics.	We	recently	developed	prime	editing	(PE),	a	genome	editing	
technology	that	directly	installs	specified	point	mutations,	insertions,	or	deletions	at	targeted	genomic	
loci	in	human	cells	without	requiring	double-stranded	DNA	breaks	or	donor	DNA	repair	templates.	Prime	
editing	uses:	(1)	a	prime	editor	protein	(PE),	comprising	a	fusion	between	a	Cas9	nickase	and	an	
engineered	reverse	transcriptase	enzyme;	and	(2)	a	prime	editing	guide	RNA	(pegRNA)	that	both	targets	
the	prime	editor	to	the	programmed	genomic	site	and	encodes	the	intended	edit	template	within	a	3’	
RNA	extension.	Prime	editor	complexes	directly	write	edited	DNA	sequences	into	the	genomic	target	
site	using	Cas9-nicked	genomic	DNA	as	a	primer	for	reverse	transcription	of	the	edit-encoding	template	
of	the	pegRNA.	The	resulting	DNA	3’	flap,	which	contains	the	edit,	then	incorporates	into	duplex	DNA	via	
5’	flap	cleavage	and	ligation.	The	edit	is	installed	into	the	complementary	DNA	strand	by	DNA	replication	
or	repair,	which	can	be	stimulated	by	nicking	the	non-edited	strand	with	a	second	guide	RNA	(the	PE3	
system).	Prime	editing	can	efficiently	and	precisely	introduce	various	edits	and	is	not	highly	constrained	
by	PAM	availability.	This	enables	the	installation	of	pathogenic	variants	into	endogenous	alleles,	the	
correction	of	disease-associated	mutations,	and	the	incorporation	of	tags	and	other	motifs	into	
endogenous	genomic	loci.	
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SHORT	TALK:	Chemically	Optimized	Stereopure	Oligonucleotides	Direct	ADAR-mediated	RNA	
Editing	Of	SERPINA1	Transcripts,	Yielding	Functional	Alpha-1	Antitrypsin	Protein	In	A	Mouse	
Model	For	Alpha-1	Antitrypsin	Deficiency	
Prashant	Monian,	Chikdu	Shivalila,	Genliang	Lu,	David	Boulay,	Karley	Bussow,	Michael	Byrne,	Jigar	Desai,	
Frank	Favaloro,	Jack	Godfrey,	Andrew	Hoss,	Naoki	Iwamoto,	Tomomi	Kawamoto,	Jayakanthan	
Kumarasamy,	Pachamuthu	Kandasamy,	Anthony	Lamattina,	Muriel	Lemaitre,	Amber	Lindsey,	Richard	
Looby,	Tom	Pu,	Stephany	Standley,	Snehlata	Tripathi,	Hailin	Yang,	Yuan	Yin,	Paloma	H	Giangrande,	
Chandra	Vargeese		
Wave	Life	Sciences,	Cambridge,	MA		
	
AATD	(α1	antitrypsin	deficiency)	is	an	autosomal	co-dominant	genetic	disorder	caused	in	part	by	a	G-to-
A	point	mutation	in	the	SERPINA1	gene	called	the	Z	allele.	The	resulting	E342K	mutation	leads	to	
misfolding	and	aggregation	of	Z-AAT	protein	in	hepatocytes,	which	can	cause	liver	damage	and	cirrhosis.	
It	also	depletes	circulating	AAT	protein,	leaving	the	lungs	vulnerable	to	disease.	Wave	aims	to	restore	
physiological	levels	of	functional	AAT	comparable	to	the	low-risk	heterozygous	condition	by	recruiting	
endogenous	adenosine	deaminase	acting	on	RNA	(ADAR)	enzymes	to	edit	SERPINA1	RNA,	which	has	the	
potential	to	address	both	liver	and	lung	manifestations	of	AATD.	Stereopure	oligonucleotides	designed	
to	promote	RNA	editing	by	recruiting	endogenous	ADAR	enzymes	support	dose-dependent	increases	in	
SERPINA1	RNA	editing	in	vitro	in	primary	hepatocytes,	and	the	absolute	percentage	of	editing	and	the	
potency	of	these	molecules	can	be	increased	through	chemical	optimization.	In	a	transgenic	mouse	
model	that	expresses	both	human	SERPINA1	(Z	allele)	and	human	ADAR1,	these	oligonucleotides	
support	up	to	40%	SERPINA1	RNA	editing	in	hepatocytes	and	a	~3-fold	increase	in	the	amount	of	AAT	
protein	in	serum.	No	bystander	editing	on	adjacent	adenosines	was	observed,	and	the	secreted	protein	
has	the	expected	wild-type	amino	acid	sequence	and	efficiently	inhibits	neutrophil	elastase.	To	our	
knowledge,	this	is	the	first	demonstration	that	oligonucleotides	that	promote	RNA	editing	with	
endogenous	ADAR	enzymes	represent	a	potential	therapeutic	option	for	the	treatment	of	AATD.	
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SHORT	TALK:		CLUSTER	Guide	RNAs	Enable	Precise	And	Efficient	RNA	Editing	In	Cell	Culture	
And	In	Vivo	
Philipp	Reautschnig1,	Nicolai	Wahn1,	Jacqueline	Wettengel1,	Annika	Schulz1,	Ngadhnjim	Latifi1,	Laura	
Pfeiffer1,	Paul	Vogel2,	Tae-Won	Kang3,	Christine	Zarges1,	Ulrike	Naumann4,	Lars	Zender3,	Jin	Billy	Li2,	
Thorsten	Stafforst1		
1Interfaculty	Institute	of	Biochemistry,	University	of	Tübingen,	Tübingen,	Germany2Department	of	
Genetics,	Stanford	University,	Stanford,	CA;3Department	of	Medical	Oncology	and	Pneumology,	
University	Hospital	Tübingen,	Tübingen,	Germany4Hertie	Institute	for	Clinical	Brain	Research,	Tübingen,	
Germany	
	
