


Welcome to Cologne 





Monday – Sept. 18, 2023 
12.50 p.m.  Welcome Address 

 

Esther von Stebut-Borschitz      Vice Dean of Science - Faculty of Medicine, Univ. of Cologne 
 

Sabine Eming                               Vice Chair - Center for Molecular Medicine Cologne 
 

Michal Ruth Schweiger – Markus Stoffel – Roman-Ulrich Müller 
Scientific Coordinators - CMMC Symposium 2023 

 Session I 
 

Nucleic acid chemistry (Innate Immunity) 
Chairs 

 

  

 

Stephanie Kath-Schorr and Christian Pallasch - Cologne, DE 

1.00 - 1.30 p.m. 
 

Nucleic acid recognition by the innate immune system  
Veit Hornung – Gene Center & Dept. of Biochemistry, LMU Munich and MPI of Biochemistry  
- Munich, DE 
 

 

1.30 - 2.00 p.m. 
 

Optical control of mRNA translation   
Andrea Rentmeister – Inst. of Biochemistry, University of Muenster - Muenster, DE 
 

 

2.00 - 2.30 p.m. 
 

Living in the World of RNA therapeutics made possible by biomimetic chemistry 
Mano Manoharan – Alnylam Pharmaceuticals - Cambridge, US 
 

 

2.30 - 3.00 p.m. 
 

 

Coffee Break 
 

 

Session II 
 

Nucleic acids delivery and visualization 
 

Chairs 
 

Holger Grüll and Ines Neundorf - Cologne, DE
 

3.00 - 3.30 p.m. 
 

Design and evolution of protein carriers for nucleic acids 
Don Hilvert – Chemistry Department, ETH Zurich, CH 
 

 

3.30 - 4.00 p.m. 
 

Imaging and microscopy of RNA in living cells 
Andres Jäschke – Institute of Pharmacy and Molecular Biotechnology, Univ. of Heidelberg, DE 

 

4.00 - 4.30 p.m. 
 

mRNA vaccines for the treatment of cancer 
Mathias Vormehr – BioNTech SE - Mainz, DE  
 

 

4.30 - 5.00 p.m. 
 

Coffee Break 
 

5.00 - 6.00 p.m. CMMC Symposium Key Note Lecture I 
Regulation of metabolism by miRNAs and RNA binding proteins  
Markus Stoffel – Institute for Molecular Health Sciences, ETH Zurich, CH 
 

Laudation for the key note speaker by Roman-Ulrich Müller 

6.00 - 9.00 p.m. 
 

Poster Session with Welcome Get-Together (free finger food and drinks) 
Selection of three posters for the CMMC Symposium 2023 - Poster Awards  

Call for submission of poster abstracts – Poster Session – CMMC Symposium 2023  
 

We are pleased to announce the following topics for submission of poster abstracts:  
 
 

A Nucleic acid chemistry (Innate Immunity) 
B Nucleic acids delivery and visualization 
C Technology and future applications (e.g. mRNAs, ncRNAs) 
D Technology and applications development (e.g. Aptamers, RNAi, snRNAs, ASO) 
E CRISPR and RNA-protein interaction and modulation 
F Preclinical and clinical application 
G      Related research areas 

• September 10, 2023: deadline for submission of poster abstracts 
• Please find further information and the poster abstract template at: 

Poster Session – CMMC Symposium 2023 



Tuesday – Sept. 19, 2023

Session III Technology and future applications (e.g. mRNAs, ncRNAs)

Chairs Volker Böhm und Margarete Odenthal - Cologne, DE

9.00 - 19.30 a.m. RNA gain of function signatures in neurological disease
Maurice S Swanson – Dept. of Mol. Genetics and Microbiology, University of Florida -
Gainesville, US

9.30 - 10.00 a.m. Designing and characterizing new materials approaches for therapeutics
Molly Stevens – Royal School of Mines, Imperial College London – London, GB

10.00 - 10.30 a.m. Coffee Break

10.30 - 11.00 a.m. RNA-based therapeutics for polycystic kidney disease
Vishal Patel – UT Southwestern Medical Center - Dallas, US

11.00 - 11.30 a.m. Reading and writing RNA modifications by ribozymes
Claudia Höbartner – Institute of Organic Chemistry, University of Würzburg, DE

11.30 - 1.30 p.m. Lunch Break with Poster Presentation (free lunch for all participants)

Session IV Technology & applications development (e.g. Aptamers, RNAi, snRNAs, ASO)

Chairs Robert Hänsel-Hertsch and Axel Hillmer - Cologne, DE

1.30 - 2.00 p.m. Combating thrombosis with RNA aptamers: from concept to the acute care clinic
Bruce A Sullenger – Surgical Sciences, Cardiovascular Biology Laboratory, Duke University 
School of Medicine - Durham, US

2.00 - 2.30 p.m. U1 Adaptor silencing technology
Sam I Gunderson – Dept. of Mol. Biology & Biochemistry, Rutgers University - Piscataway, US

2.30 - 2.50 p.m. Coffee Break

2.50 - 3.20 p.m. RNA Aptamers and RNA activation in common and rare diseases
Nagy Habib – Dept. of Surgery & Cancer, Hammersmith Hospital, Imperial College London -
London, GB

3.20 - 3.50 p.m. Applying lessons learned from Duchenne exon skipping therapy development
to the N=1 setting
Annemieke Aartsma-Rus – Dept. of Human Genetics, Leiden University - Leiden, NL

3.50 - 4.20 p.m. The coming of age of RNA-cleaving DNAzymes
Manuel Etzkorn – Helmholtz Research Center Juelich & Heinrich-Heine-Univ. Duesseldorf, DE

4.20 - 4.40 p.m. Announcement of the Poster Prize Winners
Michal Ruth Schweiger and Roman-Ulrich Müller

4.40 - 5.00 p.m. Coffee Break

5.00 - 6.00 p.m. CMMC Symposium Key Note Lecture II
RNAi therapeutics, The next chapter
Akshay Vaishnaw – Alnylam Pharmaceuticals - Cambridge, US
Laudation for the key note speaker by Markus Stoffel 

Please visit the CMMC Symposium 2023 Webpage 
for further information
https://www.cmmc-uni-koeln.de/events/cmmc-symposium-2023



Wednesday – Sept. 20, 2023 

Session V CRISPR and RNA-protein interaction and modulation 
 

 

Chairs 
 

 

Roman-Ulrich Müller and Simon Pöpsel - Cologne, DE
 

9.00 -09.30 a.m. 
 

Riboregulation: biology, mechanisms and scope 
Matthias Hentze – European Molecular Biology Laboratory (EMBL) University of Heidelberg, 
Molecular Medicine Partnership Unit - Heidelberg, DE 
 

 

9.30 - 10.00 a.m. 
 

Modulating the conformation and function of disease-relevant RNA with small molecules 
Amanda E Hargrove – Dept. of Chemistry, Dept. of Biochemistry, Duke University - Durham, US 

 

10.00 - 10.20 a.m. 
 

Coffee Break 
 

10.20 - 10.50 p.m. 
 

Development of small molecule inhibitors of SARS-CoV-2 cap methylase 

 
Thomas Tuschl – Lab. of RNA Molecular Biology, The Rockefeller University, New York City, US 

 

10.50 - 11.20 a.m. 
 

New frontiers in CRISPR-Cas, beyond RNA-guided nucleases  
Ailong, Ke – Dept. of Chemistry and Chemical Biology, Cornell University, Ithaca, US  
 

 

11.20 - 11.50 a.m. 
 

Genome editing: what we have learned in preclinical models  
Gerald Schwank – Inst. of Pharmacology and Toxicology, University of Zurich, CH 
 

 

11.50 - 12.30 p.m. 
 

Lunch Break (free lunch for all participants) 
 

Session VI Preclinical and Clinical Application
 

 

Chairs 
 

 

Hien Nguyen and Michal Ruth Schweiger – Cologne, DE 
 

12.30 - 1.00 p.m. 
 

RNAi therapeutics for chronic HBV 
Man-Fung Yuen – Div. of Gastroenterology & Hepatology, University of Hong Kong, HK 
 

 

1.00 - 1.30 p.m. 
 

Short presentation given by the three poster awardees  
(3 x 10 min. short talk) 
 

 

1.30 - 1.45 p.m. 
 

Coffee Break  
 

1.45 - 2.15 p.m. 
 

Nucleic Acid Platforms: US and EU regulatory challenges 
Jacob S Sherkow – College of Law, University of Illinois - Urbana-Champaign, US  
 

2.15 - 2.45 p.m. 
 

Nucleic acid therapeutics for Huntington’s disease: challenges and opportunities 
Sarah Tabrizi – Huntington’s Disease Centre and Dept. of Neurodegenerative Disease, National 
Hospital for Neurology and Neurosurgery, UCL Institute of Neurology - London, GB 
 

 

2.45 - 3.15 p.m. 
 

ASO therapeutics becoming clinical routine?  
Richard Finkel – St. Jude Children's Research Hospital - Memphis, US  
 

3.15 - 3.30 p.m.  Summary, open questions, concluding remarks 
Michal Ruth Schweiger – Markus Stoffel – Roman-Ulrich Müller 
 

General Information 
Participation is free of charge and no registration or attendance fee is required. Registration is required - here 
If you require an official invitation letter for travel refunding or visa issues as well as childcare possibilities, please 
contact: Dr. Debora Grosskopf-Kroiher - debora.grosskopf-kroiher@uni-koeln.de 

If you are interested in supporting the CMMC Symposium 2023, please visit  Sponsoring Options 
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 Information – Poster Presentation  

 

 
CMMC Poster Session 
Monday, Sept. 18. 2023 - 6.00 - 9.00 p.m.  
 
 
Time Plan 
6.15 - 7.00 p.m.: Posters with even numbers 
7.00 - 7.45 p.m.: Posters with odd numbers 
7.45 - 8.30 p.m.: both poster numbers  
8.30 - 9.00 p.m.: ongoing discussions 
 
In order to share the novel and exciting ongoing research activities with all participants and thereby promoting 
scientific interaction during the entire meeting, we kindly ask you to attach your poster directly to your assigned 
poster board upon arrival and to take it down at the end of the meeting. The CMMC Symposium 2023 ends on 
Wednesday, Sept. 20, 2023 at about 3.45 p.m. 
 
