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Disulfide-unit conjugation enables ultrafast cytosolic internalization of 
antisense DNA and siRNA  
Zhaoma Shu,1 Kousuke Nakamoto,1 Naoko Abe, 1 Yasuaki Kimura,1 Hiroshi Abe1,2 
Graduate School of Science, Nagoya University1, CREST (Japan) Science and Technology 
Agency 2 
 
 
Development of intracellular delivery methods for antisense DNA and siRNA is important. 
Previously reported methods using liposomes or receptor-ligands have a problem that 
oligonucleotides take several hours or more to reach the cytoplasm due to long-time residence 
of oligonucleotides at endosomes. In this study, we clarified that oligonucleotides modified 
with low molecular disulfide units at the terminus reaches the cytoplasm 10 minutes after the 
administration to cultured cells. This rapid cytoplasmic internalization of disulfide-modified 
oligonucleotides suggests the existence of an uptake pathway other than endocytosis. In fact, 
the mechanistic analysis revealed that the modified oligonucleotides are efficiently internalized 
into the cytoplasm through disulfide exchange reactions with the thiol groups on the cellular 
surface. Because our approach solves several critical problems with the currently available 
methods for enhancing cellular uptake, including toxicity, undefined molecular composition, 
inefficient endosomal escape, and serum stability, this method may be an effective approach in 
the medicinal application of antisense and RNAi methods. 
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LNA-rich oligonucleotides delivered by gymnosis down-regulate 
Huntingtin expression; effect of different LNA nucleotide patterns. 
 
Osama Saher1,2, Eman M. Zaghloul1, Karin E. E. Lundin1, Jesper Wengel3, C. I. Edvard 
Smith1, Rula Zain1,4 
1Department of Laboratory Medicine, Karolinska Institutet, Stockholm, Sweden;2Department 
of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy, Cairo University, Cairo, 
Egypt; 3Department of Physics and Chemistry, Nucleic Acid Centre University of Southern 
Denmark, DK-5230 Odense, 4Department of Clinical Genetics, Centre for Rare Diseases, 
Karolinska University Hospital, SE-171 76, Stockholm, Sweden. 
 
 
Huntington disease (HD) is a neurodegenerative disease caused by CAG trinucleotide 
expansion at exon 1 of the Huntingtin gene (HTT). The consequence of this expansion is the 
formation of mutant HTT transcript and protein. Recent reports have confirmed formation of 
toxic RNA foci. Decreasing the levels of transcript and protein would be a very useful 
therapeutic option. Gymnotic delivery (naked delivery) of oligonucleotides (ON) is 
considered a more physiological and preferred approach compared to transfection. 
Transfection vectors are often associated with low efficacy or high cytotoxicity. 
Most of the current literature focuses on targeting the mutant mRNA or protein. However, we 
are interested to test LNA/DNA ONs complementary to the HTT gene. We have previously 
shown that we could down-regulate both HTT mRNA and protein expression by targeting 
DNA1. In here we have studied the efficacy of such ON when delivered via gymnosis. 
Additionally, our investigation included different lengths of ON with different LNA 
nucleotide patterns. 
 
The results display down regulation of HTT mRNA with the different lengths of ON tested. 
We have reported before that lengths lower than 12 mers are non-effective1. The mRNA 
levels were decreased up to 60% with some of the tested ONs. Interestingly, the effect was 
shown with longer ON (45 mer) with no observed toxicity. Lowering the content of LNA 
below certain limits decreased the effects dramatically regardless of the length of the tested 
ON. Additionally, different LNA nucleotide patterns did not show significant impact on the 
results obtained as long as the LNA content is unchanged. 
 
1. Zaghloul, E. M. et al. CTG repeat-targeting oligonucleotides for down-regulating 

Huntingtin expression. Nucleic Acids Res. 45, 5153–5169 (2017). 
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Using Lipid Nanoparticles to Efficiently Deliver CRISPR/Cas9 for Genome 
Editing in Rodents and Non-Human Primates 
S. C. Alexander, M. Maetani, R. Parmar, K. Wood, S. Scully, M. Pink, J. Seitzer, N. Gardner, 
A. Kanjolia, T. DiMezzo, E. Rohde, R. Lescarbeau, C. Shaw, J. Eby, J. Moginot, C. Boiselle, 
I. Liric, , K. Walsh, B. Han, B. Murray, S. Roberts, D. Crawford, N. Bhasin, E. Essig, J. 
Leonard, D. Morrissey, M. McCaman, Y. Chang 
Intellia Therapeutics 
 
There are multiple options to deliver CRISPR/Cas9 genome editing components to target 
cells in vivo. Of these, non-viral systems, specifically, lipid nanoparticles (LNPs) offer a 
number of advantages over viral-based systems. Apart from the cargo, the primary 
components for these types of LNPs include neutral lipid, cholesterol, PEG lipid and 
ionizable lipid. Previous research has demonstrated that ionizable lipids play an important 
role in cellular uptake and endosomal escape of LNP components. 
Here, we present the development of an LNP-mediated delivery system for cargo comprising 
Cas9 mRNA and chemically synthesized sgRNA, and show that this system is capable of 
producing significant editing of the transthyretin (TTR) gene in the liver of rodents and non-
human primates (NHPs). Following a single dose of LNP-delivered Cas9 mRNA/TTR 
sgRNA in both mice and rats, we achieved editing levels that resulted in > 90% reduction in 
circulating serum protein, which was sustained for at least 12 months in mice. Separately, in 
NHPs we achieved a therapeutically meaningful level of TTR protein reduction that 
correlated with robust and significant liver editing following single and multiple injections of 
LNPs. We have identified that RNA cargo optimization, including a novel sgRNA 
modification pattern and mRNA optimization to increase Cas9 protein expression, was the 
key to significantly improve the potency of the LNPs. This work demonstrates that our LNP 
system can achieve clinically viable levels of in vivo editing and reduction of TTR serum 
protein, highlighting the potential of this method for effective therapeutic delivery to the 
liver. 
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Conversion of RNA aptamer into hybrid modified DNA aptamers provide 
for prolonged stability and enhanced antitumor activity 
 
Paola Amero1, Ganesh L. R. Lokesh3, Rajan R. Chaudhari1, Roberto Cardenas-Zuniga1, 
Yasmin M. Attia1,9, Efigenia Montalvo-Gonzalez1,7, Zhihui Wang8, Vittorio Cristini8, Vittorio 
de Franciscis6, Shuxing Zhang1, David E. Volk3, Rahul Mitra5, Cristian Rodriguez-Aguayo1,2, 
Anil K. Sood2,4,5, and Gabriel Lopez-Berestein*1,2,4 

1Department of Experimental Therapeutics; 2Center for RNA Interference and Non-Coding 
RNA, 4Department of Cancer Biology; 5Department of Gynecologic Oncology; The 
University of Texas MD Anderson Cancer Center, Houston, TX 77030 USA; 3McGovern 
Medical School, Brown Foundation Institute of Molecular Medicine for the Prevention of 
Human Diseases, University of Texas Health Science Center, Houston, TX 77030, USA; 
6Istituto di Endocrinologia ed Oncologia Sperimentale, CNR, 80131 Naples, Italy; 7Integral 
Laboratory of Food Research, Technological Institute of Tepic, Avenue Tecnologico 2595, 
63175 Tepic, Nayarit, Mexico; 8Mathematics in Medicine Program, The Houston Methodist 
Research Institute, 6670 Bertner Ave, Houston, TX 77030; 9Pharmacology Unit, Cancer 
Biology Department, National Cancer Institute, Cairo University, Kasr Al Eini Street, Fom 
El Khalig, Cairo, Egypt 11796. 

AXL overexpression in epithelial ovarian cancer, the most lethal gynecological malignancy, 
is associated with reduced overall survival. Therefore, there is a need for novel therapeutic 
strategies for silencing and blocking the AXL signalling pathway. Several AXL inhibitors 
have been described in the literature, including small molecule kinase inhibitors or 
monoclonal antibodies. The issues with use of small molecules and antibodies as drugs are 
their side effects due to non-specificity; and the difficulties in manufacturing antibodies. 
Aptamers, synthetic single strand oligonucleotides, are similar in their functionality to 
antibodies; have minimal side effects; and thus hold a high promise as therapeutics. The 
typical issues to use aptamers, as therapeutic agents, are the stability and bioavailability. 
Here, we present the translation to RNA aptamer to modified hybrid aptamers, targeting p-
AXL. Based on the comparative analysis, a library of 17 hybrid DNA aptamers, differing in 
the position of dithio-modifications within sequence, was screened and characterized the best 
aptamer candidates to target p-AXL. 
Here we demonstrate the use and improvement of aptamer specificity, bioavailability and 
antitumor activity in their effective silencing of the p-AXL target by the chemical 
modifications of existing aptamers for p-AXL. There is an immediate unmet need for novel 
therapeutics for the safe and effective treatment of OC and other cancers. Results obtained so 
far by us provide strongest evidence and lay the foundation for the next stage of development 
to advance towards the translation of the aptamer candidates and companion biomarkers to 
the clinic. 
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2’OmethylRNA EFG1 antisense oligomer to control Candida albicans 
filamentation 
Daniela Araújo1, Nuno Azevedo1, Ana Barbosa1, Carina Almeida1,2, Elisa Rodrigues1, 
Mariana Henriques1, Sónia Silva1 
1LIBRO – Laboratório de Investigação em Biofilmes Rosário Oliveira, CEB - Centre of 
Biological Engineering, University of Minho, 4710-057 Braga, Portugal. 
2INIAV, IP – National Institute for Agrarian and Veterinary Research, Rua dos Lagidos, 
Lugar da Madalena, Vairão, 4485-655 Vila do Conde, Portugal 
 
 
Antisense oligomers (ASO) and their analogues have been successfully utilized to silence 
gene expression for the treatment of many human diseases, however the control of yeast´s 
virulence determinants have never been exploited before. In this sense, this work is based on 
the key hypothesis that if a pathogen’s genetic sequence is a determinant of virulence, it will 
be possible to synthesize a nucleic acid mimic based on antisense therapy (AST) that will 
bind to the mRNA produced, blocking its translation into protein and consequently reducing 
the pathogen virulent phenotype. EFG1 is an important determinant of virulence that is 
involved in regulation of Candida albicans switch from yeast to filamentous form. Thus, our 
main goal was to design and synthesize an ASO targeting the EFG1 mRNA and to validate 
its in vitro applicability in order to control C. albicans filamentation. 
For that, an ASO against EFG1 was designed, including 2’OMethylRNA chemical 
modification, through bioinformatic tools. The fluorescence in situ hybridization (FISH) was 
performed and demonstrated that the ASO was able to penetrate Candida cell wall with high 
sensitivity and specificity. To determine the effect of anti-EFG1 2’OMe, the gene level 
expression, protein translation inhibition and reduction of filamentation reduction were 
analysed. The results show that the anti-EFG1 2’OMe oligomer was able to significantly 
reduce the levels of EFG1 gene expression (around 58%) and of Efg1p protein translation 
(approximately 56%), as well as effectively prevent filamentation of C. albicans cells (by 
80%). Moreover, it was verified that anti-EFG1 2’OMe keep the efficacy in different 
simulated human body fluids.  
 
Undeniably, this work provides potentially valuable information for future research into the 
management of Candida infections, regarding the development of a credible and alternative 
method to control C. albicans infections, based on AST methodology.  
 
 
Daniela Eira Araújo, Master Degree 
PhD Student 
University of Minho 
Campus de Gualtar, 4710-057 
Braga 
Portugal 
daniela.araujo@ceb.uminho.pt 

006

114



Networking to improve the Delivery of Antisense RNA therapeutics 
Virginia Arechavala-Gomeza1,2 on behalf of DARTER COST Action. 
1Neuromuscular Disorders Group, Biocruces Bizkaia Health Research Institute, Barakaldo, 
Bizkaia, Spain.  
2Ikerbasque, Basque Foundation for Science, Bilbao, Spain 
 
 
The main hurdle for the efficacy of antisense oligonucleotides (ASOs) seems to be their 
deficient delivery to target tissues but, while translational research on ASO is surging, very 
little is known about the mechanisms by which ASOs are taken up by different tissues and 
specific cells. Regarding delivery, the ASO field is fragmented, with researchers in academia 
and industry working in isolation on specific diseases, generally focusing on therapeutic 
effects in target tissues.  
 
The European Cooperation in Science and Technology (COST) Association is the longest-
running framework supporting trans-national cooperation (www.cost.eu). COST Actions, 
once approved, are not restricted to the original applicants: in fact, they are open to anyone 
with a legitimate interest to join the network. Funding is used for workshops, training 
schools, short scientific missions, and dissemination activities. We represent a COST Action 
(Delivery of Antisense RNA ThERapeutics-DARTER, www.antisenserna.eu) that aims to use 
networking and capacity building in the field of nucleic acid therapy delivery to allow RNA-
targeting nucleic acid drugs to reach their full potential and become a mainstream therapeutic 
option. 
 
DARTER will act until October 2022 through three working groups with research objectives  
(delivery strategies, model systems, safety and toxicology) and one capacity building group 
(stakeholder communication) with the shared objective of achieving consensus on protocols 
and assessment of ASO delivery and toxicology and training new researchers within a 
cooperative research framework. In addition, this new Action will have a particular focus on 
sharing negative results: a session on negative results will be included in each workshop and 
training school. This new network is currently comprised of more than 220 researchers from 
27 European countries, plus 3 non-European ones (USA, Canada, and China) and is open to 
new collaborators.  
 
 
Virginia Arechavala-Gomeza, PhD  
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First-in-Human Study for Targeted Delivery of CD40 siRNA Complexed 
with β-Glucan to Antigen Presenting Cells  
Kenji Arima, Atsushi Uno, Kohji Shimasaki, Reiko Namikawa, Kazuo Sakurai 
NapaJen Pharma Co., Ltd. 
 
 
Development of a delivery system has been an obstacle for advancement of oligonucleotide 
therapeutics. NapaJen Pharma has been developing a unique delivery system for 
oligonucleotides utilizing the β-glucan schizophyllan (SPG). SPG receptor Dectin-1 is 
expressed on myeloid cells, including monocyte/macrophage and neutrophil lineages 1 ; 
therefore, it is anticipated that oligonucleotides complexed with SPG could be selectively 
delivered into cells expressing Dectin-1. We previously reported that approximately 8% of 
human peripheral blood mononuclear cells (PBMCs) express Dectin-1, including CD14+ 
monocyte and conventional dendritic cells (cDCs)2. Selective delivery of siRNA/SPG into 
Dectin-1-positive PBMCs in a dose-dependent manner was confirmed while sparing Dectin-1-
negative cells, such as T and B cells. Supported by these findings, NJA-730, a CD40 siRNA 
complexed with SPG, has been developed as an immune suppressing agent.  Further, the CD40 
gene-silencing activity of SPG complex NJA-730 was confirmed in a preclinical study using 
non-human primates ² . PBMCs obtained from the monkeys 24 hours after intravenous 
administration of NJA-730 demonstrated the expected cleavage products via 5’RLM-RACE 
analysis, indicating NJA-730 in vivo activity. 
 
A first-in-human phase 1 study to evaluate the safety and tolerability of NJA-730 was 
conducted in 72 healthy male subjects. The study consisted of a single ascending dose (SAD) 
and a multiple ascending dose (MAD) portion. NJA-730 was administered via intravenous 
infusion over a 30 minute duration. For the SAD study portion, NJA-730 doses 
(oligonucleotide basis) starting at 5 μg/subject (~0.07 μg/kg) up to 600 μg/subject (~8.6 μg/kg) 
were investigated in a total of seven cohorts. No dose-limiting toxicity (DLT) was observed. n 
the MAD study portion, 300 or 600 μg/subject NJA-730 was administered every other day for 
6 days. NJA-730 intravenous administration up to 600 μg/subject every other day for 6 days 
was safe and well tolerated. No serious or severe adverse events were reported at the end of the 
study within a 55 day follow-up period. The CD40 gene-silencing activity of NJA-730 was 
evaluated by 5’RLM-RACE using PBMC samples and will be discussed further. 
 
 
Kenji Arima, Ph.D. 
Chief Development Officer 
NapaJen Pharma Co., Ltd. 
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1 P.R. Taylor et al: J. Immunol. 2002; 169:3876-3882 
2 R. Namikawa et al: Abstract of 14th annual meeting of OTS 2018; pp198 
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Efficient target gene suppression effect of double stranded DNA structure 
type of oligonucleotide. 
Yutaro Asami1,2, Kotaro Yoshioka1,2, Tetsuya Nagata1,2, Takanori Yokota1,2*, 
1Department of Neurology and Neurological Science, Graduate School, Tokyo Medical and 
Dental University, Tokyo, Japan 
2Center for Brain Integration Research, Tokyo Medical and Dental University, Tokyo, Japan 
 
Antisense oligonucleotides (ASOs) are promising therapeutic approach to target intracellular 
RNAs. Successes on the development of ASO therapeutics for spinal muscular atrophy, 
Duchenne muscular dystrophy or familial amyloid polyneuropathy predict a promising future 
for patients. Indeed, multiple clinical trials using ASO therapies are currently on going. 
Previously, we developed a DNA/RNA heteroduplex oligonucleotide (HDO (cRNA)), in which 
a complementary strand consisting of RNA (cRNA) was hybridized to the ASO. We presume 
that cRNA strand of HDO is recognized by RNase H1 and cleaved, consequently the parent 
ASO is released. Toc-HDO (cRNA), which was conjugated tocopherol to the complementary 
strand of HDO, showed higher target gene suppression in mouse liver compared to the parent 
ASO. (Nishina K., et al. Nat. Commun. 2015) 
 Here, we replaced complementary RNA strand to DNA strand, developed DNA/DNA double 
stranded oligonucleotide (HDO(cDNA)) and then evaluate its effect. ASO duplexed with a 
tocopherol-conjugated complementary DNA (Toc-HDO(cDNA)) , was also significantly more 
potent at reducing the expression of the target mRNA in mouse liver than parent ASO.  
 Then, we estimated the degradation pattern of the complementary strand over time in the 
mouse liver by Northern blot. This revealed that the cDNA was degraded more quickly than 
cRNA, suggesting that enzymes other than for RNase H1, such as DNase, are involved in the 
degradation of cDNA of HDO.  
 We have discovered that the DNA/DNA double stranded oligonucleotide highly increases the 
gene suppression effect of single stranded ASO. To further investigate the differences in 
immune response, stability in blood, and mechanism of action will be required.  
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Improved Safety & Tolerability Profile with Ligand-Directed Delivery of 
Antisense Oligonucleotides in Humans: An Integrated Comparison of 
Parent 2'-O-Methoxyethyl Chimeric ASOs to the GalNAc3-Conjugates 
Brenda F. Baker, Richard S. Geary, Shuting Xia, Jeffery A. Engelhardt, Sotirios Tsimikas, 
Stanley T. Crooke  
Ionis Pharmaceuticals, Inc. 
 
Receptor-mediated delivery of ligand-conjugated antisense oligonucleotides (LICAs) are 
revolutionizing antisense therapeutics. Immediate utility has been found with the triantennary 
N-acetylgalactosamine (GalNAc3) moiety for molecular targets expressed by liver 
hepatocytes, via the asialoglycoprotein receptor. In humans, GalNAc3-conjugated 
phosphorothioate (PS) modified 2'-O-methoxyethyl (2'MOE) antisense oligonucleotides 
(ASOs) are up to 30-fold more potent than the parent ASO, with ED50s ranging from 4-10 
mg/wk. This increase in potency has led to lower and less frequent dosing, and a consequent 
reduction in systemic exposure. Here we report the results from an integrated safety and 
tolerability assessment of placebo-controlled data available from phase 1 dose-ranging trials 
in healthy volunteers for 4 GalNAc3-conjugated ASOs compared to the respective parent 
ASOs. Safety profiles of the parent and GalNAc3-conjugated ASOs were compared by the 
incidence of signals in standardized laboratory tests, and by the mean test results as a function 
of dose level over time. Tolerability profiles were compared by the assessment of rate per 
injection of local cutaneous reactions at the injection site (LCRIS) and flu-like reactions 
(FLRs), as well as by the incidence of dose discontinuations. This analysis included 195 
subjects (71 parent ASO, 21 placebo; 79 GalNAc3-conjugated ASO, 24 placebo), assigned to 
receive multiple subcutaneous doses of study drug over a 4 to 6-week treatment period at 
doses ranging from 50 to 450 mg/wk for parent ASOs and 10 to 120 mg/wk for the GalNAc3-
conjugated ASOs. There were no confirmed incidences of abnormal laboratory tests for liver 
function, and kidney functional tests were unremarkable. Mean ALT, creatinine and platelet 
levels all remained within the range of normal over time for both the parent and conjugate 
groups. GalNAc3-conjugated ASOs demonstrated an average 30-fold reduction in the mean 
per injection rate of LCRIS compared to parent ASOs (28.6%, vs 0.9% conjugate). The 
incidence of FLR was <1% in the parent ASO group, vs 0% conjugate. Three subjects 
discontinued dosing in the parent ASO group, whereas all completed treatment in the 
GalNAc3-conjugated ASO group. Although total exposure is limited in these trials, the results 
from this integrated comparison indicate a marked improvement in the safety and tolerability 
of GalNAc3-conjugated ASOs compared to the unconjugated parent ASOs.  
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Backbone-modified locked nucleic acids for therapeutic antisense 
applications 
Ysobel Baker, Jinfeng Chen, Cameron Thorpe, Pawan Kumar, Afaf El-Sagheer, Tom Brown 
Department of Chemistry, University of Oxford 
 
Oligonucleotides with artificial backbones which mimic the natural phosphodiester linkage 
often show enhanced stability toward nucleases and have found applications in synthetic 
biology, nanotechnology, and gene synthesis. Whilst the incorporation of charge neutral 
analogues reduces the overall negative charge, these linkages typically reduce the thermal 
stability of the corresponding duplex, limiting their potential as therapeutics. In contrast, 
incorporation of conformationally restrained locked nucleic acid (LNA) into DNA improves 
the thermal stability of DNA:RNA duplexes. Therefore, we sought to combine the favourable 
properties of charge neutral linkages with those of LNA to create a new type of antisense 
oligonucleotide. 
  
We have developed efficient strategies to prepare oligonucleotides containing multiple charge 
neutral linkages flanked by LNA on their 5´-side, 3´-side, or on both sides. The resulting 
oligonucleotides were found to bind their RNA targets with higher specificity and affinity 
that the corresponding unmodified DNA and have enhanced stability towards enzymatic 
degradation. We believe that these properties, along with the overall reduced anionic charge, 
make this class of oligonucleotides promising therapeutic agents and we are now carrying out 
cellular uptake and gene inhibition studies. I will present the synthesis, thermal and nuclease 
stability studies, along with crystal structures of the most promising candidates, and discuss 
preliminary data from exon skipping cell assays. 
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Redox-sensitive meta-stable three-way nucleic acid junctions for 
multivalent delivery of therapeutics  
Marwa Ben Haj Salah1, Si-ping Han1,2, Lisa Scherer1, William A. Goddard III2, John J. 
Rossi1  
1 Department of Molecular and Cellular Biology, Beckman Research Institute, City of Hope 
National Medical Center, Duarte, CA  
2 Materials and Process Simulation Center, California Institute of Technology, Pasadena, CA 
 
 
The burgeoning field of nucleic acid nanotechnology has produced over the last decade a 
significant number of functional RNA/DNA nano-devices for a variety of applications 
including diagnostics and therapeutics. Among others, nanostructures that deliver siRNAs have 
been developed by many groups and used to silence one or multiple target genes. However, in 
vitro, delivery of siRNAs using nucleic acid nanostructures appear to be less efficient compared to 
other means such as lipid transfection. For example, lipofectamine-transfected individual siRNAs can 
effectively silence genes at sub-nanomolar concentrations while existing nucleic acid nanostructures 
tend to require significantly higher concentrations. We hypothesize that one issue affecting 
potency is that the attachment of siRNAs to larger nanostructures can interfere with processing by the 
RNA interference (RNAi) pathway.  
 
To test this hypothesis, we have developed two different compact three-way junctions (3wj) 
held together by Watson and Crick base-paring and disulfide crosslinking. Under non 
reducing conditions such as those encountered in the extracellular environment, the junctions 
are highly stable. Under reducing conditions that cleave disulfide bonds, tethered siRNAs are 
rapidly released allowing efficient RNAi loading. Optimized assembly procedures allow 
facile and efficient assembly of junctions with different siRNAs and delivery ligand 
combinations. When delivered with lipofectamine, siRNA attached to the junction showed 
identical potency compared to free siRNAs indicating that the junctions do not compromise 
RNAi processing. Our poster will discuss these results and additional biological data.  
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Bioconjugated Oligonucleotides: Recent Developments and Therapeutic 
Applications 
Sébastien Benizri,1-3 Arnaud Gissot,1-3 Andrew Martin,4 Brune Vialet,1-3 Mark W. Grinstaff,4 
and Philippe Barthélémy,1-3  
 
1 Inserm U1212, F-33076 Bordeaux, France 
2 CNRS 5320, F-33076 Bordeaux, France 
3 Bordeaux University, 146 rue Léo Saignat, F-33076 Bordeaux Cedex, France 
4 Departments of Biomedical Engineering, Chemistry, and Medicine, Boston University, 
Boston, Massachusetts 02215, United States   
 
Oligonucleotide-based agents have the potential to treat or cure almost any diseases, and are 
one of the key therapeutic drug classes of the future. Bioconjugated oligonucleotides, a subset 
of this class, are emerging from basic research and being successfully translated to the clinic. 
Two major approaches are used for inhibiting specific genes using oligonucleotides: 
antisense DNA (ASO) and RNA interference (RNAi). Recent developments in bioconjugated 
oligonucleotides include those possessing GalNAc, cell-penetrating peptides, α-tocopherol, 
aptamers, antibodies, cholesterol, squalene, fatty acids or nucleolipids. These novel 
conjugates provide a means to enhance tissue targeting, cell internalization, endosomal 
escape, target binding specificity, resistance to nucleases, and more. Some bioconjugated 
oligonucleotides are approved for the patient use or in clinical trials. Bioconjugation 
chemistry is at the centerpiece of this therapeutic oligonucleotide revolution and significant 
opportunities exist for development of new modification chemistries, for mechanistic studies 
at the chemical−biology interface, and for translating such agents to the clinic. 
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Investigation of alternative scaffolds for systemic delivery of small 
interfering RNAs 
Christian Berk1, Gianluca Civenni2, Yuluan Wang1, Christian Steuer1, Carlo Catapano2, 
Jonathan Hall1 

1ETH Zürich, Department of Chemistry and Applied Biosciences, Vladimir Prelog Weg 4, CH–8093 Zürich, Switzerland;  
2Tumor Biology and Experimental Therapeutics Program, Institute of Oncology Research (IOR), Bellinzona, Switzerland 
 
Small interfering RNAs (siRNAs) are a promising class of novel RNA-directed therapeutics. 
While exerting their gene-silencing activity similar to micro RNAs (miRNAs) by recruiting 
the RNA induced silencing complex (RISC) toward mRNA targets, siRNAs are capable of 
inducing Argonaute 2 (AGO2) mediated target RNA cleavage.  
Although highly efficient in vitro, systemic delivery turned out to be the major hurdle for 
clinical applications. Patisiran was the first siRNA receiving FDA approval in August 20181, 
nearly 20 years after the discovery of RNA interference2. Current clinically relevant siRNAs 
depend on lipid nanoparticle formulation or heavy chemical modification involving complex 
targeting moieties and a variety of non-natural building blocks3, each posing a specific risk 
when exposed to the human metabolic machinery.  
 
In previously published work we showed that the stereochemical distribution of PS linkages 
in the RNA backbone can be influenced through the choice of activator during chemical 
synthesis of PS siRNAs and in turn biophysical properties, stability toward nucleases and 
activity in cells can be modulated4. Building on these results, we scaled up the chemical 
synthesis and characterized a full PS siRNA targeted against the oncoprotein Lin28B in terms 
of cellular activity, nuclease resistance and biodistribution in nude mice. We are currently 
investigating additional naturally occurring chemical modifications to further improve the 
pharmacokinetic properties of such siRNAs. 
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Identification of small activating RNAs that can upregulate immune 
activation targets for cancer immunotherapy  
David C Blakey1

, Choon Ping Tan1, Laura Sinigaglia1, Siv A. Hegre2
, Alexandre Debacker1, 

Albert Kwok1, Pal Saetrom2, Matthew Catley1 and Nagy Habib1  
1MiNA Therapeutics, London W12 0BZ, UK  2Norwegian University of Science and 
Technology, Trondheim, Norway 
 
 
Small activating RNAs (saRNAs) are short double strand oligonucleotides designed to 
specifically upregulate target genes leading to new mRNA and protein production. We have 
investigated whether this technology could be applied to a number of immune stimulatory 
genes and thus be used for cancer immunotherapy. 
 
saRNAs (human and mouse cross reactive) were designed to IL-23A, IL-36g, OX40L, UCP2 
and APLNR using a proprietary algorithm that designs the saRNA sequences to bind to long 
non-coding RNA +2000 to -2000 nucleotides from the transcriptional start site. The top 5-10 
saRNA sequences from the algorithm for each target were synthesised using mUmU 
overhangs at the 3’ ends to help impart stability and reduce non-specific immunogenicity. 
The saRNAs were screened in human (A549 and HepG2) or murine (CT26, BNL.1ME and 
RAW264.7) for upregulation of mRNA levels of the target genes by qPCR.  
 
The saRNA algorithm identified active saRNAs for all 5 targets leading to upregulation of 
target mRNA at 48-72hrs post transfection compared to oligonucleotide transfection controls. 
The levels of mRNA upregulation for the top saRNA sequence from this screen were: IL23A 
(4.9 fold), IL-36g (3.5 fold), OX40L (6.7 fold), UCP2 (1.9-fold) and APLNR (5.4-fold).  The 
specificity of the most active saRNA for the targets was confirmed by mutation of 2-3 
nucleotide residues in the seed portion of the sequences (nucleotides 2-8 in the anti-sense 
strand).  These seed mutant saRNAs all had reduced induction of target mRNA compared to 
the parent saRNA molecules confirming the nucleotide sequence dependence of the mRNA 
upregulation.  The presence of increased target protein in saRNA transfected cells was 
confirmed either by immunofluorescence, ELISA or western blot.  
   
In summary, saRNA technology has been applied to 5 different immune targets leading to 
specific up-regulation of target mRNA and protein. Delivery of these double strand saRNAs to 
the tumour either via intra-tumour injection or systemic delivery represents a promising novel 
therapeutic approach for cancer immunotherapy.  
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Characterizing the inhibition potential of DNA aptamers on α-synuclein 
fibril formation 
Spencer Boisjoli1, Matthew Holahan1, Maria C. DeRosa1 
Carleton University1 

 
Parkinson’s Disease (PD) is one of the most prevalent neurodegenerative disorders and is 
commonly characterized by the selective degeneration of dopamine neurons and the formation 
of intraneuronal inclusions, known as Lewy bodies, through α-synuclein (α-Syn). Since α-Syn 
has proven to be a reliable therapeutic target for the treatment of PD, a simple method utilizing 
the specific detection of monomeric α-Syn through the use of aptamers has been established. 
Five 66-base aptamers labelled ASYN1-5 were previously selected using monomeric α-Syn. 
In this study, the aptamers high binding affinity and specificity for α-Syn was characterized 
using electrochemical impedance spectroscopy (EIS), with recorded KD values in the 
nanomolar range. Subsequent in vitro studies were performed in order to evaluate each 
aptamers ability to block fibril formation. Each aptamer was incubated with α-Syn monomeric 
protein specially formulated to generate pre-formed fibrils and incubated for seven days. Fibril 
formations were observed using TEM and characterized with ImageJ where each aptamer was 
scored on its ability to block aggregation. All five aptamers, with emphasis on ASYN2, could 
inhibit the formation of α-Syn aggregates at molar ratios (ASYN: α-Syn) of 10:1 and as low as 
1:1. These aptamers present a high therapeutic potential towards the management of 
progression of fibril formation in PD. 
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Natural exon skipping reveals that antisense oligonucleotide-mediated exon 
skipping should be directed at the recessive type of dystrophic 
epidermolysis bullosa  
J. Bremer1,2, E.H. van der Heijden1, D.S. Eichhorn2, R. Meijer3, H.H. Lemmink1, H. 
Scheffer3, R.J. Sinke1, M.F. Jonkman2, A.M.G. Pasmooij2, P.C. van den Akker1,2 
1University of Groningen, University Medical Center Groningen, Department of Genetics, 
Groningen, The Netherlands. 
2University of Groningen, University Medical Center Groningen, Department of 
Dermatology, Groningen, The Netherlands. 
3Department of Human Genetics, Radboud University Nijmegen Medical Centre, Nijmegen, 
The Netherlands 
 
 
Dystrophic epidermolysis bullosa (DEB) is a devastating genetic blistering disease affecting 
skin and mucous membranes. DEB is caused by pathogenic variants in the COL7A1 gene 
encoding type VII collagen, and can be inherited dominantly or recessively. The structure of 
COL7A1 makes it an attractive candidate for exon-skipping therapy. Recently, we 
demonstrated promising proof-of-principle for antisense oligonucleotide (AON)-mediated 
exon-skipping as a systemic therapeutic approach for DEB. However, it is unclear what 
phenotypic effect may be expected from exon-skipping and which patient groups may benefit 
the most.  
To answer these questions, we studied new clinical and molecular data on seven patients 
from the Dutch EB registry and reviewed the literature on pathogenic COL7A1 variants 
inducing ‘natural exon-skipping’. 
Results: We found that the natural skipping of certain exons led to disease in a heterozygous 
state, while the skipping of other exons only led to disease if combined with a pathogenic 
variant on the other COL7A1 allele. The dominant DEB phenotypes associated with 
heterozygous exon-skipping could not be distinguished from dominant phenotypes caused by 
heterozygous COL7A1 variants not inducing exon-skipping. Phenotypes associated with 
recessive exon-skipping mutations were, however, on average relatively mild in the spectrum 
of recessive DEB.  
In conclusion, for dominant DEB, AON-mediated exon-skipping is unlikely to make a 
clinical difference. In contrast, we anticipate that exon-skipping has the potential to induce a 
clinically relevant improvement of the devastating recessive DEB phenotype, especially the 
types caused by bi-allelic null variants. 
 
Grants and Fellowships: Clinical Fellowship ZonMW (90715614, PvdA) 
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Evidence for an Intracellular Depot that Contributes to the Extended 
Duration of Activity of GalNAc-siRNA Conjugates 
Christopher R. Brown1, Anil V. Nair2, Karyn Schmidt1, June Qin1, Swati Gupta1, Maria 
Merkulova2, Min Tan1, Ryan Ng1, Rubina G. Parmar1, Mark K. Schlegel1, Svetlana Shulga-
Morskaya1, Christopher S. Theile1, Ivan Zlatev1, Jayaprakash K. Nair1, Guo He1, Nate 
Taneja1, Jonathan O’Shea1, Maja Janas1, Kirk Brown1, Adam Castoreno1, Klaus Charisse1, 
Muthusamy Jayaraman1, Muthiah Manoharan1, Kevin Fitzgerald1, Martin A. Maier1, Dennis 
Brown2, Vasant Jadhav1 
1Alnylam Pharmaceuticals, Cambridge, MA 02142, USA 
2MGH Program in Membrane Biology, Division of Nephrology, Boston, MA 02114, USA 
 
 
Advances in siRNA delivery and safety during the past two decades enabled approval of the 
first RNAi therapeutic, with several additional candidates directed against multiple liver 
targets currently in late stage clinical trials. We sought to understand the reasons behind the 
extended duration of activity seen for GalNAc-siRNA conjugates in the clinic by studying 
intracellular trafficking in preclinical models. Using primary hepatocytes we show rapid 
clathrin-mediated internalization of GalNAc-siRNA conjugates, intracellular trafficking 
through various subcellular compartments and lysosomal accumulation within hours of 
dosing. We hypothesized that siRNA is slowly released from an intracellular depot to sustain 
the long duration of activity seen in vivo. We will share several lines of evidence in support 
of this hypothesis, including 1) Release of siRNAs from acidic compartments using endolytic 
peptides administered weeks after initial siRNA dosing in mice boosts knockdown. 2) Newly 
translated, tagged-Ago2 can load functional siRNA weeks after dosing in mice. 3) Identical 
siRNAs delivered via LNP have shorter duration than when delivered subcutaneously. These 
data, along with additional evidence, support the hypothesis that extended duration of activity 
may be due to a slow release of functional siRNA from an intracellular storage depot. 
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Stereopure oligonucleotides that promote USH2A exon skipping for the 
treatment of Usher syndrome type 2A 
Michael Byrne, Vinod Vathipadiekal, Qiong Shen, Lankai Guo, Qianli Pan, Lauren 
Norwood, Richard Looby, Snehlata Tripathi, Timea Kolozsvary, Pachamuthu Kandasamy, 
Naoki Iwamoto, Hailin Yang, Yuan Yin, Fangjun Liu, Zhong Zhong, Chandra Vargeese 
Wave Life Sciences 
 
 
Wave Life Sciences has developed PRISMTM, our proprietary discovery and drug 
development platform that enables us to generate stereopure oligonucleotides in which the 
chiral configuration of backbone-modified oligonucleotides is precisely controlled at each 
linkage. PRISM combines our unique ability to construct stereopure oligonucleotides with a 
growing knowledge of how the interplay among oligonucleotide sequence, chemistry and 
backbone stereochemistry impacts key pharmacologic properties. With PRISM, we are 
designing and advancing stereopure oligonucleotides for the potential treatment of rare, 
inherited retinal diseases.  
 