RNA	base	editing	represents	a	promising	alternative	for	genome	editing.	Recent	approaches	harness	the	
endogenous	RNA	editing	enzyme	ADAR	to	circumvent	problems	related	to	the	ectopic	expression	of	an	
editing	enzyme,	but	they	suffer	from	sequence	restriction,	lack	of	efficiency,	and	bystander	editing.	
Here,	we	present	in-silico	optimized	CLUSTER	guide	RNAs,	which	bind	their	target	mRNAs	in	a	
multivalent	fashion	and	thereby	enable	editing	with	unprecedented	precision	as	shown	by	next	
generation	sequencing.	CLUSTER	guide	RNAs	can	be	genetically	encoded	and	manufactured	into	viruses	
to	work	in	various	cell	lines.	They	achieve	on-target	editing	on	endogenous	transcripts	like	GUSB	and	
NUP43	with	yields	up	to	45%	without	bystander	editing	and	have	been	shown	to	recruit	endogenous	
ADAR	in	vivo.	The	CLUSTER	approach	tremendously	enlarges	the	sequence	space	available	for	guide	RNA	
design	and	opens	new	avenues	for	drug	development	in	the	field	of	RNA	base	editing.	
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Iterative	Optimization	of	a	Universal	Chemically	Modified	Anti-CRISPR-Cas9	Oligonucleotide:	
Toward	In	Vivo	Proof-of-Concept	
Christopher	L.	Barkau1,	Daniel	O’Reilly2,	Matthew	R	Hassler2,	Jacquelyn	Sousa2,	Seth	Eddington1,	Zachary	
Kennedy2,	Masad	J	Damha3,	Keith	T.	Gagnon	T	Gagnon1		
1Southern	Illinois	University	School	of	Medicine,	Carbondale,	IL;2RNA	Therapeutics	Institute	at	University	
of	Massachusetts,	Worcester,	MA;3McGill	University,	Montreal,	QC,	Canada	
	
CRISPR-Cas9	therapeutics	continue	to	march	closer	to	an	approved	drug	for	human	use,	both	ex	vivo	and	
in	vivo.	Despite	the	fast-paced	advancements,	the	development	of	a	clinically	viable	drug	to	shut	down	
editing	in	the	event	of	incorrect	administration	or	to	minimize	off-target	events	in	patient	cells	has	
lagged.	Chemically	modified	oligonucleotides	that	can	be	administered	in	vivo	to	suppress	the	activity	of	
Cas9	are	one	potential	solution.	We	previously	reported	small,	nucleic	acid-based	inhibitors	of	CRISPR-
Cas9	(CRISPR-SNuBs).	These	guide	sequence-independent	oligonucleotides	compete	with	functional	
ribonucleoprotein	(RNP)	assembly.	One	module	base-pairs	with	the	invariant	tracrRNA	repeat	sequence	
while	the	other	linked	module	provides	a	proximal	NGG-bearing	dsDNA	mimic	to	obstruct	target	binding	
by	Cas9’s	PAM	interaction	domain.	Since	our	initial	findings,	we	have	performed	multiple	rounds	of	
SNuB	chemical	and	structural	optimization.	We	have	identified	heavily-modified	oligonucleotides	with	
strong	serum	stability,	favorable	carrier-free	uptake,	and	potent	competitive	inhibition	in	human	cells.	
SNuBs,	which	are	similar	in	size	to	siRNAs,	can	be	made	in	a	single	one-strand	synthesis	and	nearly	all	
nucleotides	can	be	chemically	modified.	We	will	report	on	our	current	lead	molecules	designed	for	
testing	in	animal	models	of	CRISPR-Cas9	editing,	which	should	pave	the	first	path	to	the	clinic	for	anti-
CRISPR	technology.	
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Robert	Letsinger:	The	Father	of	Synthetic	DNA	Chemistry	
Marvin	H.	Caruthers,	University	of	Colorado		
	
Bob	Letsinger:	Inspiration,	Mentor,	Motivating	Genius,	and	Life-long	Friend	
Kelvin	Ogilvie,		Acadia	University		
	
Bob	Letsinger:	"Well,	let's	see	what	you	can	do."	
Paul	Miller,	Johns	Hopkins	Bloomberg	School	of	Public	Health	
	
Robert	Lewis	Letsinger:	Early	Years	
Margaret	Schott,	Northwestern	University	
	
Bob	Letsinger	-	True	Pioneer	of	Nucleic	Acid	Chemistry,	Mimetics	and	Conjugates	
Sergei	M.	Gryaznov	MAIA	Biotechnology,	Inc.	
	
Business	With	Bob:	Navigating	the	Start-up	World	with	an	Oligonucleotide	Giant	
Chad	Mirkin,	Northwestern	University	
	
Meetings	with	Bob	
Martín	Egli,	Vanderbilt	University		
	
Hundred	Years	of	Bob	Letsinger	and	Early	Years	of	Oligonucleotide	Therapeutics	
Muthiah	Manoharan,	Alnylam	Pharmaceuticals		
	
Family	Tribute	
Reed	Letsinger	
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PCSK9	ASO	Story	including	Phase	1	Data	(Dyslipidemia/	Liver	Targeting)	
Björn	Carlsson,	AstraZeneca		
	
Proprotein	convertase	subtilsin-kexin	type	9	(PCSK9)	PCSK9	inhibitors	are	a	new	class	ofLDL-cholesterol	
(LDL-C)	lowering	drugs.	PCSK9	binds	to	the	LDL-receptor	and	targets	the	receptor	to	degradationinstead	
of	re-cycling	leading	to	increased	plasma	levels	of	LDL-C.	We	here	present	phase	I	data	on	a	novelpotent	
PCSK9	inhibitor	targeting	hepatic	production	of	PCSK9.	
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ALN-APP	for	the	Treatment	of	Autosomal	Dominant	Alzheimer's	Disease	
Kirk	M.	Brown,	Anylam	Pharmaceuticals		
	
RNA	interference	(RNAi)	therapeutics	are	a	new	class	of	medicines	that	can	address	unmet	medical	
needs	by	silencing	disease-causing	gene	transcripts.	While	delivery	of	short	interfering	RNAs	(siRNAs)	to	
hepatocytes	has	yielded	multiple	drug	approvals,	novel	delivery	solutions	are	needed	to	expand	the	
reach	of	RNAi	therapeutics.	Here	we	report	siRNA	design	features	that	enable	efficient	knockdown	in	
the	central	nervous	system	(CNS)	of	multiple	preclinical	species	with	broad	cell	type	specificity.	
Intrathecally	delivered	siRNAs	are	active	across	CNS	regions	and	cell	types,	with	sustained	silencing	for	
at	least	three	months.	CNS	siRNA	conjugates	have	been	developed	for	multiple	targets	in	the	CNS	and	
have	shown	promising	results	in	pre-clinical	disease	models.	
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SLN360	-	A	Case	Study	for	Overcoming	the	Challenge	of	a	Species-restricted	mRNA	Target	
Marie	Wikström	Lindholm,	Silence	Therapeutics		
	