CMMC Poster Prize  
The Poster Evaluation Committee will nominate the three most outstanding poster contributions after the CMMC 
Poster Session. The presenting authors of the three most outstanding poster contributions will be honored with 
the Poster Awards of the CMMC Symposium 2023 and will receive 250,- EUR. 
 
Announcement of the Poster Awardees 
September 19, 2023 at 4.20 p.m.: Michal R Schweiger and Roman-Ulrich Müller charing the poster evaluation 
committee will announce the awardees of the CMMC Poster Prizes 
 
Short talks during session VI of the CMMC Symposium 2023 
September 20, 2023 at 1.00 p.m. The three poster prize winner will be invited to give a short talk (7 Min. talk 
and 3 Min. discussion) on Wednesday during the last session. 
 
 
Further Information 
https://www.cmmc-uni-koeln.de/events/cmmc-symposium-2023/poster-session 
 





                                                                                       Overview - Poster Abstracts 

 

 
 First and 

presenting 
author(s) 

Affiliation  
(first affiliation listed) 

Poster Title 

P 01 Afari MNK Dept. of Chemistry, 
Univ. of Turku, FN  
 

Watson-Crick based pairing of N-Methoxy-1,3-
Oxazinane (MOANA) nucleoside analogues within 
double-helical DNA 
 

P 02 Anokhina M Inst. of Pathology, 
Univ. Hospital 
Duesseldorf, DE 
 

Intercellular crosstalk mediated by circular LSD1-RNAs 

P 03 Behn T Inst. für Organische 
Chemie Univ. of 
Cologne, DE 
 

Next-generation DNAzymes 

P 04 Bock F  Dept of Ophthal-
mology, Univ. Hospital 
of Cologne, DE 
 

Antisense oligonucleotide eye drops against insulin 
receptor substrate-1 inhibit corneal neovascularization: 
preclinical and clinical data 

P 05 Bollu A Dept. of Chemistry, 
Westfälische Wilhelms 
Univ. Münster, DE 
 

Light-activated translation of mRNA in Cells  
 

P 06 Cruz Da Silva E 
 
Choulier L 

Lab. of Bioimaging and 
Pathologies, CNRS / 
Univ. of Strasbourg, 
Illkirch, FR 
 

Aptamers targeting cell-surface biomarkers as 
innovative tools for bioimaging and active siRNA 
delivery in tumor cells 

P 07 Dicke F 
Strippel J 
 
 

Inst. of Organic 
Chemistry, Univ. of 
Cologne, DE 

Synthetic modifications of the expanded genetic 
alphabet towards site-specific labeling of RNA 

P 08 Dietzsch J Inst. für Organische 
Chemie, Julius-
Maximilians-Univ. 
Würzburg, DE 
 

Tuning the spectroscopic performance of an RNA 
aptamer by atom-specific mutations 

P 09 Filipów S Dept. II of Internal 
Medicine Univ. of 
Cologne / Univ. 
Hospital Cologne, DE 
 

Long non-coding RNAs in the pathogenesis of focal 
segmental glomerulosclerosis (FSGS) 

P 10 Florin M Dept. I of Internal 
Medicine, Univ. of 
Cologne / Univ. 
Hospital Cologne, DE 
 

The aptamer C10.36 as a potential drug delivery 
system in chronic lymphocytic leukemia 
 

P 11 Gajarsky M Center for Molecular 
Medicine Cologne, 
Univ. of Cologne, DE 
 

Structure, biology and medical potential of blood 
plasma-derived ultra-short cell-free DNA 



 Overview - Poster Abstracts  
 

 

 First and 
presenting 
author(s) 

Affiliation  
(first affiliation listed) 

Poster Title 

P 12 Gewalt T Dept. I of Internal 
Medicine, Univ. of 
Cologne / Univ. 
Hospital Cologne, DE 
 

Deciphering the molecular mechanisms of LIN28B in 
tumor maintenance in squamous cell lung carcinoma 

P 13 Gobrecht P Center for 
Pharmacology, Institute 
II, Med. Faculty, Uni. of 
Cologne, DE 
 

Pharmacological VASH1/VASH2 inhibition facilitates 
nerve regeneration in adult mammals 

P 14 Gottschalk M Immunology and 
Environment, Life and 
Medical Sciences 
Institute, Univ. of Bonn, 
DE 
 

Topical application of CCL22-specific aptamers as a 
treatment option to reduce allergic symptoms in contact 
hypersensitivity 

P 15 Haarmann M Dept. of Translational 
Genomics, Univ. of 
Cologne, DE 
 

Nucleic acid sensing pathways drive inflammation in 
squamous cell carcinoma after cytotoxic treatment 
independent of cell death 

P 16 Hashemi KH 
 
Afkhami-Goli 
AA 

Division of 
Biotechnology, Faculty 
of Vet. Medicine, 
Ferdowsi Univ. of 
Mashhad, IR 
 

MS2 virus-like particles for brain delivery of therapeutic 
shRNA in Multiple Sclerosis in vitro and in vivo 

P 17 Heß F Inst. for Translational 
Epigenetics, Univ. of 
Cologne, DE 
 

Development of multi-modular siRNA carrier systems 
for epidermal growth factor receptor (EGFR) specific 
delivery 

P 18 Hinrichs S 
 

Dept. II of Internal 
Medicine, Univ. of 
Cologne / Univ. 
Hospital Cologne, DE 
 

Analysis of the RNA-binding protein landscape in 
porcine kidneys following ischemia reperfusion injury 

P 19 Huhle T 
 
Ibrahim H 
 

Inst. of Inorganic 
Chemistry, Univ. of 
Cologne, DE 
 

Nanocarriers for the encapsulation of RNA 

P 20 Hunold P 
 
Hoehne MN 

Center for Molecular 
Medicine Cologne, 
Univ. of Cologne, DE 
 

G-quadruplex DNA structures mediate non-autonomous 
instruction of breast tumor microenvironments 

P 21 Igbal S 
 
Mathur S 

Inst. of Inorganic 
Chemistry, Univ. of 
Cologne, Cologne, DE 
 

Advancing therapeutic potential: Controlled RNA 
encapsulation within meso-porous silica and tailored 
strategies for hydrophobic drug delivery 
 



                                                                                       Overview - Poster Abstracts 

 

 First and 
presenting 
author(s) 

Affiliation  
(first affiliation listed) 

Poster Title 

P 22 Johnen R Systemsbiology / 
CECAD, Univ. of 
Cologne, DE 
 

Single-cell mapping of somatic copy number alterations 
in healthy tissues 

P 23 Kleid JM 
 
Damrat M 

Center for Molecular 
Medicine Cologne, 
Univ. of Cologne, DE 
 

Personalized, sustainable and off-the-shelf: 
CRISPR/Cas gene-edited T cells expressing 
combinatorial chimeric antigen receptors (CARs) 
 

P 24 Koch A E Center for Molecular 
Medicine Cologne, 
Univ. of Cologne, DE 
 

Physiological causes of genome instability in aging:  
Identification and evaluation of G-loop-binding proteins 
 

P 25 Kulko E Inst. of Organic 
Chemistry, Univ. of 
Cologne, DE 
 

Which modification provides a higher translation 
efficiency of mRNA? 
 

P 26 Leibinger M Center for 
Pharmacology, Institute 
II, Med. Faculty, Univ. 
of Cologne, DE 
 

Inhibition of microtubule detyrosination by parthenolide 
promotes CNS axon  
regeneration 

P 27 Özerten M Biotechnology, Science 
Institute, Cukurova 
Univ., TR 

 

Investigation of the effect of hypoxia-inducible factors 
on telomere activity in non-small cell lung cancer 
through the expression of epithelial-mesenchymal 
transition genes 
 

P 28 Papadakis A Center of Excellence in 
Cellular Stress 
Responses In Aging-
Associated Diseases, 
Univ. of Cologne, DE 
 

Ageing-associated changes in transcriptional elongation 
influence longevity 
 

P 29 Pavilin N 
 
Staubach S 

Sartorius  
BIA Separations, 
Ajdovscina SL and 
Stedim Biotech, 
Göttingen, DE 
 

Chromatographic platform for characterization of mRNA 
samples 
 

P 30 Peschel JM, 
 
Reichel LS 
 

Inst. of Organic and 
Macromolecular 
Chemistry, Friedrich 
Schiller Univ. Jena, DE 
 

D-fructose-functionalized branched poly(ethylene imine) 
as a selective non-viral gene carrier into human breast 
cancer cells 
 

P 31 Piccirillo P Center for Molecular 
Medicine Cologne, 
Univ. of Cologne, DE 
 

Loss of SIRT7 promotes G-quadruplex DNA mediated 
genome instability in Hutchinson Gilford Progeria 
Syndrome 

 



 Overview - Poster Abstracts  
 

 

 First and 
presenting 
author(s) 

Affiliation  
(first affiliation listed) 

Poster Title 

P 32 Rath W DWI Leibniz-Institute 
for Interactive 
Materials, RWTH 
Aachen Univ., DE 
 

DNA nanoflowers as targeted drug delivery system for 
personalized radiochemotherapy and imaging 
 

P 33 Saleh LY Dept. of Chemistry, 
Univ. of Turku, FN 
 

Catalytic activity of organomercury oligonucleotide 
conjugates as artificial ribonucleases 
 

P 34 Salgueiro W Center of Excellence in 
Cellular Stress 
Responses in Aging-
Associated Diseases, 
Univ. of Cologne. DE 
 

sqrd-1 links mitochondrial respiration and H2S levels 
with hypoxia-signaling induced longevity 

P 35 Saniternik S Inst. of Interventional 
and Diagnostic 
Radiology, Univ. 
Hospital Cologne, DE 
 

SPECT reporter gene imaging of intraperitoneal 
colorectal cancer metastases 
 

P 36 Savcigil DP Center for Molecular 
Medicine Cologne, 
Univ. of Cologne, DE 
 

Physiological role of cFLIP cleavage in the regulation of 
TNF-induced cell death 
 

P 37 Seufert L Dept. II of Internal 
Medicine, Univ. of 
Cologne / Univ. 
Hospital Cologne, DE 
 

The role of Musashi RNA-binding proteins in tubular 
epithelial cells under oxidative stress 

P 38 Suezov R Center for Tumor 
Biology and 
Immunology, Philipps 
Univ. of Marburg, DE 
 

Biodegradable polymeric nanoparticles for drug and 
gene delivery  
 

P 39 Thiesen H-J Gesellschaft für 
Individualisierte 
Medizin (IndyMed) 
mbH, Rostock, DE 
 

Evidence of a KRAB domain specific protein-protein-
interaction code specifying the interaction of KRAB 
domains with TRIM28 and associated regulatory 
proteins that guide dCAS9-KRAB mediated 
transcriptional repression. 
 