Usher syndrome type 2A is most commonly caused by mutations in the USH2A gene that 
disrupt production of usherin protein and photo transduction in rods and cones of the retina. 
Patients experience progressive vision loss that begins in adolescence or adulthood. One 
approach to treat retinal manifestations of this syndrome is to develop therapeutic exon-
skipping oligonucleotides that cause the splicing machinery to skip over the disease-causing 
mutations in USH2A transcripts and restore production of functional usherin to photoreceptor 
cells. Our preclinical data have demonstrated that stereopure oligonucleotides developed with 
PRISM exhibit superior potency and durability as compared to stereorandom 
oligonucleotides and can be optimized to minimize immune activity. A single intravitreal 
injection of stereopure oligonucleotide targeting the long non-coding RNA Malat1 in the eye 
of non-human primates (NHP) resulted in greater than 95% knockdown of Malat1 in the 
retina for at least four months. Based on these data, we are working to develop candidates 
that could achieve a therapeutic effect with only a few doses per year. We provide an update 
on our efforts to develop stereopure exon-skipping oligonucleotides that target USH2A. We 
show that stereopure oligonucleotides can be optimized to promote potent exon skipping in 
cellular models under free-uptake conditions (gymnotic delivery). We also present data 
demonstrating target engagement ex vivo in NHP and human eyes. 
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Therapeutic potential of antagomiR-23b for treating Myotonic Dystrophy 
Estefanía Cerro-Herreros1,2,3, Irene Gonzalez-Martinez1,2,3, Nerea Moreno-Cervera1,2,3, Sarah 
Overby1,2,3, Jorge Espinosa1,2,3, Manuel Perez-Alonso, Beatriz Llamusi1,2,3, Rubén Artero1,2,3 

1 Interdisciplinary Research Structure for Biotechnology and Biomedicine (ERI 
BIOTECMED), Universidad de Valencia, Valencia, Spain. 
2Translational Genomics Group, Incliva Health Research Institute, Valencia, Spain. 
3Joint Unit Incliva-CIPF 
 
 
Myotonic Dystrophy type 1 (DM1) is a life threatening and chronically debilitating rare genetic 
disease that originates from expansion of a non-coding “CTG” repeat in the DMPK gene. The 
expansion becomes pathogenic when DMPK transcripts contain 50 or more repetitions due to 
the sequestration of the muscleblind-like (MBNL) family of proteins. Depletion of MBNLs 
causes alterations in splicing patterns in transcripts such as chloride channel 1 (CLCN1) and 
insulin receptor (INSR), which ultimately lead to clinical symptoms including myotonia, 
insulin resistance, and muscle weakness. We previously found that miR-23b directly represses 
translation of MBNL1 and 2 in DM1 patient myoblasts and the HSALR mouse model. Thus, 
antisense technology (“antagomiRs”) blocking these miRNAs boosts MBNL1 and 2 protein 
levels. Here we provide new data to describe the time course of effect intensity in response to 
administration of antagomiR-23b as a treatment in HSALR mice. We show that the effect of a 
single injection of antagomiR-23b in HSALR mice is not significantly different using 
subcutaneous or intravenous administration. Subcutaneous administration of a single injection 
of antagomiR-23 up-regulates the expression of MBNL proteins and rescued splicing 
alterations, grip strength, and myotonia, in a dose-dependent manner with minimal effects on 
blood biochemistry. Although the most important effects of the antagomiR in terms of MBNL 
protein upregulation were found 4 days after the injection, the effects of the treatment on grip 
strength and myotonia were still notable after 45 days. The pharmacokinetic and 
pharmacodynamic data obtained provide further evidence that miR-23b could be a valid 
therapeutic target for DM1 and establish a benchmark against which to compare antagomiRs 
with alternative chemistries in search of a lead compound for first human administration. 
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A novel therapeutic aptamer targeting LAG3 for immuno-oncology 
therapy  
Yi-Chung Chang, Shih-Chi Yeh, Chien-Hao Chiang, Chu-Ying Peng, Yi-Wei Kao and Ming-
Liang Kuo 
MICROBIO (Shanghai) 
 

Immune checkpoint molecules are often activated in cancer, leading to suppression of anti-
tumor immune responses.  Immune checkpoint inhibitor therapies thereby provide effective 
long-term treatment for a variety of cancers.  However, only a subset of cancer patients was 
found to respond to these treatments.  It is therefore of great interest to develop combination 
therapy by inhibiting multiple immune checkpoint targets to improve response rates of 
immuno-oncology therapy. To achieve this goal, many efforts have been made in utilization 
of new entity of therapeutic molecules. As one of potential cancer immune-therapeutic 
entities, aptamers possess many advantages such as high specificity and affinity, easy to be 
production and more cost effective over commonly used antibodies.  

Lymphocyte-activated gene 3 (LAG-3) is mainly expressed on activated T cells, natural 
killer cells, B cells and plasmacytoid dendritic cells, and acts as a brake in maintaining 
immune homeostasis and preventing immune over-activation. Previous study indicated that 
LAG-3 antagonistic antibody significantly enhanced the efficacy of anti-PD1-based 
immunotherapy. In this study, a novel LAG-3 aptamer with high affinity and specificity had 
been identified from a high variety of library. Tetrameric LAG-3 aptamer, MBS921, was 
further constructed with a palindrome bridge. Antagonistic efficacy of MBS921 was 5 times 
enhanced compared to monomeric LAG-3 aptamer with IC50 from 1.4 M to 92nM in Jurkat 
cell reportervsystem. Surprisingly, the syngeneic mouse model indicated that only single 
injection of MBS921 was sufficient to augment the maximum anti-tumor effect of PD-L1 
antibody, and therefore a hit-and-run therapeutic strategy was suggested for LAG-3 
antagonist. 
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Development of OLX10020, a cell-penetrating asymmetric siRNA for age-
related macular degeneration (AMD) treatment 
 
Younghee Kim1, Pooja Dua1, Sun Woo Hong1, Wei Li1, Shin-Young Park1, Dong-ki Lee1,2 
OliX Pharmaceuticals, Inc., Suwon, South Korea1, Sungkyunkwan University, Department of 
Chemistry, Suwon, South Korea2 
 
Age-related macular degeneration (AMD) is defined as an abnormality of the retinal pigment 
epithelium (RPE) that leads to degeneration of the overlying photoreceptor in the macular and 
consequent loss of central vision. Advanced AMD leads to loss of vision and can be classified 
into two categories: Geographic Atrophy (GA), which is characterized by atrophy of the RPE, 
and Choroidal Neovascularization (CNV; also known as wet AMD), which is due to the 
abnormal growth of blood vessels. Anti-angiogenic therapies targeting vascular endothelial 
growth factor A (VEGFA) have proven to be highly effective in treating neovascular AMD. 
To date, however, there is no approved treatment available that can significantly slow the 
progression of GA and improve the clinical outcome. OLX10020 is a cell-penetrating 
asymmetric siRNA (cp-asiRNA) targeting a novel undruggable gene involved in GA. It has 
demonstrated excellent activities in both Alu RNA-induced and NaOI3-induced mouse GA 
models. Furthermore, OLX10020 has been proved to be effective in wet AMD animal models, 
indicating that it is a potential first-in-class drug that can treat both GA and wet AMD.  
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Gapmers targeting DUX4 as a therapeutic strategy for 
facioscapulohumeral muscular dystrophy 

Yi-Wen Chen1, 2, Aiping Zhang1, Sreetama San Chandra1, Kelly Murphy1, Hunain Khawaja1, 
Kenji Rowel Q. Lim3, Rika Maruyama3, Takako Jones4, Peter L. Jones4, Toshifumi Yokota3 
Center for Genetic Medicine Research, Children’s National Health System, Washington, DC, 
USA1 
Department of Genomics and Precision Medicine, School of Medicine and Health Science, 
George Washington University, Washington, DC, USA2 
Department of Medical Genetics, Faculty of Medicine and Dentistry, University of Alberta, 
Edmonton, AB, Canada3 
Department of Pharmacology, Center for Molecular Medicine, University of Nevada, Reno 
School of Medicine, Reno, Nevada, USA4 

Facioscapulohumeral muscular dystrophy (FSHD) is one of the most common inherited 
muscular dystrophies with an incidence of 1:8,000 to 1:20,000. Studies showed that FSHD is 
caused by aberrant expression of double homeobox 4 (DUX4) due to epigenetic changes of 
the D4Z4 macrosatellite repeat region at chromosome 4q35. The aberrant expression of 
DUX4 misregulates downstream genes and pathways, which leads to muscle pathologies and 
weakness. To date, there is no effective treatment for FSHD. The goal of this study is to 
evaluate antisense oligonucleotide strategies to reduce the pathogenic DUX4 mRNA in 
affected muscles and improve muscle pathology and function using an FSHD mouse model. 
LNA and 2’-MOE gapmers were delivered by either intramuscular injections (i.m.) or 
subcutaneous injections (s.c.) to the DUX4-expressing FLExDUX4 mouse model. Our results 
showed that i.m. injections (20ug) of gapmers into the tibialis anterior muscles significantly 
reduced DUX4 transcripts in the muscles of the FLExDUX4 mice. Short-term treatment by 
s.c. injections (20mg/kg) of the gapmers reduced DUX4 expression in the muscles. In a long-
term 10-week trial, s.c. injections (20mg/kg) twice a week significantly reduced DUX4 
expression. In addition, muscle function measured by grip strength testing showed functional 
recovery after the treatment. Muscle fibrosis was also reduced by the treatments. Our findings 
showed that the gapmers targeting DUX4 significantly reduced DUX4 transcripts. The 
reduction of DUX4 was accompanied by recovery of muscle functional deficits and 
improvement of muscle pathology in the FLExDUX4 mice. The data support the use of 
gapmers as a viable therapeutic approach for FSHD. 
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Performance of TsiRNA, STsiRNA and their cholesterol derivatives in 
vitro and in vivo. 
Elena L. Chernolovskaya, Ivan V. Chernikov, Daniil V. Gladkikh, Ulyana A. Karelina, 
Mariya I. Meschaninova, Alya G. Ven’yaminova, Marina A. Zenkova, Valentin V. Vlassov 
Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russia 
 
 
Novel type of interfering RNAs - trimeric-siRNA (TsiRNA) and suplamolecular trimeric 
siRNA (STsiRNA) were proposed and studied. Selectively modified 63 bp tsiRNAs induced 
more effective RNAi at lower concentrations than classical 21 bp siRNA. Selective 2’-O-Me 
modification pattern defines the action in a Dicer independent or Dicer dependent mode. 
Nuclease-resistant 63-bp TsiRNA comprising in one duplex the sequence of siRNAs 
targeting mRNAs of MDR1, LMP2, and LMP7 genes is able to suppress the expression of all 
the target genes independently and with high efficiency, acting via a Dicer-dependent 
mechanism. These results remove the length limits for the design of RNAi effectors. The 
conjugation of siRNA to the molecules, which can be internalized into the cell by natural 
transport mechanisms, is a promising approach for the delivery of siRNA into the cells. 
Previously, we showed, that 5’-cholesterol-siRNA exhibits enhanced accumulation in lungs, 
liver, kidney and xenograft KB-8-5 tumor and target gene silencing. The results showed that 
increasing the length of the RNA duplex in such a conjugate increases its biological activity 
when delivered using a transfection agent. However, the efficiency of accumulation in human 
drug-resistant KB-8-5 cells in vitro in a carrier-free mode was reduced as well as efficiency 
of target gene silencing. In in vivo experiments on healthy and KB-8-5 xenograft tumor-
bearing SCID mice, cholesterol-TsiRNAs demonstrated a similar biodistribution pattern with 
more efficient accumulation in organs and tumors of mice than cholesterol-conjugated 
canonical siRNAs; however, this accumulation did not provide a silencing effect. In order to 
overcome this limitation, we have constructed a new type of RNA interference inductors - 
STsiRNA, which represents a complementary complex consisting of 3 molecules of the 
antisense strand and two different one-and-a-half sense strands containing LNA 
modifications to ensure duplex stability. It was shown that, unlike TsiRNA, STsiRNAs 
effectively accumulate in the cells of a drug-resistant KB-8-5 tumor and suppress the 
expression of the target gene which may be associated with higher flexibility of 
suplamolecular duplex. The use of supramolecular complexes allows to attach ligands with 
different functionalities in the composition of different oligoribonucleotides, and to combine 
inhibitors of several therapeutic genes in one STsiRNA with enhanced tumor-accumulation 
properties. 
This work was supported by the Russian Scientific Foundation, grant #19-14-00251. 
 
 
Elena L. Chernolovskaya, Doctor of Sci. 
Chief Researcher 
Institute of Chemical Biology and Fundamental Medicine SB RAS 
Lavrentiev ave., 8 
Novosibirsk, 630090 
Russian Federation 
elena_ch@niboch.nsc.ru 

024

132



A Fluorescent Cytosine Analog in Gapmer Technology: 
Precise tracking by Stealth Labeling of Antisense Oligonucleotides 
Anders Dahlén,1 Jesper R. Nilsson,2 Tom Baladi,1 Emma Kay,1 Kajsa Kanebratt,1 Dzenita 
Bazdarevic,1 Johan Meuller,3 Malin Lemurell,1 L. Marcus Wilhelmsson2 
1Medicinal Chemistry, Research and Early Development Cardiovascular, Renal and 
Metabolism, BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden 
2Department of Chemistry and Chemical Engineering, Chalmers University of Technology 
3Discovery Sciences, BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden 
 
 
Over the past 20 years the activity around oligonucleotides within the pharmaceutical industry 
has intensified significantly as new oligo based drugs enter the market. Many techniques to 
determine the properties of the oligos of interest have been developed, such as knockdown 
efficiency via qPCR, internalisation efficiency with commercially available kits and cell 
localisation with various dying protocols. It is also very common to make use of commercial 
fluorescent dyes such as AlexaFluor, Bodipy and cyanine based dyes to visualise trafficking 
inside cells during imaging studies. However, these fluorescent dyes may change the overall 
properties of the oligo of interest since they are usually quite large and also contain multiple 
charges that may effect permeability, uptake, endosomal escape, trafficking inside the cell, 
accumulation in different cell compartments as well as the interaction with its target.  
Recently, our lab has made good use of fluorescent base analogs (FBAs) in several FRET 
studies of DNA and RNA and we recognized that these FBAs could also prove useful in 
imaging studies of oligos without affecting the knockdown or internalisation efficiency. To 
establish if results generated with commercial dyes are reliable, we decided to synthesize a 
number of naked and conjugated oligo gapmers containing either Cy3 or a fluorscent cytosine 
analog. 
Our results will be disclosed in full for the first time during this OTS meeting. 
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Antisense oligonucleotide-mediated splicing modulation of Amyloid 
Precursor Protein as treatment for D-CAA 
Elena Daoutsali1, Tsinatkeab T. Hailu2, Dan Curtis2, Thomas de Vlaam2, Willeke van Roon-
Mom1 

1 Leiden University Medical Center, department of Human Genetics, Einthovenweg 20, 2333 
ZC, Leiden 
2 Amylon Therapeutics B.V, Zernikedreef 9, 2333CK, Leiden 
 
 
Dutch- Cerebral Amyloid angiopathy (D-CAA) is a rare autosomal dominant disease 
characterized by cerebrovascular deposition of the amyloid beta (Aβ) peptide. Aβ is produced 
after the enzymatic cleavage of Amyloid Precursor Protein (APP). The disease is caused by a 
missense mutation on chromosome 21 in the amyloid precursor protein (APP) gene, resulting 
in a glutamine for glutamic acid substitution (NP_000475.1:p.Glu693Gln). It is hypothesized 
that the loss of a negatively charged amino acid causes accelerated Aβ oligomerization. 
Together with impaired clearance, this leads to Aβ deposition mainly around the cerebral 
vessel walls making the blood vessels more prone to breakage. Our therapeutic strategy 
involves the use of antisense oligonucleotides (AONs) to target exon 17 in the APP pre-
mRNA that contains the mutation and amyloidogenic region. This leads to splice switching, 
resulting in a new APP isoform that lacks the amyloidogenic region. 

In vitro AON-induced APP exon 17 skipping was investigated in patient-derived fibroblasts, 
induced Pluripotent Stem cells (iPSCs) that were reprogrammed from the patient fibroblasts 
and differentiated to neurons and a neuroblastoma cell line (SH-SY5Y). In vivo APP exon 
skipping was investigated in wt-mice following intracerebroventricular administration of 
AON. Analysis was done on RNA and protein levels. The levels of Aβ40 were quantified 
with Αβ40 ELISA in cell culture media of iPSC-induced neurons treated with 100nM of 
AON. 

We successfully designed an AON that induced efficient exon skipping on RNA and protein 
level both in vitro and in vivo. Preliminary results of ELISA on the cell culture medium of 
iPSC-induced neurons showed reduction in the Aβ40 levels of AON-treated cells versus non-
treated that was persistent four days after AON transfection. 
 
These results illustrate the potential of using an AON as therapy for D-CAA. Future studies 
include generation of isogenic iPSC lines with CRISPR/Cas9 and 3D disease modeling with 
cerebral organoids. 
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A novel lipid-based nanoparticle formulation mediating safe and robust 
functional delivery of siRNA/miRNA  
T. de Gunst, S. Yahyanejad, H. den Boer, R. Vos, F. Alemdehy, B. Telford, M van den 
Bosch, M. Stegink, L. van Pinxteren, R. Schaapveld and M. Janicot 
InteRNA Technologies B.V., Utrecht, The Netherlands 
 
Mounting evidence suggests that small interfering RNA- (siRNA) and microRNA- (miRNA) 
based therapies hold great promise for development of therapeutic modalities. However, 
despite the early promise and exciting potential, several specific technical barriers (e.g., 
extracellular and intracellular stability as well as effective and safe delivery) still need to be 
overcome. While unmodified RNAs are rapidly degraded in circulation, chemically modified 
versions hardly penetrate cells and require an additional delivery system to allow intracellular 
molecular effects. New strategies overcome the core obstacles to cellular delivery of 
siRNAs/miRNAs which include: (i) ribonuclease- (RNase) mediated degradation; (ii) short 
biological half-life; (iii) lack of endosomal escape; (iv) lack of tissue targeting; (v) inefficient 
biodistribution; and (vi) side effects. Despite significant efforts and progresses in chemical 
modification and cellular delivery for therapeutic siRNAs/miRNAs, only one drug (patisiran, 
ONPATTRO) has been approved by the FDA. InteRNA Technologies has pursued new approaches 
to identify robust drug delivery modality for its drug candidate, INT-1B3 (miR-193a-3p mimic) 
which is expected to enter soon into first-in-human clinical evaluation. During the last decade, 
InteRNA has tested various delivery technologies based on in vivo screening in which 
formulated siRNA targeting reference gene HPRT-1 was administered (bolus i.v.) to human 
melanoma A2058 tumor-bearing immune compromised mice. Tissue samples from spleen, 
liver and tumor were evaluated for tissue distribution and pharmacodynamic (target 
engagement) effects. In addition, safety was assessed by cytokine expression in blood, and 
blood chemistry. Interestingly, based on this initial evaluation, InteRNA has identified a novel 
lipid-based nanoparticle (LNP) formulation which safely and effectively delivered the siRNA 
cargo to target tissues, in particular beyond delivery to the liver. This formulation was 
ultimately selected for further development, and after fine tuning became a key component of 
INT-1B3 (formulated 1B3). In parallel, InteRNA has developed an initial in vitro experimental 
approach and tested various chemical modifications on the miRNA molecule to improve 
metabolic stability and target recognition. Efficacy of INT-1B3 has been evaluated upon 
systemic administration in experimental tumor-bearing mouse models. Significant tumor 
growth inhibition was demonstrated at well-tolerated doses in a large panel of human and 
syngeneic tumor models. A full PK/PD and safety profile has been assessed in mice, and 
optimization of large-scale production of drug product has allowed IND-enabling GLP-Tox 
studies in rats and non-human primates to be initiated to support upcoming clinical 
development. 
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Circulating nucleic acids such as microRNAs, cDNAs, lncRNAs and circRNAs have been 
identified as potential biomarkers for early detection, prognosis and prediction of several 
diseases. However, their use in clinical settings has been hindered by the absence of appropriate 
detection techniques. Most of the current technologies require complex protocols, not yet able 
to deliver robust and cost-effective assays in the field of clinical diagnostics. Here, we describe 
the development of an innovative platform for profiling circulating nucleic acids. The platform 
is composed of a novel silicon photomultiplier-based reader in conjunction with a chemical-
based method for nucleic acid detection. Nucleic acids profiling without extraction, pre-
amplification or pre-labeling of the target is now possible. In this work, we designed and 
synthesized a set of reagents that combined the chemical-based method with a 
chemiluminescent reaction, which is detected using a novel, compact silicon photomultiplier-
based reader. Known concentrations of hsa-miR-21-5p spike-ins were used to determine the 
platform sensitivity which was calculated as 4.7 pmol/L. The platform was also successfully 
validated for the direct detection of hsa-miR-21-5p in eight non-small cell lung cancer plasma 
samples. Levels of plasma hsa-miR-21-5p expression were also analyzed via gold-standard 
TaqMan RT-qPCR. The combination of a unique chemical-based method for nucleic acid 
detection with a novel silicon photomultiplier-based reader created an innovative product 
(ODG platform) with diagnostic utility, for the direct qualitative and quantitative analysis of 
nucleic acids in biological fluids. 
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Considerations for the Development, Scale-up and Manufacturing of 
mRNA Therapeutics  
Craig Dobbs, Jessica Madigan, Jordana Henderson, Alexandre Lebedev, Anton McCaffrey, 
Julie Powers 
TriLink BioTechnologies 
 
 
Recently, there has been significant interest in the use of messenger RNA (mRNA) as an ex 
vivo and in vivo therapeutic. Since mRNA is expressed in the cytoplasm it may be 
particularly useful for improving gene expression in difficult-to-transfect non-dividing cells. 
In contrast to plasmid or viral vectors, there is no risk of insertional mutagenesis or 
subsequent oncogenesis upon mRNA transfection and the transient nature of mRNA 
expression is desirable for genome editing (CRISPR/ Cas Systems, ZFNs and TALENs) and 
vaccines. In each case, the goal is to produce a synthetic RNA that mimics a natural mRNA.  
 
Many Biotech, Biopharmaceutical, and Pharmaceutical companies have initiated programs to 
investigate mRNA therapeutic applications. Their target centric research has identified 
thousands of potential mRNA candidates, but many companies struggle with determining the 
optimum path forward to progress identified candidates through the drug development 
process. Contract Development and Manufacturing Organizations (CDMOs) like TriLink 
BioTechnologies with focused expertise in mRNA and nucleic acid manufacturing 
optimization can greatly assist both virtual and established companies achieve their goals. 
 
Multiple compound attributes and manufacturing parameters must be determined, optimized, 
and rigorously tested. It is essential to consider sequence design, raw material identification 
and sourcing, and manufacturing processes that are inherently scalable. Critical decisions 
must be made about:  
 
» Project management  
» Technology transfer process  
» Transcription optimization  
» Purification optimization  
» Process scale-up  
» Analytical development  
 
We will provide a broad roadmap for the application of these principles to the design and 
manufacturing of novel mRNA therapeutics. Data from the development, optimization, 
manufacturing, and scale-up of mRNA will be presented. 
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Amelioration of Mas-Related G-Protein-coupled Receptor X2-mediated 
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Itch is a large problem in numerous skin disorders. The Mas-related G protein-coupled 
receptor X2 (MRGPRX2) has been shown to modulate itch by inducing non-IgE-mediated 
mast cell degranulation and the subsequent release of endogenous inducers of pruritus. 
Various substances collectively known as basic secretagogues, which include inflammatory 
peptides and certain drugs, can trigger MRGPRX2, thereby inducing pseudo-allergic 
reactions characterized by histamine release and inflammation. Here, we investigated the 
capacity of an immunomodulatory single-stranded oligonucleotide (ssON) to inhibit itch and 
mast cell degranulation. We show that intradermal injection of ssON in mice is able to inhibit 
itch induced via the basic secretagogue compound 48/80 by reducing acute mast cell 
degranulation in skin. Further, ssON demonstrates a capability to inhibit MRGPRX2 
activation in vitro. We reveal that mast cell degranulation and calcium influx in MRGPRX2-
transfected HEK293 cells induced by certain basic secretagogues are effectively inhibited by 
ssON in a dose-dependent manner. Since there is a need for new therapeutics targeting 
MRGPRX2-mediated activation of mast cells, ssON could be used as a prospective drug 
candidate to ameliorate itch in particular pathological settings. 
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Enabling synthesis of nano-constructs for oligonucleotide therapeutics 
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Oligonucleotide (ON) delivery to specific cell and/or body target sites has been one of the 
main limitations in ON therapeutics. Conjugation of natural or modified ON to different 
(bio)chemical moieties can improve existing oligonucleotide properties or provide new ones. 
One of the main challenges in developing ON conjugates apart from selecting a suitable 
functionality and conjugation site is development of proper linker. A functional linker should 
have suitable length and flexibility as well as a suitable chemical ´handle´ to enable selective 
conjugation. Here, we have developed two different types of linkers, which can be 
synthesized through a common intermediate. Conjugation to a construct is allowed either by 
amide bond formation, or by copper-catalyzed ´click´ chemistry. Both linkers we developed 
are compatible with automated ON synthesis using phosphoamidite chemistry and even 
multiple labeling to the same ON chain can be enabled. A PAMBA (4-((2-(prop-2-yn-1-
yloxy)acetamido)methyl)benzoic acid) fragment in one of our linkers allows 1,3-dipolar 
cycloaddition  to an azide and provides sufficient stability for automated synthesis. The 
backbone of the linkers gives the possibility to incorporate multiple linkers and at different 
positions in the ON-conjugate. In addition, we investigated the possibility to use a 
cyclooctyne containing linker, which could allow strain-promoted ´click` reactions. The 
stability of compounds containing the cyclooctyne fragment was studied under different 
conditions and the stability was found to be a major limitation for use of this type of linker in 
ON-conjugates. 
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Controlling chirality of phosphorothioates in Antisense Oligonucleotides 
does not enhance potency or duration of effect in the CNS  
William J. Drury III, W. Brad Wan, Punit Seth, Eric Swayze, Karen Ling, Antony Thomas, 
Andy Watt, Frank Rigo  
Ionis Pharmaceuticals 
 
 
Gapmer antisense oligo nucleotides (ASOs) constitute the most widely studied class of 
therapeutic oligonucleotides.  These are comprised of a central gap region of 7-12 DNA 
nucleotides flanked by wings of 2-5 modified nucleotides that enhance affinity for 
complementary RNA and stability towards nuclease mediated digestion.  Most commonly, to 
improve oligo pharmacokinetic properties, the oligonucleotide phosphodiester backbone is 
replaced with the phosphorothioate linkage.  This generates a new chiral phosphorous center 
at each linkage.  Historically, these were introduced as racemic mixtures, and as such gapmer 
ASOs are not discreet chemical entities, but ensembles of diastereomers. 
 
Recently, the formation of stereo-controlled oligonucleotide PS junctions has become 
synthetically tractable.  This has allowed for the formation of ASO ensembles highly 
enriched in a single stereoisomer.  We have used this technology to study the role of PS 
chirality on ASO pharmacokinetic and pharmacodynamic properties, including; duration of 
action, half-life, potency and ability to control RNase H1 cleavage.  We found that 
controlling PS chirality in the MOE wings or in the DNA gap did not enhance ASO potency 
or duration of effect in the CNS relative to their stereorandom counterparts. Complete details 
including sequence, design of ASOs and lessons learned will be presented. 
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Extracellular microRNAs (miRs) have been proposed as important blood-based biomarkers 
for several diseases [1,2]. Despite the high number of miR biomarker studies, the specificity 
and reproducibility of those studies is missing [3]. Therefore, the standardization of pre-
analytical and analytical methods is urgently needed. Here, we first validated miR analysis 
for RNA isolation and miR quantification by quantitative polymerase chain reaction (RT-
qPCR) based on Good laboratory practice (GLP) principles. In our study, we identified and 
solved several pitfalls from handling to normalization strategy in the analysis of extracellular 
miRs that lead to inconsistent and non-repeatable data. In addition, we have for the first time 
defined quality controls to verify the reliability of extracellular miR analytics for biomarker 
studies in blood samples. 
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The adenosine axis is an important mechanism that allows tumors to escape from 
immunosurveillance. The ectonucleotidases CD39 and CD73 that act in concert to convert 
extracellular immune-stimulating ATP to immunosuppressive adenosine and the adenosine 
A2A receptor have emerged as promising targets to combat immunosuppression through the 
adenosine axis. We showed previously that LNA-modified antisense oligonucleotides (ASOs) 
targeting CD39 revert immunosuppression and result in potent antitumor immune activity.  
In the present study we performed a thorough analysis of the adenosine axis using LNA-
modified ASOs targeting CD39 and CD73 as well as small molecule inhibitors targeting the 
A2AR in human PMBC and T cells. 
Knockdown efficacy of ASOs on mRNA and protein level was investigated in primary 
human T cells. CD39 and CD73 activity was evaluated by measuring levels of adenosine 
triphosphate (ATP), adenosine monophosphate (AMP) and adenosine in cell supernatants. As 
functional readout we analyzed effects of extracellular ATP, AMP or the non-degradable 
adenosine analogue 5’-N-Ethylcarboxamidadenosine (NECA) on activated T cells.  
Unformulated CD39- and CD73-specific ASOs achieved potent target knockdown on mRNA 
and protein level in primary human T cells. Furthermore, degradation of extracellular ATP or 
AMP was significantly blocked by CD39- or CD73-specific ASOs, respectively, while 
formation of adenosine was suppressed. Supplementation of cell culture medium with ATP 
impaired proliferation and viability in T cells expressing CD39 or CD73. Notably, ASO-
mediated knockdown of CD39 or CD73 reversed this inhibitory effect of ATP. Furthermore, 
treatment with AMP resulted in decreased proliferation of activated T cells that could be 
reverted by ASO-mediated suppression of CD73 but not of CD39. Strikingly, we did not 
observe decreased T cell proliferation in presence of NECA and small molecule inhibitors 
targeting A2A receptors could not revert the suppression of T cell proliferation in presence of 
high levels of extracellular ATP or AMP arguing for other factors than adenosine being 
responsible for this effect.  
Taken together we have shown that targeting the ectonucleotidases CD39 and CD73 by 
ASOs is a promising approach for treatment of cancer. We found fundamental qualitative 
differences compared to targeting the adenosine axis on the level of the A2AR.  
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RNA synthesis by chemical ligation for mRNA therapeutics 
Daichi Fushihara1, Yasuaki Kimura1, Genichiro Tsuji1, Kosuke Nakamoto1, Fumiaki 
Tomoike1,2, Kenji Harada3, Junichiro Yamamoto3, Fumikazu Shinohara3, Hiroshi Abe1,4 
Nagoya Univ.1, Gakushuin Univ.2, Natl. Inst. Health Sci.3, JST-CREST4 
 
 
Recently, mRNA therapeutics have attracted attention as new oligonucleotide medicines, 
where therapy is performed by administering mRNA to cells and expressing desired proteins 
or bioactive peptides. There are several advantages in mRNA therapeutics compared with the 
conventional oligonucleotide therapeutics; 1) Contrary to the method such as RNAi or 
antisense methods, which suppress of the target protein expression, target gene expression 
can be enhanced. 2) Direct mechanism of protein expression by only translation step, 3) No 
need to enter in the nucleus for efficacy and immediate effect. 4) No concern about the 
integration of the administered oligonucleotides into the genome. mRNA therapeutics have 
attracted high expectations because of these superior features.  
 
One of the major hurdles in realizing mRNA therapeutics is the synthesis of mRNA. Since it 
is a drug molecule, high chemical homogeneity is required, and in order to further improve 
the stability and physical properties of mRNA, synthetic methods capable of freely 
incorporating unnatural nucleic acids are required. For synthesizing mRNA, transcription 
with RNA polymerase is generally used, but the above-mentioned requirements are not 
satisfied.  
 
Based on the above backgrounds, we developed a chemical ligation reaction that enables the 
chemical synthesis of mRNA. In this method, synthesis of mRNA is performed by 
sequentially ligating RNA fragments that are synthesized by an oligonucleotide synthesizer. 
In this presentation, we will report the chemical synthesis of mRNA and the evaluation of its 
translational ability. 
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Most antisense and RNAi technologies available today aim to correct cancers and genetic 
diseases at the mRNA level. The proposed project aims to interfere with LIN28, a possible 
therapeutic oncogene target, through the use of a short oligonucleotide. LIN28 is an RNA 
binding protein expressed in ESCs, with multiple roles in development and disease. It is 
involved in many biological processes, including development, reprogramming, pluripotency, 
metabolism, tissue regeneration, and tumorigenesis. Humans express two isoforms of LIN28, 
LIN28A and LIN28B, which bind to the let-7 primary and precursor microRNAs through 
bipartite recognition, close to the Dicer cleavage site, impeding let-7 biogenesis.1 It has been 
shown that in cancer, the tumor suppressor function of let-7 is abrogated by overexpression of 
LIN28. High concentration of LIN28 associates to progress of human malignancies, indicating 
LIN28 is acting as an oncogene.2 The NMR structure shows that the two zinc knuckle domains 
of LIN28 are essential to establish a selective binding with pre-let-7 miRNAs.3 The structure 
reveals that each zinc knuckle recognizes an AG dinucleotide separated by a single nucleotide 
spacer. We designed a series of short modified oligonucleotides (7-11mers) able to target the 
binding site of LIN28 with the aim to decrease and eventually inhibit the binding of the let-7 
precursors. 
The project investigates in specific the design of a new drug lead based on a modified 7/11 mer 
modified RNA sequence binding to LIN28. The Oligo carries a specific moiety, a short peptide, 
able to recruit the ubiquitin–proteasome system to achieve targeted degradation of LIN28A.4 
We are currently testing the oligonucleotide constructs in different cancer lines and analyzing 
the ternary complex LIN28A:Oligo:E3 through biophysical techniques. The nature of the new 
oligo construct makes the new class of oligo a potent drug and represents an innovative design, 
with great potential for pharmaceutical development. 
 
1. Wang, L.; Nam, Y.; Lee, A. K.; Yu, C.; Roth, K.; Chen, C.; Ransey, E. M.; Sliz, P., Cell 
Rep. 2017, 18 (11), 2664-2675. 
2. Jiang, S.; Baltimore, D., Cancer Lett. (N. Y., NY, U. S.) 2016, 375 (1), 108-113. 
3. Loughlin, F. E.; Gebert, L. F. R.; Towbin, H.; Brunschweiger, A.; Hall, J.; Allain, F. H. T., 
Nat Struct Mol Biol 2011, 19 (1), 84-9. 
4. Collins, I.; Wang, H.; Caldwell, J. J.; Chopra, R., Biochem. J. 2017, 474 (7), 1127-1147. 
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neuron neurodegeneration in a mouse model of spinal muscular atrophy 
Larissa Goli1,2, Karin Meijboom1, Lyndsay M Murray3,4, Caleb Webber1, Melissa 
Bowerman5,6,7, Matthew JA Wood2, Suzan M Hammond2 
1 Department of Physiology, Anatomy and Genetics, Oxford University (UK) 
2 Department of Paediatrics, Oxford University (UK) 
3 Centre for Discovery Brain Sciences, Edinburgh Medical School: Biomedical Sciences, 
Edinburgh (UK) 
4 Euan MacDonald Centre for Motor Neurone Disease Research, University of Edinburgh (UK) 
5 School of Medicine, Keele University (UK) 
6 Institute for Science and Technology in Medicine, Stoke-on-Trent (UK) 
7 Wolfson Centre for Inherited Neuromuscular Disease, RJAH Orthopaedic Hospital, 
Oswestry (UK) 
 
 
Spinal muscular atrophy (SMA) is a devastating paediatric neuromuscular disease and the 
leading cause of premature children mortality due to a genetic defect, with an incidence of 
1:6,000-11,000 live births. It is mainly characterized by the specific degeneration and cellular 
death of lower alpha motor neurons (MN) in the ventral spinal cord and in the brain stem. 
The timing of SMN deficiency is crucial in SMA pathogenesis. Nusinersen, a splice-switching 
oligonucleotide, has been FDA- and EMA-approved for clinical use. In the absence of neonatal 
screening for SMA, it is often administered after onset of symptoms. Elucidating the 
transcriptional differences occurring at pre-symptomatic and symptomatic stages of SMA, and 
comparing these to oligonucleotide-treated samples, can help elucidate the gene networks 
involved in MN degeneration. This investigation could further lead to the discovery of 
pharmacologically relevant molecule(s) that could be used in combination with splice-
switching oligonucleotide therapies. 
We performed a study of the transcriptomic changes in the spinal cord between pre-
symptomatic (post-natal day 2, PND2) and symptomatic (PND7) Taiwanese SMA pups. 
Tissues were collected from WT or SMA mice, at PND2 and PND7, either not treated, or 
treated at PND0 and PND2 with Pip6a-PMO (a splice-switching morpholino conjugated to a 
peptide to enhance the delivery) or Pip6a-scrambled_PMO as controls. MN bodies were 
isolated from the adjacent white matter by laser capture microscopy. RNA was extracted and 
transcriptomics studies were performed with Affymetrix® microarrays.  
Amongst the transcripts differentially regulated at pre- and post-symptomatic stages, 
candidates for further studies include myelination-related transcripts Plp1 and Mobp. 
Understanding their role and the mechanisms of their transcriptomic changes during motor 
neuron degeneration can offer further insight both in the fundamental mechanisms at play, and 
at the identification of new molecular targets to enrich the therapeutic arsenal available for 
SMA. 
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Retinitis Pigmentosa 11 
Janya Grainok1,2,3, Ianthe L Pitout1,2, Steve D Wilton1,2, May T. Aung-Htut1,2, Chalermchai 
Mitrpant3, Fred K Chen4 and Sue Fletcher1,2  

Centre for Molecular Medicine and Innovative Therapeutics, Murdoch University, Western 
Australia1, Perron Institute for Neurological and Translational Science, Western Australia2, 
Department of Biochemistry, Faculty of Medicine Siriraj Hospital, Mahidol University, 
Bangkok, Thailand3, Centre for Ophthalmology and Visual Science (Incorporating Lions Eye 
Institute), University of Western Australia, Western Australia, Australia4 
 
 
Introduction. Heterozygous mutations in pre-mRNA processing factor 31 (PRPF31) cause 
retinitis pigmentosa 11 (RP11) and lead to retinal cell death and blindness. RP11 features 
incomplete penetrance within affected families, due to variable expression levels of 
functional PRPF31 from the remaining healthy allele. CCR4-NOT transcription complex 
subunit 3 (CNOT3) is a negative transcriptional regulator that binds to the promoter and 
inhibits PRPF31 transcription, and is found at higher levels in RP11 patients, compared to 
asymptomatic family members carrying the same PRPF31 mutations. Objective. It is 
hypothesized that lowering CNOT3 activity will enhance transcription of the remaining 
healthy PRPF31 allele and improve pre-mRNA splicing function to prevent or delay RP11 
disease progression. This study aims to modulate CNOT3 expression and function in order to 
upregulate functional PRPF31 using antisense oligomers (ASOs). Results. ASOs were 
designed to target selected CNOT3 exon(s) for exclusion during pre-mRNA processing, 
predicted to result in a frame shift and downregulation of CNOT3 expression, in patient 
retinal pigment epithelium (RPE) derived from induced pluripotent stem cells. As a 
consequence of CNOT3 knockdown, PRPF31 expression was upregulated 1.8-fold and 1.2-
fold at the mRNA and protein levels, respectively. Alternatively, ASO-induced exclusion of 
in-frame exon(s) encoding essential functional domains induced exon skipping in a dose-
dependent manner, and maintained CNOT3 transcript at near-normal levels, whereas the 
truncated CNOT3 protein isoform(s) showed reduced nuclear localization in RP11 cells. 
PRPF31 mRNA and protein increased up to 2.2-fold and 1.6-fold, respectively, which is 
above the predicted therapeutic threshold. Conclusions. This study provides ASO sequences 
to downregulate or inhibit function of CNOT3, allowing PRPF31 transcription to increase to 
a level expected to provide functional benefit. Transcriptome analysis and cellular function 
assays will be used to assess pre-mRNA splicing function resulting from increased PRPF31 
expression in RP11 patient retinal cells. 
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Localized hepatic delivery of a Natural ligand of PD-L1 by HBV-specific 
TCR redirected T cells. 
E. Ceccarello1,2*, T. Tabaglio2*, F. Lai2, W. Teo2, D. Tan2, J. Aw2, O. Johnatan2, N. Tan1, V. 
Oei1, A. Pavesi2, Q. Chen2, D. Wee2, A. Bertoletti1,3# and E. Guccione2,4#. 
1 Duke-NUS Medical School, Singapore, 2Institute of Cell and Molecular Biology, A*STAR, 
Singapore, 3Lion TCR Pte Ltd, Singapore, 4Icahn School of Medicine at Mount Sinai, New 
York, USA. 
 