When	designing	a	therapeutic	oligonucleotide,	it	can	be	advantageous	if	the	intended	target	sequence	is	
species-conserved	so	the	same	synthetic	oligonucleotide	can	be	tested	for	effects	in	multiple	species.	
With	poor	mRNA	sequence	conservation,	surrogate	molecules	may	instead	be	used	to	explore	intended	
and	exaggerated	pharmacology.	In	a	more	extreme	case,	the	intended	target	is	expressed	in	only	one,	or	
a	few,	species.	SLN360	is	a	GalNAc-conjugated	siRNA	targeting	LPA,	the	mRNA	encoding	
apolipoprotein(a)	which	in	turn	is	a	main	component	of	lipoprotein(a)	(Lp(a)).	High	Lp(a)	is	a	major	risk	
factor	for	cardiovascular	disease	with	no	current	efficacious	pharmacotherapy.	LPA	is	only	expressed	in	
primates,	with	no	orthologous	transcript	in	other	species.	In	this	situation	one	may	use	transgenic,	AAV,	
or	other	humanized	mouse	models.	However,	the	Lp(a)	particle	is	assembled	post	translation	via	a	
covalent	coupling	between	apolipoprotein(a)	and	apolipoprotein	B,	a	mechanism	not	guaranteed	in	
humanized	mouse	models.	SLN360	was	identified	through	extensive	in	silico	and	in	vitro	analysis	and	
evaluated	for	pharmacology	directly	in	cynomolgus	monkeys,	with	special	attention	given	to	
hypothetical	off-targets,	including	early	markers	of	lipid	accumulation	(i.e.	potential	risk	of	exaggerated	
pharmacology).	In	vitro,	SLN360	reduced	LPA	expression	in	primary	human	hepatocytes	with	no	effects	
on	any	tested	hypothetical	human	off-targets	at	concentrations	>300-fold	the	human	LPA	IC50.	GLP	
safety	studies	were	performed	with	five	weekly	injections	of	saline	control	or	SLN360	in	both	healthy	
rats	(platform	effects)	and	cynomolgus	monkeys	(target	effects).	SLN360	was	well-tolerated	in	both	
species	with	findings	largely	restricted	to	known	reversible	siRNA	platform	effects	(notably	reversible	
hepatocyte	and	tubular	vacuolation	in	rats,	and	hepatocyte	hypertrophy	and	lymph	node	macrophage	
vacuolation	in	cynomolgus	monkeys).	In	cynomolgus	monkeys	(up	to	200mg/kg),	target	engagement	
was	shown;	LPA	mRNA	and	serum	Lp(a)	were	essentially	absent	at	day	30	and	after	the	8-week	recovery	
period.	The	NOAEL	was	defined	as	200mg/kg,	>60-fold	the	active	dose	in	cynomolgus	monkeys,	the	
most	relevant	species.	The	SLN360	case	raises	several	interesting	questions,	starting	with	choices	to	
make	in	the	oligonucleotide	drug	discovery	process	with	a	species-restricted	target,	and	selecting	what	
safety	parameters	are	the	most	relevant	when	the	target	itself	is	not	expressed	in	more	than	one	
common	toxicology	species.	However,	it	also	demonstrates	that	if	a	target	has	human	genetic	validation,	
mitigating	concerns	regarding	exaggerated	pharmacology	(as	is	the	case	for	LPA),	then	there	is	a	straight	
line	of	sight	to	the	clinic.	
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RNAi-based	ApoE	Targeting	in	Alzheimer's	Disease:	Innate	Immune	Response	Activation	for	
Plaque	Clearance	Modulation	
Anastasia	Khvorova,	RTI,	UMass	Medical	School,	MA		
	
Late-Onset	Alzheimer	Disease	(LOAD)	is	one	of	the	major	neurodegenerative	disorders	affecting	millions	
of	Americans	and	their	families.	APOE	is	the	primary	genetic	allele	associated	with	the	prominence	and	
age	of	onset	for	LOAD.	We	optimized	a	divalent	siRNA	(di-siRNA)	to	potently	(>	99%),	selectively	(CNS	
only),	and	durably	(more	than	four	months)	silence	APOE	in	the	brain	of	several	AD	animal	models.	
Potent	silencing	of	brain	APOE	significantly	reduces	amyloid	plaque	formation,	Tau	aggregation,	and	
other	AD	markers	without	impacting	systemic	cholesterol.	We	further	demonstrate	that	brain	APOE	
appears	to	function	as	a	scaffold	for	misfolded	proteins	and	beta-amyloid	oligomerization	and	limits	
plaque	accessibility	to	immune	cell-modulated	clearance.	Consequently,	APOE	silencing	de-structures	
the	plaques,	enabling	glia-medicated	clearance.	These	results	challenge	prior	conclusions	that	
therapeutic	silencing	of	APOE	is	ineffective	in	the	adult	brain	and	re-establishes	the	need	to	evaluate	
APOE	modulation	as	one	of	the	potential	disease-modifying	treatments	for	Alzheimer's	disease,	initially	
in	the	APOE4	homozygous	patient	population.	
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ALN-APP	for	the	Treatment	of	Autosomal	Dominant	Alzheimer's	Disease	
Kirk	Brown,	Alnylam	Pharmaceuticals	
	