P 40 Truong T T Dept. I of Internal 
Medicine, Univ. of 
Cologne / Univ. 
Hospital Cologne, DE 
 

Functional roles of Lyn and Csk in the tumor-supportive 
macrophages of non-small cell lung cancer 



                                                                                       Overview - Poster Abstracts 

 

 First and 
presenting 
author(s) 

Affiliation  
(first affiliation listed) 

Poster Title 

P 41 Vicino M F Clausius Inst. for 
Physical and 
Theoretical Chemistry, 
Univ. of Bonn, DE 
 

Following conformational changes in LbuCas13a from 
apo to the ternary complex with PELDOR spectroscopy 

P 42 Wagner P Inst. for Organic 
Chemistry, Univ. of 
Cologne, DE 
 

Novel unnatural photoactive nucleotides to extend the 
catalytic functions of RNA 
 

P 43 Yu X 
 
Odenthal M 

Inst. for Pathology, 
Univ. of Cologne, DE 

Sequestome 1-promoted loading of the tumor 
suppressor miR-198 into extracellular vesicles and its 
uptake by recipient cells 
 

P 44 Ziegler R 
 
 

Inst. for Inorganic 
Chemistry, Univ. of 
Cologne, DE 
 

Polymer-fibers for controlled drug release applications 

P 45 Zrilic M Center for Molecular 
Medicine Cologne, 
Univ. of Cologne, DE 
 

Role of cFLIP in cell death suppression to maintain 
tissue homeostasis 
 

P 46 Krishnaraj J Max Planck Institute for 
Heart and Lung 
Research,  
Bad Nauheim, DE 

Investigating the relationship between gene mutations 
and transcriptional adaptation  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





          Poster 01 

P 01 

 

Watson-Crick base pairing of N-Methoxy-1,3-Oxazinane (MOANA) nucleoside analogues 
within double-helical DNA 
 
MNK Afari, K Nurmi, P Virta and T Lönnberg  
 
Department of Chemistry, University of Turku, 20014 Turku, Finland 
 
nana.m.afari@utu.fi 
 
Abstract 
(2R,3S)-4-(methoxyamino)butane-1,2,3-triol was synthesized and successfully converted into a 
phosphoramidite building block. This building block was incorporated into the middle of 26-mer hairpin 
oligonucleotides, opposite to either one of the canonical nucleobases or an abasic 2-
(hydroxymethyl)tetrahydrofuran-3-ol spacer.  
 
In this study, we explored the reaction between N-(methoxyamino)butane-1,2,3-triol modified hairpin 
oligonucleotides and aldehyde derivatives of nucleobases and their analogues (9-formyl-9-deazaadenine and 
5-formyluracil or indole-3-carbaldehyde), yielding 2-aryl-N-methoxy-1,3-oxazinane (MOANA) nucleoside 
analogues  in slightly acidic medium (pH 5.5). Under these conditions, the rules of Watson-Crick base pairing 
apply.  
 
The equilibrium constants for the reactions between the aldehydes and oligonucleotides placing one of the 
canonical nucleobases or an abasic site opposite to the modified residue were determined. The highest 
selectivity and affinity were seen in the incorporation of 9-formyl-9-deazaadenine into the hairpin pairing it with 
thymine. This selective incorporation is consistent with Watson-Crick base pairing with a large number of 
hydrogens bond donors and acceptors and a large base stacking surface. The selectivity and affinity for the 
incorporation of 5-formyluracil or indole-3-carbaldehyde were relatively lower, in line with the lower number of 
hydrogen bonding ability or a smaller stacking surface. 
 

 
 

References 

M.N.K. Afari, K. Nurmi, P. Virta, and T. Lönnberg.; Watson-Crick Base Pairing of N-Methoxy-1,3-Oxazinane 
(MOANA) Nucleoside Analogues within Double-Helical DNA, ChemistryOpen, 2023,12,e202300085  

 
 



Poster 02  

P 02 

 

Intercellular crosstalk mediated by circular LSD1-RNAs  
 
MM Anokhina1,2,3, JN Galang2, Y Shen2, R Büttner2,3, MR Schweiger3,4, TT Rau1 and M Odenthal2,3 
 
1 Institute of Pathology, University Hospital of Duesseldorf, 40225 Duesseldorf, DE 
2 Institute of Pathology, University Hospital of Cologne, 50937 Cologne, DE 
3 Center for Molecular Medicine Cologne, University of Cologne, 50937 Cologne, DE 
4 Institute for Epigenetics, University Hospital of Cologne, 50937 Cologne, DE 
 
Maria.Anokhina@med.uni-duesseldorf.de 
 
The epigenetic factor lysine specific histone demethylase 1, LSD1, is highly expressed in wide variety of cancer 
types and strongly associated with cancer progression and metastasis. Nothing is known about how LSD1 
expression is maintained in cancer and non-cancer cells. This question remains to be explored to aid in creating 
a robust technique to precisely target LSD1 in cancer cells. Understanding the role of the tumor 
microenvironment in cancer progression has also been of great importance over the last few years. The transfer 
of genetic material between cells is usually facilitated by extracellular vesicles or ribonucleoprotein complexes 
[1, 2]. 
 
From the LSD1 gene, we have identified and characterized four circRNAs derived from exons 2, 2a, and 3 of 
the KDM1A gene locus [3]. CircLSD1-RNAs were found to be present in both PC9 lung adenocarcinoma cells 
and PSAE primary small airway epithelial cells in varying expression levels reflecting also the expression level 
of LSD1 mRNA. Through their back-splicing, circLSD1-RNAs compete with canonical splicing, which produces 
LSD1 mRNA, regulating LSD1 expression in cancer and non-cancer cells. CircLSD1-RNAs are differently 
expressed in non-cancer versus cancer cells and could be used as markers of the tumour development reflecting 
upregulation of the LSD1 expression. 
 
CircLSD1-RNAs are primarily located in the cytoplasm as shown by cell fractionation and fluorescence in situ 
hybridization (FISH). They are packaged and released in extracellular vesicles by lung cancer PC9 and in RNP 
complexes by non-cancer airway epithelial PSAE cells. Released circLSD1-RNAs are differently taken up by 
PSAE and PC9 cells. 
 
Looking into the mechanism of circLSD1-RNA transfer and its differences in cancer and non-cancer cells may 
provide a better understanding of intercellular communication between cancer and non-cancer cells. 
Furthermore, we may gain insight on how these cells may regulate each other through circRNA transfer. 
 
References: 
 

1.  Valadi, H.; Ekstrom, K.; Bossios, A.; Sjostrand, M.; Lee, J.J.; Lotvall, J.O. Exosome-mediated transfer of 895 mRNAs 
and microRNAs is a novel mechanism of genetic exchange between cells. Nat Cell Biol 2007, 9, 654-659, 896 
doi:10.1038/ncb1596 

 

2.  O'Brien, K.; Breyne, K.; Ughetto, S.; Laurent, L.C.; Breakefield, X.O. RNA delivery by extracellular vesicles in 898 
mammalian cells and its applications. Nat Rev Mol Cell Biol 2020, 21, 585-606, doi:10.1038/s41580-020-0251-y.  

 

3.  Galang, J.N.; Shen, Y.; Koitzsch,U; Yu, X.; Eischeidt-Scholz,H.; Bachurski,D.; Rau, T.T.; Neppl, C.; Herling, M.; 
Bulimaga, B.; Vasyutina, E.; Schweiger, M. R.; Büttner, R.; Odenthal, M.; Anokhina, M.M. Extravesicular release and 
uptake of circular LSD1-RNAs from non-cancer and cancer lung cells. Submitted at International Journal of Molecular 
Sciences. Manuscript ID ijms-2547409. 



  Poster 03 

P 03 

 

Next-generation DNAzymes 
 
T Behn and S Kath-Schorr 
 
Universität zu Köln, Institut für Organische Chemie 
 
t.behn@uni-koeln.de 
 
Abstract 
The significance of nucleic acid therapeutics has been on the rise in the past years, most notably due to the 
mRNA vaccines and antisense technology.  
 
DNAzymes are catalytically active DNA molecules that were developed in the 1990s through in vitro selection 
and evolution.[1] Although many DNAzymes that have since been developed exhibit promising properties in vitro 
to be used as therapeutics, none have been utilized as such, yet. This is primarily the low in vivo activity, as well 
as the low biostability observed in cell experiments[2]. Among the most promising candidates are the 8-17 and 
10-23 DNAzyme, which are able to cleave RNA in a site-specific manner, utilizing metal cofactors such as 
magnesium ions.[1] 
 
Given that the development of DNAzymes utilizing only natural building blocks has reached its optimum, 
incorporation of artificial modifications to enhance the DNAzymes properties is of great interest. However, 
rational design approaches were limited for a long time due to the unknown structure and mechanism of action, 
which was only recently elucidated for the 10-23 DNAzyme by Etzkorn et al.[2,3] 
 
Furthermore, the authors introduced a base modification to the catalytic active site that increased catalytic 
activity by six-fold.[2] This presents a first rational design approach to improve the properties of the 10-23 
DNAzyme, which is further explored in this project. For this purpose, organic synthesis is utilized to create novel 
building blocks for solid-phase DNA synthesis using phosphoramidite chemistry. In combination with well-
established modifications used in other nucleic acid therapeutics, next-generation DNAzyme variants are 
developed to enabling therapeutic applications of this promising technology.  
 
 
References 
[1] S. W. Santoro, G. F. Joyce, Proc. Natl. Acad. Sci. U. S. A. 1997, 94, 4262–4266. 
 