Increased PD-L1 expression in chronic HBV infected livers contributes to the inability of PD-
1+ HBV-specific T cells to clear infected hepatocytes. Therapy with monoclonal antibodies 
blocking PD-1/PD-L1 interaction has the potential to revert HBV-specific T cell hypo-
responsiveness, yet at the risk of triggering systemic side effects. 
We hypothesized that engineered HBV-specific TCR-redirected T cells could be utilized to 
deliver a natural ligand of PD-L1 in close proximity to HBV-infected targets, and hence modify 
the liver microenvironment. Our strategy is to modify T cells to redirect their specificity (with 
the HBV-specific TCRs) and to concomitantly allow them to secrete the soluble isoform of 
PD-1 (using Antisense OligoNucleotides, AONs).  

We therefore designed AONs altering the splicing of PD-1 pre-mRNA by skipping the exon 
coding for the transmembrane domain. This should result in a decreased expression of 
membrane-bound PD-1 and in an increased secretion of the soluble isoform of PD-1 by 
engineered T cells.  
We demonstrated that AONs–TCR double-transfected T cells express an HBV-TCR and they 
are functionally similar to traditional TCR-redirected T cells, but secrete higher quantities of 
soluble PD-1 after TCR-mediated specific activation. The functionality of AONs-TCR-
redirected T cells was tested in a 3D in vitro model and in in vivo models against a hepatoma 
cell line expressing HBV antigens. Functional assays in the 3D model showed an increased 
efficiency by sPD-1-producing TCR-redirected T cells, also in the presence of PD-L1 
expressing monocytes. In addition, sPD-1-producing TCR-redirected T cells were more 
effective in reducing the growth of hepatoma cells expressing HBV antigens and showed higher 
activation of global intra-lesional T lymphocytes in both immune-deficient and humanized 
murine models. 
In conclusion, we developed a method to improve the effectiveness of TCR-redirected T cells 
in situ, converting PD-1 into a soluble isoform with the potential to mask PD-L1 sites on 
cognate targets. 
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Beyond antisense therapy: using oligonucleotides to control gene expression 
by targeting cellular IRESs 
 
Ane Gutierrez Aguirregabiria1 2 4 5, Graham Packham3 4 5, Tilman Sanchez-Elsner4 5, Eugen 
Stulz2 4 5 and Mark Coldwell1 5  

1 Biological Sciences, University of Southampton, Southampton SO17 1BJ, U.K. 
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3 Cancer Sciences, University of Southampton, Southampton SO16 6YD, U.K. 
4 Institute for Life Sciences, University of Southampton, Southampton SO17 1BJ 
5Clinical and Experimental Sciences, University of Southampton, Southampton SO16 6YD, 
U.K. 

 
For antisense therapy, oligonucleotides have been developed to inhibit translation using two 
different approaches: enhancing the degradation of the targeted mRNA or blocking the 
translation machinery. Our aim goes beyond this: using oligonucleotides to control gene 
expression by either decreasing or increasing translation levels by modifying the secondary 
structure of cellular internal ribosome entry sites (IRESs).  
 
We have focused our research on the BAG-1 IRES. Being aware of the controversy 
surrounding the existence of cellular IRESs, we have first verified the presence of an IRES in 
the p36 BAG-1 5’ UTR. We then designed a pool of oligonucleotides targeting different 
regions of the BAG-1 IRES and generated a luciferase based method to quickly assay the 
effect of different oligonucleotides on IRES activity. The most promising oligonucleotides 
were modified in different ways to increase their activity and stability in cells. 
 
We currently have some candidate oligonucleotides that have proven to modify translation in 
vitro and/or in cellulo and are carrying out further experiments to improve their activity.  
 
Controlling translation initiation has a direct result on the efficiency of protein synthesis. 
Understanding the events in this process could lead to the discovery of new therapeutic 
targets, and thereby, the development of new therapies. In this way, these oligonucleotides 
could prove to be a treatment for diseases associated with an inappropriate amount of 
functional proteins. 
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CRISPR interference as treatment strategy for Collagen VI Myopathy  
Franziska Haarich, Svenja Kohler, Zouhair Aherrahrou, Jeanette Erdmann 
Institute for Cardiogenetics, University of Lübeck 
 
Collagen VI congenital muscle dystrophy (Col VI-CMD) is a spectrum disorder caused by 
mutations in COL6A1, COL6A2 and COL6A3. The spectrum expands from the mildest and 
late onset form which is called Bethlem Myopathy (BM, OMIM # 158810) over intermediate 
phenotypes to the most severe and early onset form which is called Ullrich congenital 
muscular dystrophy (UCMD, OMIM #254090). So far, there is no treatment for Col VI-
CMD. 
Since heterozygous null mutations in COL6A2 are nonpathogenic, allele-specific knock-down 
of dominant-negative mutations has to be investigated as a possible treatment strategy. 
However, the first and only approach for Col6A2 dates back to 2012 and aimed at a variant in 
Intron 9 (c.954 + 17_954 + 22del28) leading to Ullrich CMD.  
Our aim is to examine the allele-specific knockdown of a group of pathogenic variants 
leading to substitutions of the essential Glycine residues in triple helical repeats (Gly-X-X).  
The project was started with fibroblasts of a patient with the de novo pathogenic variant 
p.Gly283Glu and treatment with a variant-specific siRNA. A cell culture assay for siRNA 
transfection and induction of Collagen VI secretion into the extracellular matrix (ECM) was 
established. Changes due to the treatment with siRNA were detected on RNA level via real-
time quantitative PCR and visualized via immunofluorescence staining.  
To broaden our translational research pipeline a new approach called CRISPR interference is 
used utilizing a nuclease-dead Cas9 coupled to transcriptional repressors in combination with 
gRNAs. Potential target sites (GH21J046078, GH21J046091, GH21J046096 and 
GH21J046108) were Sanger sequenced to identify heterozygous common variants, because 
heterozygosity is essential for allele-specificity (Figure 1). To phase variants with the 
pathogenic COL6A2 variant, genomic DNA was sequenced using an Oxford Nanopore 
MinION. 
The first result using the new approach will be presented. 
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Antisense oligonucleotide conjugates for erythropoeitic protoporphyria 
François Halloy, Pavithra Iyer, Daniel Schümperli, Jonathan Hall 
Institute for Pharmaceutical Sciences, ETH Zürich, Zürich, Switzerland 
 
Erythropoeitic protoporphyria (EPP) is a genetic disorder affecting in average 1/100.000 
individuals and causing light photosensitivity in patients who quickly develop skin irritation 
upon exposure blue light coming from natural or artificial sources [1]. EPP onset requires two 
independent genetic events on both alleles of the ferrochelatase (FECH) gene affecting the 
production of FECH protein [2]: in one allele, a non-sense or missense mutation prevents the 
synthesis of the functional enzyme; in the other, an intronic single nucleotide polymorphism 
(SNP) causes aberrant splicing of the pre-mRNA. Low levels of FECH lead to accumulation 
of its photoreactive substrate protoporphyrin IX (PPIX) in erythroid cells in the bone marrow 
and in the blood, as well as in the liver and the spleen.  
 
We are investigating several strategies to restore FECH production. One strategy to treat EPP 
is to use splice-switching oligonucleotides (SSOs) - oligonucleotides specially designed to 
bind the pre-mRNA and sterically force the production of a functional FECH pre-messenger 
RNA. An active sequence was identified in vitro after screening and tested in vivo in an in-
house disease model [3], where it was able to partially restore correct splicing in the liver and 
the spleen but failed to have an effect in the last disease-relevant tissue, bone marrow. 
Several peptide- and lipid- conjugates were therefore designed for an improved bone marrow 
vectorization and were tested in vivo, where one conjugate was able to improve the amount of 
correct FECH correct messenger RNA. In a parallel but independent manner, we are 
screening several approved small molecule drugs known to impact heme biosynthesis 
pathway, hoping to identify candidates able to directly increase FECH protein production.  
 
Finally, we are working within this project with a technique developed for chemically 
modified oligonucleotides – the chemical-ligation qPCR (CL-qPCR) [4] – to quantify the 
amount of SSOs delivered within the cells in vitro or in tissues in vivo.  The technique is 
currently being exploited as a platform to investigate the effect of oligonucleotide chemistry, 
length or conjugation on uptake, subcellular localization and biological activity.  
 
 
[1] Lecha M. et al., Orphanet J of Rare Diseases, 2009, 4:19  
[2] Gouya L. et al., Nat Gen, 2002, 30 
[3] Barman-Aksözen, Ćwiek et al., Dis Models Mech, 2017, 10(3), 225-233 
[4] Boos J. et al., Nucl Acid Res, 2013, 41(15)  
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Azobenzene moieties as selective and tunable controls for siRNA activity 
Matthew L. Hammill and Jean-Paul Desaulniers 
University of Ontario Institute of Technology, 2000 Simcoe St N, Oshawa, ON L1G 0C5, 
Ontario, Canada 
 
Utilization of the RNA interference pathway in order to disable unwanted gene expression in 
an aging western population has been of great interest recently. Using siRNAs as therapeutics 
however can be challenging, due to poor cell membrane permeability, off target effects, self 
degradation and endogenous RNases. Previously, we demonstrated addition of a 
photoswitchable azobenzene into specific sites of the siRNA is able to provide knockdown of 
exogenously added firefly luciferase, while simultaneously addressing several of the above 
problems with siRNA therapeutics.1 We demonstrate that inactivation of the siRNA with UV 
light (before transfection), and reactivation with visible (after transfection) is possible. We also 
further explore the reversible in vivo activation and inactivation of the azobenzene containing 
siRNAs, where by exposing the cells to UV and visible light after transfection is able to control 
the activity of the  siRNA.  An additional chemical modification of the azobenzene moiety was 
synthesized in order to further explore the photo-isomerization  properties  at wavelengths in 
the visible region of the electromagnetic spectrum.  The ability to inactivate the siRNA after 
deployment into the tissue would have many advantages, including more precise spatial and 
temporal control of the siRNAs. Since siRNAs specifically target mRNAs in the cell, these 
findings can easily be adapted for use in specific cancers, which could have targetable mRNAs, 
or even as an effective means of gene silencing for genetic disorders which can be difficult to 
treat with conventional therapeutics. With these advancements, we are looking into the 
development of a dual siRNA system, which could be used to selectively study gene expression 
on multiple targets simultaneously. 
 

 
References 
 

1. Aagaard, L. Rossi, J. J., Advanced Drug Delivery Reviews 2007, 59, 75-86. 
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In vivo tissue delivery of antibody-antisense morpholino conjugates in a 
mouse model of spinal muscular atrophy 
Suzan M Hammond1,2, Frank Abendroth3,4, Larissa Goli5, Matthew Burell6, Jessica 
Stoodley1,2, Matthew Wood1,2,5, Michael J Gait3, and Carl Webster6 
Department of Paediatrics, John Radcliffe Hospital, University of Oxford, Oxford, UK1,  
MDUK Oxford Neuromuscular Centre, University of Oxford, Oxford, UK2, Medical Research 
Council, Laboratory of Molecular Biology, Francis Crick Avenue, Cambridge, CB2 0QH3, 
Institute of Chemistry, Phillips Universität-Marburg, Hans-Meerwein Straße 4, D-35032, 
Marburg, Germany4, Department of Physiology, Anatomy and Genetics, University of 
Oxford, South Parks Road, Oxford, UK5, Astrazeneca R&D, Antibody Discovery and Protein 
Engineering, Milstein Building, Granta Park, Cambridge, CB21 6GH, UK6   
 
 
Drug delivery for neurodegenerative diseases is made difficult by the need to pass through the 
blood brain barrier (BBB) and blood spinal cord barrier (BSCB). The currently available 
antisense oligonucleotide (ASO) treatment of spinal muscular atrophy (SMA) circumvents the 
BSCB by administering directly into the spinal column (intrathecal). The hugely successful 
nusinersen, an ASO targeting survival motor neuron 2 in patients with SMA, has extended 
survival and welfare for many children. However, the intrathecal administrations requires 
patients to undergo a lifetime of this risky procedure. Therefore, a vehicle to carry ASO into 
the brain and spinal cord when systemically administered is an optimal way to meet the needs 
of all SMA patients.  
 
We have recently discovered PMOs directly conjugated to an antibody targeting the transferrin 
receptor (anti-TfR) efficiently targets cells in the spinal cord. The transferrin receptor is the 
most widely studied pathway for transport of antibody-based drugs across the BBB. TfR is 
expressed on the luminal side of brain capillary endothelial cells, binds to iron laden transferrin 
and translocates it into the brain parenchyma. Studies into antibody delivery of ASOs to the 
brain is limited and typically do not report the cellular biodistribution within the brain and 
spinal cord. 
 
Here we show that directly conjugated ASOs to anti-TfR improves the levels of SMN 
throughout the spinal cord and brain. In addition the highest level of anti-TfR accumulates 
within astrocytes in the spinal cord. Antibody-ASO conjugates provide a new and exciting way 
forward for ASO treatment in SMA and many other neurodegenerative diseases treatable with 
ASOs such as Huntington’s disease, Alzheimer’s disease and ALS. 
 
 
Suzan M Hammond, PhD 
Research Scientist 
University of Oxford 
Le Gros Clark Building 
South Parks Road 
Oxford, OX1 3QX 
United Kingdom 
suzan.hammond@paediatrics.ox.ac.uk 

047

155



Hexose potentiates peptide-conjugated morpholino oligomer efficacy in 
cardiac muscles of dystrophic mice in an age-dependent manner 
Gan Han, Ben Gu, HaiFang Yin 
School of Medical Laboratory & Department of Cell Biology, Tianjin Medical University, 
Qixiangtai Road, Heping District, Tianjin, 300070, China  
 
Insufficient delivery of oligonucleotides to muscle and heart remains a barrier for clinical 
implementation of antisense oligonucleotide (AO)-mediated exon-skipping therapeutics in 
Duchenne Muscular Dystrophy (DMD), a lethal monogenic disorder caused by frame-
disrupting mutations in the DMD gene. We previously demonstrated that hexose, particularly 
glucose:fructose (GF) significantly enhanced oligonucleotide delivery and exon-skipping 
activity in peripheral muscles of mdx mice; however its efficacy for the heart remains limited. 
Here we show that co-administration of GF with peptide-conjugated phosphorodiamidate 
morpholino oligomer (PPMO, namely BMSP-PMO) induced approximately 2-fold higher 
level of dystrophin expression in cardiac muscles of adult mdx mice compared to BMSP-
PMO in saline at single injection of 20 mg/kg, resulting in evident phenotypic improvement 
in dystrophic mdx hearts without any detectable toxicity. Dystrophin expression in peripheral 
muscles also increased. However, GF failed to potentiate BMSP-PMO efficiency in aged mdx 
mice. These findings demonstrate that GF potentiates oligonucleotide activity in mdx mice in 
an age-dependent manner and thus have important implications for its clinical deployment for 
the treatment of DMD and other muscular disorders. 
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Tolerance for bulges in mature miRNAs, siRNA duplexes and target-bound 
guide strands 
Judith Hauptmann, Sibylle Dames, Marie Wikström Lindholm 
Silence Therapeutics GmbH, Robert-Roessle-Str. 10, 13125 Berlin, Germany 
 
 
Small non-coding RNAs are key players in gene regulation. Whereas miRNAs act as 
endogenous regulators of gene expression, siRNAs are well established as molecular biology 
tools and emerging as therapeutic agents. The siRNA guide strand is typically designed to 
form perfectly complementary duplexes both with the passenger strand and the target mRNA 
transcript. In contrast, nature designs eukaryotic miRNAs to contain elements that interrupt 
the perfect duplex, for example mismatches or bulges. Here, we tested if bulges of the guide 
strand are accepted in siRNA duplexes. Bulges of different lengths were introduced into 
siRNA duplexes by deleting one or more nucleotides from the passenger strand. Bulge 
tolerance at different positions was examined by systematically walking the bulge through the 
siRNA duplex. In vitro data were retrieved with unmodified and modified siRNAs of 
different nucleobase sequences. We also evaluated in vivo activity of selected, bulge-
containing GalNAc-siRNA conjugates. Taken together, we find restrictions on bulge length 
and position in functional siRNAs and compare our insights to observations in the miRNA 
field. Finally, we asked if guide strand bulges may also form upon target RNA binding and 
evaluated this as a possible off-target risk. 
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Absolute quantification of siRNA delivery and single cell knockdown 
kinetics 
Hampus Hedlund1, Hampus Du Rietz1, Jonas Wallin1,2 Anders Wittrup1,2,3 

1 Lund University, Department of Clinical Sciences Lund, Section for Oncology and 
Pathology,       Lund, Sweden 
2 Lund University, Department of Mathematical Statistics, Lund, Sweden 
3 Skane University Hospital, Lund, Sweden 
 
For siRNA therapeutics, reaching tissues beyond the liver and getting macromolecular 
siRNAs into the cytosol of target cells are major issues. With current delivery strategies, only 
a small fraction of delivered siRNA is believed to reach the cytosol, while most siRNA is 
trapped within the endosomal system. A key issue complicating efforts to enhance the 
delivery efficiency of various siRNA delivery agents is a lack of tools to determine the 
absolute efficiency of a delivery strategy. In addition, the relationship between the amount of 
delivered siRNA and knockdown is unknown.  
 
We have refined a previously developed method to detect the cytosolic delivery of 
fluorescently labelled siRNA, to allow detection of minute cytosolic siRNA release amounts. 
Airyscan based confocal imaging of live-cells was employed to monitor cytosolic release of 
Alexa Fluor 647 labelled siRNA (siRNA-AF647) delivered with a widely used commercial 
transfection lipid. Cytosolic release events were detected with an automatic algorithm 
flagging sudden increases of cytosolic siRNA-AF647 fluorescence.  
 
Sensitivity and specificity of the detected release events were determined by correlating 
flagged events with an independent method to detect siRNA release using a galectin 
membrane damage sensor. By a combination of automatic detection and manual quality 
control, around 90% sensitivity and >90% specificity, was achieved for the detection of 
cytosolic release events in cells incubated with siRNA concentrations down to a few hundred 
pM. Incubating HeLa cells stably expressing a short half-life eGFP protein with small 
amounts of siRNA targeting eGFP, allowed determination of single-cell kinetics of siRNA 
mediated knockdown in the range from a few hundred to several thousand cytosolic siRNA 
molecules, demonstrating a dose-response relationship with respect to both knockdown 
induction and duration.  
 
Here, we present a practical method to directly measure the absolute amount of cytosolic 
siRNA delivery. Furthermore, the establishment for the first time of a dose-response 
relationship for cytosol-delivered siRNA and knockdown kinetics will aid substantially in the 
development and characterization of diverse novel delivery strategies. 
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SNAP®-ADAR mediated RNA-Editing in HepG2 cells 
Oliver Hess, Thorsten Stafforst 
Interfaculty Institute of Biochemistry, Tuebingen University, Tuebingen, Germany 
 
The targeted delivery of therapeutics is still a very challenging part of modern therapeutic 
development and clinical research, whereby the receptor-mediated uptake became a promising 
approach. Especially the asialoglycoprotein receptor (ASGP-R), became very popular for the 
targeted uptake of oligonucleotides into hepatocytes. The abundantly expressed receptor is a 
hepatocyte-specific membrane-bound lectin receptor and is responsible for removing 
glycoproteins from mammalian serum by receptor mediated endocytosis. Its high affinity 
towards compounds with terminal N-acetyl galactosamines (GalNAc) is also providing a 
promising approach for the uptake of oligonucleotides[1],[2]. Especially the uptake of antisense 
oligonucleotides (ASO), which induce RNAi-based gene silencing, became a strategic 
approach to target liver disease affected mRNAs and proteins[3],[4]. With respect to artificial 
SNAP®-tagged ADAR systems[4], as well as the RESTORE-based recruitment of endogenous 
ADAR[5], the GalNAc mediated endocytosis of guide RNA’s could also provide a beneficial 
opportunity to target naturally ASGP-R expressing cell lines. Therefore, this poster 
presentation should give an overlook about the development of a SNAP®-ADAR expressing 
HepG2 cell line, and the SNAP®-ADAR based A-to-I editing of a particular housekeeping 
gene. Based on this research, the ASGP receptor mediated uptake of GalNAc conjugated 
gRNA’s into HepG2 cells, will be part of the further research. 
 
[1]  D’Souza, A., Devarajan, P., J. Controlled Release, 2015, 203, 126-139 
[2] Hangeland, J., Levis, J., Lee, Y., Ts’O, P., Bioconjugate Chemistry, 1995, 6, 6, 695-

701 
[3]  Rinaldi, C., Wood, M., Nature Reviews Neurology, 2018, 14, 1, 9-22 
[4] Huang, Y., Molecular Therapy - Nucleic Acids, 2017, 6, 116-132 
[4]  Vogel, P., Moschref, M., Li, Q., Merkle, T., Selvasaravanan, K. D., Li, J. B., 

Stafforst, T., Nature Methods, 2018, 15, 535-538 
[5] Merkle, T., Merz, S., Reautschnig, P., Blaha, A., Li, Q., Vogel, P., Wettengel, J., Li, J. 

B., Stafforst, T., Nature Biotechnology, 2019, 37, 133-138 
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Evaluation of the Effect of siRNA Chemical Modifications on Next 
Generation Sequencing Library Preparation 
Samuel Hildebrand, Ildar Gainetdinov, Sarah M. Davis, Anastasia Khvorova 
RNA Therapeutics Institute, University of Massachusetts Medical School 
 
Modern therapeutic siRNAs are heavily chemically modified in order to stabilize them 
against nucleases and phosphatases, as well as the highly acidic environment of late 
endosomes and lysosomes. Common nucleotide modifications include 2′-Ome and 2′-F as 
well as 5′-vinyl phosphonate and phosphorothioate. Modified siRNAs are also often 
conjugated to chemical moieties in order to facilitate delivery into cells. These modifications 
and conjugates can complicate the extraction of modified siRNAs from tissues or cells and 
interfere with assays commonly used to detect small RNAs. It is important to be able to 
quantify the relative levels of modified siRNA and endogenous small RNAs in order to 
determine relative RISC occupancy and measure any effect by the modified siRNA on the 
cellular miRNA profile. Cloning modified siRNA guide strands for sequencing is less 
efficient than cloning unmodified small RNAs and this bias must be accounted for when 
using next generation sequencing to measure modified siRNAs. 
 
The chemical modifications in modified siRNAs allow them to be selectively sequenced. 
Treating libraries with RNase and phosphatase during preparation removes endogenous small 
RNAs and only clones modified RNA. This method allows for detection of siRNAs in tissues 
with high sensitivity and confidence and with extremely low levels of contaminating 
sequencing reads from endogenous RNAs. This method will be useful when measuring 
modified siRNAs whose sequence is present in the endogenous small RNA pool. 
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Delivery of therapeutic RNAs to mammalian mitochondria 
Michelle Ho1,2,3, Anh H. Pham2,4, John J. Rossi1,3, John C. Burnett1,2 
Irell & Manella Graduate School of Biological Sciences, City of Hope1,  
Center for Gene Therapy, City of Hope Beckman Research Institute2,  
Department of Molecular & Cellular Biology, City of Hope Beckman Research Institute3,  
Stein & Doheny Eye Institutes, University of California, Los Angeles4 
 
 

Mitochondria rely on the import of certain nuclear-encoded macromolecules to carry 
out biochemical processes like replication, translation, and membrane-mediated metabolic 
activities. Protein import in mitochondria has been well-documented and its mechanisms 
have been well-characterized. Nuclear-encoded RNAs have also been found to have 
important functions in the mitochondria. Observations that nuclear-encoded RNAs have a 
distinct presence in mitochondria suggest that efficient RNA import pathways have evolved 
for mitochondria. However, many of the key mechanisms involved with RNA import into 
mitochondria have yet to be defined.  

We sought to understand RNA import pathways for mitochondria by identifying RNA 
sequence motifs, as well as modifications and necessary RNA-binding proteins, that would 
enable RNAs to traffic from the nucleus or cytoplasm to the mitochondrial matrix in 
mammalian cells. We have identified sequences from endogenous non-coding RNAs that 
enable the trafficking of exogenous RNA cargos to mitochondria in an initial screen. Using 
MRP and RNase P as known RNA targets, we optimized a mitochondrial fractionation- and 
quantitative PCR-based assay to determine the enrichment of nuclear-encoded RNA 
sequences in mammalian mitochondria. RNA immunoprecipitation was also used to detect 
non-mitochondrial encoded RNAs in mitochondria and to verify sequences found with 
fractionation-based methods. These strategies will be used in future studies to screen more 
RNA sequence-structure motifs and assess their functions in mitochondrial RNA import.  

In addition to understanding endogenous systems of transport, we sought to develop 
artificial systems for transporting RNAs to mitochondria by re-engineering the localization 
patterns of RNA-binding proteins (RBPs). RBPs relocated to mitochondria were examined 
for their ability to bring specifically-bound RNAs to mitochondria. These artificial systems 
would enable the delivery of RNAs to mitochondria for gene therapy applications. RNA-
based therapeutics are promising avenues in the future of gene therapy. In developing RNA-
based therapeutics to correct genetic defects in mitochondria, it will be paramount to 
understand the cellular mechanisms for transporting nuclear-encoded or exogenous RNAs to 
mitochondria and to have strategies to manipulate them. 
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Development of a novel siRNA delivery system for cancer treatment using 
a tight junction opening peptide modified tumor penetrable liposome 
Hisako Ibaraki1, Takanori Kanazawa1,2, SumireTakiguchi1, Yuuki Takashima1, Yasuo Seta1 
Tokyo University of Pharmacy and Life Sciences1, School of Pharmacy, Nihon University2  
 
 
This study aimed to develop a novel siRNA delivery system for cancer treatment, an siRNA 
carrier capable of delivering siRNA widely to tumor tissue using a tight junction opening 
peptide (AT1002), cytoplasm sensitive peptide and PEG-liposome. Its penetration and anti-
proliferative effects in A549 human lung carcinoma cells in a spheroid culture system, and its 
tumor accumulation, penetration and anti-tumor effects after intravenous administration were 
evaluated. AT1002 modified siRNA loaded liposomes (AT1002-liposome) were prepared by 
post-inserting stearic acid modified AT1002 into DOPE (1,2-Dioleoyl-sn-glycero-3-
phosphoethanolamine) based liposomes, which displayed physical properties suitable for 
systemic delivery a high siRNA-encapsulation rate. A spheroid culture system was generated 
by culturing A549 cells in low-adsorptive U-bottom plates for five days. On evaluating the 
penetration in the spheroid of A549 cells using fluoresce-labeled siRNA and lipids, AT1002-
liposomes showed remarkable permeability and cellular uptake ability compared with other 
groups. Furthermore, the anti-proliferative effect of AT1002-liposomes encapsulating PLK-1-
targeting siRNA (siPLK-1) on A549 spheroid was evaluated. Consequently, the spheroid 
volume and the number of spheroid-forming cells transfected naked siPLK-1 were similar to 
those in the control groups. On the other hand, the AT1002-liposomes were observed 
remarkable anti-proliferative effects, owing to their enhanced intra-tumoral penetration 
through the AT1002 modification. And then, the AT1002-liposomes were intravenously 
administered to A549 tumor-bearing mice (siRNA: 0.5 mg/kg) using fluorescence labeled 
siRNA and their tumor accumulation was observed using an IVIS. The AT1002-liposomes 
highly accumulated at the tumor site. Additionally, cryosections of a tumor site observed by a 
confocal laser-scanning microscopy at 6 h after intravenous administration. It was 
demonstrated that distribution and penetration of AT1002-liposome was significantly and 
widely improved in the whole tumor site. Finally, anti-tumor effects of A549 tumor-bearing 
mice were evaluated by intravenous administration of siPLK-1-encapsulated in AT1002-
liposomes (siRNA: 0.5 mg/kg). AT1002-liposomes were significantly inhibited the increase in 
tumor volume compared to other groups. In addition, siPLK-1 loaded AT1002-liposomes 
reduced the PLK1 mRNA levels in the tumor site. These results were suggested that the 
AT1002-liposomes is a potential siRNA delivery system for cancer treatment because of its 
high accumulation and penetration at the tumor tissue. 
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 Induction of cellular immunity of nucleic acid-antigen peptide conjugate 
Hitomi Irie¹, Shinichi Mochizuki¹ 
¹Department of Chemistry & Biochemistry, the University of Kitakyushu 
 
 
 Immunotherapy has become one of the attractive strategies for antitumor treatment. The 
induction of tumor-specific cytotoxic T-lymphocytes (CTLs), which recognize and eradiate 
tumor cells, is essential for the treatment of tumors. Antigen-presenting cells (APCs) such as 
macrophages and dendritic cells play a crucial role in the initiation of T cell immune responses.
Inflammatory signals by adjuvant molecules induce mature APCs, followed by enhanced 
expression of major histocompatibility complex (MHC)-I and II molecules and costimulatory 
molecules. APCs present the internalized antigenic peptides on either an MHC class I molecule 
to induce CD8+ T-cell responses or an MHC-II molecule to induce CD4+ T-cell responses. 
However, the addition of antigen alone does not induce a sufficient immune responses to attack 
cancer cells. In this study, we prepared peptide-nucleic acid conjugates which deliver the bound 
peptide to APCs and evaluated the immune responses when immunized in combination with 
an adjuvant.  
 C57BL/6 mice weighing 16-21 g (7-8 weeks old) were intradermally administered the 
conjugate with adjuvant, or peptide only at a dose of 50 ng in a peptide amount. After 1 week, 
mouse splenocytes were stimulated with the peptide at 10 g/ml for 24 hours. The supernatants 
were subjected to ELISA for mouse IFN-. The cells were plated at 1.5 × 105 cells/well in 48-
well plates, and added peptides (or the conjugates) at 50ng of peptide dose. After incubation 
overnight, the cells were washed with PBS three times, and fixed with 4% paraformaldehyde. 
The cells were stained with PE-labeled anti-mouse OVA257-264 (SIINFEKL) peptide bound to 
H-2Kb antibody, and the fluorescence intensity of the cells was observed using a flow 
cytometer.  
 50 ng of the peptide conjugate could induce a large amount of IFN-γ production, while 
naked treatment and administration of mixture of adjuvant and the peptide did not cause any 
IFN response. The antigen presentation level by the conjugate was almost the same as that by 
the peptide only. Therefore we can conclude that the peptide of the conjugate can be presented 
on cellular surface even after conjugation with nucleic acid. 
 Our conjugates can be a candidate to improve the cancer vaccine efficacy. 
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Preparation of Fibroblasts with Patient-relevant Mutations 
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Nonsense mutations are the most prevalent patterns of germline and somatic mutations in 
patients with retinoblastoma. This study aimed to investigate the therapeutic potential of the 
genome editing-based technology in the restoration of RB1 gene transcripts and retinoblastoma 
protein in cells containing nonsense mutations in the RB1 gene of patients with retinoblastoma. 
We prepared skin fibroblast cells with nonsense mutations in the RB1 gene mimicking those 
of retinoblastoma tumors by genome editing based on activation-induced cytidine deaminases. 
Treated cells were cultured by single cell and each single cell-derived clone were used for 
further experiments. Then, the cells were treated with adenine base editors targeting nonsense 
mutations. The efficacy of genome editing was evaluated with Western blotting and functional 
assays including analyses on cell growth. We obtained the cells with nonsense mutations in the 
RB1 gene. Adenine base editors effectively recovered the expression of retinoblastoma protein 
on Western blotting. Also, the treatment with adenine base editors restored normal cellular 
function including the control of cellular growth. We expect that this genome editing-based 
technology can help to recover RB1 gene transcripts and retinoblastoma protein in retinal cells 
containing nonsense mutations. It might be of therapeutic potential in the treatment of patients 
with retinoblastoma or people at risk. 
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SNA modification on siRNA and anti-miRNA oligonucleotide for 
improvement of their performance 
Yukiko Kamiya, Jumpei Ariyoshi, Hiroshi Kamimoto, Yuka Donoshita, Junya Takai, Keiji 
Murayama, Hiroyuki Asanuma 
Graduate School of Engineering, Nagoya University 
 
 

RNA interference (RNAi) is an endogenous gene silencing system in which microRNAs 
(miRNAs) inhibit gene expression via sequence specific interaction with mRNA. It has 
therapeutic potential to treat human disease. Development of siRNA, which can exogenously 
induce RNAi-mediated knock down of the disease-related gene expression and antisense 
oligonucleotide against disease-related miRNA (anti-miRNA oligonucleotide, AMO) has 
attracted attention.  
    For practical use of siRNA and AMO, they must be resistant to degradation by endogenous 
nucleases. Although chemical modifications have increased the stability of siRNA and 
AMOs, these modifications often have negative effects on activity. Recently we have 
developed artificial nucleic acids: SNA that stably hybridized with DNA and RNA. SNA has 
several advantages of high nuclease resistance, synthetic facility, and so on due to their 
acyclic nature. Here, we demonstrate an 
improvement of the performance of siRNA 
and AMO with high activity and high 
nuclease resistance by utilizing the SNA 
(Fig. 1).1,2 The high potency of the SNA 
modifications on siRNA and AMO 
suggests that these functional 
oligonucleotides will be useful as 
therapeutic reagents for control of 
endogenous gene and miRNA function in 
patients and as tools for investigating the 
role of RNAs in cells. 
  
 
1) Y. Kamiya, et al., ChemBioChem, 2014, 15, 2549-2555.  
2) Y. Kamiya, et al., ChemBioChem, 2017, 18, 1917-1922 
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Figure 1. Introduction of SNA into siRNA or 

AMO to improve their performance 
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L-type Calcium Channel Blocker Enhances Cellular Delivery and Gene 
Silencing Potency of Cell-Penetrating Asymmetric siRNAs 
Young Gyu Kang1,2, Jeong Yong Choe1,2, Da Seul Son2, Yanghee Kim2, Jun-kyoung Lee1, 
Hanho Shin1, Won Jun Kim1, Pooja Dua1, Sun Woo Hong1, June Hyun Park1 and Dong-ki 
Lee1,2,* 
OliX Pharmaceuticals, Inc., Suwon, 16226, South Korea1 
Department of Chemistry, Sungkyunkwan University, Suwon, 16419, South Korea2 
 
 
The efficient delivery of small interfering RNAs (siRNAs) to the target cells is critical for the 
pharmaceutical success of RNA interference (RNAi) drugs. One of the possible strategies to 
improve siRNA delivery is to identify auxiliary molecules that augment their cellular uptake. 
In an effort to discover small molecules that enhance the potency of cholesterol-conjugated, 
cell-penetrating asymmetric siRNA (cp-asiRNA), herein, we performed a chemical library 
screening. Interestingly, three compounds identified from the screen share a common 
dihydropyridine (DHP) core and function as L-type calcium channel blockers (CCBs). Using 
confocal microscopy and quantitative analysis of small RNAs, we demonstrated that the L-
type CCBs increased the endocytic cellular uptake of cp-asiRNA. Furthermore, these small 
molecules substantially improved the potency of cp-asiRNA, not only in vitro but also in vivo 
on rat skin. Collectively, our study provides an alternative pharmacological approach for the 
identification of small molecules that potentiate the effects of therapeutic siRNAs. 
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Development of nucleic acid aptamer to capture exosomes 
Yuuya Kasahara1,2, Yukari Iisaka1, 2, Satoshi Obika1,2 
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Exosomes function as messengers responsible for intercellular communication, and are being 
investigated for use as disease biomarkers and drug discovery targets. Whereas, a simple and 
non-invasive purification method for exosomes has not been established. In order to solve 
this problem, we focused on nucleic acid aptamers. Nucleic acid aptamers are single-stranded 
nucleic acid molecules that can recognize and bind to the structure of a target molecule by 
forming a higher-order structure. They are created by the SELEX method, which includes the 
selection, amplification and purification steps. In this study, we tried to create anti-exosome 
nucleic acid aptamers by using polyethylene glycol (PEG) precipitation and size exclusion 
chromatography (SEC) in the selection step.  
The initial library with a total length of 70 bases including a 30 base random region was 
incubated with exosomes purified by PEG precipitation from the culture supernatant of the 
A549 cell line. The selection of anti-exosome nucleic acid aptamers was performed by 
separating exosome-eluted fractions by SEC. After eight cycles of positive-selection and 
three cycles of negative-selection, we succeeded in obtaining five types of anti-exosome 
nucleic acid aptamers. These aptamers were found to have a binding activity to exosomes 
from the results of measurement with capillary electrophoresis. In addition, we succeeded in 
capturing exosomes by the aptamers immobilized on magnetic beads. In this presentation, the 
preparation and function of the anti-exosome nucleic acid aptamers will be shown in detail. 
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Defining the Impact of RNAi in a Model Cell Line: Implications for the 
Regulation of Gene Expression by RNA 
Audrius Kilikevicius, Yongjun Chu, Jing Liu, Krystal Johnson, and David R. Corey 
UT Southwestern Medical Center, Departments of Pharmacology and Biochemistry, Dallas, 
Texas, USA. 
 