RNA	interference	(RNAi)	therapeutics	are	a	new	class	of	medicines	that	can	address	unmet	medical	needs	
by	silencing	disease-causing	gene	transcripts.	While	delivery	of	short	interfering	RNAs	(siRNAs)	to	
hepatocytes	has	yielded	multiple	drug	approvals,	novel	delivery	solutions	are	needed	to	expand	the	reach	
of	RNAi	therapeutics.	Here	we	report	siRNA	design	features	that	enable	efficient	knockdown	in	the	central	
nervous	system	(CNS)	of	multiple	preclinical	species	with	broad	cell	type	specificity.	Intrathecally	delivered	
siRNAs	are	active	across	CNS	regions	and	cell	types,	with	sustained	silencing	for	at	least	three	months.	CNS	
siRNA	conjugates	have	been	developed	for	multiple	targets	in	the	CNS	and	have	shown	promising	results	
in	pre-clinical	disease	models.	
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CpG-STAT3	inhibitors	are	first-in-class,cell-selective	oligonucleotides	with	intracellular	gain-of-
functionimmunostimulatory	effects.	The	release	of	immune	checkpoint	blockade	at	thelevel	of	signal	
transducer	and	activator	of	transcription	3	(STAT3)	by	genesilencing	can	amplify	proinflammatory	
signaling	induced	by	CpG	oligodeoxynucleotidesin	TLR9-positive	target	cells.	CpG-STAT3siRNA(DUET-01)	
enables	cell-selective	STAT3	targeting	in	lymphoma	and	inmyeloid	cells	but	not	in	T	cells,	which	rely	on	
STAT3	for	their	expansion	andmemory	T	cell	formation.	Growing	evidence	associates	STAT3-mediated	
immunosuppressionwith	pathogenesis	of	activatedB	cell-like	diffuse	large	B	cell	lymphoma	(ABC-DLBCL)	
or	mantle	cell	lymphoma.	Our	preclinical	studies	in	lymphoma	models	in	micedemonstrated	that	local	
tumor	treatment	using	DUET-01	silences	STAT3,	while	stimulating	TLR9-induced	systemic	antitumor	
immunity	andincreasing	sensitivity	to	radiation	therapy.	The	safety	of	local	administrationof	DUET-01	
was	assessed	in	toxicology	studies	in	rat	and	non-human	primates.	Repeated	subcutaneous	injections	of	
DUET-01	into	male	and	female	rats	were	well-toleratedup	to	maximal	dosing	of	15	mg/kg/injection	with	
no	gross	pathology	findings	ineither	the	terminal	or	recovery	phase	animals.	Similarly,	four	
subcutaneousinjections	of	DUET-01	in	monkeys	were	safeup	to	maximal	5	mg/kg/dose	without	evidence	
of	complement	activation	orcytokine	upregulation	beyond	reference	values.	No	test	article-related	
findingswere	noted	in	any	parameter	evaluated	in	this	study.	Following	on	thesestudies,	we	initiated	a	
single-center,	phaseI	clinical	trial	(NCT04995536)	using	local	administration	of	DUET-01	
oligonucleotidein	adult	patients	with	relapsed/refractory	low-grade	B-cell	non-Hodgkinlymphoma.	The	
primary	endpoints	are	safety	and	feasibility	of	intratumoral	DUET-01	injections	in	combination	with	
fixed	dose	of	local	radiation	anddetermining	the	recommended	phase	2	dose.	The	secondary	endpoints	
focus	on	thecharacterization	of	the	clinical	and	biological	activities,	such	as	STAT3inhibition	and	immune	
cell	activation	in	tumors	and	in	the	periphery.	In	thispresentation,	we	will	review	the	clinical	trial	
rationale,	preclinical	studiesand	design.	
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Duchenne	muscular	dystrophy	(DMD)	is	a	severe	neuromuscular	disorder	caused	by	mutations	in	the	
DMD	gene	encoding	for	dystrophin.	The	absence	of	dystrophin	results	in	continuous	contraction-
induced	damage	in	skeletal	muscle.	One	way	of	restoring	dystrophin	expression	is	by	using	antisense	
oligonucleotides	(AONs)	to	reframe	the	disrupted	open	reading	frame	of	the	transcript.	AONs	bind	to	
the	target	exon	in	the	pre-mRNA	dystrophin	transcript,	thereby	hiding	it	from	the	splicing	machinery,	
which	results	in	skipping	of	the	target	exon.	This	leads	to	production	of	a	shorter	but	semi-functional	
dystrophin	protein.	Although	some	AONs	are	already	conditionally	approved	for	DMD,	this	is	based	on	
restoration	of	very	low	levels	of	dystrophin,	because	delivery	of	AONs	to	muscle	and	efficiency	of	exon	
skipping	is	still	a	challenge.	In	an	effort	to	optimize	AON	efficiency,	we	assessed	exon	53	skipping	in	the	
DMD	gene	with	AONs	of	the	following	chemical	modifications,	all	with	a	phosphorothioate	(PS)	
backbone:	FANA,	FRNA,	LNA-2’OMe,	LNA-FRNA	and	αLNA-FRNA.	First,	we	determined	exon	53	skipping	
in	immortalized	human	control	myoblast	cultures.	Here	we	found	efficient	exon	53	skipping	was	induced	
whether	the	AONs	were	delivered	via	transfection	or	gymnosis.	The	FRNA	and	LNA-FRNA	modifications	
were	most	efficient.	Pronounced	exon	53	skipping	levels	were	also	observed	in	the	gastrocnemius	of	
hDMDdel52/mdx	mice	receiving	weekly	subcutaneous	injections	for	six	weeks	starting	at	4	weeks	of	age.	
In	these	mice,	the	LNA-2’OMe	and	LNA-FRNA	modified	AONs	were	most	efficient	(70.9	±10.7%	and	86.5	
±	7.3%	skip,	respectively).	All	AONs	were	well	tolerated	based	on	plasma	markers	for	liver	and	kidney	
function.	We	are	currently	evaluating	exon	skipping	and	dystrophin	protein	levels	in	other	skeletal	
muscles	and	heart	and	AON	distribution	in	the	tibialis	anterior.	
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N-tert-butylguanidine-bridged	nucleic	acid	(GuNA[t-Bu])	is	an	interesting	modified	nucleic	acid	that	not	
only	enhances	binding	affinity	of	an	oligonucleotide	towards	complementary	RNA	and	improves	
enzymatic	stability,	but	also	possesses	a	characteristic	cationic	moiety	which	is	expected	to	change	the	
biological	properties	of	antisense	oligonucleotides	(ASOs).	In	this	study,	the	effects	of	GuNA[t-Bu]-
modification	on	ASOs	were	evaluated	by	using	the	gapmer	ASOs	targeting	MALAT1,	a	long	non-coding	
RNA	that	ubiquitously	expressed	in	almost	all	tissues.	For	comparison,	the	gapmers	were	modified	in	the	
wing	regions	with	four	different	bridged	nucleic	acids,	namely	2ʹ,4ʹ-BNA/LNA,	Amido-bridged	nucleic	
acid	(AmNA),	2ʹ-O,4ʹ-C-spirocyclopropylene-bridged	nucleic	acid	(SCP,	scpBNA)	and	GuNA[t-Bu].	The	
GuNA[t-Bu]-modified	ASOs	showed	high	in	vitro	knockdown	(KD)	effects	in	Neuro2A	cells,	which	was	
comparable	to	that	of	the	LNA-modified	ASO.	In	vivo	KD	potency	of	the	GuNA[t-Bu]-modified	ASOs	was	
evaluated	by	an	intravenous	injection	to	normal	mice	as	a	single	dose	of	5	mg/kg.	The	KD	activity	of	the	
ASOs	in	liver,	heart,	kidney,	and	muscle	was	evaluated	72	hours	after	the	administration.	Interestingly,	
the	GuNA[t-Bu]-modified	ASOs	showed	promising	KD	effects	of	50%	or	more	in	the	heart	without	
individual	differences.	The	result	shows	the	potential	of	GuNA[t-Bu]-modified	gapmer	ASOs	as	a	novel	
platform	for	targeting	heart	diseases	with	promising	properties.	
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SHORT	TALK:		Structure-based	Optimization	Of	Lipophilic	Sirna	Conjugates	For	Albumin	
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The	abundant	serum	protein	albumin	has	multiple	hydrophobic,	fatty	acid	binding	pockets,	long	half-life,	
and	intrinsic	tumor	tropism,	making	it	an	appealing	carrier	for	loading	and	delivery	of	cancer	
therapeutics.	With	extrahepatic	delivery	of	siRNAs	remaining	clinically	elusive,	albumin	hitchhiking	is	a	
promising	approach	for	improving	the	pharmacokinetics	and	tumor	delivery	of	siRNAs.	Herein,	we	
describe	the	systematic	screening	and	optimization	of	valency,	linker	length,	linker	architecture,	and	
linker	stability	for	siRNAs	modified	with	an	albumin-binding	lipophilic	moiety.	Conjugates	demonstrate	
structure-dependent	circulation	half-life	(Fig.	A),	in	vitro	and	in	vivo	albumin-binding	(Fig.	B),	
bioavailability,	and	renal	clearance.	We	identify	construct	si<(EG18L)2	as	having	optimal	valency,	
hydrophilic	linker	length,	linker	branching	point,	and	phosphorothioate	(PS)	placement	for	in	vivo	
pharmacokinetics	and	tumor	gene	silencing	activity.	This	optimized	construct	achieves	12-fold	greater	
tumor	accumulation	(Fig.	C)	and	30%	greater	silencing	(Fig.	D)	than	previous	generation	construct	si-
EG45<L2	in	a	mouse	orthotopic	model	of	human	triple-negative	breast	cancer.	We	additionally	
interrogate	and	identify	key	structural	features	related	to	self-micellization	and	serum	stability	that	
confer	these	improved	functional	outcomes.	These	data	hold	immense	promise	for	the	translation	of	
albumin-binding,	carrier-free	RNAi	therapies	for	extrahepatic	targets.	
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SSRI-conjugated	oligonucleotides	for	the	treatment	of	major	depressive	disorder	and	
Parkinson´s	disease	
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Remarkable	advances	in	understanding	the	role	of	RNA	in	health	and	disease	have	expanded	
considerably	in	the	last	decade.	RNA	is	becoming	an	increasingly	important	target	for	therapeutic	
intervention;	therefore,	it	is	critical	to	develop	strategies	for	therapeutic	modulation	of	RNA	function.	
Oligonucleotides,	including	antisense	oligonucleotide	(ASO),	small	interfering	RNA	(siRNA),	microRNA	
mimic	(miRNA),	and	anti-microRNA(antagomir)	are	perhaps	the	most	direct	therapeutic	strategies	for	
addressing	RNA.	Among	other	mechanisms,	most	oligonucleotide	designs	involve	the	formation	of	a	
hybrid	with	RNA	that	promotes	its	degradation	by	activation	of	endogenous	enzymes	such	as	RNase-H	
(e.g.,	ASO)	or	the	RISC	complex	(e.g.	RNA	interference	-	RNAi	for	siRNA	and	miRNA).	However,	the	useof	
oligonucleotides	for	the	treatment	of	brain	disorders	is	seriously	compromised	by	twomain	limitations:	
i)	how	to	deliver	oligonucleotides	to	the	brain	compartment,	avoiding	the	actionof	peripheral	RNAses?	
and	once	there,	ii)	how	to	target	specific	neuronal	populations?	During	my	presentation,	I	will	discuss	
the	challenges	associated	with	the	development	of	novel	oligonucleotide	therapeutics.	I	will	pay	special	
attention	to	the	use	of	the	conjugated	ligand-oligonucleotide	approach	in	which	the	oligonucleotide	
sequence	is	covalently	bound	to	monoaminetransporter	inhibitors	(e.g.	sertraline,	reboxetine,	
indatraline).	This	strategy	allows	their	selective	accumulation	in	the	midbrain	monoamine	neurons	to	
target	the	expression	of	specific	mRNAsin	these	neuronal	populations.	Disabling	disease-related	genes	in	
these	neurons,	for	example	in	major	depressive	disorder	and	Parkinson’s	disease,	triggers	preclinical	
changes	in	animal	models	that	predictive	clinical	therapeutic	action.	
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High-resolution	visualization	of	nucleic	acid-based	therapeutics	in	cells	and	tissues	using	
NanoSIMS	
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Efficient	delivery	of	nucleic	acid	therapeutics	(NATs)	to	tissues,	cells	and	intracellular	compartments	is	
crucial,	both	for	optimizing	efficacy	and	reducing	side	effects.	Advances	in	the	targeted	delivery	of	NATs,	
including	the	development	of	GalNAc	ligands	for	targeted	liver	delivery,	have	vastly	improved	the	
efficacy	of	NATs	in	specific	tissues.	However,	many	limitations	remain.	One	of	the	reasons	for	the	slow	
progress	is	that	our	understanding	of	NAT	transportin	cells	and	tissues	is	limited.	Our	team,	with	
collaborators,	have	recently	developed	imaging	methods	based	on	nanoscale	secondary	ion	mass	
spectrometry	(NanoSIMS)to	investigate	the	transport	of	NATs.	We	demonstrated	high-resolution	
visualization	and	quantification	of	halogen-	and	stable	isotope-labelled	NATsin	cells	and	tissues	using	
NanoSIMS	analysis	in	combination	with	electronmicroscopy.	This	approach	makes	it	possible	to	combine	
ultrastructural	and	chemical	information	in	the	exact	same	cells	with	up	to	50	nm	spatial	resolution,	
hence	allowing	us	to	define	NAT	uptake	and	distributions	indifferent	subcellular	compartments	and	to	
quantify	the	impact	of	targeting	ligands	designed	for	NAT	targeted	delivery.	This	presentation	will	
discuss	the	capabilities	of	NanoSIMS	analysis	for	NAT	visualization	and	quantification,	and	observations	
we	have	made	on	the	uptake	and	distributions	of	NATs	in	cultured	cells	and	tissue	sections.	
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Using	Nuclear	Imaging	to	Understand	Delivery	and	Distribution	of	Intrathecal	ASOs	in	
Humans	
Jenna	Sullivan	Biogen,	Cambridge,	MA		
	