[2] J. Borggräfe, J. Victor, H. Rosenbach, A. Viegas, C. G. W. Gertzen, C. Wuebben, H. Kovacs, M. Gopalswamy, D. 
Riesner, G. Steger, O. Schiemann, H. Gohlke, I. Span, M. Etzkorn, Nature 2022, 601, 144–149. 

 

[3] S. Du, Y. Li, Z. Chai, W. Shi, J. He, RSC Adv. 2020, 10, 19067–19075. 
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Antisense oligonucleotide eye drops against insulin receptor substrate-1 inhibit corneal 
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Introduction  
Corneal neovascularization, characterized by the abnormal growth of blood and lymphatic vessels into the 
cornea, reduces corneal transparency and visual acuity and is a major risk factor for graft rejection after corneal 
transplantation. Despite a huge unmet clinical need, no optimal treatment for corneal neovascularization has 
been developed. Aganirsen, a 25mer antisense oligonucleotide targeting insulin receptor substrate-1 (IRS-1), 
was developed to inhibit corneal neovascularization. This study aims to summarize the preclinical and clinical 
groundwork for this novel treatment approach. 
 
Results  
Aganirsen inhibited lymphatic endothelial cell (LEC) proliferation in a dose-dependent manner and led to 
decreased VEGF-A expression levels in LECs in vitro. In macrophages, VEGF-A, VEGF-C, VEGF-D, and 
VEGFR3 expression levels were also inhibited by Aganirsen. In vivo, corneal hemangiogenesis (by 17%; 
p<0.01) and lymphangiogenesis (by 28%; p<0.001) were significantly inhibited when used at a concentration of 
200 μM in a mouse model of suture-induced corneal neovascularization. A randomized, double-blind, placebo-
controlled phase II study demonstrated that topical application of aganirsen was effective in inhibiting and 
regressing neovascularization (by 26.2%, p=0.014) with no significant adverse effects. The subsequent 
multicenter, double-masked, randomized, placebo-controlled phase III study (I-CAN study) focused on keratitis-
related progressive corneal neovascularization. In this study, treatment with aganirsen eye drops resulted in 
reduced relative corneal neovascularization compared to placebo and improved quality of life. Further analysis 
showed a reduced need for transplantation and decreased graft rejection risk in some subgroups treated with 
aganirsen. 
 
Perspectives  
Initial clinical trials demonstrate the safety and efficacy of Aganirsen eye drops in corneal neovascularization. 
Further clinical trials with aganirsen eye drops are planned in corneal neovascularization of different etiologies 
and in the possible additive effect of aganirsen in combination with other angioregressive methods. These 
studies may pave the way for further regulatory approvals and a wider reach for this novel treatment method. 
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Introduction
The 5′ cap is the hallmark of eukaryotic mRNA involved in the initiation of translation. Its modification with a 
single photo-cleavable group can bring translation of mRNA under the control of light.[1] However, UV light 
irradiation causes cell stress and downregulation of translation. The approach would thus greatly benefit from 
the ability to photo-cleave by blue light (visible light, Figure 1). 

Results
We report the synthesis of a 5′ cap modified with a 7-(diethylamino)coumarin (CouCap) and adapted conditions 
for in vitro transcription. Translation of the resulting CouCap-mRNA is muted in vitro and in mammalian cells, 
and can be initiated by irradiation with 450 nm.[2] The native cap is restored and no non-natural residues nor 
sequence alterations remain in the mRNA.

Figure 1. Schematic representation of light mediated control of mRNA translation with photocaged 5′ cap.
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Introduction  
Nucleic-acid aptamers are of strong interest for diagnosis and therapy. Compared with antibodies, they are 
smaller, stable upon variations in temperature, easy to modify, and have higher tissue-penetration abilities. 
However, they have been little described as detection probes in histology studies of human tissue sections, and 
their therapeutic potential is still understudied, which is the focus of our studies. 
 
Results  
We performed fluorescence imaging with two aptamers targeting cell-surface receptors EGFR [1] and integrin 
α5β1 [2], both involved in the aggressiveness of glioblastoma [3]. The aptamers' cell-binding specificities were 
confirmed using confocal imaging. The affinities of aptamers for glioblastoma cells expressing these receptors 
were in the 100-300 nM range. The two aptamers were then used to detect EGFR and integrin α5β1 in human 
glioblastoma tissues and compared with antibody labeling. Our aptafluorescence assays proved to be able to 
very easily reveal, in a one-step process, not only inter-tumoral glioblastoma heterogeneity (differences 
observed at the population level) but also intra-tumoral heterogeneity (differences among cells within individual 
tumors) when aptamers with different specificities were used simultaneously in multiplexing labeling 
experiments. This study showed for the first time the application of fluorescent aptamers in multiplexing imaging 
experiments to simultaneously label two biomarkers in human GBM tissues [4].  
 
Perspectives  
Encouraged by these promising results for multiplexing in histology, we now intend to exploit the use of several 
aptamers with different specificities to simultaneously target several biomarkers expressed at the surface of 
tumor cells, with the objective to deliver siRNA into targeted cells with the utmost precision (to avoid side effects 
on healthy cells).  
 

Our current projects are based on a global approach involving bioinformatics to identify molecular signatures of 
tumor cells, in vitro selection to select highly specific nucleic acid aptamers targeting these biomarkers [5], 
synthesis of vectors based on multivalent conjugates and on nanoparticles, high resolution bioimaging of 
intracellular siRNA pathway using pH-sensitive ratiometric probes developed in the lab, improvement of siRNA 
cytosolic delivery using pharmacological [6] and photochemical approaches, and ex vivo/in vivo validation. 
Thanks to their flexible nature, these innovative delivery strategies should find applications against a wide range 
of pathologies. 
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Introduction  
 

The TPT3:NaM base pair was introduced by Romesberg in 2014.[1] In contrast to the canonical base pairs, the 
TPT3:NaM pair shows only hydrophobic interactions. Nonetheless, it can be replicated, transcribed, and 
translated in vitro and in vivo.[2] We used this as a platform to synthesize the cyclopropene-containing derivative 
rTPT3CP which can be enzymatically transcribed site-specifically into an RNA strand of interest.[3] In a 
subsequent step, the cyclopropene can be utilized to attach fluorescent dyes which allows for the spaciotemporal 
visualization of RNA in cells while maintaining its function.[4] Likewise, stable radicals can be attached as spin 
labels to probe distances within RNAs using EPR spectroscopy.[5] 
 
Results  
 

A synthesis of cyclopropenated TPT3-derivative rTPT3CP was developed with the key step being a Sonogashira 
coupling in which the cyclopropane moiety is attached to iodinated rTPT3. Phosphorylation yields the 
triphosphate rTPT3CP TP[3] which can incorporated into RNA by in vitro transcription of dNaM-containing DNA. 
Self-complementary RNA strands prepared by that method formed duplexes exhibiting two rTPT3CP 
modifications. Inverse electron demand Diels-Alder (iEDDA) cycloaddition of the cyclopropene residues with a 
tetrazine probe bearing a nitroxyl radical gave two-fold spin-labeled RNA duplexes. The distance between the 
two radicals in a duplex could be determined by Pulsed Electron Electron Double Resonance (PELDOR) 
spectroscopy.[6] 
 
On the other hand, transfection of HeLa cells with rTPT3CP-modified mRNA allowed its localization and time-
dependent tracking after in vivo iEDDA with fluorescent tetrazine label. Moreover, rTPT3CP-modified mRNA 
coding for the fluorescent reporter protein mCherry was still translated as was seen from fluorescence 
quantification.[4] 
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Fluorogenic RNA aptamers have emerged as powerful tools to study RNA localization and functions using light, 
enabling minimally invasive interrogation to uncover important roles in cellular processes and diseases. The 
fluorescence turn-on of fluorogenic RNA aptamers is enabled by the restricted mobility upon RNA binding of 
small molecules that are not fluorescent when free in solution. One class of RNA aptamers activates the 
fluorescence of derivatives of hydroxybenzylidene imidazolone (HBI), mimicking the chromophore structure 
found in natural green and red fluorescent proteins. Among these aptamer-fluorophore systems, the Chili RNA 
aptamer mimics large-Stokes shift fluorescent proteins (LSS FPs) with attractive spectroscopic properties for 
fluorescence imaging and sensing applications.

The Chili aptamer activates the fluorescence of the specifically and tightly binding positively charged DMHBI+ 
and DMHBO+ ligands, leading to the largest Stokes shift fluorescence emission reported so far for fluorogenic 
aptamers.1 Recently, the crystal structure of the Chili aptamer in complex with its two cognate ligands was 
reported.2 Supported by NMR spectroscopy, kinetic and thermodynamic studies, a G-quadruplex structure was 
identified as fluorophore binding site and we were able to reveal the molecular mechanism responsible for the 
ultrafast excited state proton transfer (ESPT) triggering the observed large Stokes shift.2

In order to expand and improve the 
spectroscopic performance of the Chili 
aptamer, we altered the electronic and steric 
properties of both the RNA and ligand scaffold 
by introducing site-specific modifications. 
Within the RNA scaffold, we focused on the 
mutation of guanine G14 which shows stacking 
interactions with the ligands crucial for efficient 
fluorescence activation. Furthermore, we 
modified and replaced the imidazolone ring of 
the original fluorophores to achieve a stronger 
fluorescence activation and more red-shifted 
emission. Here, we present the synthesis and 
spectroscopic analysis of these modified 
fluorogenic aptamers. 

Two promising chromophore candidates in comparison with the cognate ligands DMHBO+ and DMHBI+ were 
selected for further investigation by NMR spectroscopy to reveal the influence of distinct chromophore binding 
modes on the system’s fluorogenic behavior. Our mutation and biophysical screening approach aims at 
providing the structural basis to facilitate the rational design of new fluorogenic ligands with enhanced 
photophysical properties for novel diagnostic applications.

[1] C. Steinmetzger, I. Bessi, A.-K. Lenz, C. Höbartner, Nucleic Acids Res. 2019, 47(22), 11538-11550. 
[2] M. Mieczkowski, C. Steinmetzger, I. Bessi, A.-K. Lenz, A. Schmiedel, M. Holzapfel, C. Lambert, V. Pena, C. 

Höbartner, Nat. Comm. 2021, 12(1), 3549.