 
RNA interference (RNAi) has the potential to be a potent regulatory mechanism in human 
cells. Synthetic RNAs can control gene expression in either the cytoplasm or nucleus and 
have been developed to be successful drugs. Endogenous miRNAs can control natural 
physiologic processes and disease. Despite two decades of study, however, the full scope of 
natural RNAi in cells and the extent of control of gene expression has remained obscure. 
Here we examined the ramifications of RNAi in a model colon cancer cell line, HCT116. 
Using eCLIP-seq, we defined locations within the transcriptome that were binding sites for 
argonaute 2 (AGO2). We used knockout cell lines for AGO1, AGO2, AGO1/2, and 
AGO1/2/3 to investigate how RNAi controls gene expression in HCT116 cells and how gene 
expression changes correlate with AGO2 binding to specific sequences. Quantitative mass 
spectrometry and protein titrations were used to estimate the numbers of AGO1 and AGO2 
proteins per cell. RNA-seq was used to rank miRNAs in both cytoplasm and nuclei. We 
conclude that the protein and miRNA machinery of RNAi has a limited impact on regulation 
of gene expression in HCT116 cells. This limited impact may be due to a limiting pool of 
AGO proteins. Recent publication of a cell atlas of miRNA expression suggests that miRNA 
expression in HCT116 cells is typical. Our results suggest that the action of miRNAs in cell 
lines may be restricted to a relative handful of genes and that conclusions about endogenous 
roles in disease and normal physiology should be carefully justified. 
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Neuroprotective effects of NXP031, AptaminC3T31 and ascorbic acid, in 
the MPTP-induced mouse model of Parkinson’s disease 
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Eunhee Kim1, Minkyung Song2,3, Joohee Lee3, Yoonju Kim3, Youn-Jung Kim3 
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Aptamers are short, single-stranded DNA or RNA oligonucleotides that are selected through 
systematic evolution to interact with any desired targets ranging from small molecules, 
proteins to cells with both affinity and specificity. Aptamers are promising drug candidates 
and are being increasingly employed in all phases of the drug discovery and development 
process. Parkinson’s disease (PD) is a degenerative neurological disorder, which is 
characterized by the selective degeneration of dopaminergic neurons in the substantia nigra. 
Oxidative stress has been identified as one of the major contributors for the nigrostriatal 
degeneration in PD. Ascorbic acid is a well-known and vital antioxidant molecule and plays a 
key role in dopaminergic neuron differentiation. It is previously reported that ascorbic acid is 
associated with oligomeric α-synuclein indirectly and posttranslational α-synuclein 
modification caused by oxidative stress. However, ascorbic acid is easily oxidized to lose its 
antioxidant activity, limiting its efficacy as a therapeutic drug. To overcome this limitation, 
we have recently developed AptaminC3T31, a single-stranded DNA aptamer that binds to 
ascorbic acid with great specificity, reducing its oxidation and dramatically increasing its 
efficacy. NXP031 is an optimized formula of AptaminC3T31 and ascorbic acid for PD 
treatment. Therapeutic effect of NXP031 was tested by using 1-methyl-4-phenyl-1, 2, 3, 6-
tetrahydropyridine (MPTP)-induced mouse model of PD. C57BL/6 mice were treated with 
intraperitoneal injection of MPTP at 20 mg/kg every 2 hours 4 consecutive times, causing 
acute degeneration of nigral dopaminergic neurons. 160 C57BL mice were randomly divided 
into 5 groups, consisting of control, MPTP treated, ascorbic acid plus MPTP treated, 
AptaminC3T31 plus MPTP treated, and NXP031 (4 mg AptaminC3T31/kg and 200 mg 
Ascorbic acid/kg body weight) plus MPTP treated. One day after MPTP treatment, NXP031 
and ascorbic acid were intraperitoneally administered for 4 consecutive days, respectively. 
Next day, we conducted behavioral tests including pole test and rotarod test for evaluating 
motor dysfunctions. Tyrosine hydroxylase (TH) immunohistochemistry was performed and 
nigral dopaminergic neurons were counted by stereological analysis of TH-positive neurons. 
NXP031 treatment exhibited significant improvement of MPTP-mediated motor deficit. This 
result was supported by the observation of significant restoration of TH-positive 
dopaminergic neurons in the substantia nigra in the NXP031 treated group compared to the 
only ascorbic acid treated group. Here, we show that NXP031 protects nigral dopaminergic 
neurons from MPTP-mediated degeneration and results in a dramatic improvement of motor 
behavior, suggesting NXP031 a potential therapeutic for PD. 
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Conquer refractory cancer through the inhibition of K-Ras or c-Myc 
signaling networks by replacement therapy with chemically-modified 
miRNA-143 or -145 
 
Yukio Kitade1,2,3, Noriko Niyamoto2, and Yukihiro Akao3 
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3Gifu University, 1-1 Yanagido, Gifu 501-1193, Japan 
 
We have recently found a strong knockdown effect of K-Ras and c-Myc by microRNA (miR) 

replacement therapy[1]. The colon tumor specific downregulated miR-143 and miR-145 
showed a potent anti-tumor effect through targeting K-Ras and c-Myc signaling networks. 

When local treatment and intravesical administration of chemically modified miR-143 or 
miR-145 using unit polyion complex (uPIC) for colon cancer were performed, a remarkable 
therapeutic effect was shown. Mir-143 (CM-miR-143) silenced the expressions of such genes 
as Sos1,AKT, and ERK, as well as K-Ras.  K-Ras inhibitor alone cannot suppress the networks 
completely.  The extremely potent CM-miR-143 enabled us to understand K-Ras signaling 
networks and shut them down by combination treatment with this miRNA(CM-miR-143) and 
EGFR inhibitor in K-Ras-driven colon cell lines[1].    
On the other hand, bladder cancer is one of the most difficult malignancies to control. Our 

study showed that CM-miR-145 was a potent anti-bladder cancer drug via inhibiting  c-Myc, 
PI3K/AKT, and MAPK/ERK pathways  in vitro and in vivo[2].  

Currently, further research is ongoing for the purpose of developing clinical trials. 
 
 
[1] Akao, Y., Kumasaki, M., Shinohara, H., Sugito, N., Kuranaga, Y., Tsujino, T., Yoshikawa, 
Y., Kitade, Y., Cancer Sci., 109, 1455-1467 (2018). 
[2] Takai, T., Yoshikawa, Y., Inamura, T., Minami, K., Taniguchi, K., Sugito, N., Kuranaga 
U., Shinohara, H., Kumazaki, M., Tsujino, T., Takahara, K., Ito, Y., Akao, Y., and Azuma, H., 
Int. J. Mol. Sci., 18,  179 (2017). 
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Targeting the maladaptive ER-stress mediator Chop using LNAplus™ 
antisense-oligonucleotides in diabetic nephropathy 
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Berend Isermann2, Frank Jaschinski1 
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Diabetic nephropathy (dNP) is the most common cause of end-stage renal disease worldwide. 
Established therapies like angiotensin-converting-enzyme inhibitors (ACEi) delay but fail to 
prevent dNP progression. Efficient therapies are lacking and there continues to be an unmet 
medical need in dNP. Recently, a maladaptive ER-stress response has been identified as an 
important factor in the pathogenesis of dNP. A key molecule conferring the renal maladaptive 
ER-stress response is C/EBP homologous protein (Chop). We hypothesized that Chop is a 
promising molecular target for novel dNP therapies. As Chop is an intracellular transcription 
factor it falls into the category “difficult to target” and represents an optimal target for 
antisense-oligonucleotides (ASOs).  
We designed locked nucleic acid (LNA)plus™ -modified ASOs specific for mouse or human 
Chop using our Oligofyer™ bioinformatics system and screened them in mouse and human 
cell lines in vitro. For in vivo proof-of-concept experiments eight-week-old db/db mice were 
treated for eight weeks with 1 mg/kg of control or mouse Chop-specific LNAplus™ ASO as 
monotherapy or in combination with ACEi. We analyzed urinary output, urine albumin-to-
creatinine ratio (UACR), histopathological damage, fibrosis and expression of ER-stress 
response factors at the end of the in vivo intervention. 
Treatment of mice with the Chop-specific LNAplus™ ASO (but not with the control 
oligonucleotide) resulted in a Chop knockdown in kidneys of >80 %. Chop-specific ASO 
therapy significantly decreased UACR, urinary output and histopathological damage. 
Strikingly, the degree of tubular damage as well as renal fibrosis was significantly reduced 
when Chop-specific ASO therapy was combined with ACEi as compared to the monotherapy 
groups. 
In conclusion, targeting the maladaptive ER-stress mediator Chop with LNAplus™ ASOs is 
a promising novel approach for the treatment of dNP that results in a therapeutic benefit on-
top of currently available therapies. Further studies in mouse models of more advanced stages 
of dNP are ongoing.   
 
 
 
Richard Klar, PhD 
Project Manager 
Secarna Pharmaceuticals GmbH & Co. KG 
Am Klopferspitz 19 
82152 Planegg, Germany 
richard.klar@secarna.com    
 
 
 
 

064

172



Compliant-ready Workflow for Mass Characterization of Oligonucleotide 
and Related Impurities 
 
Chris Knowles, Andy Tudor, Maria Basanta-Sanchez, Joe Fredette, Brooke Koshel, Jonathan 
Fox, Barry Dyson, Alessio Zammataro, Laetitia Denbigh, Barbara Sullivan, Weibin Chen, 
Keith Richardson  
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There has been a significant increase in demand for analytical development of 
oligonucleotides. To date there is no compliant-ready software that can process 
oligonucleotide data. We have made improvements to our compliant-ready software, UNIFI, 
to allow for the confirmation of oligonucleotides and related impurities. 
 
UNIFI Intact Protein Analysis within the Biopharma workflow has been enhanced to allow it 
to process ‘Mass Only’ targets. This has enabled the workflow to target any mass without the 
need for the user to specify a sequence. Deconvolution is performed using the existing 
MaxEnt1 for larger masses and introducing BayesSpray for use with lower masses. Custom 
modifications can also be added to the processing method to help identify potential 
oligonucleotide impurities.  
 
The results of these improvements allow the user to specify ‘Mass Only’ target masses and to 
define and specify custom modifications. It also allows for the selection of regions of interest 
using retention time windows. A choice of deconvolution algorithms has been made available 
ensuring oligonucleotides can be processed more effectively based on the mass range. 
Additionally, both deconvolution algorithms consider backbone modifications, that is, 
whether the oligonucleotide is modified with phosphorothioate or non-modified 
phosphodiester backbone. 
 
There has been an increasing demand of oligonucleotide characterization across all areas 
from research to drug production and manufacturing.  Here we have introduced an improved 
compliant-ready workflow to allow mass characterization of oligonucleotides and related 
impurities.  
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Discovery of gapmer antisense oligonucleotides targeting vascular 
endothelial growth factor-A: A combination study of three bridged nucleic 
acids such as AmNA, GuNA, and SCP. 
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Vascular endothelial growth factor (VEGF) plays a critical role in tumor growth by 

promoting angiogenesis and by suppressing the function of cytotoxic T-lymphocyte. In fact, 
recent evidence suggests that inhibition of VEGF not only suppresses tumor angiogenesis but 
also improves tumor immune environment. Furthermore, the concept of combination therapy 
using inhibitors for VEGF and immune checkpoint has also been proved by recent clinical 
studies. However, conventional VEGF inhibitors shows several adverse events such as 
hypertension and acute renal failure. Therefore, there is a great demand for the development 
of a novel VEGF inhibitor with little adverse events. In this study, we determined the 
knockdown (KD) activity of antisense oligonucleotides (ASOs) targeting the VEGF mRNA, 
which are modified with three different bridged nucleic acids, such as amido-bridged nucleic 
acid (AmNA), guanidine-bridged nucleic acid (GuNA), and 2′-O,4′-C-spirocyclopropylene-
bridged nucleic acid (SCP), all have a high nuclease resistance along with a high duplex-
forming ability towards target RNA. Note that AmNA or SCP-modified ASOs are anticipated 
to reduce hepatotoxicity, one of important issue for ASO, while GuNA is expected to 
enhance cellular permeability of ASO. 
AmNA-gapmer ASOs targeting mature VEGF mRNA were designed by the established 

algorithm, to obtain active compounds with minimal off-target risk. The KD activity of the 
ASOs was evaluated by the reduction of VEGF-A protein amount in the culture supernatant 
of A549 cell. After screening by enzyme-linked immunosorbent assay (ELISA), highly active 
top three ASOs were selected for further investigation. Then, we synthesized gapmer ASOs 
modified not only with AmNA but also with GuNA and SCP, subsequently examined their 
KD activity of VEGF-A mRNA in the A549 cell. In this presentation, we will discuss the KD 
activity of VEGF-A mRNA depending on the modification of ASO with the three bridged 
nucleic acids. 
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Developing aptamer-conjugated contrast media for detection of blood clots 
in vascular diseases 
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MRI and CT angiography are imaging techniques used to assess blood flow in the brain; 
however, neither can label a blood clot that can either disrupt flow or demonstrate where 
haemorrhage in the brain has occurred.  To improve the diagnosis and treatment of brain 
vessel diseases such as stroke and aneurysms, we developed fibrinogen aptamer(FA)-driven 
contrast agents to enable the identification and labelling of blood clots. Fibrin was chosen as 
the target of interest as it is involved in blood clot formation and is a major element of 
conditions like stroke and aneurysms. Since FA was originally selected to bind fibrinogen, 
fibrin-binding validation was required. It was hypothesized that FA would retain some 
binding affinity towards the polymerized form, fibrin, given that enough of fibrinogen 
monomers would be available for FA to bind. To assess the affinity and selectivity of FA 
towards fibrin, FA was tagged with a green emitting fluorophore and fluorescence co-
localization was monitored. FA was selective, and binding was immediate upon direct 
interaction, accumulating to a significant amount within minutes. Phantom MRI systems, 
utilizing gadolinium conjugates (Gd(III)-DOTA/NOTA-FA), were used to monitor contrast 
enhancement. Significant enhancement was observed when Gd(III)-DOTA/NOTA-FA 
contrast was incubated with fibrin powder. A larger synthetic fibrin clot was then produced 
and tested using the previously optimized conditions. It was found that FA not only retains its 
binding affinity towards the monomers of fibrinogen available on the surface but is also able 
to penetrate within the clot. Subsequent in vitro testing was preformed using clotted blood 
with incubations that were more clinically relevant. Visualizable contrast enhancement was 
observed after 45-minutes. In parallel, CT FA-formulations were tested, exhibiting mean 
contrast enhancement of 61.9 HU. In vitro testing utilizing clotted blood demonstrated 
visualizable contrast enhancement post an 18-hour incubation. Ex vivo CT scanning of 
isolated tissue was used to confirm the location of the clot. These novel conjugates can be 
used to deliver radiocontrast agents to the site of the blood clot formation for improvement of 
diagnostic and therapeutic applications of vascular diseases involving clotting.   
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Observation of the siRNA delivery kinetics via nose-to-brain route 
combined with stearate- or polyethylene glycol-modified arginine-rich 
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Nose-to-brain delivery is a highly versatile route, which, in combination with novel nucleic 
acid medicines being developed for treating intractable CNS diseases, is a promising approach 
for the treatment of disorders. Furthermore, basic peptide carriers may improve nose-to-brain 
drug delivery by their capability to increase the stability of the encapsulated nucleic acids 
against chemical and biological degradation. In this study, to investigate the nose-to-brain 
pathway using basic peptide carriers, the time-dependent distribution of siRNA in whole brain, 
nasal mucosa, and trigeminal nerve after intranasal administration with arginine-rich peptide 
carriers modified with hydrophobic or hydrophilic moiety. We used stearic acid (STR) as a 
hydrophobic moiety or polyethylene glycol (PEG) as hydrophilic moiety. To examine the 
siRNA delivery kinetics by nose-to-brain pathway with STR- or PEG-modified peptides, we 
observed extracted each tissue in rats following intranasal administration of fluorescein-
labelled model siRNA (F-siRNA) by fluorescent imaging system. 
 
Significantly stronger fluorescence was observed in the whole brain, nasal mucosa and 
trigeminal nerve following intranasal administration of F-siRNA with both peptide carriers 
than that of F-siRNA alone. In the group receiving the F-siRNA/STR-peptide complex, 
although the fluorescence intensity was weaker in the trigeminal nerves, very strong 
fluorescence of F-siRNA was observed in the nasal mucosa. In addition, strong fluorescence 
was observed in the olfactory bulb in the forebrain. In the group receiving the F-siRNA/PEG-
peptide complexes, strong fluorescence was observed in the not only nasal mucosa and 
olfactory bulb but also trigeminal nerve. Furthermore, spreading of the fluorescence was 
observed after 30 min and 1 h in whole brain. Both peptide-based carriers have also 
demonstrated the ability to improve the delivery of model drugs from the nose to the brain. In 
addition, PEG-peptide can improve drug distribution throughout brain tissues after movement 
from the nose to the brain compared with STR-peptide. These results suggest that the 
enhancement of drug-delivery achieved via the nose-to-brain route may depend on the 
properties of the carriers. 
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Treatment effects for cerebral ischemia-reperfusion injuries in rats using 
nose-to-brain delivery of anti-TNF-alpha siRNA with membrane-
permeable polymer micelles 
Takumi Kurano1,2, Takanori Kanazawa1,2, Hisako Ibaraki2, Yuuki Takashima2, Toyofumi 
Suzuki1, Yasuo Seta2 
School of Pharmacy, Nihon University1, Tokyo University of Pharmacy and Life Scence2 
 
The siRNA has been successfully demonstrated as effective therapeutics for central nerve 
systems (CNS) disorders by directly intracerebral injection in vivo. However, the blood-brain 
barrier limits the distribution of siRNAs by systemically administration to the CNS. We 
previously reported that a nose-to-brain delivery system combined with polyethylene glycol-
polycaprolactone (PEG-PCL) polymer micelles conjugated with the cell membrane-permeable 
peptide, Tat (PEG-PCL-Tat), significantly improved siRNA distribution in the brain compared 
to either intranasal delivery of naked siRNA or intravenous delivery of siRNA with PEG-PCL-
Tat.  
In this study, to apply a nose-to-brain siRNA delivery with PEG-PCL-Tat to the novel 
therapeutic system for cerebral ischemia-reperfusion injuries, the treatment effects by 
intranasal administration of anti-TNF-alpha siRNA (siTNF-alpha) with PEG-PCL-Tat were 
examined using a transient middle cerebral artery occlusion (t-MCAO) rats. 
The cerebral ischemia-reperfusion model rats used for this experiment were prepared by 
blocking the middle cerebral artery by insertion of a  nylon suture for t-MCAO. Treatment was 
intranasal administered 30 min after the insertion of nylon suture and the blood flow was 
reperfused 2 hr after occlusion. At 22 hours after reperfusion, we assessed the following 4 
points to determine the therapeutic effects: infarcted area, brain wet weight, amount of TNF-
α production in the brain, and neurological score. Infracted areas were calculated from the 
triphenyltetrazolium chloride (TTC)-stained continuous coronal brain slices using the ImageJ 
analysis. The TNF-alpha production was determined by ELISA assay. 
While infarcted area was observed over a wide range in the untreated group, the strongly 
shrinkage of infarcted area was observed in rats treated by intranasal administration of siTNF-
alpha with MPEG-PCL-Tat micelles. In addition, the increases in brain wet weight caused by 
edema were significantly suppressed by intranasal administration of siTNF-alpha with MPEG-
PCL-Tat micelles. As a result, TNF-alpha production in rats treated by intranasal 
administration of siTNF-alpha with PEG-PCL-Tat micelles was particularly lower in 
comparison to the untreated and naked siTNF-alpha treated rats. Furthermore, rats treated by 
intranasal administration of siTNF-alpha with PEG-PCL-Tat micelles exhibited particularly 
marked suppression of neurological score in comparison to rats in the both of untreated and 
naked siTNF-alpha intranasal administration group. These results indicate that the combining 
nose-to-brain delivery with MPEG-PCL-Tat micelles improved the therapeutic effects by 
siRNA for the cerebral ischemia-reperfusion injuries, suggesting that our nose-to-brain siRNA 
delivery system has a potential to become an effective siRNA therapeutic method for the 
various CNS disorders. 
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Investigating the biodistribution of MTL-CEBPA reveals delivery of small 
activating RNA into CD34+ cells and different types of immune cells in vivo 
Albert Kwok1, Nina Raulf1, Vikash Reebye2, Robert Habib1, Matt Catley1, David Blakey1, 
John Rossi3 and Nagy Habib2 

 

1MiNA Therapeutics Ltd., London, UK. 2Department of Surgery and Cancer, Imperial 
College London, London, UK. 3Department of Molecular and Cellular Biology, Beckman 
Research Institute of City of Hope, Duarte, California, USA.  
 
 
MTL-CEBPA is currently in Phase Ib clinical trials in patients with advanced hepatocellular 
carcinoma (HCC) (Clinical trial information: NCT02716012). MTL-CEBPA comprises a 
small activating RNA (saRNA) encapsulated inside a SMARTICLES® liposomal 
nanoparticle. The saRNA is an RNA duplex designed to specifically up-regulate endogenous 
CCAAT/Enhancer-Binding Protein alpha (CEBPA) via an AGO-mediated transcriptional 
activation mechanism. CEBPA is a leucine zipper protein which acts as a master regulator of 
liver homeostasis and multiple oncogenic processes including cell cycle control, proliferation 
and angiogenesis. CEBPA also regulates the characteristics of myeloid cells, influencing the 
functions of immune cells in blood and tumor microenvironment. We have previously 
showed that administrations of MTL-CEBPA in patients increased the CEBPA mRNA 
expression in white blood cells. Our preclinical studies also demonstrated that MTL-CEBPA 
modulated the properties of immune cells in the tumor microenvironment in syngeneic mouse 
tumour models, improved liver function and suppressed tumor growth in a rat hepatocellular 
carcinoma model.  
 
Given that MTL-CEBPA can act on multiple tissues and cell types in vivo, this study aimed 
to extend our current knowledge on the biodistribution of MTL-CEBPA. We labelled our 
saRNA with a Cy3 fluorophore, encapsulated this Cy3-CEBPA within SMARTICLES® 
(MTL-Cy3-CEBPA). Following injections of MTL-Cy3-CEBPA in Wister rats, we observed 
uptake of the Cy3-CEBPA in different populations of immune cells in blood, bone marrow 
and spleen. Monocytes mediated a striking cargo uptake and CD34+ and dendritic cells in 
bone marrow also demonstrated a significant internalisation of the Cy3-CEBPA cargo. While 
macrophages in spleen had significant MTL-Cy3-CEBPA uptake, no uptake of MTL-Cy3-
CEBPA was seen in lymphocytes. To conclude, MTL-Cy3-CEBPA can deliver saRNA to 
CD34+ cells and some myeloid cell populations but not lymphocytes. These data indicate 
that MTL-CEBPA is able to exert a modulatory influence on the immune system through 
alteration of CD34+ and myeloid cell activities. 
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Fate of DNA Nanostructures in Biological Conditions 
Aurélie Lacroix,a Empar Vengut-Climent,a Thomas G. W. Edwardson,a Hassan H. Fakih,a 
Mark A. Hancock,b Donatien de Rochambeau,a Michael D. Dore,a Hanadi F. Sleimana  
a Department of Chemistry, McGill University, Montréal, Québec H3A 0B8, Canada 
b SPR-MS Facility, McGill University, Montréal, Québec H3G 1Y6, Canada 
 
 

DNA-minimal nanostructures have been of great interest for biological applications 
such as bio-sensing or drug delivery, because of their low cost, high yielding assembly and 
retained functionality.1 Yet, their behavior biological conditions remain ambiguous.  

 
First, we will discuss the cellular uptake of DNA structures and DNA 

oligonucleotides in mammalian cancer cells.2 Fluorescent dye labeling is one of the most 
used techniques to track their fate and cellular localization. Most studies have relied on 
attaching cyanine dyes (positively charged) to nanostructures, such as Cy3- and Cy5-. Yet, 
these dyes can direct the uptake of DNA strands themselves and interact strongly with 
mitochondria. We report that intracellular fluorescence, and even FRET signals, cannot be 
correlated with the cellular uptake of intact DNA structures. Live cell imaging revealed high 
colocalization of cyanine-labeled DNA oligos and nanostructures with phosphorylated small-
molecule cyanine dyes, one of the degradation products from these DNA compounds. 
Nuclease degradation of the strands outside and inside the cell result in a misleading 
intracellular fluorescent signal. 

 
Then, we will discuss strategies to tune DNA structures to improve their stability, 

cellular uptake and biodistribution in vivo.3 We describe a strategy to engineer DNA 
structures with strong binding affinity to human serum albumin (HSA), the most abundant 
protein in the blood. HSA can hinder phagocytosis, is retained in tumors, and aids in cellular 
penetration. Conjugating dendritic alkyl chains to DNA creates amphiphiles that exhibit high-
affinity binding to HSA. We also show that, in a site-specific manner, altering the number 
and orientation of the amphiphilic ligand on a DNA nanocube can modulate the affinity of 
the DNA cage to HSA. Complexation with HSA did not hinder the activity of silencing 
oligonucleotides inside cells, and the degradation of DNA strands in serum was slowed. We 
will also present preliminary results on cellular uptake and biodistribution in mouse models.   
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Optimizing the guide RNA chemistry for the SNAP-ADAR system 
Ngadhnjim Latifi, Clemens Lochmann, Aline M Mack, Mareike Volz, Tobias Merkle, 
Karthika D Selvasaravanan, Thorsten Stafforst 

Interfaculty Institute of Biochemistry, University of Tuebingen, Tuebingen, Germany 
 
 
A-to-I-RNA editing is a very valuable approach for targeted non-synonymous and 
synonymous alteration of mRNA sequences. The SNAP-ADAR system is very 
powerful for targeted deamination in cell culture experiments, showing formidable 
efficiency and accuracy in targeting transcripts of endogenous genes. For in vivo 
application, further optimization is necessary. Therefore, we tested various 
modifications of the guide RNA, including backbone modifications, e.g. 
phosphorothioate, for stability in serum and the impact on the editing capacity of the 
ADAR isoforms. In addition, we explore the use of the SNAP-tag technology to 
recruit other base editors for expanding our repertoire of techniques. 
 
 
Ngadhnjim Latifi 
PhD Student 
Interfaculty Institute of Biochemistry, University of Tuebingen 
Auf der Morgenstelle 15 
72076 Tuebingen, Baden-Wuerttemberg 
Germany 
ngadhnjim.latifi@uni-tuebingen.de 
 
 
 
 

072

180



Discovery of anti-miR-17 oligonucleotide RGLS4326 for the treatment of 
autosomal dominant polycystic kidney disease 
1,*Edmund C Lee, 1Tania Valencia, 2Andrea Flaten, 2Matanel Yheskel, 1Sole Gatto, 1Tate 
Owen, 1Steven Neben, 1Philip Bentley, 2Vishal Patel 
1Regulus Therapeutics Inc., San Diego, California, USA. 
2Department of Internal Medicine and Division of Nephrology, University of Texas 
Southwestern Medical Center, Dallas, Texas, USA. 
 

Autosomal dominant polycystic kidney disease (ADPKD), caused by mutations in 
either PKD1 or PKD2 genes, is among the most common human monogenetic disorders and 
the leading genetic cause of end-stage renal disease (ESRD). ADPKD is characterized by 
slowly progressive, bilateral enlargement of the fluid-filled polycystic kidneys, where increase 
in kidney volume ultimately causes ESRD in approximately 50% of ADPKD patients by age 
60. Unfortunately, treatment options for ADPKD are limited. 

MicroRNAs (miRs) are a class of non-coding RNA that play central roles in cell 
differentiation, proliferation and survival by binding to complementary target mRNAs, 
resulting in mRNA translational inhibition and eventual degradation. We have previously 
demonstrated that miR-17 is a promising drug target for treating ADPKD. Here we describe 
the discovery and preclinical evaluation of RGLS4326, a single-stranded, chemically-modified 
oligonucleotide designed to preferentially target the kidney and inhibit the pathologic functions 
of the miR-17 family of miRNAs in ADPKD. 

RGLS4326 was discovered through screening a chemically-diverse library of anti-miR-
17 oligonucleotides for optimal pharmaceutical properties. In preclinical studies, RGLS4326 
potently inhibited miR-17 activity, displaced miR-17 from the translationally active high 
molecular weight polysomes, and de-repressed multiple miR-17 target genes. Importantly, 
RGLS4326 treatment reduced cyst growth in primary human ADPKD 3D-cyst cultures, and 
conferred efficacy in multiple mouse models of PKD following subcutaneous administrations. 
Taken together, our preclinical data support the clinical development of RGLS4326 for the 
treatment of ADPKD. 
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Using lentivirally-expressed U7 snRNAs to screen for splicing modulating 
antisense oligonucleotides in cystic fibrosis organoids 
Juliet Lefferts1,2, Kors van der Ent1, Jeffrey Beekman1,2 and Marne Hagemeijer1,2 

1 Pediatric Pulmonology, University Medical Center Utrecht, Utrecht, the Netherlands 
2 Regenerative Medicine Center, University Medical Center Utrecht, Utrecht, The 
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Cystic fibrosis (CF) is the most common monogenetic disorder in the Caucasian population, 
and is caused by mutations in the cystic fibrosis transmembrane conductance regulator 
(CFTR) gene. Approximately 12% of the reported CF-causing mutations are splicing 
mutations. These mutations generate aberrantly spliced pre-mRNA, leading to the production 
of incorrect mRNA transcripts and synthesis of non-functional CFTR. 

Although splicing mutations compromise a significant group of all known CFTR 
mutations, therapeutic strategies targeting this class of mutations remain largely unexplored. 
Antisense oligonucleotides (AON) can sterically occupy aberrant splice sites and/or 
regulatory splicing elements, thereby restoring correct pre-mRNA splicing. This 
straightforward splicing modulation approach is an attractive therapeutic tool and has been 
successful for other diseases with the first therapies already having entered the market. 
Currently, AON-mediated splicing interventions do not exist for CF.  

We initiated the development of a preclinical subject-specific AON development 
pipeline using CF patient-derived intestinal organoids cultures harbouring splicing mutations. 
We propose a novel screening approach using lentivirally expressed U7-small nuclear RNA 
(snRNA)-based AONs, to identify AON sequences that have the ability to restore aberrant 
CFTR splicing in patient-derived intestinal organoids. As proof of concept we investigated 
the splicing ability of this system in intestinal organoids using a validated control virus, 
expressing the previously published CypA-targeting U7-based AON sequence. Next, we 
performed an in silico coarse walk to identify possible AON splice modulating sequences 
along the 3272-26A>G splice mutation. These sequences will be, once cloned into the U7-
snRNA-expressing lentiviral plasmids, used to generate AON sequence-specific lentivirus, 
which will be used for transformation into intestinal organoid. Splicing modulation in these 
organoids will be assessed by mRNA analysis of splice products and functional 
measurements using the forskolin-induced swelling (FIS) assay.  

Here, we will present our results of this novel approach to identify and test AON 
sequences for splicing modulation approaches in CF organoids.  
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Methodology Considerations for Circular RNA Knockdown 
Kim A Lennox and Mark A Behlke 
Integrated DNA Technologies 
 
 
Circular RNAs (circRNAs) are covalently closed RNA transcripts that are typically 
circularized from back-splicing events of their linear counterparts. The majority of identified 
circRNAs are exon-derived and predominantly reside in the cytoplasm. However, circRNAs 
can retain intron sequences that may be restrict their localization to the nucleus. From 
studying long non-coding RNAs (lncRNAs), we have found that antisense technology has 
higher activity in the nucleus while RNAi functions predominantly in the cytoplasm. Thus, 
the varying localization distribution of circRNAs may impact the optimal tool used in 
circRNA knockdown studies. Additionally, the different knockdown technologies or 
chemical modification strategies employed may have different levels of specificy for on-
target (circle) vs off-target (linear) knockdown. The potency and specificity profiles of 
2’OMe, 2’MOE, and LNA gapmer antisense oligonucleotides (ASOs), or 27mer Dicer-
substrate siRNAs and 21mer siRNAs was compared for several circRNAs localized in either 
the nucleus or the cytoplasm.  Site selection for knockdown reagents is confined to a small 
window surrounding the back-splice junction and shifting the placement of the site to 
enhance potency often causes undesired knockdown of the linear transcript, even in the 
presence of multiple mismatches. In examples where the sequence surrounding the back-
splice junction was predicted to be suboptimal for designing potent knockdown reagents, we 
found that the ASOs were more tolerant and more likely to have effective knockdown than 
the RNAi reagents. However, if the sequence was algorithmically predicted to be a potent site 
for the RNAi reagents, they outperformed the ASOs. Interestingly, the RNAi reagents also 
performed well for the exonic/intronic circRNAs that are reported to be mostly retained in the 
nucleus. With these results, it may be necessary to compare both methods for any given 
circRNA to ensure the greatest knockdown potency while mitigating off-target knockdown of 
the linear parent RNA.  
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Selection of Aptamers against Chemokine Receptors and Characterization 
of Their Potential Functions in Signaling 
Chen Li, John Burnett, Ph.D. 
Center for Gene Therapy, City of Hope Beckman Research Institute 
 
Chemokine receptors are a family of cell surface receptors that bind to chemokines and are 
part of the larger seven-transmembrane domain superfamily of G protein-coupled receptors 
(GPCRs). While normally expressed on the surface of leukocytes to mediate intercellular 
signaling and cellular trafficking during normal immune responses, these receptors are also 
aberrantly expressed on cancer cells. Aberrant expression of CXCR4 (C-X-C Chemokine 
Receptor 4) is an indicator for metastatic potential and poor prognosis for various cancers, 
including breast, prostate, lung, and pancreas. Likewise, CXCR7, is expressed throughout a 
similar range of cancers and, like CXCR4, can be induced by chemokine ligand CXCL12. 
Notably, it has been found that CXCR4 and CXCR7 can form heterodimers that can enhance 
cell migration in vitro, consistent with clinical observations that expression of both CXCR4 
and CXCR7 is found in some highly metastatic cancers.  
Aptamers are short oligonucleotides with high affinity for their targets; they also possess the 
ability to transport therapeutic RNA into cells – these functions make them ideal candidates 
for developing targeted therapy for chemokine receptor-overexpressing cancers. Currently, 
we are selecting RNA aptamers against CXCR4 and CXCR7 through SELEX (Systemic 
Evolution of Ligands by Exponential enrichment). In particular, we are selecting for aptamers 
that will bind with high specificity to: (1) CXCR4, (2) CXCR7 or (3) the CXCR4/CXCR7 
heterodimers – these candidates will be characterized for functions using assays for 
chemokine receptor signaling and the wound-healing assays. We performed several rounds of 
selection to enrich for aptamers that are specific to CXCR4, CXCR7 or the CXCR4/CXCR7 
heterodimers. Throughout the selection process, we performed high throughput sequencing 
and employed bioinformatics approaches to identify aptamer candidates for affinity testing.  
Apart from selecting aptamers with high binding affinity, we are also exploring the functional 
properties of our aptamers through systematic screening. To the best of our knowledge, there 
no aptamers are known to functionally modulate the signaling of any chemokine receptor, so 
we are testing our aptamer candidates with a particular focus on this aspect of their functions. 
We are using two platforms for this purpose: (1) the PRESTO-Tango assay, for measuring β-
arrestin recruitment and (2) the Ca2+ Influx assay. We are also using the wound healing and 
cell migration assays to assess the ability of our aptamers to reduce the invasiveness of cancer 
cells. With the functional characterizations mentioned above, we hope to broaden the 
therapeutic potentials of aptamers. 
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Morpholino Oligomer-Induced Dystrophin Isoforms: Mapping the 
Functional Domains in the Distal Third of Dystrophin Gene 
Dunhui Li1,2, Abbie Adams1,2, Russell Johnsen1,2, Sue Fletcher1,2, Steve Wilton1,2 
1Centre for Molecular Medicine and Innovative Therapeutics, Murdoch University, Perth, 
WA 6150, Australia 
2Perron Institute for Neurological and Translational Science, Perth, WA 6009, Australia  
 
 
The dystrophin protein plays a crucial role in maintaining sarcolemma stability during muscle 
contractions, and mutations which prevent the expression of a functional protein result in the 
progressive muscle wasting disorder, Duchenne muscular dystrophy (DMD). Antisense 
oligonucleotide-mediated manipulation of pre-messenger RNA splicing to by-pass DMD-
causing mutations and restore some functional dystrophin expression has now entered the 
clinic for the most common type of DMD mutations: frameshifting genomic deletions 
flanking exons 45 (Casimersen, Phase 3 trials), 51 (Eteplirsen, conditional approval) and 53 
(Golodirsen: under FDA evaluation). This strategy is based upon the genotype-phenotype 
correlations observed in the cases of Becker muscular dystrophy (BMD), where in-frame 
deletions of some of the dystrophin exons, especially in the central rod domain, result in 
internally truncated but semi-functional dystrophin protein isoforms. However, genomic 
deletions in the latter third of the dystrophin gene are very rare, and consequently BMD 
genotype-phenotype correlations cannot be made. Consequently, the amenability of 
mutations in the latter third of the DMD to exon skipping strategies remains unknown. In this 
study, dystrophin “BMD-like” isoforms were induced in vivo in mice after intraperitoneal 
injection of the peptide-conjugated phosphorodiamidate morpholino oligomers to skip in-
frame exon blocks of 56+57 and 58+59. The isoform lacking exons 56+57 appears to be 
more functional than the isoform without exons 58+59, which was demonstrated by increased 
dystrophin expression and stabilized β-dystroglycan. Less muscle degeneration, less 
connective tissue infiltration and more normal looking muscle were observed in mice after 
the induction of the dystrophin isoform missing exons 56+57, indicating some functionality 
and therapeutic potential for DMD-causing mutations in these exons.    
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Glycine enhances satellite cell proliferation , cell transplantation and 
oligonucleotide efficacy in dystrophic muscle 
Caorui Lin, Gang Han, Hanhan Ning, Jun Song, Ning Ran, Xianfu Yi, Yiqi Seow, HaiFang 
Yin* 
 
 
The need to distribute therapy evenly systemically throughout the large muscle volume 
within the body makes Duchenne muscular dystrophy (DMD) therapy a challenge. Cell and 
exon-skipping therapies are promising but have limited effects, thus enhancing their 
therapeutic potency is of paramount importance to improve access in the clinic. Here we 
demonstrate that co-administered glycine improves phosphorodiamidate morpholino 
oligomer (PMO) potency in mdx mice with marked functional improvement and up to 50-
fold increase of dystrophin in abdominal muscles compared to PMO in saline. Glycine boosts 
satellite cell proliferation and muscle regeneration by increasing activation of mammalian 
target of rapamycin complex 1 (mTORC1) and replenishing the one-carbon unit pool. The 
expanded regenerating myofibre population then results in increased PMO uptakes. Glycine 
also augments the transplantation efficiency of exogenous satellite cells and primary 
myoblasts in mdx mice. Our data provide evidence that glycine enhances satellite cell 
proliferation, cell transplantation and oligonucleotide efficacy in mdx mice, and thus has 
therapeutic utility for cell therapy and drug delivery in muscle wasting diseases. 
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Targeted Delivery of miR-200c Inhibits EMT and Proliferation of Triple 
Negative Breast Cancer  
Zheng-Rong Lu, Nadia Ayat, Zhanhu Sun, Amita Vaidya, Andrew Schilb 
Department of Biomedical Engineering, Case Western Reserve University, 10900 Euclid 
Avenue, Cleveland, OH 44106, USA  
 
 
Epithelial to mesenchymal transition (EMT) plays a key role in cancer invasion and 
proliferation. Inhibiting cancer EMT is considered as a promising therapeutic approach for 
treatment of aggressive tumors. It has been shown that the microRNA miR-200 family has play 
a critical role in cancer EMT. However, miR-200 has not been investigated as a potential 
therapy for treating aggressive cancer, including triple negative breast cancer (TNBC). With 
no FDA approved targeted therapies, patients diagnosed with TNBC present a significantly 
worse clinical outcome when compared to those diagnosed with other types of breast cancer. 
Many types of TNBC cancer cells present low expression of epithelial markers, including miR-
200, and high expression of the mesenchymal markers. Targeted delivery of miR-200 into 
TNBC cancer cells has the potential to inhibit EMT and to effectively treat TNBC. In this work, 
we have investigated the efficacy of targeted delivery of miR-200c, a member miR-200 family, 
for inhibiting EMT and treating TNBC in tumor models.  
We have developed targeted nanoparticles using lipid ECO, a multifunctional pH-sensitive 
amino lipid developed in our lab, for tumor specific delivery of miR-200c in treating TNBC. 
The targeted nanoparticles (RGD-PEG-ECO/miR-200c) were formulated by self-assembly of 
REG-PET-MAL, ECO, and unmodified miR-200c in nuclease free water. We have shown in 
vitro experiments that the treatment of TNBC cancer cells with RGD-PEG-ECO/miR-200c 
resulted in significant upregulation of miR-200c and down-regulation of some mesenchymal 
markers, and consequently decreased cancer cell invasiveness. The treatment also inhibited 
tumor spheroid formation in 3D culture. Weekly systemic administration RGD-PEG-
ECO/miR-200c nanoparticles at a dose of 1.0 mg-miR-200c/kg suppressed TNBC tumor 
proliferation with no overt side effects in mouse TNBC models. The tumor response has been 
non-invasively monitored by molecular imaging of a mesenchymal marker. Strong expression 
of the EMT marker was shown in the tumors before the treatment. Robust downregulation of 
the EMT marker was shown by molecular imaging after the treatment along with inhibition of 
tumor proliferation. In contrast, the tumors treated with non-specific miRNA maintained high 
expression of the EMT marker and fast tumor proliferation. These results have shown that 
targeted delivery of miR-200c has the potential to effectively inhibit EMT of TNBC cancer 
cells and prevent proliferation of TNBC tumors. The targeted nanoparticles RGD-PEG-
ECO/miR-200c are a promising therapy for effective treatment of TNBC.  
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Peptide nucleic acid-based artificial ribonucleases – studies aimed at 
potentiating PNAzymes for use in therapy 
Olivia Luige1, Soren Svenningsen2, Merita Murtola1, Alice Ghidini1, Nicholas H. Williams2, 
Roger Strömberg1 
1 Department of Biosciences and Nutrition, Karolinska Institutet, Sweden,  
2 Department of Chemistry, University of Sheffield, UK 
 
 
Selective cleavage of specific RNA sequences is an important goal for nucleic acid 
chemistry, due to the need for nucleic acid manipulation in molecular biology research as 
well as for therapeutic intervention. Peptide nucleic acid-based artificial ribonucleases 
(PNAzymes) composed of a PNA backbone and a covalently linked metal chelate have an 
intrinsic ability to cleave RNA targets and have been shown to act in a catalytic fashion as 
artificial ribonucleases. PNA-neocuproine conjugates have shown particularly promising 
RNA cleavage kinetics when the PNA backbone forces the formation of a single-stranded 
bulge region in the RNA target due to partial complementarity. Cleavage of such RNA bulges 
can occur site-specifically in the presence of Cu2+ ions with half-lives down to 20-30 minutes, 
and highly site-selectively in the presence of Zn2+ ions with 7-8-hour half-lives. Further 
development of PNAzymes aims to achieve enzyme-like rates of catalytic cleavage 
preferably in the presence of Zn2+ ions which are more biocompatible. Here, we present new 
results from RNA cleavage with different PNA based artificial nucleases as well as on novel 
PNA conjugates where neocuproine has been replaced by different metal chelating groups. 
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Non-clinical PK/PD assessment of STK-001, a clinical candidate for the 
treatment of Dravet syndrome 
Meena, Anne Christiansen, Linda Battalagine, Mylissa Borek, Qian Lin, Shobha Ravipaty, 
Sophina Ji, Zhou Han and Gene Liau 
Stoke Therapeutics, Inc., Massachusetts, United States   
 
 
Stoke Therapeutics is pioneering a new way to treat the underlying cause of severe genetic 
diseases by precisely upregulating protein expression. We are developing antisense 
oligonucleotide medicines that increase gene expression to treat genetic epilepsies and other 
severe monogenic diseases. STK-001 is an ASO that utilizes our TANGO platform and is 
being developed for the treatment of Dravet syndrome (DS). DS is a severe epileptic 
encephalopathy which is primarily caused by spontaneous, heterozygous loss of function 
mutations in the SCN1A gene that encodes the alpha subunit of the voltage-gated sodium ion 
channel NaV1.1. STK-001 is designed to bind to the SCN1A pre-mRNA and redirect RNA 
splicing to decrease the amount of non-productive messenger RNA (mRNA) and increase the 
level of productive SCN1A mRNA, thus increasing the expression of the sodium channel 
NaV1.1 protein. The targeted RNA splicing event in SCN1A is highly conserved across 
multiple species, including mouse, rat, non-human primates, and humans. The target 
sequence for STK-001 is also identical across species, facilitating cross-species assessment of 
PK/PD relationships in the CNS. Target engagement, pharmacology and biodistribution 
studies with STK-001 were performed in mice and rats.  
Treatment with STK-001 using intrathecal administration (IT) in adult rats and 
intracerebroventricular (ICV) administration in neonate Dravet mice resulted in dose-
dependent increases in NaV1.1 protein in brain. Results from these studies will be presented. 
 