Molecular	imaging	is	a	powerful	tool	in	drug	development.	By	labeling	potential	therapeutic	compounds	
(such	as	ASOs)	with	radioisotopes,	positron	emission	tomography	(PET)	or	single	photon-emission	
computed	tomography	(SPECT)	can	be	used	to	determine	their	bio	distribution,	noninvasively	and	
quantitatively,	in	vivo.	Here	we	discuss	the	development	and	characterization	of	a	radiolabeled	ASO,	
99mTc-BIIB067,	and	its	use	in	a	human	bio	distribution	study.	
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RNA	has	emerged	as	a	highly	promising	and	versatile	drug	modality.	To	this	day,	the	key	to	unleashing	
the	full	potential	of	RNA-based	drugs	still	lies	in	understanding	the	elusive	processes	and	mechanisms	of	
cell	uptake	and	endosomal	release.	However,	many	widely	used	RNA	analytical	tools	involve	heavily	
modified	oligonucleotides,	potentially	resulting	in	loss	of	ability	of	the	RNA	to	be	correctly	recognized	
and	processed	by	the	enzymatic	machineries	of	cells.	Fluorescent	base	analogues	(FBAs)	are	internal	
nucleobase-like	fluorophores	that	are	less	functionally	perturbing	than	other	external	probes,	and	are	
designed	to	retain	the	normal	base-pairing	and	-stacking	of	the	target	nucleic	acid.1	In	the	past	year,	we	
reported	the	first	two	examples	of	live-cell	fluorescence	imaging	of	biologically	relevant	RNA	modalities	
(gapmer	ASOs	and	mRNA)	using	FBA	labels	(figure).2,3	Importantly	and	to	our	delight,	we	also	
demonstrated	the	high	FBA	tolerability	of	a	number	of	enzymatic	machineries	-	RNase	H1	for	ASOs,	
polymerases	and	ribosomes	for	mRNA	-	resulting	in	unaltered	biological	activity	of	most	FBA-labeled	
constructs.	Taken	together,	these	results	suggest	that	our	FBAs	are	excellent	mimics	of	their	
corresponding	canonical	bases	and	show	sufficient	brightness	when	excited	at	405	nm	to	be	used	as	
imaging	labels	for	biologically	critical	RNAs	in	a	standard	confocal	microscopy	setup.	Therefore,	we	
believe	that	FBAs	will	be	beneficial	to	pharmaceutical	industry,	clinical	laboratories,	and	academia	
aiming	at	understanding	of	uptake	and	endosomal	escape	mechanisms	and	allow	them	to	take	vital	
steps	towards	new	and	improved	delivery	strategies	for	next-generation	nucleic	acid-based	drugs.	
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Single	stranded	antisense	oligonucleotides	(ASOs)	have	been	extensively	investigated	recently	for	the	
treatment	of	central	nervous	system	(CNS)	disorders.	SPINRAZA,	an	ASO	drug	which	modulates	splicing	
of	SMN2	pre-mRNA,	was	approved	for	the	treatment	of	spinal	muscular	atrophy	(SMA).	ASOs	do	not	
enter	the	CNS	after	systemic	administration	and	are	administered	directly	into	the	cerebrospinal	fluid	
(CSF)	by	intrathecal	injection.	Therefore,	developing	a	technology	that	achieves	blood	to	brain	delivery	
of	ASO	after	systemic	administration	to	efficiently	regulate	endogenous	gene	expression	in	the	central	
nervous	system	(CNS)	is	a	major	step	forward	for	treating	neurological	diseases.	We	found	that	the	DNA	
(LNA,	cEt	or	MOE	wing)	/RNA	heteroduplex	oligonucleotide	(HDO)	conjugated	with	cholesterol	or	α-
tocopherol	on	the	5ʹ-	side	of	the	complementary	RNA	strand	(Chol-HDO	or	Toc-HDO)	was	efficiently	
delivered	to	the	CNS	following	subcutaneous	or	intravenous	administration	in	mice	and	rats.	The	parent	
ASO	of	Chol-HDO	distributed	throughout	the	brain	and	spinal	cord	and	suppressed	target	gene	
expression	by	up	to	90%.	This	suppression	was	observed	in	all	major	CNS	cell	types	and	was	most	
prominent	in	neurons	and	microglial	cells.	By	contrast,	cholesterol-conjugated	single-stranded	ASO	
resulted	in	limited	gene	knockdown	in	the	CNS.	This	delivery	of	HDO	to	the	brain	was	not	caused	by	
damage	of	BBB.	With	repeated	injections	of	Chol-HDO,	there	was	a	linear	accumulation	of	the	parent	
ASO	and	summation	of	the	RNA	reduction	in	the	cortex.	The	HDO	has	a	favorable	PK/PD	profile	in	mice	
and	rats	and	show	minor	toxicities	that	can	be	mitigated	using	a	subcutaneous	delivery	route	or	devided	
intravenous	injections	of	Chol-HDO	that	can	avoid	peak-dose	dependent	adverse	effects.	Chol-HDO	
provides	an	important	technological	advancement	in	regulating	CNS	gene	expression	by	ASOs	following	
systemic	administration.	Moreover,	our	technology	improves	the	convenience	of	oligonucleotide	
therapies	to	the	CNS	by	subcutaneous	injection	which	can	be	easily	self-administered	by	the	patients.	
(Nat	Biotech,	in	press)	
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SHORT	TALK:		Targeting	3’	And	5’	Untranslated	Regions	With	Antisense	Oligonucleotides	To	
Stabilize	Frataxin	MRNA	And	Increase	Protein	Expression	
Marek	Napierala,	UAB,	Birmingham,	AL		
	