Figure 1. Site-specific mutation of the Chili-ligand system leads to 
enhanced and red-shifted fluorescence emission.
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Introduction: 
 

Most kidney diseases are caused by a dysfunction of the renal filtration unit – the glomerulus - and damage to 
podocytes, a highly differentiated post-mitotic cell type central to the glomerular filtration barrier. Focal segmental 
glomerulosclerosis (FSGS) – i.e. partial scarring of renal glomeruli - is a histopathological pattern of injury 
common to many glomerular diseases. The progressive structural changes involved in the pathology of FSGS 
include the effacement of podocyte foot processes, leading to cell detachment and death.  
However, the pathogenesis of FSGS and the particular molecular mechanisms regarding different underlying 
etiologies remains incompletely understood. Specifically, the contribution of non-coding RNAs to FSGS is 
unclear. In this project, we focus on the role of long non-coding RNAs in primary FSGS and podocyte biology. 
Long non-coding RNAs (lncRNAs) are defined by a length of more than 500 base pairs and are not translated 
into proteins. These molecules have been extensively reported to be involved in epigenetic, transcriptional and 
post-transcriptional regulation, suggesting an important role in the pathogenesis of many disease states. In our 
research, we used a combination of established FSGS mouse models to determine disease-associated lncRNA 
expression patterns, coupled with the generation of novel lncRNA knockout mouse lines to elucidate the function 
of lncRNAs in vivo. 
 
Results  
 

The RNAseq experiments of FSGS mouse models revealed renal expression of 48,055 lncRNA transcripts of 
which 757 were podocyte-specific (TSI ≥ 0.8), conserved between mouse and human, and dysregulated in the 
diseased animals. Using CRISPR/Cas9 technology, we generated four knockout mouse lines for Wt1os, 
4921504A21Rik, Gm40578 and Gm10824 lncRNAs. STED microscopy of nephrin immunolabeling of optically 
cleared kidney sections revealed altered podocyte foot processes ultrastructure in Wt1os (22 weeks) and 
Gm40578 (12 weeks) homozygous transgenic animals, which to our knowledge is the first observed renal 
phenotype in mice caused by the lncRNA knockout.  
 
Perspectives 
 

In the scope of this project, we will perform transcriptomic and proteomic profiling of the isolated glomeruli of 
animals from the lncRNA knockout mouse lines and determine the lncRNA interactome. Functional 
characterization of FSGS-related lncRNAs is necessary to explain their impact on podocyte biology and their 
role in the pathogenesis of FSGS as well as potential diagnostic and therapeutic strategies. 
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The goal of achieving targeted drug delivery in various malignancies that is free from off-target effects is an 
ongoing priority in cancer research. Among several promising drug-carrier systems, Aptamers represent 
promising candidates for targeted drug delivery.1,2 The Aptamer C10.36 that was selected against Burkitt’s 
lymphoma cells, showed binding affinity against certain non-Hodgkin’s lymphoma (NHL) cell lines. Through 
selective binding to a surface spliceosomal complex in several NHL cell lines, C10.36 could internalize into 
lymphoma cell lines and induce alternative splicing events leading to necrotic cell death,3,4 However, the 
preclinical affinity and mode of action of C10.36 remain to be investigated in primary immune cells of patients 
and healthy donors. 
 
In this study, we aim to investigate the potential application of C10.36 in chronic lymphocytic leukemia (CLL), 
one of the most common NHL entities and the most common leukemia in the western world. We assess the 
binding affinity and internalization of C10.36 in CLL cells purified from patients’ peripheral blood, particularly in 
comparison with healthy leukocytes of healthy donors, as well as possible effects of C10.36 on cell viability.  
 
We could show that C10.36 exhibited high affinity binding to primary CLL cells in vitro in a dose-dependent 
manner, with an expected variability in each patient. Importantly, binding of C10.36 to T cells and B cells derived 
from healthy donors was either very weak or not detectable, suggesting a specific affinity of C10.36 to CLL cells 
while sparing untransformed B cells and T cells. We were able to confirm internalization of C10.36 into the 
cytosol of CLL cells using confocal microscopy. In cell viability assessment, no significant toxicity of C10.36 
towards CLL cells could be observed. These results encourage the application of C10.36 as a selective carrier 
for targeting CLL cells. Besides, in contrast to healthy lymphocytes, C10.36 could bind and internalize efficiently 
into myeloid cell lineage. Because CLL is a malignancy highly dependent on the surrounding niche, with 
monocytes/macrophages representing one of the most potent supporters of CLL cell survival, C10.36 can be 
further explored as a drug-carrier for remodeling the tumor immune microenvironment.6,7 Further analyses will 
shed light onto the mechanism of action of C10.36 and different C10.36-drug conjugates in B cell lymphoma, 
particularly to target CLL cells and their associated microenvironment.  
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Introduction 
It is generally recognized that human blood plasma cell-free DNA (cfDNA) is fragmented around 166bp, a length 
corresponding to the DNA wrapped around a nucleosome, protecting it from degradative processes.(1) 
However, data supporting this view has been mainly acquired by capturing and analysing double-stranded DNA. 
Recently, advanced DNA capture methods coupled with ssDNA library preparation revealed a novel population 
of ultra-short cell-free DNA centred at ~50nt (US-cfDNA).(2–4) This ultra-short (US) cfDNA is predominantly 
mapped upstream of nucleosome-depleted, accessible transcription start sites (TSS). Importantly, these gene 
promoter regulatory regions are only enriched for US-cfDNA when they contain the potential to adopt non-
canonical DNA secondary structures, namely G-quadruplex (G4).(2) Astonishingly, a substantial difference in 
the prevalence of US-cfDNA in plasma of healthy donors versus cancer patients was observed, with the latter 
containing a significantly smaller fraction of US-cfDNA. Considering cfDNA was implicated in immune system 
regulation(5) and extranuclear G4s were shown to serve as signal molecules(6) and to be preferentially 
internalized by certain cell lines(7) we hypothesize that the pool of US-cfDNAs, primarily consisting of single-
stranded guanine-rich or cytosine-rich DNA sequences, forms tetraplex-based secondary structures  
(G-quadruplex, i-motif) and that the tetraplex forming capabilities of US cfDNA are important for blood biology 
and can be rationally exploited for cancer diagnostics and therapy. 
 
Results 
The previous research uncovered the strong G-quadruplex forming potential of the US-cfDNA fragments, 
however whether US-cfDNAs are structured in blood plasma remained unknown. We employed a combination 
of high-resolution spectroscopic tools, secondary structure specific antibodies and small molecule ligands to 
uncover the structural characteristics of US-cfDNA. We show, to the best of our knowledge, the first experimental 
proofs of G-quadruplex presence in human blood plasma. 
 
Perspectives  
Using ssDNA library preparation method, we aim to reveal precise G4 landscapes from blood plasma US cfDNA. 
We anticipate to find critical US-cfDNA fragments potentially inferring status, biology and vulnerabilities of cancer 
from blood samples. Later we aim to identify blood plasma proteins binding US-cfDNA and we will specifically 
search for factors responsible for the depletion of US-cfDNA in blood plasma from breast cancer patients. We 
aim to reveal blood-related cells that alter their function by responding to US-cfDNA and consequently lead to 
enhanced immune-surveillance of breast tumor development. 
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Lung cancer is a disastrous malignancy with the highest cases of death worldwide. Non-small cell lung cancer 
(NSCLC) is one of the pathologically major subtypes and constitutes to approximately 85% of all lung cancer 
cases worldwide, including squamous cell carcinoma (SCC) accounting for 30% of cases.  
 
The RNA-binding protein LIN28B has been identified as an independent marker of worse prognosis in different 
tumor entities including lung adenocarcinoma, however its role in lung SCC is still elusive. Due to still limited 
options for targeted therapies for patient stratification, we aim to find novel biomarkers with potential for 
immunotherapy stratification. 
 

By using publicly available patient data we showed that LIN28B expression correlates with decreased survival 
in pulmonary SCC. So far, investigating the role of LIN28B in human SCC cell lines, direct LIN28B targets by 
RNASeq including HMGA2 could be derived and cancer cells showed an upregulation of PD-L1 upon LIN28B 
expression.  
 

We could identify two candidate pathways to be involved in PD-L1 regulation, namely IL-6- and WNT-signaling. 
Finally, we will investigate efficacy of PD-1 and PD-L1 immune checkpoint blockade in a genetically engineered 
mouse model of pulmonary SCC with and without LIN28B expression to explore LIN28B as a biomarker for 
therapy stratification. 
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Abstract 
Treatments accelerating axon regeneration in the nervous system are still clinically unavailable. However, 
parthenolide promotes adult sensory neurons' axon growth in culture by inhibiting microtubule detyrosination. 
Here, we show that overexpression of vasohibins increases microtubule detyrosination in growth cones and 
compromises growth in culture and in vivo.  
 
Moreover, overexpression of these proteins increases the required parthenolide concentrations to promote 
axon regeneration. At the same time, the knockdown of endogenous vasohibins or their enhancer SVBP in 
neurons facilitates axon regeneration, verifying them as pharmacological targets for promoting axon growth. 
In vivo, repeated oral application parthenolide’s prodrug di-methyl-amino- parthenolide (DMAPT) markedly 
accelerates mouse sciatic nerve functional recovery.  
 
Furthermore, a delayed intravenous application of parthenolide was sufficient to accelerate functional sciatic 
nerve recovery in rats. Thus, pharmacological inhibition of vasohibins facilitates axon regeneration in different 
species, making parthenolide and DMAPT the first promising drugs for curing nerve injury. 
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Around 20% of the general population suffer from allergic contact dermatitis (ACD) - a prevalent occupational 
disease with limited therapeutic options. The chemokines CCL17 and CCL22, which both bind to the chemokine 
receptor CCR4, have been associated with allergic diseases such as ACD. Despite their differential functions, 
we observed that not only CCL17- but also CCL22-deficiency reduced allergic reactions in contact 
hypersensitivity (CHS), the mouse model for ACD, effectively by reducing ear swelling and migration of activated 
T cells. To investigate the therapeutic potential of CCL22 blockade in CHS, we developed a 29-nt DNA aptamer, 
named AJ102.29m, to impair CCL22-mediated chemotaxis. 
 