Meena, PhD 
VP of Bioanalysis, DMPK and Biomarker Development 
Stoke Therapeutics, Inc. 
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New probe design for covalent capture of miRNA targets in cells 
Anna L. Malinowska, Yuluan Wang, Jonathan Hall 
Institute of Pharmaceutical Sciences, ETH Zürich, Switzerland 
 
 
MicroRNAs (miRNAs) constitute a class of small, endogenous, noncoding RNAs (ncRNAs) 
and have a great influence on various processes within the cell. By base‐pairing to their 
specific, partially‐complementary sites located predominantly in the 3’ untranslated region 
(3’‐UTR) of the target messenger RNAs (mRNAs), miRNAs participate in the post-
transcriptional regulation of gene expression. MiRNAs are responsible for controlling the 
expression of the majority of human protein‐coding genes and their dysregulation has been 
related to many pathological processes and diseases.  
MiRNAs can be considered as either therapeutic agents or therapeutic targets. In order to use 
miRNAs as therapeutic, in-depth understanding of their mechanisms of action is of great 
importance. One of the key challenges is the elucidation of miRNAs’ targets, together with 
their sites of canonical and non-canonical interactions. Imperfect pairing between miRNAs 
and their target mRNAs in animals, as well as high false positive and false negative rates for 
current prediction algorithms, generate a need for experimental confirmation. 
For this purpose, miRNA analogues bearing various cross-linkers can be applied. In the 
presence of cross-linkers a covalent bond between the miRNA and the mRNA target is 
formed, enabling elucidation and/or validation of the target site. The microRNA cross‐linking 
and immunoprecipitation (miR‐CLIP) approach developed in our group allows capturing 
predicted and unpredicted miRNA targets in cells employing pre-miRNAs site-specifically 
modified with biotin and trioxsalen (a psoralen derivative). We have previously shown that 
the bis‐modified miR‐106a probe is able to cross‐link to complementary regions present in 
the mRNA targets, but the exact site of cross‐linking has not been determined. In order to 
design a universal set of miR-CLIP probes, more knowledge about the course of the chemical 
transformations is required. 
Herein, we present the results of the in vitro cross-linking assay with a set of synthesized 
trioxsalen-labelled miR-106a analogues. The results suggest that the cross-linking does not 
occur with a uridine base-paired with adenosine bearing trioxsalen moiety, as it was 
originally envisioned. This information is currently used to prepare optimized miR-CLIP 
probes for 3p and 5p miRNAs, with the ultimate goal to achieve effective miRNA-mRNA 
cross-linking independently of the miRNA sequence. 
Supported by a grant from the SNSF (205321_169612) and NCCR RNA and Disease 
(D51NF40-141735). 
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Inhibition of IgE production upon treatment with antisense 
oligonucleotides targeting the secreted polyadenylation signal (sec-PAS) 
Anne Marchalot1, Brice Laffleur1,2, Michel Cogné1, Laurent Delpy1. 
UMR CNRS 7276 UMR INSERM 1262 CRIBL, Limoges, France1, Columbia University, New 
York, United States2 
 
Immunoglobulins (Ig) are expressed either on the surface of B cells or as secreted antibodies 
by plasma cells that represent the final stage of B cell differentiation. In order to do so, different 
polyadenylation signals across the constant region of Ig heavy (IgH) chains are used: the 
membrane Ig polyadenylation signal (m-PAS) and the secreted Ig polyadenylation signal (sec-
PAS).  
Using an antisense oligonucleotide (ASO) hybridizing to the polyadenylation signal sequence 
of the transcript encoding the secreted form of IgE, we were able to induce significant inhibition 
of IgE. As a proof of concept, we found that passive administration of vivo-morpholino oligos 
(Gene Tools) targeting the IgE sec-PAS sequence induced a drastic decrease in IgE production 
in U266 cells (IgE-secreting human myeloma cell line). The particular configuration of the 
IGH locus makes it possible to mask the sec-PAS of a particular Ig subclass while promoting 
the use of an alternative polyadenylation signal encoding the membrane form of the 
corresponding Ig. In the case of IgE, a previous study demonstrated that membrane IgE 
expression has a pro-apoptotic effect in B cells (Laffleur et al, Cell Reports 2015). Consistent 
with this, marked apoptosis was observed in U266 cells treated with the ASO-IgE-sec-PAS, 
with only 20% viable cells after 48h treatment compared to 70% with irrelevant ASO control. 
Next, we validated the efficacy of this antisense strategy in primary cells by using a mouse 
model expressing humanized IgE. Again, we observed a drastic decrease in IgE-secreting 
plasma cells while expression of the membrane IgE isoform was increased. The overproduction 
of allergen-specific secreted IgE is one of the established features of many forms of allergies 
including chronic allergic asthma or some food or skin allergies (Platts-Mills et al J Allergy 
Clin Immunol 2016). We also demonstrated that the targeting of sec-PAS specifically inhibited 
allergen-specific IgE production using several hybridomas expressing penicillin-, ovalbumin- 
and wasp venom-specific IgE (Marchalot et al, in preparation). Experiments are ongoing to 
provoke an isotype-specific inhibition of antibody production using ASO targeting the 
membrane or secreted poly-A signals of several Ig subclasses (i.e. IgM, IgG or IgA). Overall, 
these new antisense approaches targeting selectively each Ig isotype (patent EP19305716.3) 
could either inhibit B-cell receptor (BCR) expression and signaling (m-PAS) or decrease Ig 
secretion by plasma cells (sec-PAS), and hence, they should have broad clinical applications 
in BCR-driven lymphomas and antibody-mediated pathologies. 
 
Anne Marchalot, PharmD 
PhD Student 
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A novel splicing regulatory element in PAH intron 11 and potential 
antisense based therapy for exon 11 skipping variants in phenylketonuria 
 
Ainhoa Martínez-Pizarro1, Maja Dembic2, Caroline Alqvist Lindegaard2, Cecilie Bøgh 
Cargnelli2, B. Pérez1, Brage S. Andresen2, Lourdes R. Desviat1 
Centro de Biología Molecular Severo Ochoa UAM-CSIC, CEDEM, CIBERER, IdiPaz, Universidad 
Autónoma, Madrid, Spain1, Department of Biochemistry and Molecular Biology and the Villum 
Center for Bioanalytical Sciences, University of Southern Denmark, Odense, Denmark2 
 

In the phenylalanine hydroxylase (PAH) gene, responsible for phenylketonuria (PKU), one of 
the most common inherited diseases of amino acid metabolism, exon 11 was recently 
identified as vulnerable due to a weak 3’ splice site. Different exonic mutations affected exon 
11 splicing by altering exonic splicing regulatory elements. The use of splice-switching 
oligonucleotides (SSOs) therapy targeting splice regulatory sites has allowed to successfully 
rescue aberrant splicing in a wide variety of diseases. We recently identified novel intron 11 
regulatory elements that are involved in exon 11 definition, as revealed by the investigated 
pathogenic effect of variants c.1199+17G>A and c.1199+20G>C, identified in PKU patients.  
Both mutations cause exon 11 skipping in a minigene system. RNA binding assays showed 
strong binding of the U1-70K protein to the wt form that is lost with +17G>A and +20G>C 
variants. We performed deletion/point mutagenesis and overexpression of adapted U1snRNA 
to identify critical motifs involved in the regulation of correct splicing at the wt 5’ splice site. 
The results indicate that U1snRNP binding at the intronic region is determinant for efficient 
exon 11 splicing. We also observed an increase of hnRNP H and hnRNP A1 binding in the 
variant +17G>A and +20G>C sequences. Surprisingly, the use of an SSO that targets the 
intronic sequence where both mutations are located results in recovery of correct splicing 
with exon 11 inclusion from the mutant pre-mRNAs. This suggests that binding of U1 to the 
cryptic splice site stimulates splicing by counteracting inhibitory binding of hnRNPH and 
hnRNPA1 to an intronic splicing silencer (ISS) in this region. We speculate that the SSO 
stimulates splicing by blocking binding of hnRNP H and hnRNP A1 to an ISS, thereby 
alleviating the need for U1 binding to the cryptic splice site. The same SSO also reverted the 
splicing defect caused by the disease-causing c.1144T>C exon 11 mutation, previously 
demonstrated to cause exon 11 skipping.  
Our results provide insights into the mechanisms of PAH exon 11 recognition, pointing to the 
role of a critical ISS in intron 11 and demonstrate the potential of an SSO-based therapy 
targeting this ISS, to rescue exon 11 skipping defects induced by different exonic and intronic 
pathogenic variants.   
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THE USE OF A MODIFIED U1 snRNA AS A THERAPEUTIC STRATEGY TO 
CORRECT A 5’ SPLICE-SITE MUTATION IN MUCOPOLYSACCHARIDOSIS IIIC: 
IN VITRO STEPS TOWARDS AN IN VIVO APPROACH 
Matos L1*, Santos JI1,2*, Rocha M1, Coutinho MF1, Prata MJ2,3, Alves S1 
1 Research and Development Unit, Department of Human Genetics, INSA, Porto, Portugal; 2 Biology 
department, Faculty of Sciences, University of Porto, Portugal; 3 i3S – Health research and innovation 
institute, University of Porto, Portugal  
*These authors contribute equally to this work 
 
Genetic therapy directed towards the correction of RNA missplicing is being investigated not 
only at basic research level but even in late-stage clinical trials. Many mutations that change 
the normal splicing pattern and lead to aberrant mRNA production have been identified in 
Lysosomal Storage Disorders (LSDs). The Mucopolysaccharidosis IIIC (MPS IIIC) is a LSD 
caused by mutations in the HGSNAT gene, encoding an enzyme involved in heparan sulphate 
degradation. Splicing mutations represent one of the most frequent (~20%) genetic defects in 
MPS IIIC. Approximately 55% corresponds to 5' splice-site mutations which thus constitute a 
good target for mutation specific therapeutic approaches. Recently, we demonstrated in 
fibroblast cells that a modified U1snRNA vector designed to improve the definition of exon 2 
5’ss of the HGSNAT can restore splicing impaired by the mutation c.234+1G>A (Matos et al., 
2014). Presently our goal is to evaluate in vivo the therapeutic potential of the modified 
U1snRNA by testing it in mice expressing the human splicing defect. For this, in a first step 
we tried to generate full-length splicing competent constructs of wild-type (wt) and 
c.234+1G>A HGSNAT by cloning the wt or the mutated HGSNAT splicing-competent cassettes 
into the pcDNA 3.1 backbone. According to the protocol reported by other researchers (Pinotti 
et al., 2009), plasmid vectors will be used to promote transient expression of the human 
HGSNAT wt or mutant alleles in mice. 
Here, we describe the cloning process followed to obtain the aforementioned splicing 
constructs. During the cloning steps different difficulties were found as, for example, in 
fragments amplification, ligation, and obtainment of bacterial transformants. Even so, positive 
bacterial colonies were obtained, selected, and amplified by colony PCR. However, DNA 
sequencing data showed the presence of different nucleotide point alterations in the obtained 
clones, invalidating its use for further steps. Therefore, plasmid constructs were ordered 
commercially. Now we are performing its transfection in COS-7 cells to confirm that they 
recapitulate the splicing process observed in wt and patient cDNA being thus ready to be 
expressed in mice to test the therapeutic effect of the modified U1snRNA.  
This work shows the different steps and difficulties of the cloning process to obtain HGSNAT 
expression constructs towards testing of an in vivo U1snRNA therapeutic approach.  
 
Liliana Matos, PhD 
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Aptamers and DNAzymes for applications in human health 
Erin M. McConnell1,2, Katelyn Ventura3, Anna Koudrina2, Zach Dwyer3, Spencer Boisjoli2, 
Vernon Hunt2, Josh Callahan2, Dan Madularu3, Ryan Walsh2, Yingfu Li1, Matthew R. 
Holahan3, and Maria C. DeRosa2. 
Department of Biochemistry and Biomedical Sciences, McMaster University, Hamilton, ON, 
Canada1. Department of Chemistry, Carleton University, Ottawa, ON, Canada2. Department 
of Neuroscience, Carleton University, Ottawa, ON, Canada3. 

 

Seminal work done by Thomas Cech and Sidney Altman, on the functional properties of 
RNA, earned them a Nobel Prize in Chemistry in 1989. This work inspired the field of 
functional nucleic acids, which has since found applications in oligonucleotide-based 
therapeutics. Aptamers and DNAzymes are two subclasses of functional nucleic acids. Where 
aptamers recognize and bind to a specific cognate target with high affinity and selectivity, 
DNAzymes exhibit catalytic properties activated by a specific target molecule, or cofactor. 
Researchers in the functional nucleic acids community have investigated the use of aptamers 
and DNAzymes in several brain and nervous system related maladies including but not 
limited to Alzheimer’s disease, Parkinson’s Disease, Huntington’s disease, prion disease, 
multiple sclerosis, stroke and hemorrhage, and brain cancers. The work presented will 
highlight several examples of aptamers and DNAzymes for therapeutic and/or diagnostic 
applications related to the brain and human health. Specifically, the role of a dopamine 
binding aptamer in attenuating behavior, in rodent models of schizophrenia and addiction will 
be presented, and progress towards aptamers which influence protein aggregation in rodent 
models of Parkinson’s disease will be discussed in detail.  

 

Erin M. McConnell, Ph.D. 
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Nucleobase-modified XNA for Aptamer Selection 
Hui Mei1,2,3, John C. Chaput2 
Stanford University1, University of California, Irvine2, Center for Synthetic Genomics, 
Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences3 
 
Xeno-nucleic acids (XNA), usually referred to nucleic acids with modified sugar backbones, 
are capable of undergoing Darwinian evolution to generate aptamers towards specific targets. 
There exist two main reasons for developing XNA polymers with modified bases: first, to 
overcome the inadequacies of engineered polymerases relative to natural ones for XNA 
synthesis; second, to endow XNA polymers with increased chemical diversity beyond 
canonical nucleobases. We are particularly interested in the development of nuclease-
resistant aptamers based on α-threose nucleic acid (TNA) - a particular XNA with a shorter 
sugar backbone repeat unit.  

 
We chemically synthesized many nucleobase-modified TNA triphosphates and studied the 
enzymatic replication of TNA polymers containing such modifications. All modified 
triphosphates are excellent substrates for engineered TNA polymerase Kod-RI. Particularly, 
substitution of tGTP for 7-deaza-modified-tGTP enabled the replication of TNA polymers 
with >99% overall fidelity. A TNA library containing the 7-deaza-modifications was used to 
evolve a biologically stable TNA aptamer that binds to HIV-RT with 10 nM affinity. We feel 
these modified bases could lead to the discovery of new XNA aptamers that function with 
superior activity relative to analogous polymers with unmodified bases.  
 
Hui Mei, PhD 
Postdoctoral Researcher 
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Optimizing RESTORE ASOs  to Harness Endogenous ADARs for Therapy 
Tobias Merkle1, Laura Pfeiffer1, Clemens Lochmann1, Carolin Schlitz1, Andreas Blaha1, Qin 
Li2, Paul Vogel2, Jacqueline Wettengel1, Jin Billy Li2 and Thorsten Stafforst1* 
1Interfaculty Institute of Biochemistry, University of Tuebingen, Tuebingen, Germany. 
2Department of Genetics, Stanford University, Stanford, CA, USA 
 
Site-directed RNA editing could be a safer alternative to genome editing. We recently 
published our RESTORE (recruiting endogenous ADAR to specific transcripts for 
oligonucleotide-mediated RNA editing) approach. While there have been developed several 
strategies for site-directed RNA editing using ectopically expressed, engineered deaminase 
fusion proteins, RESTORE only requires an ASO guide RNA. Those ASOs are able to recruit 
endogenous human ADARs to elicit editing of arbitrary endogenous transcripts in a simple and 
programmable way. However, all artificial systems are complicated and all suffer from global 
off-target editing. In contrast, RESTORE ASOs displayed only very few off-target sites. 
 
We now further optimized our RESTORE platform to achieve higher editing yields with shorter 
ASOs and without the use of interferon. We could not only successfully apply RESTORE in a 
panel of standard cell lines and primary cells, but also for several disease relevant mutations.  
Our optimized RESTORE 2.0 ASOs are not only shorter but exhibit enhanced stability in serum 
and cerebrospinal fluid. RESTORE thus represents an attractive platform for drug 
development. 
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Identification of potent and specific antisense oligonucleotides for target 
gene knockdown using a high-throughput RT-qPCR based cellular 
screening platform 
Mestdagh P, Van Peer G, Vanderstraeten H, Vereecke H, Luypaert M, Steyaert S, Fierro C, 
Revets H, Hellemans J, Vandesompele J 
Biogazelle, Technologiepark 82, B-9052 Zwijnaarde, Belgium 
 
 
While antisense oligonucleotides (ASOs) are in principle capable of efficiently silencing gene 
expression, in silico prediction of the potency of ASO sequences is challenging. Identifying 
potent ASOs often requires an in vitro evaluation of many candidates that typically tile the 
target RNA of interest. To enable such analyses, we have developed a comprehensive and 
high-throughput platform to screen hundreds of ASOs for on-target knock-down efficiency. 
We established a panel of 20 model cell lines that have high free-uptake capacity and cover 
the majority of the human transcriptome. For each cell line, we established optimal seeding 
densities to maximize ASO delivery efficiency. An appropriate screening cell line with high 
expression of the target gene is selected based on available RNA-sequencing data. Candidate 
ASOs are delivered to 96-well culture plates in a single dose and target gene expression is 
quantified by RT-qPCR on crude cell lysates using 5 independent assays and multi-gene 
normalization. These data typically reveal one or multiple hotspot regions in the target gene 
that are highly accessible for ASO mediated knock-down. Based on these regions, additional 
ASOs can be designed for secondary screens in order to further expand the set of potent 
ASOs. Hits identified from these screens are further validated in dose response experiments 
to narrow down the list of candidates. Candidate ASOs are subsequently annotated based on 
their off-target gene potential through a proprietary in silico prediction pipeline considering 
the number of mismatches and their position in the ASO sequence. As a result, potent and 
specific ASOs can be identified for any target gene of interest. To demonstrate the robustness 
and potential applications of our workflow, we have screened over 10,000 ASOs with 
different chemistries targeting 250 genes in multiple cell lines. Our data reveal differences in 
the potency of ASO chemistries, varying targetability across genes, and differences in target 
gene knock-down among qPCR assays that need to be considered when screening for potent 
ASOs. 
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Investigation of Factors Potentially Modulating the Activity of Antisense 
Oligonucleotides Based on in House Screening Data 
Sven Michel1, Anna Uri1, Anne Sadewasser1, Julia Festag1, Ksenija Schirduan1, Larissa 
Rothkirch1, Lisa Hinterwimmer1, Monika Schell1, Richard Klar1, Stefanie Raith1, Tamara 
Thelemann1, Frank Jaschinski1 

1 Secarna Pharmaceuticals GmbH & Co KG, 82152 Planegg/Martinsried, Germany 
 
 
Oligofyer™ an inhouse implemented pipeline is used for the design of antisense 
oligonucleotides (ASO) as potential drug candidates. The selection process is mainly based 
on the sequence specificity and for the development of ASOs the public databases from 
NCBI and ENSEMBL were crawled. Besides human mRNA and all associated intronic 
sequences, mice, rat and ape genomes were investigated was well to characterize each 
possible ASO according to its off-target profile and its potential cross-reactivity to other 
species. In order to improve our selection process regarding the activity of the ASOs we 
gathered all screening data from previous projects and investigated a series of distinct 
features. The aim was to see if there are factors or a certain combination of them that could 
lead to a prediction of activity.  
At first the position of the ASO within the target sequence was investigated. That means 
whether ASOs binding to exonic / intronic regions, 5’ / 3’ UTR, or coding sequence show 
differences in activity. Additionally, we explored the effect of overall length of the target 
sequence (mRNA / pre-mRNA) on targetability.  
Multiple ASO related properties were investigated, as well. Only ASOs containing locked 
nucleic acids (LNAs) in the gapmer format were considered for this study. Factors such as the 
length of the ASO, the length of the gap, the total amount of LNA modifications, the fraction 
of LNA-modified versus unmodified nucleotides, the overall GC content as well as the GC 
content within the gap and within the flanks were included in the analysis. Moreover, data 
correlating activity of ASOs between cell types within or between species will be shown. 
The results of these analyses are integral part of OligofyerTM and are used to improve the 
selection process of ASOs with high potency and specificity. 
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Defined Multimeric Oligonucleotides for Enhanced Therapeutic Effect. 
 
Jonathan Miles Brown1, James Dahlman1,2, Kristin Neuman1, Anke Geick3, Angelina Gross3, 
Monika Krampert3, Carla Prata3, Ingo Röhl3, Monika Krampert3, Julia Schneider3, Tatjana 
Theer3, Hans-Peter Vornlocher3 and Philipp Hadwiger3. 
1) MPEG LA, LLC, Chevy Chase, MD, USA; 2) Georgia Tech., Atlanta, GA, USA;  
 3) Axolabs GmbH, Kulmbach, Germany. 
 
Modulating gene expression using therapeutic oligonucleotides has the potential to improve 
disease treatment and in vivo studies of complex biological processes.  However, it remains 
difficult to deliver oligonucleotides in quantities sufficient to achieve a desired biological 
result into a particular cell or tissue type.  
 
To address this issue, we have developed defined “multimeric” oligonucleotides, where a 
defined number of oligonucleotides (e.g., 3 or more siRNAs) are conjugated to a single 
targeting ligand. 
 
The individual units can be synthesized using the normal procedures and then assembled into 
multimers via a novel thiol/maleimide intermediate and/or asymmetric annealing under 
neutral aqueous conditions at room temperature in high yield and purity.  The linkages 
employed are sufficiently stable in serum to enable prolongued bioavailability but are readily 
cleaved after entry into the target cell. 
 
The resulting multimers exhibit the same activity per unit of oligonucleotide, but enhanced 
activity per unit of ligand as the latter is enabling the uptake of multiple cargos by the target 
cell per ligand/binding event. 
 
Further, large multimers are big enough to resist clearance via the kidney and in consequence 
have a greatly increased serum half-life, in the case of hexamers by a factor of 20 or more 
relative to the corresponding monomer.  Such large multimers are therefore even more 
potent, not only delivering more cargo per ligand/receptor binding event but enabling many 
more such events, resulting in a synergistic enhancement in activity such that a single siRNA 
unit in a hexamer delivered via IV exceeded the reported activity of the same siRNA in 
monomeric form delivered via SC. 
 
Here we present data obtained using a triantennary GalNAc ligand and three siRNAs 
targeting FVII, ApoB and TTR as a model system.  All the methods described are compatible 
with a wide range of targeting ligands such as peptides, carbohydrates and aptamers, and can 
be used to deliver any combination of siRNAs, shRNAs, micro-RNAs, and ASOs.  
 
Jonathan Miles Brown, PhD FRSC 
Biotechnology Licensing 
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Enhancement of cancer vaccine by modification of antigenicity  
for cancer cells 
Shinichi Mochizuki1, Atsushi Moritaka1 
1The University of Kitakyushu, Japan 
 
Introduction: In cancer immunotherapy, cytotoxic T cells (CTLs) induced by injection of 
cancer vaccine attack cancer cells. The CTLs attack cells with a cancer antigen on the surface. 
However, to escape from immunity, cancer cells spontaneously suppress the expression of 
cancer antigen that is essential for CTL recognition. For such cancer cells, CTL cannot attack. 
Therefore, if the cancer antigens are presented on the cellular surface, CTLs can attack the 
cancer cells again. However, in order to enable antigen presentation in vivo, it is necessary to 
deliver antigen specifically to cancer cells. It is known that CD44 which is one of hyaluronic 
acid (HA) receptors is excessively expressed on cancer cells. Therefore, HA chemically 
modified with the antigen is expected to specifically deliver the antigen to cancer cells via 
CD44. In this study, to restore the CTL response for cancer cells, we prepared the conjugate 
consisting of HA and antigenic proteins and evaluate the CTL response.  
 
Methods: A carboxylic group on HA was modified with OVA by a dehydration condensation 
reaction using EDC and NHS. We evaluated the immune responses after mixing of splenocytes 
immunized with OVA and cancer cells treated with HA-OVA conjugates. 
 
Results: HA, a linear polysaccharide, was formed by alternating D-glucuronic acid (GlcUA) 
and N-acetyl-D-glucosamine (GlcNAc) units. Because the glucuronic acid has a carboxylic 
acid, we tried chemical modification with ovalbumin (OVA) by a dehydration condensation 
reaction. The condensing agent used this time is 1-ethyl-3-(-3-dimethylaminopropyl) 
carbodiimide hydrochloride (EDC), and the additive was N-hydroxysuccinimide (NHS). The 
reaction was evaluated by UV measurement of gel permeation chromatography (GPC). The 
results are shown in Figure1. Since HA is no UV absorption and OVA has absorption at 280 
nm, the reaction can be judged from the change in elution time of OVA. The peak for OVA is 
observed in 18 minute. After the reaction, the peak shifted to an earlier elution time around 14 
minutes. Therefore, OVA increased the molecular weight by conjugating with HA. The 
splenocytes, which are immunized with OVA and adjuvant, mixed with cancer cells treated 
with HA-OVA conjugate secreted cytokines such as IFN- which shows Th1 type immune 
response. This result indicates that the replacement of weak antigenicity with strong 
antigenicity can be a novel strategy for cancer vaccine. 
 
Shinichi Mochizuki (PhD) 
Associate Professor 
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1-1Hibikino, Wakamatsu-ku Kitakyushu, Fukuoka 
808-0135 
Japan 
mochizuki@kitakyu-u.ac.jp  

093

201



Antisense Oligonucleotide-Associated Lysosomal Alterations 
Albert Mondragon1, Xiaoping Hronowski1, Jeff Engelhardt2, Kirk Donovan1, Susanne 
Swalley1, Benbo Gao1, Ramiro Massol1, Patrick Faloon1, Robert Smith1, Martin Lamb1, 
Branka Grubor1, Jim Fikes1, Sarah Lamore1 
Biogen1, Ionis2 
 

Neuronal micro- and macro-vesicular vacuolation has been observed in a dose-
dependent manner by histologic examination in non-human primates following repeat 
intrathecal administration of antisense oligonucleotides (ASOs).  Immunostaining with anti-
GFAP, -connexin 43, -IBA-1, and -MBP antibodies indicates there is no glial reaction to 
vacuolation or degenerative changes in vacuolated neurons.  Closer examination with 
electron microscopy (EM) reveals numerous, and sometimes dilated, lysosomes containing 
stacked and/or reticulated membranous material.  

 
A cellular model using induced pluripotent stem cell-derived motor neurons (iPSC-

MNs) was established to investigate these lysosomal alterations and electron microscopy 
confirmed the dilated lysosome phenotype in a time- and dose-dependent manner at 
concentrations relevant to brain exposures achieved in in vivo studies. ASO exposure (up to 
30 uM for up to 3 weeks) did not affect iPSC-MN viability as assessed by intracellular ATP 
levels. Our work aims to characterize the effects on the endolysosomal pathway after ASO 
administration and specifically to understand the mechanism of these lysosomal alterations.  
To this end we used liquid chromatography-mass spectrometry (LC-MS) as an unbiased 
approach to detect changes in global lipid composition. Briefly, iPSC-MNs were treated with 
ASOs for a prolonged period of up to three weeks, lysosomes were isolated by differential 
centrifugation, and LC-MS was performed to identify changes in lipid composition. Initial 
results show increases in bis(monoacylglycerol)phosphate, galactosylsphingosine, and 
triglycerides in lysosomes of iPSC-MNs treated with ASOs; however, it is unclear if these 
increases are simply due to the increase of lysosomal content observed upon ASO 
administration. Additional biochemical assays and confocal microscopy are being performed 
to investigate this question and asses overall cellular and lysosomal function.  

 
Altogether, this work advances our understanding of the cellular consequences 

following prolonged ASO administration and may guide further studies to continue to 
characterize these effects.  
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miR-29 Replacement as a Therapy for Multiple Fibrotic Indications 
Rusty Montgomery, Corrie Gallant-Behm, Stephanie Propp, Kevin Rigby, Oliver Dansereau, 
Aimee Jackson, Paul Rubin 
miRagen Therapeutics, Inc. 6200 Lookout Road, Boulder, CO 80301 
 
 

miRNAs are small, non-coding RNAs that act as negative regulators of gene 
expression. The miR-29 family (miR-29a/b/c) targets multiple extracellular matrix proteins and 
profibrotic molecules, and is down-regulated during fibrotic disease, including scleroderma, 
idiopathic pulmonary fibrosis, and hepatic fibrosis in humans. A synthetic oligonucleotide 
mimic of miR-29b, remlarsen, has been previously shown to be pharmacodynamically active 
as measured by both target gene regulation and inhibition of fibrosis in rodent models and in 
skin wounds in a Phase 1 human clinical trial.  
 To assess the anti-fibrotic effects in corneal fibrosis, remlarsen was administered 
topically via eye drops in the setting of an alkali burn. Remlarsen was well-tolerated when 
administered twice daily for up to 28 days and resulted in a decrease in corneal hazing and 
scarring as assessed by clinical evaluation and histopathology following burn. Notably, 
remlarsen increased the corneal epithelial thickness, decreased the stromal thickness, and 
reduced the number of alpha-smooth muscle actin positive myofibroblasts in the corneal 
stroma, supporting miR-29 replacement as a therapeutic strategy to inhibit corneal fibrosis and 
scarring following injury or ulceration.  
 For internal organ fibrosis, an integrated approach was performed to optimize and 
develop next generation miR-29 mimics with targeted delivery capability and improved 
systemic stability. Lead compounds were advanced into mouse bleomycin or carbon 
tetrachloride (CCl4) models to assess the anti-fibrotic effects of next-gen miR-29 mimics in 
pulmonary and hepatic fibrosis, respectively. Next-gen miR-29 mimics retained miRNA 
activity in Normal Human Lung Fibroblasts in vitro as determined by assessing regulation of 
direct targets (COL1A1), downstream targets (ACTA2), and a broader array of fibrotic genes. 
Further, next-gen miR-29 mimics blocked collagen production in a human precision cut lung 
slice model of induced fibrosis. In bleomycin-induced fibrosis in mice, next-gen miR-29 
mimics dose-dependently blunted the induction of myriad pro-fibrotic genes that correlated to 
less collagen deposition as measured by quantitative histopathological analyses. Similar anti-
fibrotic effects were observed in the CCl4 model of hepatic fibrosis, where pro-fibrotic gene 
expression was blunted resulting in reduced collagen content.  
 Collectively, these data demonstrate the anti-fibrotic effect of miR-29 mimics across 
numerous fibrotic models and suggest broad application of miR-29 mimics for fibrotic 
indications. 
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Knockdown of Host Factors by PPMO Inhibits Influenza Virus 
Infections in Vitro and in Vivo  
 
Hong M. Moulton1, Eva Böttcher-Friebertshäuser2, Shashank Tripathi3, Susan 
Hatlevig1 David Stein1, Adolfo García-Sastre3 

1Department of Biomedical Sciences, Oregon State University, Corvallis, OR 
2Institute of Virology, Philipps University, Marburg, Germany 
3Department of Microbiology, Ichan School of Medicine at Mt. Sinai, New York, NY 
 
 

There is an urgent unmet medical need for new antivirals for treatment of influenza virus-
infected patients.  Annual influenza epidemics affect as many as 5 million people with up to 
646,000 deaths worldwide.  Host-directed antivirals are expected to provide a number of 
critical advantages over current drugs that target virally-encoded gene products. Specifically, 
knockdown of host factors can impede viral infections without rapid development of antiviral 
resistance.  Host factors are genetically stable in comparison to viral genes, so this strategy is 
not expected to produce any obvious escape mechanisms. Additionally, targeting a cellular 
pathway that regulates replication or pathogenesis of multiple viruses offers the opportunity 
to develop a single antiviral agent that is useful against both known and emerging viruses.  
 
Our strategy is to utilize peptide-conjugated morpholino oligomers (PPMO) for knocking 
down levels of host proteins that are critical for influenza A infection and replication.  PPMO 
is a class of DNA-like cell-permeable antisense agents currently in clinical development for 
genetic diseases.  TMPRSS2 is a cellular protease known to be important for influenza 
virus infectivity, while UBR4, a ubiquitin ligase, is thought to be important for 
replication.  We have demonstrated that a PPMO targeted to TMPRSS2 was 
effective at inhibiting the cleavage of hemagglutinin of several influenza A viruses 
known to infect humans.  Treatment of a Calu-3 airway epithelial cell line with the 
TMPRSS2-PPMO markedly reduced the growth and spread of H1N1 and H3N2 
viruses at concentrations that were not cytotoxic to uninfected cells. In influenza-
infected mice,  knockdown of UBR4 by a UBR4-PPMO, administered intranasally, 
reduced virus growth in the lungs and increased overall survivorship of mice. 
 