Friedreich’s	ataxia	(FRDA)	is	a	severe	multisystem	disease	caused	by	transcriptional	repression	induced	
by	expanded	GAA	repeats	located	in	intron	1	of	the	FXN	gene.	FRDA	results	from	decreased	levels	of	
FXN	mRNA	and	frataxin	protein,	thus	stabilization	of	the	transcript	already	present	in	patient	cells	
represents	an	attractive	and	unexplored	therapeutic	avenue.	In	this	work,	we	pursued	a	novel	approach	
based	on	oligonucleotide-mediated	targeting	of	FXN	mRNA	ends	to	extend	its	half-life	and	availability	as	
a	template	for	translation.	We	demonstrated	that	oligonucleotides	designed	to	bind	to	FXN	5’	or	3’	non-
coding	regions	can	increase	FXN	mRNA	and	protein	levels.	Simultaneous	delivery	of	oligonucleotides	
targeting	both	ends	increases	efficacy	of	the	treatment.	The	approach	was	confirmed	in	several	FRDA	
fibroblast	and	iPSC-derived	neuronal	progenitor	lines.	RNA	sequencing	and	single-cell	expression	
analyses	confirmed	oligonucleotide-mediated	FXN	mRNA	up	regulation.	Mechanistically,	a	significant	
elongation	of	the	FXN	mRNA	half-life	without	any	changes	in	chromatin	status	at	the	FXN	gene	was	
observed	upon	treatment	with	end-targeting	oligonucleotides,	indicating	that	transcript	stabilization	is	
responsible	for	frataxin	up	regulation.	These	results	identify	a	novel	approach	towards	up	regulation	of	
steady-state	mRNA	levels	via	oligonucleotide-mediated	end	targeting	that	may	be	of	significance	to	any		
condition	resulting	from	transcription	down	regulation.	
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Development	of	the	Moderna	COVID-19	Vaccine	
Randy	Hyer,	Moderna,	Cambridge,	MA		
	