The aptamer AJ102.29m effectively inhibits the migration of CCL22-dependent T-cell migration in in vitro 
transwell assays and ameliorated allergic reactions in vivo when injected intraperitoneally in the CHS model. 
Moreover, CHS associated allergic symptoms could successfully be reduced by topical application of 
AJ102.29m in DAC cream. Additionally, microscopic analysis of an ex vivo skin assay demonstrated that the 
aptamer can penetrate the epidermis and dermis of murine skin. 
 
Suppression of allergic symptoms by CCL22 blockade via the newly generated aptamer AJ102.29m proves the 
therapeutic potential of CCL22 targeting in treatment of ACD. The effective topical application of aptamers 
thereby offers a non-invasive local treatment alternative to systemic application with lower risk of adverse effects 
and the advantageous properties of aptamers.  
 
Thus, with the prospect of finding an aptamer-based ACD therapeutic we will next test aptamers specifically 
targeting human CCL17/CCL22. 
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Introduction  
Squamous cell carcinoma (SCC) is one of the most common cancer types worldwide. In recent years, immune 
checkpoint blockade (ICB) has been established in cancer treatment, increasing the ability of the immune system 
to target cancer cells by blocking PD-L1 and therefore increasing T-cell activity. While this approach has 
improved treatment outcome, SCC oftentimes present as "cold" tumours with very low levels of immune-cell 
infiltration and only a subset of patients expressing PD-L1 (Saloura et al., Oral oncol. 2019). Currently, it is not 
well understood how SCC cells avoid recognition by the immune system. Studies in breast cancer indicate the 
possibility of increased immune signalling through paclitaxel treatment (Lohard et al., Nat. Comun. 2020). This 
project focuses on the induction of inflammatory signalling in SCC through cytotoxic treatment and the effects 
on cancer cell growth. 
 
Results  
In our investigation of HNSC and LSCC we identified inflammatory expression after treatment with Cisplatin and 
Paclitaxel. Inflammatory signalling was measured through RNA sequencing and qRT-PCR after treatment with 
cytotoxic drugs. HNSCC and LSCC cells show an increase in inflammatory signalling measured through the 
expression level of TNF, IFIT1, CXCL10 and CCL5 72h after treatment with Cisplatin or Paclitaxel. Gene set 
enrichment analysis of differentially expressed genes under treatment shows increased activity in pathways 
associated with inflammatory signalling and interferon response.  
 
Additional treatment of cells with Paclitaxel or Cisplatin and caspase inhibitor QvD leads to an amplification of 
inflammatory signalling compared to treatment with either agent alone.  
 
To gain insight into the effect of caspase inhibition on cell survival during cytotoxic treatment, viability and cell 
death were determined through crystal violet, flow cytometry and live-cell imaging. Though caspases are 
necessary for cell death through apoptosis, SCC cells treated with cytotoxic drugs Cisplatin and Paclitaxel show 
a decreased cell number compared to control despite caspase inhibition. Interestingly, cell death is only 
decreased in a subset of cell lines by concurrent chemotherapy and caspase inhibitor treatment indicating that 
the effects on inflammatory signalling are not dependent on apoptotic cell death.  
 
To determine the mechanism of this inflammatory response, knock-outs of two major regulators of innate 
inflammatory signalling, MAVS and STING, were generated. qPCR analysis of the inflammatory response after 
STING but not MAVS knock-out shows decreased basal inflammatory signalling as well as decreased reaction 
to cytotoxic treatment and caspase inhibition. 
 
Our current results thus show that inflammatory signalling is induced in SCC through cytotoxic treatment in a 
cell death independent, STING dependent manner and warrant further investigations into the exact mechanism 
of inflammatory signalling and cell death in SCC. 
 
Perspectives  
Results of this study indicate the possibility of increasing inflammatory signalling in SCC through cytotoxic 
treatment and caspase inhibition independent of cell death. This opens the opportunity to study the effect of 
caspase inhibition in the context of ICB. Together with an increased understanding of the regulation of innate 
immune signalling in SCC this could aid in developing more efficient ways to target the immune system against 
cancer cells
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Introduction 
The delivery of therapeutic RNAs to the brain and spinal cord is severely hampered by the blood-brain barrier, 
making the treatment of central nervous system (CNS) diseases extremely difficult. Multiple sclerosis (MS) is an 
inflammatory disease of the CNS characterized by neurodegeneration and increasing neurological impairment. 
The lingo1 protein as a negative regulator of myelination plays a significant role in demyelinating conditions such 
as experimental autoimmune encephalomyelitis (EAE) and multiple sclerosis (MS). 
 
Virus-like particle (VLP)-based gene therapy has been introduced as a promising tool for treatment of different 
diseases throughout the past few decades. In this study, bacteriophage MS2 VLP with the ability of self-
assembly and oligonucleotide packaging was used for Lingo1 shRNA delivery to the CNS. In the EAE mouse 
model of multiple sclerosis MS2 VLP-mediated shRNA delivery resulted in the downregulation of Lingo1 
expression and remyelination and improvement of the behavioral symptoms of EAE.  
 
Results 
A bacterial expression system was used to prepare homogenous and stable shRNA-loaded MS2 VLPs with 
icosahedral structure. 100 mM NaNO3-Tris buffer (pH:8) was introduced as a new, optimized buffer for 
purification and storage of the VLPs. RT-PCR and ribonuclease digestion assays demonstrated the protection 
of the shRNA sequences packed in the VLPs.  
 
The treatment of Neuro2 A cells with VLPs confirmed the uptake of VLPs (IC, flow cytometry) with little signs of 
toxicity. Furthermore, MS2 VLP-mediated shRNA delivery yielded down regulation of lingo1 both on the mRNA 
and protein level. Finally, MS2 VLP-shRNA nanoparticles were injected intravenously into mice in which multiple 
sclerosis was experimentally induced (EAE model). The specific treatment but not control improved the 
behavioral score and myelin sheet repair.  
 
Perspective 
These findings demonstrate the potential of MS2 VLPs for delivery of RNA across the blood-brain barrier as a 
potential new treatment for MS patients. 
 
Key words: LINGO1, RNA interference, MS2 virus-like particle, multiple sclerosis 
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Long non-coding RNAs transcribed from pericentromeric Satellite repeats III (SATIII/ HSATIII) are involved in 
stress-dependent splicing processes and maintenance of genome stability. SATIII is elevated in numerous 
cancer entities, as well as under heat stress and chemotherapeutic interventions.  
 
Clinically, elevated expression levels of Satellite RNAs can be found in various cancer tissues, and induction of 
murine major Satellites results in an earlier onset of tumor development in mice, leading to decreased survival 
furthermore SATIII transcripts induce resistance against the topoisomerase 2a (TOP2A) inhibitor etoposide in 
lung cancer. Novel regulators of SATIII expression have been identified, which, in combination with etoposide, 
revert therapy resistance and ultimately promote proliferation inhibition.  
 
Since these inhibitors are chemical compounds that are difficult to specifically target to tumor tissues, the aim of 
the project is to develop a receptor-specific multi-modular siRNA carrier system. The transport system consists 
of a receptor-specific ligand, a linker and a functional siRNA. The present application combines the advantages 
of the individual components to synthesize a specific and highly effective therapeutic complex. The development 
is persued in frame of a therapeutic complex for the knock down of SATIII RNA for treatment of chemotherapy 
resistant lung cancers and HPV-associated head and neck tumors.  
 
The use of DNFs leads to higher nuclease stability than ssDNA, which aptamer-based strategies typically suffer 
from. Since we are using a particle-based system, we also take advantage of the enhanced permeability and 
retention effect (passive targeting). Due to the excellent targeting properties of our DNFs, we plan to use them 
for the precise and personalized dual-treatment of hard-to-cure cancers like GBM, TNBC and PCa. 
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Introduction  
RNA-binding-proteins (RBPs) are key regulators of RNA biology with an impact on expression regulation, 
translation and posttranscriptional modification. Vice versa, RNA can influence the function of RBPs. Due to 
their key role in cellular biology, RBPs are especially interesting in the pathological context e.g. ischemia 
reperfusion injury (IRI) because of the need for a rapid and efficient cellular response to this stressor. IRI, a 
critical ischemic phase lasting longer than 30 minutes, leads among other organs to harmful changes in kidneys, 
also known as acute kidney injury (AKI). Although AKI has a high prevalence (20%-50%) in patients treated in 
the intensive care unit, no effective therapy has been developed yet. 
 
Our aim was to unravel changes in the renal RNA-binding-proteome (RBPome) occurring during AKI. We used 
ischemia reperfusion injury to induce AKI in porcine kidneys, a model resembling the human physiology closer 
than rodent models. To ensure that the found RBPs are of relevance to humans, we have also characterized 
the renal RBPome of the human renal cortex and medulla. 
 
Results  
We identified 839 RBPs in the porcine kidney and 623 RBPs in the human renal cortex and medulla. 439 RBPs 
were shared between the human and the pig datasets. 6% of the identified RBPs have not been described 
previously. Following IRI, 21 RBPs showed differential binding to their targets. Furthermore, 18 of these were 
found in the human RBPome or were previously described as RBPs in human. 
 
Perspectives  
With our combined eRIC and proteome approach we have identified differentially bound RBPs following IRI in 
porcine kidneys, among them RBPs that have been previously associated with AKI. A deeper understanding of 
the role these RNA-protein interactions play in AKI will potentially lead to the identification of novel therapeutic 
targets for AKI in human. 
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This study investigates the enhancement of nanocarriers for RNA utilization in the field of medicine. The 
challenges associated with RNA delivery, such as degradation, stimuli responsive stability and limited cellular 
uptake, necessitate innovative solutions. Nanocarriers, including liposomes, nanoparticles, and polymers, 
provide tunable properties for overcoming these challenges and therefore offer promising platforms for improving 
therapeutic agent transport, tracing and tracking. 

The poster outlines strategies for functionalizing nanocarrier surfaces, enabling improved targeting, cellular 
uptake, and controlled release. Techniques like ligand conjugation and charge modification are explored for their 
impact on biocompatibility and RNA stability and methods for surface optimization and efficient loading are 
scrutinized. In this context, aptamers play a dual role - amplifying precision in RNA delivery and enabling 
accurate RNA/protein detection. The synergy of these approaches holds promise for tailored biomedical 
solutions, pushing the frontiers of personalized medicine. 