These studies further establish TMPRSS2 and UBR4 as important to viral replication 
and suggest these genes may serve as productive targets for development of PPMO-
based antivirals against influenza virus infections.  
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HIV-1 envelope T20-encoding Minicircle DNA elicits neutralizing 
antibodies and the potential use of Triplex Forming Oligonucleotides to 
produce high purity DNA vaccines against HIV-1 
Negin Mozafari 2, S. Stenler1, K. E. Lundin2, L. Hansen3, S. Petkov3,  M. Isaguliants3, P. 
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Hinkula6, and B. Wahren3 
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Minicircles (MCs) are a class of non-viral vectors produced from a parental conventional 
plasmid. MC production occurs in bacteria by DNA recombination through sites flanking the 
expression cassette in the parental plasmid. The result of this recombination is a MC containing 
the gene of interest and the plasmid backbone (PB) containing bacterial elements. The T20 
peptide was cloned into this novel class of non-viral vectors in order to develop and enhance 
the immune response against HIV antigen. T20 (enfuvirtide) is the first approved antiviral HIV-
1 fusion inhibitor peptide-based drug for treatment of AIDS patients. Moreover, 3 other 
conventional plasmids expressing the envelope of HIV-1 subtype A, B and C, containing T20 
in their gp41 region, were also evaluated (Hum Vaccin Immunother. 13:2849-58, 2017). 
Selected sequences of T20 both as a peptide and as an expression cassette enhanced HIV-
specific antibodies and cellular responses. Thus, the T20 HIV-1 sequence can serve as a 
potential immunogen to provoke neutralizing antibodies against HIV-1. Further comparative 
studies will be using Triplex Forming Oligonucleotides (TFOs) to produce high quality MCs 
expressing T20 peptide. The procedure is based on the recognition of double stranded sequence 
in the parental plasmid by biotinylated TFOs and removing the formed triplex by streptavidin-
coated magnetic beads. The TFOs are designed in a way to ensure high selectivity and affinity 
toward their target sequences in the parental plasmids, which can be obtained by using different 
TFO lengths and modifications.  
 
 
Negin Mozafari, (PhD student) 
Karolinska Institutet 
Hälsovägen 7-9, 141 57 Huddinge 
Stockholm 
Sweden 
negin.mozafari@ki.se 

097

205



Development of Light-Inducible Oligonucleotides as Therapeutic Agents 
Patricia Müller1, Florian Schäfer1, Tomáš Slanina1, Patrick Seyfried1, Anton Frühauf1, Yosif 
Manavski2, Tina Lucas2, Stefanie Dimmeler2 and Alexander Heckel1 
1Institute for Organic Chemistry and Chemical Biology, Goethe University Frankfurt, 
Germany,2Institute of Cardiovascular Regeneration, Centre for Molecular Medicine, Goethe 
University Frankfurt 
 
 
Photolabile protecting groups (PPGs) or so-called photocages have proven to be excellent 
tools to study, elucidate and control biological processes. Photolabile protecting groups have 
been attached to a variety of biologically active molecules like proteins, neurotransmitters, or 
oligonucleotides to temporarily block/inhibit their function. By absorbing light of a specific 
wavelength the PPG is cleaved and the function of the formerly photocaged compound is 
restored. This technique enables the spatio-temporal control of complex biological scenarios 
with light as a bioorthogonal trigger. 
In the context of therapeutic oligonucleotides, local activation or delivery may be necessary 
to augment the biological function of antisense oligonucleotides (ASOs) in the target tissue, to 
reduce systemic toxicity or unwanted side effects. To that end, we were able to synthesize 
light-inducible antimiRs with modified oligonucleotides with photolabile protecting groups. 
We could successfully show the local down-regulation of antiangiogenic miR-92a expression 
in an in vivo setting in murine skin with UV irradiation of 385 nm.  
Based on these findings we expanded this concept to other diseases and functional 
oligonucelotides (e.g. aptamers). For the treatment of acute myocardial infarction (AMI) it is 
necessary to regulate miR-34a expression in the myocardium, which is an well-perfused 
inlying organ. Therefore, we developed new photocleavable moieties, which can be post-
synthetically attached to ASOs (via CuAAC click chemistry) and cleaved by irradiation with 
NIR-light (near-infrared). We are currently evaluating the therapeutic potential of those NIR 
light-inducible antisense oligonucleotides.  
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A Phase 1 Study to Investigate the Absorption, Metabolism, and Excretion 
of [14C]-Golodirsen Following a Single Intravenous Dose Administration in 
Healthy Male Subjects 
Andre Müeller-York, Xiaodong Wang, Jianbo Zhang, Shanique Smythe, Huadong Sun, 
Baohuang Han, Amanda Harring-Abbott, Deb Steiner 

Sarepta Therapeutics, Inc., Cambridge, MA 
 
Introduction: Golodirsen is an investigational antisense oligonucleotide for the treatment of 
Duchenne muscular dystrophy (DMD) in patients who have a confirmed mutation of the DMD 
gene that is amenable to exon 53 skipping. The absorption, metabolism, and excretion (AME) of 
golodirsen has not been characterized in humans.  
Objectives: The primary objectives of this study were to determine mass balance and routes of 
elimination, assess the PK, and determine the urinary and fecal recovery of total radioactivity 
following a single dose of [14C]-golodirsen. The secondary objectives were to characterize and 
identify major metabolites of golodirsen if any and evaluate the safety and tolerability of a single 
IV dose of [14C]-golodirsen. 
Material and Methods: This was a Phase 1, single-center, open-label, single dose, AME study. 
Eight healthy male subjects (mean age [range]: 36 years [24 to 51]) received a single 1800 mg IV 
dose of [14C]-golodirsen (containing approximately 100 μCi of radiocarbon) administered via IV 
infusion on Day 1 (100 mL of solution infused over 60 minutes). Blood samples for plasma 
golodirsen concentrations and total [14C]-radioactivity in whole blood and plasma were collected 
up to 216 hours (Day 10) after the start of infusion. Urine and fecal samples were collected pre-
infusion and after the start of infusion up to 336 hours (Day 15) to determine golodirsen 
concentrations (urine only), total [14C]-radioactivity, and/or for metabolite profiling. 
Results: The AUC plasma golodirsen/total radioactivity ratio was close to 1, indicating 
golodirsen was the major drug-related material in systemic circulation. No metabolites were 
found in plasma and urine from the metabolite profiling characterization. The mean AUC blood 
to plasma ratio of 0.569 indicates that there is low association of golodirsen-related radioactivity 
with red blood cells. Urinary excretion was the primary elimination pathway for golodirsen, with 
essentially all the administered dose excreted in urine as unchanged drug. Over the 336-hour 
study, the mean total recovery of radioactivity in all excreta (urine and feces) was 89.7%, with 
urinary excretion accounting for nearly all of this and with only a negligible contribution from 
fecal excretion. No AEs were reported during this study. There were no clinically relevant 
findings noted in clinical laboratory evaluations, vital signs, ECGs, or physical examinations. 
Conclusions: Golodirsen was eliminated predominantly by renal excretion and was metabolically 
stable. A single 1800 mg IV dose of [14C]-golodirsen was well tolerated when administered to 
healthy male subjects in this study.   
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Artificial Nucleic Acids Composed of Acyclic Backbone for Fluorescent 
Probe and Antisense Reagent 
Keiji Murayama, Hiromu Kashida, Hiroyuki Asanuma 
Graduate School of Engineering, Nagoya University 
 
 
Xeno nucleic acids (XNAs) are synthetic 
analogues of DNA and RNA carrying scaffolds 
different from natural D-ribose, which have 
attracted attention as a new nanomaterial for 
biological applications due to high nuclease 
resistance. We have developed two novel acyclic 
artificial nucleic acids (Fig. 1): acyclic D-
threoninol nucleic acid (D-aTNA) and serinol 
nucleic acid (SNA). SNA recognized both DNA 
and RNA through base complementarity, 
whereas D-aTNA did not form stable duplexes 
with either DNA or RNA. In this study, we 
designed a molecular beacon composed of SNA 
(SNA-MB) for the detection of RNA in cell 
(Fig. 2), and synthesized acyclic L-threoninol 
nucleic acid (L-aTNA) for the strong 
hybridization with DNA and RNA.  

The SNA-MB detected its complementary 
RNA with extremely high sensitivity; the signal-
to-background (S/B) ratio was as high as 930. We 
demonstrated that this probe selectively visualize 
target mRNA in fixed cells. Significantly high 
enzymatic resistance and sensitivity promises the 
use as a biological tool capable of visualizing 
RNA in living cells.[1] 

The measurement of melting temperatures (Tm) of 15-nt sequences revealed that L-aTNA 
formed more stable duplexes with DNA and RNA than SNA did (Fig. 3). Such cross-pairing 
ability of L-aTNA with DNA and RNA as well as excellent solubility in aqueous solution 
allows versatile biological applications such as fluorescent probe and antisense drugs.[2] 
[1] Murayama, K. et al., ChemBioChem, 2015, 16, 1298-1301. 
[2] Murayama, K.; Kashida, H.; Asanuma, H. Chem. Commun., 2015, 51, 6500-6503. 
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Fig. 1: Structures of artificial nucleic acids 

 
Fig. 2: Schematic illustration of SNA-MB 

 
Fig. 3: Tms of XNA with DNA and RNA 
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Invalidation of GSK3B in the Pancreatic Beta Cell as a Therapeutic Target 
for T2D  
Sue F. Murray1, Jiangwei Zhang1, Annie Ferng1, Thazha Prakash 1

, Richard Lee1, Brett P. 
Monia1

, Eva-Marie Anderson2, David Janzén2, Laurent Kneer2, Carina Ämmälä2, Shuling 
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Insufficient pancreatic β-cell mass or function is one of the main causes underlying diabetes 
mellitus.  Glycogen synthase kinase 3 (GSK3) is a ubiquitously expressed serine/threonine 
kinase with important roles in the regulation of glycogen synthesis, protein synthesis, cell 
proliferation, cell differentiation and apoptosis.  GSK3 is encoded by two known genes, GSK3 
alpha (GSK3A) and GSK3 beta (GSK3B), and small molecule inhibitors targeting both are 
known to induce micronucleation. Isoform specific small molecule inhibitors targeting GSK3B 
have demonstrated increased cell proliferation and expansion of islets mass in human and 
rodents.  However, many of the inhibitors target dual specificity tyrosine-phosphorylation-
regulated kinase 1A (DYRK1A) in addition to GSK3B making the data difficult to interpret 
(Shen et al, Nature comms 2015).  GSK3B and/or DYRK1A have been proposed to induce β-
cell proliferation by trapping nuclear factor of activated T cells (NFAT) (transcription factor) 
in the nucleus.  Mice with β-cell overexpression of GSK3B have reduced β-cell mass and 
proliferation through modulation of PDX-1 stability, a protein required for the maintenance 
and survival of β-cells. Recently, Ämmälä et al. demonstrated conjugation of ASOs to 
glucagon-like-peptide-1 receptor (GLP1R) ligand can productively deliver ASO cargo to the 
insulin secreting β-cells, a cell type otherwise refractory to uptake. The doses needed for GLP1-
conjugated ASOs to silence target genes in the β-cells are below what is needed to affect target 
gene expression elsewhere allowing for evaluation of specific inhibition in the β-cells. In lean 
C57B6 mice a single administration of GLP1-conjugated GSK3B ASO achieved an 
ED50=0.016µmol/kg with no change to DYRK1A RNA expression.  Here we demonstrate 
robust, specific GSK3B reduction in the β-cells after GLP1-conjugated GSK3B ASO treatment 
in db/db mice, a well-established T2D diabetic rodent model.   In contrast to the SMI data, 
specific inhibition of GSK3B in β-cells worsened the health based on reductions in β-cell 
specific genes, PDX1 and MAFA, and decreased the β-cell mass (2.9 ± 1.3mg GLP1-Con ASO 
vs 1.4 ± 0.6mg GLP1-GSK3B ASO).  In addition, no effect on glucose or insulin was observed 
suggesting specific inhibition of GSK3B in the β-cell is not enough to preserve the function and 
increase β-cell survival.  In summary, we have invalidated GSK3B as a therapeutic target for 
protecting the β-cell against glucotoxicity and T2D. 
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Phenylketonuria (PKU) is an autosomal recessive disorder caused by the deficiency of 
phenylalanine hydroxylase (gene name: pah), which catalyzes the hydroxylation of the 
aromatic side-chain of phenylalanine to generate tyrosine.  Phenylalanine hydroxylase 
deficiency causes phenylalanine to accumulate in the blood and tissues to toxic levels.  The 
brain is particularly sensitive to excessive phenylalanine levels, which can lead to irreversible 
intellectual disability, seizures, behavioral abnormalities and microcephaly if untreated. We 
designed and screened a series of codon-optimized hpah mRNAs in vitro for highest 
expression using primary human hepatocytes.  In human hepatocytes, our codon-optimized 
hpah mRNA delivers 5-fold higher liver PAH protein levels relative to the endogenous PAH 
protein. We then formulated this hpah mRNA into a lipid nanoparticle delivery system, 
LUNAR®, in order to evaluate the pharmacology of expressed PAH protein in a mouse 
model of PKU carrying a point mutation in the mpah gene with deficient enzyme activity 
resulting in elevated plasma phenylalanine concentrations. A single systemic injection of 
LNP- hpah mRNA at 0.3 mg/kg reduced plasma phenylalanine concentrations back to control 
levels. In the mouse liver, we observed a dose-related correlation between hpah mRNA and 
hPAH protein levels, which also correlated with a reduction of circulating levels of plasma 
phenylalanine.  After 2 weeks of repeated dosing of the LNP- hpah mRNA in PKU mice, the 
transient plasma phenylalanine lowering effect was similar between the first and the last 
doses. Importantly, there was no adverse events and no significant alteration in serum 
chemistry, including ALT/AST levels. In summary, delivering PAH mRNA to the liver 
utilizing a lipid nanoparticle formulation was able to induce hepatic PAH protein expression 
and reduce circulating plasma phenylalanine, and may be further developed as a potential 
therapy to alleviate the key symptom in PKU.  
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Improving antisense oligonucleotide therapeutic applications: development 
of a novel antibody-mediated delivery system 
Ona Navikaite1, Philip Noble2, Terry Baker2, Daniel Lightwood2, Linda Popplewell1 
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A number of therapeutic antisense oligonucleotides (AOs) applications have been developed 
as promising candidates for severe and devastating conditions such as Duchenne muscular 
dystrophy (DMD). DMD is a lethal, X-linked inherited disorder characterized by progressive 
muscle weakness, wasting and degeneration. AOs can be used to modulate dystrophin pre-
mRNA splicing in a manner that restores the reading frame of the DMD transcript, producing 
a shorter but functional dystrophin protein (approach approved by FDA in 2016).  
 
Nonetheless, one of the major challenges for successful AOs therapy in patients remains poor 
delivery and uptake in targeted tissues and cellular compartments. In order to address this issue, 
we designed and developed a novel antibody-mediated AO delivery system. A cell penetrating 
antibody was used as a carrier molecule for morpholino AOs (PMO) for targeted muscle 
specific delivery. We have explored several conjugation and purification strategies, and 
conducted a number of screenings in vitro to assess antibody-PMO conjugate functionality. 
Our preliminary results confirm that antibody-PMO conjugate retains its function to penetrate 
differentiated myotubes. However, pre-mRNA splicing might be affected by steric interference 
of the antibody on RNA splicing machinery. Consequently, we are currently developing an 
alternative conjugation approach to facilitate PMO release following targeted myotube 
penetration. If successful, this antibody-PMO delivery system could improve overall PMO 
efficacy in DMD and other muscle related disorders. 
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Endocytosis is a mechanism by which cells sense their environment and internalize various 
nutrients, growth factors, and signalling molecules. This process initiates at the plasma 
membrane, converges with autophagy, and terminates at the lysosome. It is well-established 
that cellular uptake of antisense oligonucleotides (ASOs) proceeds through the endocytic 
pathway; however, only a small fraction escapes endosomal trafficking while the majority are 
rendered inactive in the lysosome. Since these pathways converge and share common 
molecular machinery, it is unclear if autophagy-related trafficking participates in ASO uptake 
or whether modulation of autophagy affects ASO activity and localization. To address these 
questions, we investigated the effects of autophagy modulation on ASO activity in cells and 
mice. We found that enhancing autophagy through small-molecule mTOR inhibition, serum-
starvation/fasting, and ketogenic diet, increased ASO-mediated target reduction in vitro and 
in vivo in tissues with enhanced autophagy. Additionally, autophagy activation enhanced the 
localization of ASOs into autophagosomes without altering intracellular concentrations or 
trafficking to other compartments. These results support a novel role for autophagy and the 
autophagosome as a previously unidentified compartment that participates in and contributes 
to enhanced ASO activity. Further, we demonstrate non-chemical methods to enhance 
autophagy and subsequent ASO activity using translatable approaches such as fasting or 
ketogenic diet. 
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Oligonucleotide by Introducing a Methoxy Group on Pyrene  
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DNA-mediated reductive electron transfer (ET) has been attracted as a powerful tool to repair 
damaged nucleobases, such as cyclobutane pyrimidine dimers (CPD) in DNA. Fluorescent 
molecules, such as pyrene, could inject an electron into DNA by photoexcitation. The electron 
is transferred to CPD through DNA; these electrons can cyclorevert the CPD. We have focused 
on 5-(pyrenylethynyl)-2’-deoxyuridine (PyU) as an electron initiator. PyU has a stable excited 
state, and it could efficiently transfer one electron to CPD through double-stranded DNA. 
Although pyrene works as ET initiator, the intramolecular ET efficiency of unmodified pyrene 
is not enough for repairing the damaged nucleobases, and the pyrenyl radical cation oxidizes 
guanosine. Therefore, it is difficult to use the unmodified pyrene for repairing the damaged 
nucleobases. Herein, we synthesized a pyrene-modified nucleoside bearing an electron donor, 
methoxy or piperidinyl group, at pyrene moiety to improve ET property and successfully 
incorporated into oligonucleotides. These pyrene-modified nucleosides were also expected to 
reduce the oxidation potential of radical cation. We evaluated the electron transfer efficiency 
of the pyrene-modified nucleoside by using 5-bromouracil (BrU) or CPD as indicators of one-
electron reduction and found that the ET efficiency was up to five times higher than that of the 
nucleoside having unmodified pyrene. In addition, it did not oxidize the neighboring guanosine. 
Next, the pyrene-modified nucleoside was incorporated into triplex-forming oligonucleotides 
and its ET property was evaluated. As a result, very interestingly, BrU in the target double-
stranded DNA was successfully reduced to give U. These results suggest that the novel pyrene-
modified nucleoside could be useful for repairing the damaged nucleobases in genomic DNA. 
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DNA/RNA heteroduplex oligonucleotide (HDO), composed of DNA/LNA antisense 
oligonucleotide (ASO) and complementary RNA, is a next generation antisense therapeutic 
agent. As well as improved delivery to target tissues, HDO intracellularly expresses higher 
gene silencing potency than parent ASO. In this study, we aimed to uncover intracellular 
trafficking mechanism of HDO. To reveal where and when HDO unwinds into antisense 
strands (AS) and complementary strands (CS), we performed live-cell time-lapse imaging 
and fluorescence resonance energy transfer (FRET) assays. HDO had the distinctive 
intracellular trafficking in comparison with single-stranded ASO. After the endocytosis, HDO 
unwound in the early endosomes, and both AS and CS were released into the cytosol. Most of 
the AS and part of the CS entered into the nucleus, and then, isolated AS showed its gene 
silence effect in the nucleus. A series of event; unwinding, release, and initiation of nuclear 
distribution occurred very rapidly (within 30 seconds) in this order. Appropriate degeneration 
of CS in lysosomes was also a necessary process to exert its potency. Understanding the 
unique intracellular mechanisms of HDO helps us design more efficient drugs, as well as 
bring us insight to the innate DNA / RNA cellular biology. 
 
Figure. Proposed intracellular trafficking of HDO 
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Respiratory Syncytial virus (RSV) utilizes clathrin-mediated endocytosis for viral entry. We recently 
revealed that a phosphorothioate single-stranded oligonucleotide (ssON) abolishes endocytosis of 
cargo taken up via the clathrin-mediated uptake route. There is a large unmet need for novel 
preventive and therapeutic strategies for RSV. Here, we investigated the capacity of ssON to inhibit 
RSV infection utilizing a GFP-expressing RSV allowing quantification by flow cytometry. We found 
that both concomitant and prophylactic ssON treatment significantly reduces the percentage of RSV 
infected A549 cells (lung epithelial cells). Furthermore, studies using an air-liquid interface cellular 
system show that concomitant ssON treatment effectively inhibits RSV infection in primary human 
airway epithelial cells as measured by RT-qPCR. Finally, using a recombinant RSV expressing 
luciferase as a reporter, we show that ssON is also effective in vivo in mice infected with RSV. Our 
data suggest that ssON has significant potential as a novel RSV antiviral agent.  
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Neuroblastoma therapy using DNA aptamers for LPAR pathway control 
Heeyoung Park 1, Jieun Kang 1, Ali Sadra 1 and Sung-Oh Huh 1* 
1 Department of Pharmacology, College of Medicine, Hallym University, South Korea. 
*Corresponding author 

 

Neuroblastoma is the most common extracranial solid tumor of childhood and has a poor 
prognosis for patients with metastatic disease. Lysophosphatidic acid (LPA) is a known 
chemotactic molecule for cells and lysophosphatidic acid receptor 1 (LPAR1) has been shown 
to increase cell motility, invasion and metastasis and there has been a report of activating 
mutations of LPAR1 in neuroblastoma. Currently, LPAR-targeting drugs have not been US 
FDA approved and are not in clinical trials for cancer as there is a lack of cell-type specificity 
for the various agents that have been tested. While iRNAs (miRNAs or siRNA) clearly regulate 
multiple pathways integral to disease development and progression, the lack of safe and reliable 
means for specific delivery of aptamers to target tissues represents a major obstacle to their 
broad therapeutic application. In this work, we aim to develop aptamers that regulates LPAR 
signaling, and develop a system for efficient delivery of various iRNAs to cancer tissues. For 
this study, antibodies were used to validate the importing receptors for aptamer delivery in 
neuroblastoma and we synthesized and tested DNA aptamers for binding and internalization. 
We also examined the ability of LPA in regulating various neuroblastoma cell behaviors and 
profiled iRNA candidates in affecting LPA stimulation. In our review, these candidate iRNA 
were miRNA targeting let7g, STAT3, EGFR and Survivin. 
Funding: NRF-2017R1D1A3B03030324, NRF-2018R1A2A2A05023615 
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CRISPR (clustered regularly interspaced short palindromic repeat) RNAs and their associated 
Cas endonucleases are at the forefront of biotechnology and potentially the future of modern 
gene therapy. Many therapeutic applications will require making CRISPR enzymes more drug-
like, especially through chemical modification of the guide RNA cofactor, such as to reduce 
its lability and immunogenicity or improve substrate specificity. Chemical substitution of all 
the RNA nucleotides in CRISPR RNA guides could establish principles for building more 
flexible or tunable drug-like CRISPR enzymes. It has been observed that maintaining A-form-
like helical structure is critical for maintaining activity of CRISPR-Cas9. In addition, crystal 
structure data has predicted that the ribose 2'-hydroxyls of several residues make specific 
contacts with the Cas9 protein. These 2'-hydroxyls can be completely removed and provide 
robust cleavage activity in vitro, but they do not function for cell-based editing. To understand 
the nature of this discrepancy in enzyme activity, we are probing the chemical and structural 
requirement of these ribose 2'-hydroxyls by replacing them with chemically modified 
nucleotides that should support hydrogen bonding at or near the 2' position. We find that the 
availability and positioning of groups capable of hydrogen bonding, like the 2'-hydroxyl, are 
both important factors for enzyme activity in vitro and in cell-based gene editing. In addition 
to editing and cleavage assays, we have also performed ribonucleoprotein assembly, target 
DNA binding, and enzyme conformation studies to mechanistically characterize the 2'-
hydroxyl or hydrogen bonding requirement. These results suggest an intimate co-evolution of 
the guide RNA and the Cas9 protein that may impact catalytic transition states necessary to 
achieve efficient cleavage of genomic DNA in cells.  
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Skucha, Stephanie Bannister, Martina Sauert, Alexander Seitz 
Lexogen GmbH, Campus Vienna Biocenter 5, 1030 Vienna, Austria 
 
 
CORALL is Lexogen’s new stranded total RNA library prep kit with excellent whole 
transcriptome coverage. CORALL enables streamlined generation of Illumina-compatible 
libraries within 4.5 hours, featuring seamless integration of Unique Molecular Identifiers 
(UMIs) and exceptional protocol-inherent strand specificity (>99 %). The fragmentation-free 
protocol uses Lexogen’s proprietary Strand Displacement Stop and Ligation technologies to 
deliver complete transcript representation, including transcription start and end sites. 
CORALL has been tested with various RNA input types from human, mouse, mini-pig, 
hamster, plant to bacteria. In combination with Lexogen’s RiboCop rRNA Deletion or 
Poly(A) Enrichment Kits CORALL can be used for RNA input as low as 1 ng as well as 
degraded and FFPE RNA samples. Here, we present the robustness and efficiency of 
CORALL Total RNA-Seq Library Prep over a range of input amounts, and for RNA isolated 
from mouse spleen FFPE samples. 
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Recent technological advances and clinical successes have led to unprecedented growth and 
promise in the field of genetic medicine. Notably, non-viral delivery of nucleic acids using 
nanoparticles is becoming a critical technology for the delivery of nucleic acid for parenteral 
gene therapies, genetic vaccines, and as non-viral transfection agents to engineer cell 
therapies. However, improved manufacturing methods are still required that is compatible 
with multiple formulations and scales easily from early discovery work to cGMP 
manufacturing for clinical trials. 
 
Nanoparticle preparation through nanoprecipitation using microfluidic mixing has been a 
widely-used method with much of this work performed on the published staggered 
herringbone mixer (SHM) structure. We recently developed a novel, next-generation mixing 
structure (NxGen) which preserves time-invariant mixing conditions over a range of 
geometric configurations. This allows a mixer to be selected based on the single-mixer 
throughput required (0.2 to 20 L/h), thus enabling the predictable, simplified manufacturing 
of nanoparticles at any scale. In this work, we compare the bench-scale manufacture of lipid 
nanoparticles (LNP) encapsulating siRNA, mRNA and plasmids using both the NxGen and 
the classic SHM mixer on the NanoAssemblr Ignite system. The results indicate both mixers 
produce LNPs with identical properties under the same input conditions, demonstrating ease 
in translating nanoparticle production to NxGen to facilitate future scalability. We further 
compare performance of NxGen and classic SHM mixers for manufacturing a clinically-
relevant LNP formulation encapsulating mRNA encoding erythropoietin (EPO). The results 
show that regardless of the mixer, the nanoparticles were identical in terms of physical 
properties and in vivo expression of EPO. Finally, data on the scale-up of LNPs is presented, 
demonstrating the capabilities of NxGen technology for producing large batches. 
 
In conclusion, we have shown the rapid and robust manufacturing of different nucleic acid 
LNPs  using the new NxGen microfluidic mixer. NxGen has now been implemented across a 
range of systems designed for every stage of development including cGMP production. 
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Exosomes are circulating nanovesicular carriers of macromolecules, increasingly used for 
diagnostics and therapeutics. The ability to load and target patient-derived exosomes without 
altering exosomal surfaces is key to unlocking their therapeutic potential. We demonstrate 
that a peptide (CP05) identified by phage display enables targeting, cargo loading, and 
capture of exosomes from diverse origins, including patient-derived exosomes,through 
binding to CD63—an exosomal surface protein. Systemic administration of exosomes loaded 
with CP05-modified, dystrophin splice–correcting phosphorodiamidate morpholino oligomer 
(EXOPMO) increased dystrophin protein 18-fold in quadriceps of dystrophin-deficient mdx 
mice compared to CP05-PMO. Loading CP05-muscle–targeting peptide on EXOPMO further 
increased dystrophin expression in muscle with functional improvement without any 
detectable toxicity. Our study demonstrates that an exosomal anchor peptide enables direct, 
effective functionalization and capture of exosomes, thus providing a tool for exosome 
engineering, probing gene function in vivo, and targeted therapeutic drug delivery. 
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Introduction: In Duchenne muscular dystrophy, molecular antisense-based approaches are 
increasingly being developed in recent years. In order to translate an optimised therapy into 
affected patients, these approaches can be investigated and verified in pig models. 
Material: Myogenic primary cultures were isolated from our dystrophin deficient pig model 
(DMDpig), which carries the most common human mutation (deletion of exon 52 in the 
dystrophin gene). After differentiation in vitro, primary cells were transfected with OMeP 
(AON) and tricyclo-DNA (tcDNA) antisense oligonucleotides. 
Results: In the cell culture model, both OMeP-AON and various tcDNA oligonucleotides 
efficiently restored a correct reading frame in the dystrophin transcript with skipped exon 51. 
RT-PCR analysis of the extracted RNA and direct sequencing showed an RNA splice product 
containing a direct transition from exon 50 to exon 53. Promising results in primary cell 
culture models can be extrapolated to local or systemic administration in the large animal 
model. 
Discussion: Due to its proximity to the human organism, the DMDpig offers various 
possibilities for further preclinical research of promising individualized therapies. In the 
future, antisense oligonucleotide therapies may be assessed for toxicity, pharmacokinetic and 
pharmacodynamic parameters, restoration efficiency of a functional dystrophin protein, and 
finally, clinically relevant phenotype improvements in the large animal model. 
 
 
 
Simone Reichert  
MD doctorate student 
Friedrich Baur Institute, Ludwig Maximilian University (LMU) 
Ziemssenstr. 1, 80336 Munich 
Germany 
simone.reichert@med.uni-muenchen.de 

114

222



Enhanced combinatorial efficacy of RIG-I mediated immunotherapy and 
radiotherapy in malignant melanoma 

Silke Lambinga, Stefan Holdenriedera, f, Patrick Müllera, Grethe Brügmannc, Christian 
Hagena, Stephan Garbeb, Veit Hornungc, d, Jasper G. van den Boorna, Eva Bartoka, Marcel 
Renna and Gunther Hartmanna 
a Institute of Clinical Chemistry and Clinical Pharmacology, University Hospital Bonn, 
Bonn, Germany 
b Department of Radiology, University of Bonn, Bonn, Germany 
c Institute of Molecular Medicine, University of Bonn, Bonn, Germany  
d Gene Center and Department of Biochemistry, Ludwig-Maximilians-Universität München, 
Munich, Germany 
e Institute of Innate Immunity, University Hospital Bonn, Bonn, Germany 
f Institute of Laboratory Medicine, German Heart Centre, Munich, Germany 
 

Radiotherapy is a well-established method in cancer treatment. While irradiation is known to 
induce cytotoxic DNA damage, recent studies have shown that it can also induce tumor-
specific immunity. Although melanoma is generally considered to be highly radioresistant, 
combination therapies have lead to a reevaluation of its therapeutic application. One novel, 
promising approach in immunooncology is the selective activation of the anti-viral innate 
immune receptors, such as as the cytoplasmic RNA sensor retinoic acid-inducible gene-I (RIG-
I). Activation of RIG-I in tumor as well as immune cells elicits a strong type I interferon-driven 
immune response and both direct and immune cell-mediated tumor cell death. Selective RIG-
I ligands have recently entered clinical trials.  

In this study, we investigated the effect of combining irradiation and RIG-I activation in a 
murine B16 melanoma model. We found that RIG-I-mediated immune activation induced cell-
intrinsic expression of genes involved in the DNA damage response, cell cycle arrest and 
apoptosis. Concurrent 2 Gy low dose irradiation further enhanced the induction of RIG-I 
mediated tumor cell death in human and murine melanoma cell lines and the subsequent 
proliferation and activation of murine melanoma specific pmel-1 T-cells. By using 
CRISPR/Cas9-mediated p53 knockout B16.F10, we could show that synergistic tumor cell 
death and cell cycle arrest are dependent on the p53 status of the melanoma cells. However, 
enhanced T-cell activation in combinatorial therapy was not dependent on tumor-cell p53-
status. Moreover, combinatorial intratumoral RIG-I  activation and radiotherapy enhanced 
tumor recognition by immune cells in vivo and reduced tumor growth in vivo compared to 
monotherapies alone irrespective of the p53 status of the treated melanoma cells. Thus, 
although melanoma are considered radioresistant, combination of RIG-I activation with low-
dose irradiation offers a promising approach to melanoma immunotherapy.  
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Splice-switching antisense oligomer (AO) drugs have the ability to restore functional protein 
expression and ablate protein activity, expanding their therapeutic value across multiple 
indications that have previously been considered undruggable. The efficacy and safety profile 
of phosphorodiamidate morpholino oligomers (PMOs) is well established, however their 
therapeutic potential remains unrealized in many indications due to inefficient cellular uptake. 
Phylogica’s Cell Penetrating Peptide (CPP) platform has identified a suite of CPPs with a high 
delivery/low toxicity profile across multiple tissues including the posterior segment of the eye 
and cardiac muscle. Phylogica’s CPP-PMOs demonstrate efficient and durable exon skipping 
in mouse retinal cells compared to competitor strategies, following low dose treatment 
administered by intravitreal injection. These conjugates are also highly active in human retinal 
cells derived from patients with inherited retinal disease. Importantly, Phylogica’s CPPs 
exhibit minimal toxicity following systemic delivery, permitting more clinically acceptable 
dosing regimes, and concomitant therapeutic benefit. 
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1Department of Genetics, Harvard Medical School 2Wyss Institute for Biologically Inspired 
Engineering at Harvard University, 3These authors contributed equally. 
 
Access to low-costing, error-free, and high-quality oligonucleotides at appreciable scales is 
relevant to the production and development of RNA-based therapeutics. Despite the rapidly 
growing market for RNA-based therapeutics and other emerging applications for RNA 
oligonucleotides, their chemical synthesis still relies on phosphoramidite chemistry. While 
reliable for short, unmodified standard RNA oligonucleotides, it is limited by cost, purity, and 
length. To overcome these limitations, we have developed an RNA oligonucleotide synthesis 
technique in which we employ an engineered enzyme to sequentially add ribonucleotide bases 
to a growing initiator strand in a template-independent manner. Extension reactions are limited 
to only an N+1 event through the use of reversible blocked ribonucleotides. The groups are 
removed using a mild deprotection scheme (Figure 1). This process is iteratively repeated until 
the desired RNA oligonucleotide sequence is synthesized. In addition to the standard 
ribonucleotide bases, we have shown that our engineered enzyme is compatible with a wide 
variety of non-standard nucleotides that can provide site-specific modifications to both the 
bases and backbone of a synthesized oligonucleotide.  
 
Our enzymatic RNA oligonucleotide synthesis platform utilizes a heavily engineered mutant 
polymerase for the equal incorporation of all four natural nucleobases (A, U, G, C) without 
the need of a template sequence. Additionally, our enzyme is able to incorporate a wide 
variety of modified nucleotides such as pseudouridines, methylated bases. The employment 
of reversibly blocked nucleotides is crucial to controlling the template-independent terminal 
transferase activity of our enzyme to a single N+1 extension event. Additionally, our N+1 
extension reactions are completed within 30 seconds of incubation and can be performed in 
both in bulk solution and on solid-phase surfaces (such as beads or plates). This makes our 
platform compatible with liquid handling robotics for parallelized RNA oligonucleotide 
synthesis or microfluidic formats due to the small volumes of our reactions (< 10 µL). 
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Cristian Rodriguez-Aguayo1,2†, Emine Bayraktar1,3†, Cristina Ivan1,2, Burcu Aslan1, 2, Junhua 
Mai4, Guangan He1, Lingegowda S. Mangala 2,7, Dahai Jiang2,7, Archana S. Nagaraja7, Bulent 
Ozpolat1, Arturo Chavez-Reyes5, Mauro Ferrari4, Rahul Mitra2,7, Zahid H. Siddik1, Haifa 
Shen4, Xianbin Yang8 , Anil K. Sood2,6,7and Gabriel Lopez-Berestein1,2,6 

1Department of Experimental Therapeutics, 2Center for RNA Interference and Non-Coding 
RNA, 6Department of Cancer Biology, and 7Department of Gynecologic Oncology, The 
University of Texas MD Anderson Cancer Center, Houston, TX 77030, USA 
5Centro de Investigación y Estudios Avanzados del IPN, Unidad Monterrey. Apodaca, NL. 
CP. 66600, Mexico 
4Department of Nanomedicine, Houston Methodist Research Institute, Houston, TX 77030, 
USA 
3Department of Medical Biology, Faculty of Medicine, University of Gaziantep, Gaziantep 
27310, Turkey 
8AM Biotechnologies LLC, 12521 Gulf Freeway, Houston, Texas 77034, USA 
 
Inflammatory mediator prostaglandin E2–prostaglandin E2 receptor EP3 (PTGER3) signaling 
is critical for tumor-associated angiogenesis, tumor growth, and chemoresistance. However, 
the mechanism underlying these effects in ovarian cancer is not known. Methods: An 
association between higher tumoral expression of PTGER3 and shorter patient survival in the 
ovarian cancer dataset of The Cancer Genome Atlas prompted investigation of the antitumor 
effects of PTGER3 downmodulation. PTGER3 mRNA and protein levels were higher in 
cisplatin-resistant ovarian cancer cells than in their cisplatin-sensitive counterparts. Findings: 
Silencing of PTGER3 via siRNA in cancer cells was associated with decreased cell growth and 
less invasiveness, as well as cell-cycle arrest and increased apoptosis, mediated through the 
Ras-MAPK/Erk-ETS1-ELK1/CFTR1 axis. Furthermore, sustained PTGER3 silencing with 
multistage vector and liposomal 2’-F-phosphorodithioate-siRNA–mediated silencing of 
PTGER3 combined with cisplatin resulted in robust antitumor effects in cisplatin-resistant 
ovarian cancer models. Interpretation:  These findings identify PTGER3 as a potential 
therapeutic target in chemoresistant ovarian cancers expressing high levels of this oncogenic 
protein. 
 