An	overview	of	the	development	timeline	and	clinical	development	platform	for	mRNA1273	will	be	
covered	as	well	as	high	level	safety	and	efficacy	data	from	the	Phase	1,	Phase	2,	and	pivotal	Phase	3	
clinical	studies.	Interim	data	from	the	adolescent	expansion	study	and	an	overview	of	the	pediatric	
studies	will	be	covered	as	well	as	SARS	CoV-2	variants	of	concern	and	Moderna’s	strategies	to	address	
this	threat	to	include	vaccine	boosters.	
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Overview	on	Pulmonary	Program	IONIS-ENAC-2.5Rx	
Ken	Newman,	Ionis	Pharmaceuticals		
	
The	use	of	ASOs	in	pulmonary	diseases	is	an	emerging	area	of	research.	This	talk	provides	a	brief	
overview	of	RNA	targeted	therapies	for	the	lung,	and	then	reviews	the	results	of	the	IONIS-ENaC-2.5Rx	
SAD/MAD	study	in	healthy	volunteers	and	patients	with	Cystic	Fibrosis.	
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Harnessing	the	Promise	of	Liver-Directed	CRISPR	Gene	Editing	for	Rare	Diseases	
Laura	Sepp-Lorenzino,	Intellia	Therapeutics		
	
IntelliaTherapeutics,	a	leading	clinical-stage	genome	editing	company,	is	developing	novel,	potentially	
curative	therapeutics	using	CRISPR/Cas9	technology	for	in	vivo	and	ex	vivo	applications.	The	in	vivo	
programs	use	our	proprietary	lipid	nanoparticle	(LNP)	platform	to	deliver	to	the	liver	atwo-part	genome	
editing	system:	a	guide	RNA	specific	to	the	disease-causing	gene	and	messenger	RNA	that	encodes	the	
SpCas9	enzyme,	which	carries	out	the	precision	editing.	NTLA-2001	is	the	first	investigational	CRISPR	the	
rapycandidate	to	be	administered	systemically	by	IV	infusion	to	patients.	NTLA-2001is	designed	to	
inactivate	the	TTR	gene	in	liver	cells	to	prevent	the	production	of	misfolded	transthyretin	(TTR)	protein	
which	accumulates	in	tissues	throughout	the	body	and	causes	the	debilitating	and	often	fatal	
complications	of	transthyretin	(ATTR)	amyloidosis.	Robust	preclinical	data,	showing	deep	and	long-
lasting	TTR	reduction	following	in	vivo	inactivation	ofthe	target	gene,	supports	NTLA-2001’s	potential	as	
a	single-administration	therapeutic.	Interim	Phase	1	clinical	data	released	in	June	2021	confirm	
substantial,	dose-dependent	reduction	of	TTR	protein	following	a	single	dosefor	six	ATTRv-PN	patients	
across	two	single-ascending	dose	cohorts	of	the	Phase1	study	by	day	28.	Treatment	with	NTLA-2001	led	
to	dose-dependent	reductions	inserum	TTR,	with	mean	reductions	of	52%	among	the	three	patients	in	
the	0.1mg/kg	dose	group,	and	87%	among	the	three	patients	in	the	0.3	mg/kg	dose	group,	including	one	
patient	with	a	96%	reduction.	For	patients	with	ATTR	amyloidosis,	we	believe	these	interim	results	point	
to	NTLA-	2001’s	potential	to	halt	and	reverse	their	disease	with	a	single	dose.	This	data	provides	clinical	
proof-of-concept	for	human	CRISPR	gene	editing	and	substantially	de-risksIntellia’s	clinical	invivo	
platform.	
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Dose-related	and	prolonged	reductions	in	blood	pressure	with	a	RNAi	therapeutic	targeting	
angiotensinogen	in	hypertensive	patients:	Interim	results	from	a	Phase	1	study	with	ALN-
AGT01	
Steven	Huang,	Alnylam	Pharmaceuticals,	Cambridge,	MA		
	