Drawing from both experimental and computational insights, this research aids in the rational design of 
nanocarriers for tailored biomedical applications. By optimizing nanocarrier properties and loading techniques, 
the full potential of RNA-based therapies and detectors can be harnessed. 

Keywords: nanocarriers, RNA delivery, bioconjugation, RNA stability, biomedical applications, aptamers, RNA 
detection, protein detection.
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Introduction 
Breast cancer is characterised by genetic and epigenetic alterations, such as G-quadruplex (G4) DNA secondary 
structures. Here, we uncover differentially enriched G4 structure-forming regions (∆G4Rs) and interlinked 
transcriptomes in the tumour microenvironment (TME) of breast cancer PDX models in vivo. 
 
Results 
We show that well-defined breast cancer cell models non-autonomously instruct ∆G4Rs and transcriptomes in 
the epigenomes of primary macrophages in vitro. Mechanistically, we uncover that triple-negative breast cancer 
(TNBC) secretes, amongst other factors, glucocorticoids to promote G4-linked activation of octamer-binding 
transcription factor 1 (OCT-1) and thereby reprogramme naïve macrophages into an immunosuppressed and 
immunosuppressive state with distinct secretome alterations. This epigenetic mechanism is of clinical 
importance since instructed macrophages selectively associate with the TNBC basal-like 2 (BL2) subtype and 
with the distinct TNBC molecular signature derived from 2,000 primary breast cancer samples. 
 
Perspectives 
Altogether, our data suggest that G4 formation is not only prevalent in breast cancer genomes but relevant in 
their respective TMEs as well, which is of clinical importance for cancer stratification and the discovery of novel 
actionable drivers. 
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Hydrophobic drugs play a crucial role in targeting specific receptors or enzymes within lipid-rich cell membranes; 
however, their limited bioavailability and circulation time due to aqueous insolubility pose substantial challenges. 
To extend the blood circulation time of hydrophobic drugs, they can be incorporated into biocompatible and 
hydrophilic carriers, thereby enhancing drug uptake.  
 
This study involved the synthesis of mesoporous silica (mSiO2) nanocarriers with diverse morphologies (cubes, 
capsules, spheres of sizes 60 and 300 nm). These nanocarriers were surface-functionalized with long alkyl chain 
hydrocarbons, such as octadecyltrimethoxysilane, transforming them into hydrophobic carriers 
((OCH3)3Si(CH2)18)@mSiO2). Although these hydrophobic nanocarriers displayed up to 80% hydrophobic 
drug uptake, a notable proportion of the loaded drugs exhibited uncontrolled release within 6 hours.  
 
To address this challenge, drug release control was effectively extended by encapsulating the drug-loaded 
nanocarriers with a pH-sensitive lipid overlayer. Lipid-coated nanocarriers demonstrated prolonged drug 
release, lasting up to 72 hours compared to the uncoated nanocarriers 6-hour release. This innovation holds 
promise for achieving extended blood circulation times. Moreover, the investigation highlighted that the 
nanocarriers' shapes and sizes (cubes, capsules, spheres) influenced drug entrapment capacity and release 
behavior. Additionally, the molecular weight and chemical structure of the drug molecules played a significant 
role in drug uptake and release patterns. In summary, our findings underscore the potential of silica nanoparticle-
based hydrophobic carriers and their customization with lipid overlayers to overcome challenges associated with 
hydrophobic drug delivery.  
 
This tailored approach significantly improves drug release kinetics, enhancing therapeutic efficacy. In a parallel 
study, we investigated the encapsulation of RNA molecules within mesoporous silica nanoparticles. This 
approach leverages the conjugation of RNA with polyethyleneimine (PEI) to enhance stability and cellular 
uptake. The PEI-RNA complexes are efficiently entrapped within mesoporous silica carriers, providing protection 
and controlled delivery to target cells.  
 
The impact of nanoparticle characteristics on encapsulation efficiency and release profiles is systematically 
explored. This versatile platform exhibits potential for advancing RNA-based therapies and gene delivery.  
 
Keyword: mesoporous silica nanocarriers, hydrophobic drugs, lipid and polymer overlayer, RNA encapsulation 
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Studying the emergence of somatic CNAs in healthy human cells is important to better understand how they 
contribute to aging, cancer and other diseases. Recent studies have shown the accumulation of somatic 
mutations in different healthy tissues.  
 
However, owing to technical limitations in single-cell DNA sequencing, these studies sequence bulk of cells, 
limiting the study to clonal somatic mutations. Therefore the distinct disadvantage is that CNAs that are rare in 
healthy tissues are not included.  
 
Here, we present a novel CNA calling method, called RNA2CNA, that infers CNAs in single cells from healthy 
tissue using single-cell RNA-sequencing (scRNA-seq) data. Using scRNA-seq data it becomes possible not only 
to map extremely rare CNA events, but also to stratify cells by cell type. Our analysis reveals abundant CNAs 
present in healthy cells, including amplifications of pro-oncogenes and deletions of tumor suppressor genes.  
 
Thus, our novel CNA calling method enables the detection of possible oncogenic events at a very early stage. 
Further, application of this method to human donors of different ages demonstrates an age-associated increase 
of CNA events, which opens up the possibility that the accumulation of CNAs may contribute to age-related 
phenotypes. 
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Introduction:  
T cells engineered with lentiviral vectors for expression of chimeric antigen receptors (CARs) targeting CD19 
and BCMA are approved for immunotherapy of refractory/ relapsed lymphoma and myeloma, respectively. 
Several other CARs engineered with lentiviral vectors and targeting other antigens are in the clinical trial pipeline 
and tested individually. Main issues are the occurrence of loss or downregulation of antigen expression and 
dysfunction of CAR-T cell efficacy. We propose to use non-viral CRISPR/Cas gene-editing to generate 
combinatorial CAR-T cell cocktails that match the immunophenotypic targets of different aggressive tumors.  
With these tools we can dynamically generate combinations of CAR-T cells for use against different lymphomas, 
such as CD19+CD20+ Non-Hodgkin lymphomas (NHL), CD30+CD20+ Hodgkin lymphoma and EBV-
gp350+CD30+ post-transplant lymphoproliferative diseases (PTLD).  
 
Results:  
We have completed the generation and validation in cytotoxic assay of  CAR.CD28z-T cells targeting individually 
CD19, CD20, CD30 or EBV-gp350 on the cell surface. We designed and optimized Homology-Directed-Repair 
Templates (HDRTs) and employed CRISPR/Cas9 methods to knock-in (KI) the CARs into the T cell receptor 
(TCR) alpha chain (TRAC) locus. We used the up-scalable MaxCyte® electroporation device and the TCR KO 
efficacy was in the range of 85-95% and the CAR KI in the range of 20-40%. These CAR-T cells caused cytotoxic 
effects against different types of lymphoma types in vitro. We are currently developing gene-edited CAR-T cells 
co-expressing cytokines to enhance their expansion in vitro and in vivo.  
 
Perspectives:  
We will next evaluate if combinatorial CAR-T cells can have a “personalized” effect against different types of 
lymphomas. Further, multiplex editing will be developed to knock-out human leukocyte antigen genes to 
generate stocks of “off-the-shelf” CAR-T cells from allogeneic donors. This is relevant in cases when a patient 
needs the product urgently. The potency of the combinatorial CAR-T cells will be first tested in cell-line xenograft 
mouse models. Safety will be evaluated in humanized mouse models containing human immune cells allogeneic 
to the off-the-shelf CAR-T cell combination products. Taking in account that some types of aggressive 
lymphomas still do not respond well to currently available therapies, we foresee a relevant application of 
combinatorial gene-edited CAR-T cells to satisfy the demand for a sustainable, cheaper and fast production of 
the cell therapy.   
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Introduction: Physiological aging is accompanied by increased genomic instability, which can lead to 
transcriptional stress1. G-quadruplexes (G4s) and DNA:RNA hybrids (R-loops) have been established as 
structural variations of the genome that form at promotors and transcription start sites2,3 and are associated with 
increased susceptibility to DNA damage3,4. Importantly, sites of R-loop and G4 formation overlap strikingly in the 
genome, suggesting they form simultaneously on complementary strands of DNA, generating so called 
G-loops5–7. During aging, abundance of R-loops was shown to be increased, indicating a dysregulation in 
maintenance of secondary structures8. We hypothesize that R-loop formation on the opposite strand of G4s can 
recruit and stabilize helicase binding which is a crucial step in removing the structures and avoiding 
transcriptional stress. With age, functionality of helicases is impaired leading to stabilization of G-loops and 
increased DNA damage at these sites. 
 

Results: We established the proteomic proximity biotin-labelling approach TurboID using a Protein A-coupled 
biotin ligase9. We first expressed and purified the Protein A-biotin ligase fusion protein in E. coli. To validate the 
functionality of the system, H3K4me3 and G4s were targeted in K562 cells. Next, we want to direct the 
application of Protein A-TurboID towards tissue-derived nuclei, aiming to generate proteomic datasets profiling 
G4s and R-loops in differently aged mouse tissues. 
 

In an orthogonal approach, we developed an interaction assay to biochemically validate protein-DNA structure 
interactions. By utilizing bead-bound synthetic duplex G4s, R-loops, and G-loops, we performed endogenous 
protein pull-downs from nuclear lysates, followed by quantitative evaluation of protein abundance through flow 
cytometry. Significantly, we uncovered that the helicase DDX21, previously implicated resolving RNA-G4s and 
R-loops10,11, also exhibits binding affinity towards DNA-G4 structures. Further, the system allows to differentiate 
between binding to G4 or R-loops, which is a short-coming of both genomic methods like CUT&Tag as well as 
the proximity-based biotinylation.  
 