 
Cristian Rodriguez-Aguayo, PhD. 
Instructor 
The University of Texas MD Anderson Cancer Center 
1515 Holcombe Blvd 
Houston, TX 77030 
United States 
CRodriguez2@mdanderson.org 
01-713-563-6150 

118

226



Targeted Gene Regulation of a Proinflammatory Gene by Peptide 
Crosslinked Nucleic Acid Nanocapsules 
Jessica L. Rouge1, Alyssa K. Hartmann1, Tyler Gavitt2, Steven Szczepanek2 
1Chemistry Department, University of Connecticut 
2Pathobiology Department, University of Connecticut 
 
 
Biology has evolved the quintessential nanoscale assembly of nucleic acids, lipids and proteins 
in the form of a virus. Viruses are built from self-assembled peptide subunits surrounding 
charged nucleic acids, packaged tightly within a lipid-like envelope. To release nucleic acids 
in a specific environment, viral coat proteins are enzymatically degraded, in a location-specific 
manner, releasing contents into the surrounding environment. Our lab seeks to mimic not only 
the assembly, but the programmed disassembly of biomolecule-based nanomaterials through a 
combination of chemical crosslinking strategies and enzymatic assembly steps that can 
ultimately help control the delivery of therapeutic nucleic acids. Recently we have utilized our 
approach to deliver a therapeutic DNAzyme against the transcription factor target GATA-3 in 
vivo using a house dust mite mouse model. GATA-3 is an upstream regulator of inflammation 
pathways, particularly those associated with airway constriction diseases such as asthma. Using 
our hybrid DNA surfactant and a peptide-based self-assembly method, we have built a 
crosslinked micelle system that breaks down in response to the presence of various stimuli, 
much like a virus.  For these studies we used the protease MMP9 as a trigger as it is also 
upregulated during airway inflammation. The nanocapsule displays highly specific responses 
in the presence of closely related proteases in vitro and in vivo the delivery platform shows an 
effective reduction in eosinophils and other airway disease biomarkers, indicating the promise 
of these nanocapsules for targeted and effective use both in vitro and in vivo.  
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Unstable CTG expansions in the DMPK untranslated gene region are responsible for Myotonic 
Dystrophy type 1 (DM1) condition. Muscle dysfunction is one of the main contributors to DM1 
mortality and morbidity. Pathways by which mutant DMPK trigger muscle defects, however, 
are not fully understood. We previously reported that miR-7 was downregulated in a DM1 
Drosophila model and in biopsies from patients. Here, using DM1 and normal muscle cells we 
investigated whether miR-7 contributes to the muscle phenotype by studying the consequences 
of replenishing or blocking miR-7 using modified oligonucleotides, respectively. Restoration 
of miR-7 with agomiR-7 was sufficient to rescue DM1 myoblast fusion defects and myotube 
growth. Conversely, oligonucleotide-mediated blocking of miR-7 in normal myoblasts led to 
fusion and myotube growth defects. miR-7 was found to regulate autophagy and the ubiquitin-
proteasome system in human muscle cells. Thus, low levels of miR-7 promoted both processes 
and high levels of miR-7 repressed them. Furthermore, we uncovered that the mechanism by 
which miR-7 improves atrophy-related phenotypes is independent of MBNL1, thus suggesting 
that miR-7 acts downstream or in parallel to MBNL1. Collectively, these results highlight a 
novel function for miR-7 in muscle dysfunction through autophagy and atrophy-related 
pathways and support that restoration of miR-7 levels is a candidate therapeutic target for 
counteracting muscle dysfunction in DM1. 
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LNA-modified antisense oligonucleotides targeting host factor Niemann-
Pick C1 potently reduce Ebola virus infection in vitro 
Anne Sadewasser1, Erik Dietzel2, Sven Michel1, Michael Klüver2, Markus Helfer1, Tamara 
Thelemann1, Richard Klar1, Markus Eickmann2, Stephan Becker2, Frank Jaschinski1  
1 Secarna Pharmaceuticals GmbH & Co. KG, 82152 Planegg/Martinsried, Germany 
2 Deutsches Zentrum für Infektionsforschung (DZIF), Institut für Virologie, Philipps-
Universität, 35043 Marburg, Germany 
 
 
Ebola virus is the causative agent of Ebola virus disease, a severe, often fatal illness in humans. 
The virus belongs to the family of Filoviridae comprising a non-segmented negative-strand 
RNA genome and is a biosafety level 4 pathogen transmitted by contact with body fluids, 
fomites, and droplets from infected patients. Filoviruses are considered a significant threat to 
public health and global security because of their pandemic potential and the risk of being used 
as a bioweapon. Therefore, accelerated efforts in the development of therapeutics is a key 
objective in the filovirus research community, especially since the 2013–2016 EBOV disease 
epidemic in Western Africa. No vaccines or therapeutic agents with final US Food and Drug 
Administration (FDA) approval are currently available, and supportive care remains the 
standard for Ebola virus disease treatment.  
Approaches directly targeting the virus are challenging due to the constant emergence of new 
variants as a result of the error-prone viral polymerase which enables incorporation of 
mutations facilitating resistance against antiviral drugs. This could be avoided by targeting host 
factors. 
 
Interaction of the viral transmembrane glycoprotein (GP) with host factor Niemann-Pick C1 
(NPC1) has been shown to be essential for cytoplasmic entry of filoviruses. Here, we selected 
the host factor NPC1 as therapeutic target for suppression by locked nucleic acid-modified 
antisense oligonucleotides (LNA-ASOs).  
Using the bioinformatics system Oligofyer™, a total of 36 ASOs was designed for the initial 
screen broadly covering the NPC1 mRNA sequence. Avoidance of off-target gene suppression 
and enrichment of ASOs with high activity were key factors in the ASO-selection process. 
Screening of antisense oligonucleotides in human and murine cell lines led to identification of 
candidates with up to 94% knockdown efficiency and IC50 values in the submicromolar range. 
Selected candidate oligonucleotides efficiently suppressed NPC1 protein expression in vitro 
and did not show cytotoxic or unspecific immune stimulatory activity in cell-based assays. 
Treatment of Ebola virus infected HeLa cells with the most promising candidates resulted in 
significant virus titre reduction by more than 99%. 
These results indicate that antisense oligonucleotides against NPC1 are a promising therapeutic 
approach to treat Ebola virus infection. 
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Centrally-modified folic acid-siRNAs exhibit enhanced gene-silencing 
activity and efficient receptor-mediated uptake in cancer cells  
Lidya Salim and Jean-Paul Desaulniers 

Faculty of Science, Ontario Tech University, Oshawa, Ontario, Canada 
 
 
RNAi applications have evolved from experimental tools to study gene function to the 
development of a novel class of therapeutics. Synthetic short interfering RNAs (siRNAs) are 
able to trigger the endogenous RNAi pathway, allowing for sequence-specific modulation of 
deleterious proteins. Despite advances in the field, there are still several limitations associated 
with the inherent nature of siRNAs such as low stability in serum, poor cellular uptake and 
off-target effects. One of the major hurdles in RNAi research has been the development of 
safe and effective delivery systems for siRNAs. Various approaches have been proposed, 
including the use of liposomes and nanoparticles. Despite these, however, delivery to target 
cells and tissues remains a challenge. In this work, we implement a receptor-targeting 
strategy to selectively deliver siRNAs to cancer cells utilizing folic acid as a ligand. Folic 
acid is able to bind cell-surface folate receptors with high affinity. These receptors have 
become important molecular targets for cancer research as they are overexpressed in 
numerous cancers, including breast, ovarian, breast and kidney cancers, despite being 
expressed at negligible levels in normal tissues. Literature reports show that folic acid-
conjugation at the 5’ or 3’-end of siRNAs allows for effective delivery into tumour cells but 
only with moderate gene-silencing activity against exogenous gene targets (~40-60% 
knockdown after 1 µM treatment).1-3 We report the synthesis of siRNAs bearing folic acid 
modifications at different positions within the sense strand, with a particular focus on the 
central region which spans the cleavage site for the endonuclease Argonaute2. In the absence 
of a transfection carrier, these siRNAs were selectively taken up by cancer cells expressing 
folate receptors. We show that centrally modified folic acid-siRNAs display enhanced gene-
silencing activity against an exogenous gene target (~80% knockdown after 0.75 µM 
treatment) and low cytotoxicity. In addition, these siRNAs achieved potent dose-dependent 
knockdown of endogenous bcl-2, an important anti-apoptotic gene. 
 
References: 
1. Zhang, K. et al. RNA. 2008. 14, 577-583. 
2. Thomas, M. et al. Ann N Y Acad Sci. 2009. 1175, 32-9 
3. Willibald, J. et al. JACS. 2012. 134. 12330-12333. 
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Spherical nucleic acids (SNAs) are versatile facilitators of oligonucleotide-
mediated splice modulation 
Samantha M. Sarett, Hilal Main, Michael Mutolo, Aaron Einhorn, Oana Truica, Lena 
Cedrone, Sagar Anantatmula, Giancarlo Balangue, Yueyang Wang, Bart Anderson 
Exicure, Inc. 
 

Spherical nucleic acids (SNAs) are dense, radial arrangements of oligonucleotides 
around a nanoparticle core. Studies have shown the utility of SNAs for immune stimulation 
using CpG oligonucleotides and for gene knockdown mediated by antisense oligonucleotides 
or siRNA. Recently, SNAs have shown promise as effectors of splice modulation through 
delivery of splice-switching oligonucleotides (SSOs). This work investigates the suitability of 
SNAs broadly for splice modulation. 

Alternative splicing of pre-mRNA leads to production of divergent mature mRNA 
products and is a major source of proteome diversity. Indeed, at least 70% of human genes 
are predicted to undergo alternatively splicing and it is estimated that 60% of human genetic 
diseases arise from mutations that effect splicing. Clearly, broadly applicable methods to 
influence splicing are of significant therapeutic value. Thus, when considering SNAs for 
splice modulation, it is critical to evaluate their efficacy across splicing contexts and targets. 

SNAs were designed to facilitate exon skipping of signal transducer and activator of 
transcription 3 (STAT3), RE1 silencing transcription factor (REST), interleukin 17 receptor α 
(IL17RA), or IL1 receptor accessory protein (IL1RAP), and their efficacy was compared to 
that of linear SSOs. The results establish SNAs as comprehensively more effective (by 2- to 
3-fold) at inducing preferential production of a natural transcript variant (IL17RA, REST), a 
novel, stable splice variant (IL1RAP), and a novel, frame-shifted variant that leads to 
nonsense-mediated decay (STAT3). SNAs exhibited this potency in several relevant cell lines 
and, in the case of IL17RA-targeted SNAs, in human skin biopsies. Additionally, survival of 
motor neuron 2 (SMN2)-targeted SNAs dramatically improved exon inclusion in human 
patient fibroblasts, exhibiting a more than 10-fold potency improvement over linear SSOs. 

A unique feature of SNAs is that they can be designed to deliver multiple 
oligonucleotides to the same cell, enabling synergistic targeting of a single pre-mRNA with 
disparate SSOs or facilitating modulation of multiple therapeutic targets simultaneously by 
targeting different genes. Proof-of-concept work targeting two loci on the IL1RAP gene 
demonstrates the power of this approach. In this context, a bispecific SNA comprised of two 
SSOs targeting IL1RAP outperformed either SSO delivered on SNA individually. 

In summary, the data reveal the potential of SNAs for mRNA reprogramming through 
splice modulation of pre-mRNA in a variety of modes, across therapeutic targets, and at 
multiple genetic loci. This establishes SNAs as potentially transformative therapies for 
diseases ranging from inflammatory skin conditions to cancer to rare neurological disorders. 
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New receptor search for -glucan/nucleic acid complex 
Shogo Sasaki¹, Hiroto Izumi², Kazuo Sakurai¹, Shinichi Mochizuki¹ 
¹The University of Kitakyushu, ²University of Occupational and Environmental Health, Japan 
 
INTRODUCTION 

AS-ODNs and short interference RNAs (siRNA) can silence specific gene. However, it’s necessary 
for it to be delivered to target cells by a DDS (drug delivery system) carrier. We use the natural 
polysaccharide schizophyllan (SPG), as a carrier. We found that SPG forms a complex with single-
stranded homo-polynucleotides and recognized by Dectin-1(β-glucan receptor) expressed on the cell 
surface [1,2]. Therefore, we have been conducting disease treatment targeting Dectin-1 expressing 
cells using SPG /DNA complex [3,4]. In previous study, we found cells that can obtain the cytostatic 
effect of Dectin-1 non expressing cells, and it has been shown that SPG /DNA complex may be 
recognized by receptors other than Dectin-1. Nowadays, polysaccharide receptors are known to be 
Dectin-1 and various others, but all of them have not been clarified. In this study, we clarify new 
receptors of SPG /DNA complex. 
 
EXPERIMENT 

We prepared human ovarian carcinoma cell line A2780 to observe the effect of the SPG/DNA 
complex. SPG/Alexa546-AS-ODN (SPG/A-AS) complex (25 nM) and dextran sodium sulfate (250 
nM), which is a scavenger receptor inhibitor, were added to A2780 cells in 1 mL PBS. After mixing 
for 1 hour at 4°C, we evaluated by flow cytometry 
 
RESULTS＆DISCUSSION 

We used dextran sulfate sodium because we guessed that the scavenger receptor was 
involved in the uptake of the SPG / DNA complex. Flow cytometry results indicate that the 
SPG /DNA complex is incorporated via a scavenger receptor, as the addition of dextran 
sulfate sodium reduced the fluorescence intensity from the SPG/A-AS complex. Based on 
this result, genetic analysis by microarray analysis showed that the scavenger receptor 
COLEC12 is highly expressed in A2780 cells. Next, when we silenced COLEC12 by siRNA, 
the SPG / DNA complex wasn’t taken up. 
 
CONCLUSION  

In conclusion, it became clear that COLEC12 is a receptor of SPG / DNA complex. 
Furthermore, we believe that this is more than Dectin-1, and we can expect further 
breakthrough as a DDS carrier in the future.  
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Peptide-mediated delivery of RNA 
Mareike Schenk, Annette G. Beck-Sickinger 
Leipzig University, Institute of Biochemistry 
 
According to the World Health Organization, in 2016 almost 40% of people over 18 were 
overweight1. However, most drugs currently available are aiming for a symptom treatment 
rather than treating its cause. This leads to undesirable side effects, as obesity is a risk factor 
for other diseases like type 2 diabetes and cardiovascular diseases2.  
This project aims to improve selectivity of drug targeting by fusing siRNA sequence to the 
neuropeptide Y (NPY). NPY receptor Y1 is a well-known target for anti-obesity drugs3,4, 
which can be specifically addressed with a modified NPY ([F7, P34]-NPY)5. Moreover, 
siRNAs are an already known tool in drug targeting. By combining [F7, P34]-NPY and 
siRNA, the drug molecule can be selectively transported to target cells expressing NPY 
receptor Y1. A lysine linker non-covalently binds peptide and siRNA. 
We have already shown that a complex formation takes place and is stable under MALDI-
TOF conditions and during a gel shift assay. Next steps include the investigation of receptor 
activation and analysis of siRNA uptake. 
 
 
 
1 https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight 
2 Cornier MA et al. The metabolic syndrome. Endocr Rev 29:777–822 (2008) 
3 MacNeil, D. J. NPY Y1 and Y5 receptor selective antagonists as anti-obesity drugs. Curr. 
Top. Med. Chem. 7, 1721–1733 (2007) 
4 Yulyaningsih, E., Zhang, L., Herzog, H. and Sainsbury, A. NPY receptors as potential 
targets for anti-obesity drug development. Br. J. Pharmacol. 163, 1170–1202 (2011) 
5 Söll, R. M., Dinger, M. C., Lundell, I. , Larhammer, D. and Beck‐Sickinger, A. G., Novel 
analogues of neuropeptide Y with a preference for the Y1‐receptor. European Journal of 
Biochemistry, 268: 2828-2837 (2001) 
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Improved Specificity of Conjugate siRNAs Through Chemical 
Modification 
Mark K. Schlegel, Maja Janas, Shigeo Matsuda, Christopher Brown, Guo He, June Qin, 
Jayaprakash Nair, John Szeto, Klaus Charisse, Muthiah Manoharan, Vasant Jadhav, Martin 
Maier 
Alnylam Pharmaceuticals 
 
During the lead discovery and selection process, a subset of GalNAc-siRNA conjugates do 
not pass the stringent safety criteria for nonclinical evaluation due to hepatotoxicity in the rat 
at suprapharmacological doses. Comprehensive mechanistic studies demonstrated that the 
observed hepatotoxicity can largely be attributed to RNA interference (RNAi)-mediated, 
hybridization-based off-target effects with little or no contribution from chemical 
modifications or the perturbation of RNAi pathways. To minimize the undesired miRNA-like 
off-target activity, we developed a novel design strategy termed ESC+, which may utilize a 
panel of chemical modifications aimed towards the thermal destabilization of base pairing 
between the seed region of the guide strand and off-target mRNAs. The enhanced specificity 
of ESC+ designs, which has been confirmed by off-target reporter assays as well as by 
RNASeq-based global transcriptome profiling, has translated to significant improvements in 
therapeutic index as observed in pre-clinical studies in rodents.  One of the keys to enable this 
approach has been to identify chemistries and designs which can mitigate undesired miRNA-
like off-target activity without compromising in vivo efficacy and durability. This ESC+ 
design strategy is now being applied to Alnylam’s nonclinical programs and has shown 
successful translation of potency from rodents to non-human primates, with several ESC+ 
development candidates currently being evaluated in the clinic. 
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Therapeutic Evaluation of Antisense Oligonucleotides based Multiple Exon 
Skipping Strategies in a Duchenne Muscular Dystrophy Patient. 
Arun Shastry, Aravind Sankaramoorthy, Sabareesan A, Keerthi Ramesh, Berty Ashley, 
Deepika K 
Dystrophy Annihilation Research Trust, Bangalore, INDIA 
 
Duchenne muscular dystrophy (DMD) is caused by mutations in DMD gene. Multiple exon 
skipping, which is theoretically applicable to 80–90% of DMD patients in total, have been 
demonstrated in animal models, including dystrophic mice and dogs, using cocktail antisense 
oligonucleotides (AONs).  
 
We have evaluated the therapeutic potential of AON mediated multiple exon skipping in a 
DMD patient having intra-exonic mutations in frame-shifting exons. The mutation was 
efficiently addressed in vitro, by skipping of two exons in the patient derived cells. in vivo 
safety studies showed NOAELs to be 50 mg/kg. Patient was clinically administered with a 
cocktail of two AONs (2.5 mg/kg) to evaluate the safety and efficacy. 

 
 
Safety and tolerability endpoints included observation for Adverse Events, physicDifferent 
laboratory assessments included hematology, clinical chemistry, biomarkers, urinalysis, 
coagulation, and immunology tests. All the above-mentioned parameters were assessed at 
Week 0, 13 & 26.  
 
There were no adverse events related to injection site reactions. Overall clinical & physical 
parameters were improved in the patient, which is reflected with regards to stamina & 
movement. This study provides insights for further studies in the clinical program to optimize 
dosage regimen. The data from this study suggests that treatment with AON cocktails 
provides beneficial effects in slowing disease progression in the patient.  
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Nucleic Acid Delivery System Based on Disulfide Unit 
Zhaoma Shu1, Iku Tanaka1, Tada Seiichi2, Yasuaki Kimura1, Hiroshi Abe1,2 
Chemistry Department, Nagoya University1 

RIKEN Center for Emergent Matter Science2 
 
 
Development of intracellular delivery methods for nucleic acid is important. Previously 
reported methods using liposomes or receptor-ligands have a problem that nucleic acid take 
several hours or more to reach the cytoplasm due to long-time residence of oligonucleotides 
at endosomes. In this study, we clarified that nucleic acid modified with low molecular 
disulfide units at the terminus reaches the cytoplasm 10 minutes after the administration to 
cultured cells. This rapid cytoplasmic internalization of disulfide-modified nucleic acid 
suggests the existence of an uptake pathway other than endocytosis. In fact, the mechanistic 
analysis revealed that the modified nucleic acid is efficiently internalized into the cytoplasm 
through disulfide exchange reactions with the thiol groups on the cellular surface. Because 
our approach solves several critical problems with the currently available methods for 
enhancing cellular uptake, including toxicity, undefined molecular composition, inefficient 
endosomal escape, and serum stability, this method may be an effective approach in the 
medicinal application. 
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The renewed interest in oligonucleotides as a therapeutic modality necessitates the 
development of new analytical technologies to support fundamental research and drug 
development. In the realm of small molecule drugs stable isotope labelling is a staple technique 
for the quantification of molecules in biological fluids.  We have recently shown a method for 
the “on synthesizer”, late stage labeling of phosphonothioate oligonucleotides during chemical 
synthesis. This makes 34S labeled oligonucleotides the new method of choice for the 
quantification of short therapeutic oligonucleotides within AstraZeneca. 
 
Here we present the applications of 34S stable isotope labeled oligonucleotides for mass-
spectrometry based imaging which is combined with TEM imaging. A fully phosphorothioate 
modified oligonucleotide incorporating 15 34S labels was conjugated to a GLP1 peptide 
modified with diiodotyrosine. GLP1 conjugation was recently shown to increase 
oligonucleotide uptake in pancreatic beta cells by triggering receptor mediated endocytosis.  
 
The knockdown efficiency, plasma stability and receptor-internalization of the construct was 
confirmed to be identical to a unlabeled control. HEK293 cells expressing the GLP1 receptor 
were incubated with the construct and fixed after 30 minutes. The Iodine labels and 34S labels 
were simultaneously visualized by Nano secondary ion mass spectrometry (NanoSIMS). The 
peptide accumulated in endosomes at a concentration of 20-50 µM. Surprisingly the labeled 
oligonucleotides were present at a fraction of that concentration. Localization of the 
nucleotide in cytoplasm, endosomes and nucleus was confirmed by immunofluorescence 
staining.                              
We propose that within 30 mins of uptake the GLP1-peptide is cleaved from the 
oligonucleotide and the oligonucleotide escapes endosomes and is trafficked to the cytoplasm 
with significantly higher efficiency than expected.   
Currently further investigation is underway to confirm this hypothesis and gain more insights 
into the early endosomal trafficking of oligonucleotide constructs.  
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Myeloid Cell-Selective Delivery of miR-146a Inhibits NF-kB-Driven 
Inflammation and Leukemia Progression in Vivo 
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The miR-146a is a negative feedback inhibitor of NF-κB signaling, a key signaling pathway 
driving inflammation as well as tumorigenesis. Despite therapeutic potential of miR-146a, the 
lack of efficient delivery strategies has so far hampered clinical translation of miRNA 
therapeutics. We previously described targeting of synthetic oligonucleotides (ONs) to 
immune cells via scavenger receptors (SR)/Toll-like receptor 9 (TLR9). Here, we adopted 
this approach for myeloid cell-selective NF-κB inhibition using a specific SR/TLR9- agonist 
conjugated to miR146a mimic (C-miR146a). Unlike an unconjugated miR-146a, C-miR146a 
was quickly internalized by target immune and leukemic cells. In vitro, C-miR146a reduced 
expression of two classical miR-146a target genes, Irak1 and Traf6, and thereby inhibited 
NF-κB activation. Using miR-146-deficient mice, we verified that systemic administration of 
the mimic conjugate, dose-dependently restored miR-146a levels in bone marrow and splenic 
myeloid cells, thereby reducing IRAK1 and TRAF6 proteins for up to 48h. The repeated 
intravenous C-miR146a injections into miR-146a–/– mice alleviated myeloproliferation and 
hypersensitivity to endotoxin and bacterial challenge characteristic for these mice. 
Importantly, C-miR146a can also lessen severe inflammatory responses, such as cytokine 
release syndrome (CRS), in human immune system. Targeting human monocytes using C-
miR146a, but not control C-scrRNA, prevented CRS triggered by CD19 CAR T-cell activity 
in vitro and in xenotransplanted B-cell lymphoma model by abrogating IL-1 and IL-6 release. 
Since miR146a also acts as a tumor suppressor, we investigated whether C-miR146a will 
suppress growth of human myelodysplastic or acute myeloid leukemia cells. In fact, C-
miR146a administration thwarted human MDSL and HL-60 leukemia progression in vitro 
and in vivo. Overall, our results suggest that myeloid cell-selective miR146a delivery has 
potential for treating inflammatory and myeloproliferative disorders resulting from an 
excessive NF-κB signaling.  
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Yuchen Sun1, Shin-ichiro Nitta2, Ryota Iiji1, Tokuyuki Yoshida3, Takao Inoue3, Ryuta 
Hosogai2, Keiko Nakai2, Kosuke Saito1, Yoshiro Saito1. 
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of Health Sciences3. 
 
 
Antisense therapeutics (or antisense oligonucleotides, ASOs) are chemically synthesized 
single-stranded oligonucleotides, which account for the greatest proportion of clinically 
available oligonucleotide therapeutics. As for analytical methods for ASO bioanalysis, liquid 
chromatography coupled with high resolution mass spectrometry (LC-HRMS) has gained 
great attention in terms of direct and highly sensitive detection of original ASO molecules 
and their potential metabolites. However, appropriate extraction and analytical methods for 
LC-HRMS-based ASO measurement have not been well-examined so far. Therefore, using 
clinically available mipomersen as a model ASO, we aimed to develop a sensitive and 
reproducible bioanalytical method for LC-HRMS-based ASOs measurement. We first 
developed an analytical method for mipomersen using triethylamine and 1, 1, 1, 3, 3, 3-
hexafluoro-2-propanol. Using the method, we observed good linearity and inter-day 
reproducibility for mipomersen standard solutions (1-1000 ng/mL, r2=0.993). Next, we 
established a Clarity OTX-based mipomersen extraction method from spiked rat plasma 
using ammonium acetate, resulting in >90% recovery rate. Using the current extraction and 
analytical methods, standard curve built by extracted mipomersen showed good linearity 
(0.5-250 ng/mL, r2 = 0.997). Besides, ranges of accuracy and precision for QC samples (n=5, 
5 concentrations) were 102.8-116.53% and 4.24-7.96%, respectively. Importantly, no carry-
over peak of mipomersen was detected even after the injection of upper limit of 
quantification sample. Next, we evaluated the selectivity and matrix effect of our method 
using 6 different sources of rat plasma. It was found that there were no interfering signals as 
well as matrix effect for the measurement of mipomersen in the rat plasma. Moreover, the 
result of dilution integrity test demonstrated that both mean accuracy and precision of 10-fold 
and 100-fold diluted QC samples (n=6) were both within 15%. Furthermore, mipomersen 
showed good short-term (<24 hrs) stability in rat plasma stored at room temperature, 4 °C 
and -80 °C. Additionally, good long-term stability (>3 months) at -80 °C was also observed. 
Finally, we confirmed that our results met the criteria written in bioanalytical method 
validation draft guideline (M10) published by ICH in 2019. Taken together, in the current 
study, we developed a highly sensitive bioanalytical method for mipomersen, implying its 
potential application for bioanalyses of other ASOs. 
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Since it was reported that N-acetyl-galactosamine (GalNAc) improved antisense 
oligonucleotide (ASO) efficacy (T.P. Prakash, et al., Nucleic Acids Res., 2014, 42, 8796.), 
ligand-ASO conjugates have been receiving a lot of attention. However, it is not easy to choose 
target membrane proteins and to obtain ligands which is suitable for ASOs delivery. We 
considered that cell-internalizing aptamers could be useful for ASOs delivery. In fact, 
nucleolin-targeted aptamers successfully delivered ASOs into cells and improved efficacy of 
ASOs (S. Hong, et al., RSC Adv., 2016, 6, 112445.). To further improve ASO delivery, various 
membrane protein-targeted aptamers need to be developed to validate the effectiveness of the 
aptamer-ASO conjugates. However, conventional methods have limitations for this purpose. 
Aptamers are selected from library by Systematic Evolution of Ligands by EXponential 
enrichment (SELEX) method (C. Tuerk, et al., Science, 1990, 249, 505.). The SELEX method, 
which targets cells themselves, would be an effective way to obtain aptamers that bind to 
different membrane proteins.  
In this research, we targeted human lung cancer cell line and developed cell-internalizing 
aptamers.  When performing SELEX, we employed the modified nucleic acid with aromatic 
rings to increase the binding affinity of aptamers against target membrane proteins. The cell-
internalizing ability of the generated aptamers were measured using real time PCR and confocal 
fluorescence microscopy. On the basis of the fluorescence observations, the generated aptamers 
likely internalized cells via endocytosis pathway. We also carried out proteome analysis to 
search the target proteins. Lastly, we attached an ASO at the 5’ end of the aptamers and 
measured ASO efficacy. Unlike our expectations, the efficacy of ASO did not correlate with 
the cell-internalizing ability of aptamers. This might be due to difficulty of endosomal escape 
and accumulation in lysosome. In this presentation, we show the features of generated aptamers, 
the results of proteome analysis, and the efficacy of the aptamer-ASO conjugates. 
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Guiding siRNA in vivo pharmacokinetics and ADME characterization…to 
make sense of it. 
Mai Thayer1*, Sara Humphreys1*, Julie Lade1, Kyu Chung1, Iain Campuzano2, and Brooke 
Rock1 
1Pharmacokinetics and Drug Metabolism, Amgen Discovery Research 
2Process Development, Amgen Discovery Research 
*Equal contribution 
 
 
After two decades teetering at the intersection of interest and practical reality, RNA 
interference (RNAi) based therapeutics are finally coming into their own. An important 
component in translating RNAi from a laboratory workhorse for generating knockout 
organisms, to a safe and effective treatment for human disease, has been the development of 
bioanalytical tools to precisely and accurately quantify oligonucleotide therapeutics in vivo 
and in vitro.  To date, there has been lack of consensus and transparency around bioanalytical 
techniques utilized in the development of oligonucleotide therapeutics and we feel that this 
needs to be addressed.  
 
Here, we describe an evolving suite of bioanalytical assays we have been developing to 
measure the pharmacokinetics (PK) of sense strand, antisense strand, antisense 
oligonucleotides (ASO) and intact siRNA-antibody conjugates in serum and tissue 
homogenate.  Interpretation of PK and pharmacodynamics (PD) to inform PK-PD models for 
cross-species scaling and human dose projections requires an understanding of the 
absorption, distribution, metabolism, and elimination (ADME) properties of a therapeutic. To 
that end, we have developed assays to measure in vitro plasma protein binding (PPB) liver 
homogenate protein binding, and stability of the GalNAc/linker of GalNAc-siRNA 
conjugates in skin homogenate and serum. 
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Metabolic and Energetic Benefits of microRNA-22 Inhibition 
Marc Thibonnier1, Christine Esau1, Claire Stocker2, Ed Wargent2 

1AptamiR Therapeutics, Inc., USA, 2University of Buckingham, UK 
 
 Diabesity and Non Alcoholic Fatty Liver disease (NAFLD) are growing pandemics with 
substantial health and financial consequences. We are developing microRNA-based drug 
candidates that increase lipid oxidation and energy expenditure to tackle metabolic diseases. 
 Phenotypic screening of miRNA antagomirs and agomirs in primary cultures of human 
subcutaneous adipocytes revealed that inhibition of microRNA-22-3p resulted in increased 
lipid oxidation, mitochondrial activity and energy expenditure. These effects may be 
mediated through activation of target genes like KDM3A, KDM6B, PPARA, PPARGC1B and 
SIRT1 involved in lipid catabolism, thermogenesis and glucose homeostasis.  
 We investigated whether these in vitro findings could be replicated in vivo in diet-
induced obese (DIO) mice of various ages. In DIO male C57Bl/6 mice fed a 60% fat diet, 
weekly s.c. injections of different miR22-3p antagomirs for 8 weeks produced a significant 
fat mass reduction, but no change of appetite nor body temperature. Insulin sensitivity, 
circulating glucose and cholesterol were also improved. A follow-up study exploring the 
metabolic and energetic effects of our first miR-22-3p antagomir drug candidate (APT-110) 
in DIO mice showed that weekly s.c. injections of APT-110 for 12 weeks produced a 
sustained increase of energy expenditure as early as Day 11 of treatment, a significant fat 
mass reduction, but no change of appetite, physical activity nor body temperature. Insulin 
sensitivity, glucose, cholesterol and leptin were also improved. Oral glucose tolerance tests 
were normalized. There was a dramatic reduction of liver steatosis at completion of the study 
after 3 months of active treatment. RNA sequencing by NGS revealed an activation of lipid 
metabolism pathways. 
 These original findings suggest that microRNA-22-3p inhibition could be an effective 
treatment of fat accumulation and related complex metabolic disorders like obesity and type 2 
diabetes mellitus (the so-called diabesity) and NAFLD. 

 
Marc Thibonnier, M.D., M.Sc., Founder & President, AptamiR Therapeutics, Inc.,  
484 Terracina Way Naples, FL 34119, USA.     mthibonnier@aptamir.com 

134

242



Therapeutic oligonucleotides targeting DNA repeat expansions in 
Huntington´s Disease downregulate huntingtin gene expression in iPS cell-
derived patient neuronal stem cells  
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8 UK Dementia Research Institute at UCL, London, WC1E6BT, UK 
9 Department of Clinical Genetics, Centre for Rare Diseases, Karolinska University Hospital, SE-171 
76 Stockholm, Sweden 
 
Huntington’s disease (HD) is one of the most common trinucleotide-repeat neurodegenerative 
disorders. It affects the striatum, cerebral cortex and other subcortical structures in the brain 
leading to symptoms such as involuntary movement abnormalities, emotional disturbances and 
cognitive impairments. There is currently no cure. The conventional symptomatic treatments 
do not significantly alter the disease progression or increase the life expectancy, resulting in 
death 15-20 years post diagnosis. HD is caused by a CAG•CTG trinucleotide-repeat expansion 
in exon 1 of the huntingtin (HTT) gene leading to the formation of mutant HTT (muHTT) 
protein containing a polyglutamine tract. Besides toxicity of the mutated protein, there is also 
increasing body of evidence that mutHTT transcripts contribute to striatal and cortical atrophy. 
Thus, the reduction of both macromolecules would be the most beneficial form of treatment. 
We have previously used anti-gene therapeutic oligonucleotides targeting the repeat region in 
the HTT gene (Zaghloul EM et al., Nucl Acids Res, 45:5153-69, 2017). Now we investigated 
the effects of modified oligonucleotides during differentiation of HD-derived induced 
pluripotent stem cells (iPSCs) into neuronal stem cells (NSC). With naked delivery (gymnosis) 
of phosphorothioate LNA/DNA mixmers we achieved efficient downregulation of HTT 
mRNA and protein in both iPSCs and NSC.  
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LNA-modified antisense oligonucleotides targeting NLRP3 for treatment of 
inflammatory and fibrotic diseases 
Anna Uri, Sven Michel, Monika Schell, Stefanie Raith, Frank Jaschinski 
Secarna Pharmaceuticals GmbH & Co. KG 
 
NLR family pyrin domain containing 3 (NLRP3) is a central component of the NLRP3 
inflammasome complex and is predominantly expressed in immune cells, e.g. macrophages, 
but also in non-immune cells. The inflammasome complex is required for the proteolytic 
cleavage of pro-IL-1β and pro-IL-18 into the mature forms of these pro-inflammatory 
cytokines and a certain form of cell death, i.e. pyroptosis. In addition, NLRP3 contributes to 
fibrotic remodelling of tissues, in an inflammasome-independent manner. Since NLRP3 
activity is involved in a broad range of inflammatory disorders like CAPS (cryopyrin associated 
periodic syndromes), chronic kidney disease, Alzheimer or liver fibrosis, it is a highly attractive 
therapeutic target. However, direct targeting of NLRP3 by antibodies is hampered by its 
intracellular localization while small molecule-based approaches lack specificity, resulting in 
toxic side effects. These limitations can be overcome by using antisense oligonucleotides 
(ASOs) directed against NLRP3.  
We screened over 100 either mouse- or human-NLRP3 specific LNA-modified ASOs for target 
engagement after gymnotic delivery in relevant cell lines. The best human- or mouse-specific 
ASOs had half-maximal inhibitory concentrations (IC50) in the submicromolar range and 
reduced NLRP3 mRNA expression by 80% to 90% in primary macrophages. Consequently, 
inflammasome-mediated IL-1β cleavage in activated macrophages was inhibited by NLRP3 
specific ASOs. Finally, subcutaneous injection of healthy mice with a mouse specific candidate 
resulted in more than 50% reduction of NLRP3 mRNA in the kidney, liver and lymph nodes, 
while the control oligonucleotide had no effect. 
Taken together, we identified NLRP3-specific ASOs that potently suppress target expression 
and downstream effects in vitro and show efficacy in vivo. While mouse-NLRP3 specific 
ASOs will be a valuable tool to demonstrate proof-of-concept in relevant pre-clinical models, 
the human-specific candidates might provide a new therapeutic modality to treat 
inflammatory and fibrotic diseases. 
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Splice modulating antisense oligonucleotides to address COL3A1 mutations 
causing vascular Ehler Danlos syndrome 
Sasiwimon Utama1,2, Chalermchai Mitrpant1, May T. Aung-Htut2,3, Sue Fletcher2,3, Steve 
Wilton2,3 
Faculty of Medicine Siriraj hospital, Mahidol University, Thailand1, Center for Molecular 
Medicine and Innovative Therapeutics, Murdoch University, Western Australia2, Perron 
Institute for Neurological and Translational Science, Nedlands, Western Australia3 
 
 
Vascular Ehler Danlos syndrome or Ehler Danlos syndrome type IV (vEDS or EDS type IV) 
is a connective tissue disorder characterized by skin hyperextensibility, joint hypermobility 
and fatal vascular rupture. vEDS is caused by COL3A1 mutations that disrupt collagen III 
expression.  COL3A1is classified as fibrillar collagen, along with collagens I, II, V and XI in 
the extracellular matrix, particularly in the inner organs such as uterus, bowel, blood vessels, 
etc. To date, only symptomatic treatment for vEDS patients is available. vEDS patients with 
particular splice site mutations that lead to in-frame exon-skipping, with less collagen III 
secreted compared to normal fibroblasts, as assessed by immunofluorescence and western 
blot analysis. For example, vEDS patient fibroblasts carrying an IVS14-2G>A mutation in 
COL3A1 show exon 15 skipping and reduced COL3A1 secretion. In consistent with patient 
fibroblasts carrying a single base deletion (c.766delA) in exon 10, have the reading-frame 
disrupted and there was a reduction of secreted collagen III, presumably due to compromised 
COL3A1 homo-trimer fibril assembly. The aim of this study is to increase collagen III 
secretion in these patient fibroblasts using splice switching antisense oligonucleotides (AOs). 
We hypothesize that removal of the mutated exon from both the normal and disease causing 
COL3A1 alleles would by-pass the mutation and produce COL3A1 isoforms capable of 
trimerization, thereby increasing collagen III secretion. Screening of three 2’O-methyl 
phosphorothioate AOs (2OMeAO) to skip exon 10 in patient fibroblasts did not show 
detectable exon 10 skipping when applied individually, but the combination of AO2 and AO3 
induced 40% skipping of the targeted exon. These two AO sequences were resynthesized as 
phosphorodiamidate morpholino oligomers (PMOs) and induced 100% exon 10 skipping in 
both patient and normal fibroblasts. COL3A1 exon 15 was efficiently excised from the 
mature mRNA with 2OMeAOs and with the equivalent PMOs. Western blot was used to 
assess the collagen III secretion and immunofluorescence staining identified collagen III 
deposition in the extracellular matrix. 
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Transcriptome-wide analysis reveals novel insights into tumor suppressor 
function of 1B3 (a chemically modified miR-193a-3p mimic) 
M. van den Bosch, S. Yahyanejad, F. Alemdehy, B. Telford, T. de Gunst, H. den Boer, R. 
Vos, M. Stegink, L. van Pinxteren, R. Schaapveld and M. Janicot 
InteRNA Technologies B.V., Utrecht, The Netherlands 
 
 
Background: Emerging data show that microRNA-193a-3p (miR-193a-3p) has a suppressive 
role in many cancer types and is often downregulated in tumors. Therefore, mimics of 
miR-193a-3p could be used as a novel therapeutic approach in oncology. Several 
miR-193a-3p targets have been described, but so far no transcriptome-wide search has been 
performed.  
 