Zilebesiran(ALN-AGT)	is	a	subcutaneous	(SC)	investigational	RNA	interference	therapeutic	targeting	
hepatic	angiotensinogen	(AGT)	synthesis	that	is	being	evaluated	forthe	treatment	of	hypertension.	
During	the	invited	talk,	the	latest	data	from	the	ongoing	multicenter,	randomized,	placebo-controlled	
single	ascending	dose	study	of	zilebesiran	will	be	presented	alongside	an	update	on	the	clinical	
development	program.	As	part	of	a	Phase	1	program	to	assess	the	safety	and	tolerability	of	zilebesiran,	
hypertensive	patients	(mean	seated	systolic	blood	pressure	[SBP]	of	>130	and≤165	mmHg	after	a	
washout	of	other	antihypertensive	medications)	were	randomized	2:1	to	ascending	single	doses	of	ALN-
AGT	(10-800	mg)	or	placebo.	Change	from	baseline	BP	was	measured	by	ambulatory	BP	monitoring	
(ABPM)	at	Week8	and	Week	12.	Eighty-four	patients	(mean	age	53	years,	39%	female,	mean	baseline	
24h	SBP	139.7	+/-	8.9	mmHg)	were	enrolled	in	ascending	dose	cohorts	of	10	mg,	25	mg,	50	mg,	100	mg,	
200mg,	400	mg	or	800	mg.	Dose-dependent	related	reductions	in	serum	AGT	levels	were	observed,	with	
mean	reductions	of	>90%	at	doses	≥100	mg.	AGT	remained	durably	reduced	through	12	weeks	after	
single	dose	administration.	Concomitant	reductions	in	BP	from	baseline	were	observed	with	AGT	
knockdown,	with	mean	reductions	in	24-hour	SBP	of	>10	mm	Hg	observed	up	to	12	weeks	after	single	
dose	administration.	No	treatment-related	serious	adverse	events	or	clinically	significant	elevations	in	
blood	creatinine	or	potassium	were	seen.	No	patient	required	intervention	for	low	blood	pressure.	The	
most	common	adverse	event	inpatients	receiving	zilebesiran	was	injection	site	reaction.	Singledose	
administration	of	zilebesiran	to	hypertensive	patients	was	generally	well	tolerated	and	resulted	in	dose-
related	reductions	in	serum	AGT	and	BP	to	12weeks.	Serum	AGT	reduction	continued	beyond	3	months	
after	doses	≥100	mg,	supporting	the	investigation	of	both	quarterly	and	biannual	dosing	regimens	in	the	
ongoing	Phase	2	KARDIA-1	trial.	
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SHORT	TALK:		Evaluation	Of	DMD	Transcripts	Imbalance	Pre	And	Post	Golodirsen	Treatment	In	Myod-
converted	Fibroblasts	From	4053-101	Clinical	Trial	Patients	
Rachele	Rossi,	Marc	Moore,	Silvia	Torelli,	Pierpaolo	Ala,	Francesco	Catapano,	Rahul	Phadke,	Jennifer	
Morgan,	Jyoti	Malhotra,	Francesco	Muntoni		
UCL,	London,	United	Kingdom	
	
Duchenne	muscular	dystrophy	(DMD)	is	an	X-linked,	rare,	neuromuscular	disease	caused	by	mutations	in	
the	DMD	gene	which	result	in	a	substantial	reduction	or	absence	of	dystrophin	protein.	The	commonest	
type	of	mutation	is	deletion	of	one	or	more	exons,	followed	by	large	duplication;	together	they	occur	in	
75%	of	DMD	cases.	A	DMD	transcripts	is	characterized	by	a	phenomenon	called	instability	where	the	
transcript	shows	an	non-homogeneous	expression	throughout	its	length	with	its	5’	region	more	
expressed	than	the	3’one.	Literature	lacking	an	extensive	study	of	these	DMD	peculiarity	in	human,	
especially	in	relation	with	that	therapies	having	its	transcript	as	therapeutical	target	as	the	antisense	
oligonucleotides	(AON).	Antisense	oligonucleotides	modulate	exon	incorporation,	masking	the	splicing	
enhancer	sequences	or	splice	junctions	in	the	pre-mRNA.	This	induces	exon	skipping,	resulting	in	the	
restoration	of	the	mRNA	reading	frame	and	translation	of	internally	shortened	dystrophin	protein.	
Several	antisense	oligonucleotides	are	now	approved,	including	the	phosphorodiamidate	morpholino	
oligomers	(PMOs)	eteplirsen	and	golodirsen,	respectively	targeting	exons	51	and	53.In	Study	4053-101,	
we	demonstrated	exon	53	skipping	and	protein	restoration	in	all	muscle	biopsies	from	golodirsen-
treated	patients.	There	was	some	inter-patient	variability	in	dystrophin	protein	restoration,	likely	related	
to	the	mechanism	of	PMO	uptake	in	muscle	fibres,	and	potentially	to	other	factors.	Here,	we	assess	the	
specific	exon	53	PMO-induced	skipping	in	fibroblasts,	derived	from	the	25	patients	enrolled	in	study	
4053-101,	that	were	differentiated	into	myotubes	by	lentivirally-mediated	MyoD	and	treated	with	
golodirsen.	Single-system	qPCR	in	treated/	non-treated	patients	and	healthy	controls	revealed	a	high	
exon	skipping	rate	in	all	post-treatment	cells.	Next,	we	evaluated	the	transcript	5’-3’	imbalance	in	
treated,	non-treated	and	healthy	controls	by	custom	FluiDMD	cards	that	thanks	to	their	design	are	able	
to	detect	all	DMD	exons’	expression	in	the	same	experiment.	We	demonstrated	the	AON	effect	on	
transcript	imbalance	recovery	and	restoration,	moreover	the	correlation	between	transcript	imbalance,	
exon	skipping	efficiency	and	transcript	amount.	With	this	work	we	aim	to	increase	the	knowledge	of	
these	DMD	transcript	peculiarity	per	se	but	also	to	go	in	deep	in	the	AON	mechanism	of	action	
considering	its	direct	relation	with	the	transcript.	
	