Methods: The non-small cell lung cancer (A549 and H460), hepatocellular cancer (HEP3B 
and HUH7), melanoma (A2058) and triple-negative breast cancer (BT549) human cell lines 
were transfected with 1B3 (miR-193a-3p mimic). Differentially expressed genes were 
evaluated by RNA sequencing, 24 or 72 h after transfection. These genes were mapped by 
Ingenuity Pathway Analysis (IPA). 
 
Results: At 24 h post-transfection, 1B3 caused significant downregulation of 141 genes 
common to all six cell lines, of which 78% were predicted miR-193a-3p targets. IPA of genes 
differentially expressed at 24 h in each individual cell line showed a strong upregulation of 
the tumor suppressive PTEN pathway and downregulation of many oncogenic growth factor 
signaling pathways. At 72 h post-transfection, fewer differentially expressed genes were 
predicted miR-193a-3p targets and there was less overlap between cell lines, indicating more 
indirect target regulation at this later timepoint. Affected pathways at 72 h included cell cycle 
control and cancer signaling. Out of the 100 most significant biological functions that were 
changed by 1B3, those that were inhibited were related to cell survival, proliferation, 
migration or cancer, and those that were activated were related to cell death. 
 
Conclusions: Our data demonstrate that 1B3 represents a potent tumor suppressor that 
directly and indirectly targets a wide variety of oncogenic pathways across cancer types. 
Therefore, introducing a miR-193a-3p mimic into tumor cells is a promising new strategy for 
cancer treatment. 
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A novel ASO based approach to treat peripheral neuropathic pain 
Stéphanie Ventéo1, Alexandre Derré1, Noélian Soler1, Cyril Rivat1, Sébastien Bénizri2, 
Philippe Barthélémy2, Alexandre Pattyn1 and Patrick Carroll1 
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Peripheral neuropathic pain affects about 8% of the population and is a major public health 
concern. There is an urgent need for novel therapeutic approaches since current treatments 
(opioids, repurposed anti-anxiolytics and anti-epileptics) cause serious side-effects and are 
only moderately effective in a minority of patients. We identified the NaK-ATPase modulator 
protein Fxyd2, expressed in specific subsets of somatosensory neurons of the dorsal root 
ganglia in rodents and humans. Analysis of null mutant Fxyd2 mice in a rodent model of 
neuropathic pain showed that Fxyd2 expression is necessary to maintain pain behavior.  
 
Here, we tested the capacity of antisense oligonucleotides (ASOs) directed against Fxyd2 
mRNA to attenuate pain symptoms in different experimental models. Having identified a 20-
mer ASO-Fxyd2, with strong inhibitory efficiency in a human embryonic kidney cell line, we 
then used this sequence to inhibit Fxyd2 expression in rat DRG neurons in vivo. Daily 
intrathecal injections of an ASO-Fxyd2, chemically modified for direct transfection without 
transfection reagent, in rat models of neuropathic and also chronic inflammatory pain, led to a 
complete attenuation of mechanical hypersensitivity. Injection of equivalent quantities of a 
control scrambled-ASO had no effect. Our results point to Fxyd2 inhibition by antisense 
oligonucleotides as a novel therapeutic approach to treating pain conditions. 
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Deciphering the interactive network of the DLK1-DIO3 locus in 
hematopoiesis and pediatric leukemia 
Verboon L1, Schneider D2, Xu J3, Heckl D1 and Klusmann JH1 

1Martin Luther University Halle-Wittenberg, Halle (Saale), Germany; 2Hannover Medical 
School, Germany; 3UT Southwestern, Dallas, USA. 
 
 
Non-coding RNAs (ncRNAs) have emerged as central regulators of chromatin and gene 
expression. The expression patterns of ncRNAs, especially long noncoding RNAs 
(lncRNAs), are highly cell-type specific, posing a novel window for targeted therapies in 
pediatric acute megekaryoblastic leukemia (AMKL). Our group previously profiled mRNAs, 
microRNAs, and lncRNAs in the human normal and malignant hematopoiesis, with a special 
focus on pediatric acute myeloid leukemia (AML). We discovered that the DLK1-DIO3 locus 
was highly expressed in human CD34+ hematopoietic stem and progenitor cells (HSPCs), 
megakaryocytes (MKs), and AMKL. 
 
To gain insight into the role of the DLK1-DIO3 locus in normal haematopoiesis and to 
explore the therapeutic potential of this locus in AMKL, we performed ChIP-Seq for human 
HSPCs, MKs and monocytes, which showed cell type specific activating H3K3me3 and 
repressing H3K27me3 histone marks. RNA-seq data confirmed cell type specific expression 
of the DLK1-DIO3 locus. The  ncRNAs from this locus are transcribed as one huge 
polycistrone of which the transcription starts at the MEG3 gene. Using Bisulphite sequencing, 
a significant correlation between MEG3 expression and the methylation status of a CpG 
island downstream of the first exon of MEG3 was revealed. When deleting the transcription 
start site of MEG3 with a CRISPR-Cas9 vector containing two sgRNAs, proliferation of 
AMKL cell lines was impaired. Single cell clones from K562 and HEL cells showed a more 
mature phenotype upon deletion of MEG3.  
In addition, the DLK1-DIO3 locus contains the largest microRNA cluster in the human 
genome with 54 microRNA. Lentiviral expression of several highly expressed miRNAs of 
the DLK1-DIO3 locus in CD34+ HSPCs resulted in accelerated megakaryocytes maturation 
in vitro. Demonstrating the importance of several microRNAs in the formation of MKs. 
 
Using different approaches, we propose the DLK1-DIO3 locus is an important regulator of 
megakaryopoiesis with different members controlling this process. Our studies provide the 
foundation for further investigations towards targeted therapies in AMKL. 
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Antisense therapy against non-coding mitochondrial RNAs as potent 
therapy for prostate cancer. 
1,2,3Villegas, J; 1Guevara, F; 1Sandoval, E; 1Valenzuela, S, 1Socias, T; 1López, C; 4Lobos-
Gonzales, L., 1Silva, V; 1,2Burzio, L.O. 
1Fundación Ciencia & Vida, 2Andes Biotechnology SpA; 3Centro de Medicina Veterinaria, 
Facultad de Ciencias de la Vida, Universidad Andrés Bello, 4Centro de Medicina 
Regenerativa, Facultad de MedicinaClínica Alemana, Universidad del Desarrollo. Santiago, 
Chile. 
 
 
Prostate cancer (PCa) is one of the most common causes of male cancer-related death in 
western nations. In advances stages of disease the treatments are mostly palliatives. 
Therefore, there is a pressing need for a novel therapeutic strategies which will alter the 
natural history of prostate cancer.  
Human cells express a family of noncoding mitochondrial RNAs (ncmtRNAs). Normal 
proliferating cells express both sense and antisense transcripts (SncmtRNA and 
ASncmtRNAs). However, tumor cells in culture or human biopsies express only the 
SncmtRNA and down regulate the ASncmtRNAs. This expression pattern is independent of 
tumor origin and distinguish tumor cell from normal cell. The interference of the few copies 
of ASncmtRNA with complementary antisense oligonucleotides, induce a massive cell death 
mediate by apoptosis. 
The goal of this work was to evaluate the effect of antisense therapy in vitro, using four 
different cell lines. Antisense therapy, using an oligonucleotide complementary to 
ASncmtRNA (ANDES1537), induces a potent negative effect over proliferation rate in the 
four cell lines under study (PC3, LNCaP, 22Rv1 and VCaP). Depending of the cell line 
analyzed, we observed a differential effect in levels of protein involved in control of cell 
proliferation, as cyclins B1,D1 or antiapoptotic markers as survivin and BclxL. 
The sphere formation assay identified the effect of any treatment over the viability cancer 
stem cells (CSC). We found that antisense therapy, affect severely the capacity of four cell 
lines to form spheres in vitro, suggesting that this treatment is a potent therapeutic tool. 
The next step was to evaluate the effect of the therapy in a pre-clinical model. Therefore, 10 
mice were subcutaneously injected with 5 x106 PC3 cells. When the tumor reach an average 
volume of 80-100 mm3, 10 doses of 100 ug ANDES1537 were injected via intra-peritoneal 
every other day. We observed, that treatment induce a strong delay in tumor growth in vivo, 
suggesting that this antisense approach can be a novel a potent therapeutic tool for prostate 
cancer therapy. 
 
FONDEF ID18I10239 
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Development of GalNAc-conjugated saRNA targeting HNF4A for 
treatment of metabolic disease 
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Matthew Catley1, David Blakey1, Robert Habib1, Pal Saetrom4, John Rossi5, Nagy Habib1,2 
1MiNA Therapeutics Limited, 2Imperial College London, 3National Taiwan University 
Hospital, 4Norwegian University of Science and Technology, 5Beckman Research Institute of 
City of Hope 
 
 
Hepatocyte nuclear factor 4 alpha (HNF4A) is a liver-enriched transcription factor and master 
regulator of hepatic function. HNF4A expression is downregulated in chronic liver disease, 
and the expression of HNF4A correlates with the level of liver dysfunction. We have developed 
a small activating RNA (saRNA) that upregulates the rodent HNF4A gene in primary 
hepatocytes in vitro and in vivo. In a rat high-fat diet model, HNF4A expression was 
downregulated compared to normal animals, and treatment with HNF4A saRNA complexed 
with a PAMAM dendrimer restored HNF4A expression to the level of normal animals. 
Intravenous injection of dendrimer-HNF4A saRNA significantly reduced the body weight, 
liver cholesterol, and blood glucose of high-fat diet rats. 
 
For subcutaneous administration of HNF4A saRNA to treat chronic metabolic diseases such 
as non-alcoholic fatty liver disease/non-alcoholic steatohepatitis (NAFLD/NASH), we have 
developed GalNAc-conjugated HNF4A saRNAs for hepatocyte-specific delivery. Fully 
modified saRNA oligonucleotides activate HNF4A expression by transfection in primary rat 
hepatocytes in a dose-dependent manner. When conjugated to a triantennary GalNAc cluster, 
GalNAc-HNF4A saRNAs show dose-dependent upregulation of HNF4A and downstream 
target gene regulation by ASGR receptor-mediated uptake in primary rat hepatocytes.  
 
When injected subcutaneously in normal mice, GalNAc-HNF4A saRNA conjugates upregulate 
HNF4A expression in the liver. Optimization of dose and schedule is ongoing, as well as 
efficacy in disease models. These data demonstrate that GalNAc-mediated delivery of saRNA 
is possible to upregulate hepatocyte-specific targets, and HNF4A is a promising target for 
treatment of NAFLD/NASH. 
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Evaluation of Antisense Oligonucleotides Targeting Human mRNA Using 
Chimeric Mice with Humanized Liver 
Fumito Wada1, Masakazu Kakuni2, Mariko Harada-Shiba1 
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PhoenixBio Co., Ltd2 
 
 
Antisense oligonucleotides (ASOs) are molecules targeting gene sequences selectively, and it 
is difficult to predict the efficacy and safeness for human using general animal models. Thus, 
we focused on PXB-mice which are engrafted human hepatocytes as a model to predict the 
effects of ASOs on the human liver.  
We administered GalNAc-conjugated or unconjugated ASOs, which were selected by in vitro 
screening, to PXB-mice at a dose of 1 - 100 mg/kg. The sequence of PCSK9-ASO targets 
human and mouse mRNA, and that of apoC-III ASO is human mRNA specific. Some days 
after the injection, we quantified target mRNA and conducted histopathological analysis. 
Besides, we observed time course of the gene silencing effect of the GalNAc-conjugated 
PCSK9-ASO. Next, the apoC-III targeting ASO were injected to monkeys at a single dose of 
3 mg/kg to confirm whether the effect of the ASO on PXB-mice reflects that on a normal 
animal model. 
As a result, the human mRNA silencing efficacy of both PCSK9-targeting ASOs and apoC-
III-targeting ASO was observed in the liver of PXB-mice. However, the efficacy of PCSK9-
ASOs in PXB-mice was lower than that in normal mice, and the effect reached a maximum 
ten days after the administration in PXB-mice, which was seemed to be later compared to 
normal mice.  This result suggested that there are differences between the pharmacokinetics 
of ASOs in PXB-mice and that in normal mice. While the PCSK9 ASO acted to mouse and 
human PCSK9 mRNA, the apoC-III ASO showed human mRNA specific effect. Moreover, 
serum triglyceride levels that are a biomarker of apoC-III inhibitors were notably decreased 
in monkeys treated with this ASO. As regards the safeness, serum ALT levels of PXB-mice 
treated with PCSK9-ASOs at an excess dose dramatically elevated. On the other hand, the 
damage to human hepatocytes in the liver of PXB-mice was mild histopathologically. 
However, this reason was unclear, and additional experiments are needed to explain this 
result.  
Based on the above, we anticipate PXB-mice will serve as a good model to predict the effects 
of ASOs on primates and be useful for screening of drug candidates. 
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Block or Degrade? Balancing On- and Off-Target Effects of Antisense 
Strategies Against Transcripts with Expanded Triplet Repeats 
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Roland Brock2  
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university medical center, Nijmegen, 6525 GA, The Netherlands 
 
 
Antisense oligonucleotides (ASOs) have gained momentum as therapeutics for 
neuromuscular disorders. For microsatellite repeat expansion disorders such as Huntington’s 
disease, C9orf72-amyotrophic lateral sclerosis and myotonic dystrophy, ASOs have not 
reached the clinic yet. Antisense therapies in repeat expansion disorders are based on 
preventing translation of expanded repeats or inhibiting sequestration of RNA-binding 
proteins. This can be achieved both by steric hindrance and by degradation of the transcript, 
and it is unknown which approach is superior. 
 
We directly compared blocking ASOs with RNase H-recruiting gapmers in a human 
myotonic dystrophy type 1 cell model. Two target sequences were selected: the triplet repeat 
and a unique sequence upstream of the repeat. We assessed effects of the ASOs on transcript 
levels, ribonucleoprotein foci and disease-associated missplicing, and performed RNA 
sequencing to investigate on- and off-target effects on a transcriptome-wide level. The repeat 
blocking ASO was most effective in displacing MBNL1 protein and associated correction of 
splicing, and furthermore had the fewest off-target effects. By comparison, the off-target 
profile of the repeat gapmer discourages its further therapeutic development. Overall, our 
results demonstrate the importance of evaluating multiple read-outs of ASO activity and 
provide general principles for the safe and effective targeting of toxic repeat transcripts. 
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LNP-hagl mRNA Reduced Liver Glycogen Accumulation and Decreased 
Hepatic Hypertrophy in a Mouse Model of Glycogen Storage Disease III 
Stephanie Watters1, Tim Wong1, Kai-Ming Liu3, Rosaline Carson1, Sean Daugherty1, 
Alexandra Trotier-Faurion1, Marcus Andrews1, Kiran K. Akula1*, Pei-Chun Tsai3, Mike 
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Glycogen storage disease type III (GSDIII) is an inherited metabolic disorder caused by the 
deficiency of the glycogen debranching enzyme (GDE, gene name: agl), leading to an 
inability to completely catabolize glycogen to glucose. Deficiency in GDE results in 
pathological accumulation of limit dextrin in liver and muscle, and an increased risk for 
hypoglycemia, liver fibrosis, and myopathy. Here, we examined the pharmacology associated 
with treatment of a codon-optimized agl mRNA formulated into a lipid nanoparticle 
(LUNAR®) in an AGL-/- mouse model, which mimics the clinical, biochemical and 
pathological phenotypes of human GSDIII. We showed that a single systemic injection of 
LUNAR-hagl mRNA results in a reduction of liver glycogen and reduced hepatocyte 
vacuolization in a dose dependent manner.  In AGL-/- mice maintained on a standard diet and 
ad hoc feeding, a single dose of 3 mg/kg mRNA treatment led to the reduction of liver 
glycogen as early as 24 hours post-treatment which was maintained for over 3 weeks. Our 
results demonstrate that treatment with LUNAR-hagl mRNA effectively rescued the liver 
phenotype in a mouse model of GSDIII and supports continued development of an LUNAR-
hagl mRNA as a therapeutic approach for the treatment of GSDIII. 
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Identification and functional analysis of potent TLR7- and TLR8-specific 
RNA oligonucleotide agonists for immunotherapy 
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Immune sensing of nucleic acids by innate immune receptors such as TLR7 and TLR8 elicits 
potent immune responses. Both TLR7 and TLR8 are located in the endolysosome of certain 
immune cells. While TLR7 preferentially detects short dsRNA, TLR8 is activated by ssRNA 
and ssRNA cleavage products. Interestingly, TLR7 and TLR8 are phylogenetically similar but 
are expressed in different immune cell subsets. While TLR7 is primarily expressed in pDCs 
and B cells, TLR8 is highly expressed and functional in human primary monocytes. TLR7 
activation in pDCs induced the secretion of high amounts of type I interferons. TLR8 activation 
in primary monocytes resulted in the secretion of Th1 inducing IL-12p70 and pro-inflammatory 
cytokines but not type I IFN.  
Based on structural insight we designed an array of TLR7 and TLR8 specific RNA 
oligonucleotides. The minimal structural motif sufficient for full TLR7 activation is a single 
G•U wobble base pair within a non U-containing sequence context. Based on the structural 
requirements for TLR7 agonist activity, we were able to develop TLR8 selective RNA 
oligonucleotide agonists. Comparing our RNA oligonucleotide agonists to different small 
molecule agonists of TLR7 and TLR8 in vitro we demonstrate that our ligands were less toxic 
and more potent. Interestingly, the functional response to our TLR8 ligands not only 
substantially differed in the quantitative response but also exhibited a superior qualitative 
response pattern when compared to the respective small molecule TLR7/8 ligands. Because 
rodent in vivo models can not be applied for preclinical development of TLR8 RNA 
oligonucleotide agonists, ferrets (influenza) and woodchucks (hepatitis B) were identified as 
suitable animal models. Our results suggest that our TLR8 ligands due to their favorable 
functional characteristics are highly attractive compounds for the clinical development as anti-
infectives and vaccine adjuvants as well as for cancer immunotherapy.   
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Efficient delivery of RNAi to T-cells using hydrophobic siRNA conjugates.  
Taisia Shmushkovich, Alexey Wolfson 
Advirna 
 
Cell-based therapies, especially those based upon the use of CAR T-cells, are quickly 
becoming one of the major approaches for cancer treatment. Although they have 
demonstrated high efficiency in treating hematological cancers, application of CAR T cell 
technology for the treatment of solid tumors has proven to be significantly more challenging. 
One of the major hypothesized reasons for the observed low efficacy of CAR T-cells in solid 
tumors are the inhibitory effects of the tumor microenvironment (TME). One approach to 
bypass the effects of the TME is to inhibit the functionality of immune checkpoints or of the 
pathways leading to immune suppression.  
We demonstrate that the use of self-deliverable RNAi technology (sdRNAi), based upon the 
use of fully modified siRNA conjugates, is an efficient way to transfect T-cells and induce 
long-lasting suppression of gene expression. Transfection of T-cells is achieved via passive 
uptake of sdRNAs added to the cell culture media without the use of traditional transfection 
reagents or methods (i.e. electroporation). The use of sdRNAi results in nearly 100% 
transfection efficiency with up to 90% reduction of target gene expression lasting over 
multiple cell divisions.   
We have successfully screened and selected sdRNAs targeting several immune checkpoints 
and have demonstrated simultaneous knockdown of multiple targets.  
Our approach can be used as strategy to enhance the effect of CAR T-cells and other cell-
based therapies as well to improve the manufacturing of therapeutic immune cells. 
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Validation of mitochondrial nucleic acid therapy by the mitochondrial 
delivery of therapeutic RNAs 
Yuma Yamada, Hideyoshi Harashima 
Faculty of Pharmaceutical Sciences, Hokkaido University 
 
 
Mitochondria contain multiple mitochondrial DNAs (mtDNAs), with several thousand copies 
of mtDNA contained in one cell. Mitochondrial gene diseases are classified as homoplasmic 
mutations in which only mutant mtDNA exists and heteroplasmic mutations in which mutated 
mtDNA and normal mtDNA co-exist. In the case of heteroplasmic mutations, it has been 
reported that when the mutation rate of mtDNA exceeds a certain threshold value, disease 
symptoms associated with mitochondrial function develop. In this study, to validate a 
mitochondrial gene therapeutic strategy using cells derived from patients with a mitochondrial 
disease, primary cultured skin fibroblasts obtained from a skin biopsy of a patient with a 
mutation in mitochondrial RNA were examined. To date, it has been reported that several RNA 
sequences can be transported from the cytoplasm to mitochondria, but the efficiency of this 
transport is very low. In order to transport much larger amounts of RNA to mitochondria, a 
MITO-Porter, a liposome-based carrier for the mitochondrial delivery was developed in our 
laboratory, and was found to be a useful strategy for achieving mitochondrial delivery. The 
MITO-Porter is internalized into cells and delivers encapsulated molecules to mitochondria via 
membrane fusion, a process that is independent of its size and physical properties. Therefore, 
this system could be used for the direct mitochondrial transfection of nucleic acids. In this 
study, we report in attempts to deliver wild-type mitochondrial RNA using a MITO-Porter, in 
an attempt to decrease the 
mutation rate of RNA in 
mitochondria in a 
mitochondrial disease cell. 
The resulting mutant 
heteroplasmy levels were 
examined by an 
amplification refractory 
mutation system - 
quantitative PCR. We also 
investigated the influence of 
this on the mitochondrial 
respiratory activity 
associated with the decrease 
in the mutation rate. 
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Recently, mRNAs and microRNAs (miRNAs) have been identified in exosomes, which can 
be taken up by neighboring or distant cells. It has also been reported that such miRNAs 
(exosomal-miRNAs) regulates gene expression in the recipient cells. MiRNAs are a type of 
non-coding RNA that induce post-transcriptional gene silencing of their target genes and 
regulate a wide range of biological processes, including apoptosis, differentiation, metabolism, 
and cell proliferation. According to recent reports, the aberrant expression of miRNAs is 
associated with most pathological disease processes, including carcinogenesis. Therefore, 
circulating onco-miRs are considered as significant therapeutic targets for cancer therapy. 
However, there is no report to regulate the function of miRNAs in exosomes. In this study, we 
try to develop novel drug delivery system using anti-exosome antibody-oligonucleotide 
conjugates (ExomiR-Tracker) for functional inhibition of circulating miRNAs. The “ExomiR- 
Tracker” is the world’s first innovative molecule which has targeting property for exosome- 
recipient cells and specifically deliver nucleic acid medicines to the target cells. We have found 
that ExomiR-Tracker can bind to the surface of exosomes and that the complexes are 
introduced into exosome-recipient cells then inhibit the activity of miRNA. We showed that 
ExomiR-Tracker can accumulate to not only primary cancer cells but also metastatic cancer 
cells after intravenous administration. Existing technologies have difficulties for introducing 
anti-miR into exosomes and extremely low possibility to deliver anti-miR to exosome-recipient 
cells after administration (ex. intravenous) into body. Development of inhibition technology 
against exosomal-miRNA has not achieved so far. 
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Y-shaped block catiomer (YBC) forms “Unit Polyion Complex” with 
siRNA and ASO: A Novel DDS alternative to LNP 
Tetsuo Yoshida1, Miki Masai1, Hiroaki Taniguchi2,3, Yutaka Kondo4, Nobuhiro Nishiyama2,5, 
Kanjiro Miyata2, Shiro Akinaga1 and Kazunori Kataoka2,6  
AccuRna Inc.1, The University of Tokyo2, Keio University3, Nagoya University4, Tokyo 
Institute of Technology5, Innovation Center of NanoMedicine6 
 
 

Delivery is a still key challenge to expand therapeutic application of oligonucleotides 
such as siRNA and antisense oligonucleotide (ASO). Various carriers utilizing cationic lipids 
have been developed and most of them encapsulated oligonucleotides into ~100-nm 
nanoparticles. They accumulate in liver well, but many technical problems remain for targeting 
other tissues. We have developed a novel approach to cancer-targeted oligonucleotide delivery 
using a Y-shaped block catiomer (YBC) comprising poly cationic amino acids and two-armed 
poly (ethylene glycol) (PEG)1). The YBC and a single oligonucleotide are electrostatically 
bound to generate a dynamic ion-pair, termed as “unit polyion complex (uPIC)” (Figure). 
Owing to both improved stability in the bloodstream and small particle size (~18 nm), this uPIC 
efficiently delivers oligonucleotides into tumor or tumor microenvironment thus exerting 
potent anti-tumor activity in subcutaneously and orthotopically transplanted mice tumor 
models. 

We are developing one siRNA and one ASO using 
this uPIC technology in oncology. The first program is a 
siRNA which targets PRDM14, a transcriptional factor, 
highly expressing in metastatic breast cancer cells 2). 
Intravenous injection of the PRDM14 siRNA/YBC-uPIC 
showed potent anti-tumor activity in several breast cancer 
mice models. We plan to commence an investigator-
initiated Phase I clinical trial in early 2020.  

The second program is the ASO/YBC-uPIC targeting TUG1 that is an oncogenic long 
noncoding RNA. TUG1 is highly expressed in glioblastoma (GBM) and is essential for tumor 
maintenance 3). In a mouse orthotopic model of patient-derived GBM, the TUG1 ASO/YBC-
uPIC accumulated into the brain tumor tissue by intravenous administration and showed 
complete remission with long-term survival effects in the models1).  

 
1. S. Watanabe, et al., Nature Commun., 10:1894, 2019.  
2. H. Taniguchi, et al., Oncotarget. 8: 46856-46874, 2017. 
3. K. Katsushima, et al., Nature Commun., 7:13616, 2016. 
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Downregulation of the N-end rule pathway sensitizes cancer cells to 
chemotherapy in vivo 
Timofei Zatsepin1, Dominique Leboeuf1, Tatiana Abakumova1, Daniel Anderson2, 
Konstantin Piatkov1 
1 Skolkovo Institute of Science and Technology, Moscow, Russia 
2 Massachusetts Institute of Science and Technology, Cambridge, MA, USA 
 
 
The last decade has seen major advances in the treatment of cancer. Vaccines, CAR-T cells, 
checkpoint inhibitors and personalized medicine have redefined cancer therapy and offer 
promising solutions for previously untreatable diseases. However, some cancers, such as liver 
cancer, are refractory to immunotherapy, as demonstrated by the recent failure of Keytruda in 
a Phase III clinical trial in HCC patients (NTC02702401) and the development of new 
treatment options will rely on the identification of vulnerable molecular pathways and targets. 
 
The N-end rule pathway is an emerging target for anti-tumor therapies, because of its 
capacity to positively regulate many hallmarks of cancer including angiogenesis, cell 
proliferation, motility and survival. Thus, inhibition of the N-end rule pathway offers the 
potential to be a highly effective anti-cancer treatment. Using a siRNA-mediated approach 
for selective downregulation of the four N-end rule-dependent ubiquitin ligases, UBR1, 
UBR2, UBR4 and UBR5, we demonstrated decreased cell migration and proliferation, and 
increased apoptosis in cancer cells. Chronic treatment with lipid nanoparticles (LNP) loaded 
with siRNA in mice efficiently downregulates the expression of Ubrs in the liver without any 
significant toxic effects but engages the immune system and causes inflammation. However, 
when used in combination with a chemotherapeutic drug, downregulation of the N-end-rule 
pathway E3 ligases successfully reduced tumor load by decreasing proliferation and 
increasing apoptosis in a mouse model of hepatocellular carcinoma, while avoiding the 
inflammatory response. Our study demonstrates that Ubr ubiquitin ligases of the N-end rule 
are promising targets for the development of improved therapies for many cancer types. 
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Novel mesyl phosphoramidate antisense oligonucleotides as an alternative 
to phosphorothioates for efficient silencing of oncogenic microRNA in vivo. 
Marina A. Zenkova, Olga A. Patutina, Svetlana K.Miroshnichenko, Dmitrij A. Stetsenko, 
Catherine A. Burakova, Valentin V. Vlassov 
Institute of Chemical Biology and Fundamental Medicine SB RAS, Novosibirsk, Russia 
 
Forty years of studies proved that antisense oligonucleotides have great potential to target 
mRNAs of disease-associated genes and noncoding RNAs. Amongst vast number of 
oligonucleotide backbone modifications, the most widely used in research and clinic is 
phosphorothioate modification. However, along with merits, there are notable drawbacks of 
phosphorothioate oligonucleotides such as decreased binding affinity to RNA, reduced 
specificity and increased toxicity. We report herein on the synthesis and in vitro evaluation of 
a novel DNA analog, namely, mesyl (methanesulfonyl) phosphoramidate oligonucleotide 
(mesyl oligonucleotide). A novel type of DNA analogs which substitute mesyl group for the 
natural phosphodiester group in every internucleotidic position show significant advantages 
over often used DNA phosphorothioates in their RNA binding affinity, nuclease stability and 
specificity of their antisense action, which involves activation of cellular RNase H enzyme 
for hybridization-directed RNA cleavage. In vitro. Biological activity of the mesyl 
oligonucleotides was demonstrated with respect to pro-oncogenic miR-21, miR-155 and miR-
17. A 22 – 24 nt anti-miR mesyl oligodeoxynucleotides specifically decreased levels of 
corresponding microRNA in melanoma B16 cells, induced apoptosis, reduced proliferation 
and impeded migration of tumor cells, showing superiority over isosequential 
phosphorothioate oligodeoxynucleotide in the specificity of its biological effect. Reduced 
overall toxicity compared to phosphorothioate and efficient activation of RNase H are the key 
advantages of mesyl phosphoramidate oligonucleotides, which may represent a new 
promising type of antisense therapeutics1. In vivo. The basic features of mesyl 
oligonucleotides applied as antitumor therapeutics were investigated. Evaluation of kinetics 
of tumor growth suppression, systemic toxicity, biodistribution and specificity of action as 
well as primary analysis of pharmacokinetic parameters of new analogs were performed in 
comparison with phosphorothioate oligonucleotides. Using drug-resistant model of human 
epidermoid carcinoma KB-8-5/SCID mice it was shown that peritumoral administration of 
anti-miR-21 mesyl oligonucleotide pre-complexed with folate-containing liposomes provides 
effective accumulation of therapeutic oligonucleotide in tumor tissue leading to 8-fold 
reduction in primary tumor growth. It was accompanied by significant increase in the 
expression of direct protein targets of miRNA-21 such as PTEN and PDCD4 in tumor tissue 
caused by manifold reduction in miRNA-21 level. No effects on the expression of other 
miRNAs were observed. Morphometric investigation of liver and kidneys as well as 
biochemical blood analysis demonstrated that mesyl oligonucleotides are devoid of 
pronounced toxicity in respect to liver and kidneys. The data obtained give evidence that 
mesyl-oligonucleotides represent novel vigorous implement of antisense technology.  
  
1. Miroshnichenko S. K., et al., Proc. Natl. Acad. Sci U S A. - 2019. - V. 116. - P 1229–1234.  
This work was supported by the Russian Scientific Foundation, grant # 19-74-30011.  
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Antisense oligonucleotides to target SPTLC1 gene as a therapeutic strategy 
for hereditary sensory neuropathy type I 
Haiyan Zhou1, Verna Sarajarvi2, Mary M. Reilly2 and Francesco Muntoni1 
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Antisense oligonucleotide (ASO) therapy is successful in neuromuscular disorders, e.g. in 
Duchene muscular dystrophy and spinal muscular atrophy, by manipulating pre-mRNA 
splicing. In addition to the splice switching strategies (exon-skipping and exon-inclusion), 
allele-selective suppression by ASO has recently been investigated in some 
neurodegenerative genetic diseases and has shown its therapeutic potential. This strategy is 
potentially applicable to genetic disease caused by gain-of-function mutations. The selective 
binding of ASO to the mutant pre-RNA and RNA transcripts can activate RNase H activity 
and consequently induce target RNA degradation. The suppression of the mutant transcripts 
will diminish the dominant negative effect from the mutation and is hence expected to 
ameliorate disease symptom.  

Hereditary sensory neuropathy type 1 (HSN1) is a rare peripheral neuropathy caused by 
dominant mutations in the SPTLC1 gene. There is currently no effective treatment for this 
disease. Our clinical team at the National Hospital for Neurology and Neurosurgery and the 
MRC Centre for Neuromuscular Diseases at the University College London, has identified 
and been caring for the largest cohort of patients with HSN1 in the world. Moreover, we have 
a cohort within the United Kingdom where all the SPTLC1 patients have a common mutation 
p.C133W. This provides us the unique opportunity to develop ASO therapeutics by targeting 
this founder mutation for SPTLC1-related patients. 

In this study, we have developed a new therapeutic approach using ASOs to selectively 
suppress the expression of mutant transcripts in the SPTLC1 gene. We use patient’s fibroblast 
cell line carrying the dominant p.C133W mutation as a cellular model. We have identified a 
number of promising lead ASOs which show the significant and specific suppression of the 
mutant transcripts.    

Our study indicates that allele-specific gene silencing is a potential therapeutic strategy for 
SPTLC1-related HSN1. Further studies include the validation of the lead ASOs on 1) 
correcting the function of SPTLC1 gene in patient’s iPSC–induced sensory neurons; 2) 
reducing the toxic metabolites in patient’s fibroblasts, using the experimental platform 
established in our laboratories; and 3) in the p.C133W knock-in mouse model. 
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Antisense Oligonucleotide Mediated Reduction of SPDEF Regulates Goblet 
Cell Formation in Multiple Murine Pulmonary Disease Models 
 
Jeff Crosby, Chenguang Zhao, Dong Bai, Min Zhang, Brett P. Monia and Shuling Guo 

Antisense Drug Discovery, Ionis Pharmaceuticals, Carlsbad, California USA 
 
Many chronic pulmonary diseases, including cystic fibrosis (CF), asthma and chronic 
obstructive pulmonary disease (COPD), are characterized by excessive mucus production and 
increased numbers of goblet cells.  SAM pointed domain-containing Ets transcription factor 
(SPDEF) is expressed in airway epithelial cells of the conducting airway and regulates goblet 
cell differentiation and mucus production.  Overexpression of SPDEF in mouse lung causes 
goblet cell metaplasia while deletion of this gene resulted in the absence of goblet cells in the 
conducting airway epithelium. Here we assessed the effectiveness of mouse SPDEF specific 
antisense oligonucleotides (ASOs) in a β-ENaC mouse model of CF, a steroid resistant severe 
asthma (SA) model and a wood smoke (COPD) model. SPDEF ASO delivery to the lungs of 
mice in multiple models of pulmonary disease resulted in effective reduction of target 
mRNA.  In the β-ENaC CF model with established lung disease, SPDEF ASOs reduced 
goblet cell metaplasia and mucus production, AHR and neutrophil recruitment to the airways. 
In the severe asthma model, SPDEF ASOs were also effective at reducing mucus genes, 
PAS-positive mucus and AHR. In the COPD model, the wood smoke but not filtered air 
induced SPDEF mRNA and other mucus genes which were all reduced by SPDEF ASO 
inhalation.  In addition, AHR was improved. In summary, SPDEF inhibition by ASO reduced 
mucus production and prevented or reversed goblet cell metaplasia in CF, SA and COPD 
mouse models. These data demonstrate that ASO inhibition of SPDEF in airway could be an 
effective approach for the treatment of multiple pulmonary diseases with excess mucus.   
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Impact of the Route of Administration on CNS-active siRNA 
Biodistribution in Large Animal Brains. 
Chantal M. Ferguson1, Julia Alterman1, Bruno Godinho1, Matthew Hassler1, Dimas Echeverria1, 
Emily Knox1, Andrew Coles1, Robert King4, Samuel Hildebrand1, Richard Moser5, Matthew Gounis4, 
Neil Aronin1,3, Heather Gray-Edwards4, Anastasia Khvorova1, 2. 
1RNA Therapeutics Institute, University of Massachusetts Medical School.  2Department of Molecular 
Medicine, University of Massachusetts Medical School, 3Department of Medicine, University of 
Massachusetts Medical School.  4Department of Radiology, New England Center for Stroke Research, 
University of Massachusetts Medical School, 5Department of Neurosurgery, University of 
Massachusetts Medical School. 
Small interfering RNAs (siRNA), comprise a novel class of drugs that can be chemically engineered 
to silence any target gene and distribute to a variety of tissues. We recently identified a novel siRNA 
chemical scaffold that distributes throughout and silences target gene expression in the central 
nervous system of mice and non-human primates after administration via direct 
intracerebroventricular (ICV) injection: Di-siRNA (Alterman et al., Nature Biotech in press). 
 
In mice, distribution of both ASOs and siRNAs is significantly affected by placement of 
administration, where ICV administration supports widespread brain distribution while intrathecal 
mostly delivers to the spinal cord and outside of the cortex. Given the smaller brain size and 
differences in CSF circulation dynamics relative to humans, the translatable potential of results 
generated in mice is limited. Clinical administration of oligonucleotides to CSF is possible via use of 
ommaya reservoir, an analog of ICV injection, or direct intrathecal injection. Thus, understanding the 
impact of route of administration on oligonucleotide distribution in larger brains is necessary.  
 
To determine the impact of administration route on di-siRNA distribution, we compared four different 
administration methods in Dorset sheep: intra-striatal (IS, 1.6 mg), intracerebroventricular (ICV, 50 
mg), intrathecal catheter to the cisterna magna (ITCM, 50 mg), and repetitive dosing into the lateral 
ventricle through an implanted reservoir device (RD, 4x25 mg weekly). All animals were taken down 
and distribution was evaluated 48-hours post final injection.  
 
All routes of administration tested had no appreciable toxic effects and no changes from baseline 
chemistry or complete blood counts. As expected, the IS route resulted in distribution to the striatum 
only, supporting region-selective silencing. Interestingly, ICV and ITCM administration resulted in 
similar distribution and similar guide strand accumulation across all brain regions. Administration via 
implanted reservoir and repetitive dosing resulted in similar distribution to ICV and ITCM, however, 
we observed increased guide strand accumulation in all brain regions, specifically, deeper brain 
regions including the caudate, putamen, and hippocampus.  
 
This is the first side-by-side studying comparing the impact of different routes of administration on di-
siRNA distribution and accumulation in the CNS of large animals. These results suggest that 
placement of siRNA injection (ITC vs ICV) has minimal impact on the overall distribution. However, 
the use of loading dose might be beneficial for long-term silencing in the deeper brain structures. 
These results integrate basic science with novel clinical radiology and imaging techniques and have 
the potential to impact the planning and execution of preclinical and clinical studies using 
oligonucleotide therapeutics in the central nervous system.  
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