Perspective: According to our hypothesis, we expect an enrichment of helicases at G4 and R-loop structures 
with increased age in rodent tissue. We anticipate that binding of helicases to G4s is stabilized by R-loop 
formation which we will evaluate with the developed binding assay. To expand our understanding of causes of 
genomic instability during aging, we will identify where G-loops are occupied and perturbed by interaction 
partners such as helicases.  
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In vitro transcribed (IVT) mRNAs represent potent and promising therapeutic agents. Natural RNA modifications 
play an important role in the efficacy of mRNA vaccines.[1] The mRNA sequences applied as vaccines against 
COVID-19 contain a natural modification of uridine: N1-methyl-pseudouridine (m1Ψ).[2] In previous studies, 
modified natural nucleobases such as m1Ψ, pseudouridine (Ψ) and 5-methylcytidine (5mC) were demonstrated 
to have positive effects on translation efficiency, stability and reduced immunostimulation.[2,3] However, obtaining 
long and highly modified mRNAs, as well as investigating the effect of different modifications and their 
combinations on the amount of expressed protein in cells and mRNA stability, remain challenging tasks.

We report the preparation and in cell application of IVT mRNA with complete replacement of uridine with its 
natural modifications Ψ and m1Ψ. We observed a significant enhancement of protein expression from fully 
modified IVT mRNA compared to unmodified mRNA. In previous work by our group, we combined the 
advantages of natural base modifications Ψ and 5mC with site-specific modifications of unnatural bases.[4]

Applying genetic alphabet expansion transcription (GENAEXT), the cyclopropene (CP) modified unnatural base 
TPT3 was incorporated into the 3′-untranslated region of the mRNA.[5] CP-modified GENAEXT mRNA, together 
with fluorescent click-labelling, allowed for mRNA visualisation in cells.[5,6] Moreover, we found an enhanced 
protein expression from the twofold-modified mRNA in cellulo, which even compensated for lower transfection 
efficiency.[5] Thus, we inferred an improved translation efficiency for the twofold-modified mRNA.[5]

Hence, the positive effects of natural base modifications on mRNA stability and translation efficiency open up 
promising opportunities for mRNA therapeutics such as mRNA vaccines. In addition, various combinations and 
degrees of modifications should be tested and compared in order to gain maximum benefits for future therapeutic 
applications of mRNA.

Literature:
[1] a) Starostina, E.V. et al. Vaccines (Basel), 2021, 9, 452. b)  Parr, C.J.C. Nucleic Acids Res., 2020, 48, e35.  
[2] Nance, K.D. et al. ACS Cent. Sci., 2021, 7, 748-756. [3] a) Karikó, K. et al. Nucleic Acids Res., 2011, 39,
e142. b) Karikó, K. et al. Mol. Ther., 2008, 16, 1833-1840. c) Svitkin, Y.V. et al. Nucleic Acids Res., 2017, 45, 
6023-6036. d) Anderson, B. R. et al. Nucleic Acids Res., 2010, 38, 5884-5892. [4] Seo, Y.J. et al. J. Am. Chem. 
Soc., 2009, 131, 5046-5047. [5] Bornewasser, L. et al. Chem Sci., 2022, 13, 4753-4761. [6] a) Malyshev, D.A. 
et al. Angew. Chem. Int. Ed., 2015, 54, 11930-11944. b) Eggert, F. et al. Chem. Commun., 2016, 52, 
7284-7287.
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Abstract 
Injured axons in the central nervous system (CNS) usually fail to regenerate, causing permanent disabilities 
such as para- or tetraplegia. However, viral hyper-IL-6 (hIL-6) expression in retinal ganglion cells (RGCs) 
markedly promotes axon regeneration in the injured optic nerve. Moreover, intracortical injection of AAV-hIL-6 
and subsequent transneuronal delivery of the cytokine to brainstem raphe nuclei enables the regeneration of 
serotonergic axons and functional recovery after severe spinal cord injury (SCI).  
 
Here we demonstrate that besides pro-regenerative signaling, the axon growth stimulatory potential of hIL-6 
remains limited by the induction of tubulin detyrosination in axonal growth cones. Hence, cotreatment with 
parthenolide, a compound blocking microtubule detyrosination, synergistically enhances neurite growth of 
cultured murine and human primary RGCs. Furthermore, systemic application of the prodrug dimethylamino-
parthenolide (DMAPT) accelerates hIL-6-mediated optic nerve and spinal cord regeneration, enabling further 
improved locomotor recovery after SCI. Thus, parthenolide facilitates CNS regeneration and revokes the 
limitations of pro-regenerative treatments. 
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Introduction  
O2 is an extremely important molecule for cell metabolism and homeostasis of aerobic respiring organisms. 
The presence of normal levels of oxygen in cells is defined as normoxia and its decrease below normal levels 
is defined as hypoxia. In solitary cancer cells under hypoxic conditions, Hypoxia Induced Factors (HIFs) are 
activated. Thus, processes such as angiogenesis (VEGF), glucose transport (GLUT), metastasis, and invasion 
are accelerated in tumor cells and the tumor becomes aggressive.  
In this study, the effects of HIFs on the expression of Telomerase (hTERT) and EMT genes in hypoxia and 
normoxia were investigated by transfection of HIf1-β in A549 cells. 
 
Firstly, a series of optimization experiments were performed to establish the hypoxic condition using 
CoCl2.6H2O chemical in the A549 cell line. The most effective time and concentration for A549 cells: 4 hours 
and 150 μM. In addition, for comparison, a hypoxic condition was created in a petri dish using a hypoxia 
chamber (exposure to a gas mixture of 1% O2, 5% CO2, and 94% N2 for 10 min) before Western blot 
experiments. 
ARNT silencer Select Pre-designed siRNA (Cat. No: 4392420) and ARNT negative control (scr) (Ambion life 
technologies, AM17010) from Ambion life; Invitrogen Lipofectamine RNAiMAX Transfection reagent (Cat. No: 
13778500) was used for transfection and the steps specified in the protocol were followed. 
 
Protein isolation was performed from A549 cells transfected with siARNT under hypoxic and normoxic 
conditions. The BCA method, which is a method based on the principle of temperature-dependent color 
change, was used to determine the amounts of proteins isolated from the cells. Hypoxic condition was created 
with CoCl2 in A549 cells and siARNT 
Successful transfection was demonstrated by Western Blot technique. 
The band visual arrangements of the proteins were made with the ImageJ programme. 
 
Results  
With the silencing of HIF-1 beta (siARNT) in A549 cells under hypoxic conditions, it was observed that the 
expression of Zeb1 decreased by 35% and Snail by 58%, while E-cadherin: 1.24, Vimentin: 1.75-fold increase 
in their expression. 
In addition, it was observed that VEGF: 83%, GLUT1: 95% and hTERT: 75% decreased in expression level. 
 
Perspectives  
The findings show that there is a relationship between lung cancer and telomere lengths via EMT genes. The 
results, which are consistent with the studies conducted, suggest that they may offer a solution to the poor 
progression of cancer, and in this respect, the findings should be supported by clinical studies. 
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Introduction 
Physiological homeostasis becomes compromised during ageing, as a result of impairment of cellular 
processes, including transcription and RNA splicing. Previous work has provided insights into how the 
transcriptome adapts to, and is affected by, ageing-associated stress. However, the molecular mechanisms 
leading to the loss of transcriptional fidelity are so far elusive, as are ways of preventing it. 

Results 
We profiled and analysed genome-wide, ageing-related changes in transcriptional processes across different 
organisms: nematodes, fruitflies, mice, rats and humans. The average transcriptional elongation speed (RNA 
polymerase II speed) increased with age in all five species. Along with these changes in elongation speed, we 
observed changes in splicing, including a reduction of unspliced transcripts and the formation of more circular 
RNAs. Two lifespan-extending interventions, dietary restriction and lowered insulin–IGF signalling, both 
reversed most of these ageing-related changes. Genetic variants in RNA polymerase II that reduced its speed 
in worms and flies6 increased their lifespan. Similarly, reducing the speed of RNA polymerase II by 
overexpressing histone components, to counter age-associated changes in nucleosome positioning, also 
extended lifespan in flies and the division potential of human cells.  

Perspectives 
Our work establishes Pol II elongation speed as an important contributor to molecular and physiological traits 
with implications beyond ageing. Misregulation of transcriptional elongation reduces cellular and organismal 
fitness and may therefore contribute to disease phenotypes. Together, the data presented here reveal a 
molecular mechanism contributing to ageing and serve as a means for assessing the fidelity of the cellular 
machinery during ageing and disease. 
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Abstract 
With the COVID-19 pandemic, interest in mRNA-derived therapies has increased, particularly mRNA utilized for 
immunization. The requirement for quality control in this emerging field is rising along with the development of 
mRNAs for vaccines. To quickly produce an informed opinion on the characterization of mRNA, we have created 
a platform made up of three orthogonal approaches to mRNA sample characterization.  
 
The PATfix mRNA platform comprises measurements of mRNA's quantity, purity, and size. The poly-A affinity 
approach that is being described is appropriate for measuring mRNA with poly A-tail versus unbound species. 
The PrimaS multimodal anion exchange approach is very useful for tracking the IVT reaction, nucleotide 
consumption, and the status of mRNA synthesis. Finally, the reverse phase SDVB approach offers excellent 
resolution for mRNA sizing and can detect dsRNA impurities.  
 
We demonstrate the versatility of our quality control platform through the characterization of three distinct 
mRNAs by three orthogonal methods. 
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New vaccination strategies are driving the 
development of non-viral gene transporters. 
However, there are still hurdles to overcome. 
Many of which can be addressed with cationic 
polymer-based gene delivery systems due to 
their durability, reproducibility, large production 
quantities, versatile composition, and archi-
tecture. Among them, branched poly(ethylene 
imine) (bPEI) with high positive charge density is 
frequently used in RNA interference (RNAi) 
experiments as a cationic polymer for gene 
delivery. However, the use of bPEI in gene 
delivery is limited by its cytotoxicity and a need for 
target specificity.[1]

In this work, we have modified bPEI with d-fructose to enhance its biocompatibility and incorporate targeting 
capabilities. This enables to address specifically triple-negative breast cancer cells through the overexpressed 
fructose transporter protein GLUT5.[2] Triple-negative breast cancer cells are only treated with chemotherapy, 
which often has high off-target toxicity and significant side effects, which decrease survival rates for patients.[3]

For our study, d-fructose-substituted bPEIs (Fru-bPEIs) with varying molecular weight, degree of fructose-
substitution, and linker positions on d-fructose (C1 and C3) are synthesized. Characterization shows high affinity 
of Fru-bPEIs for the formation of nanosized polyplexes with siRNA in the presence of serum. This indicates a 
sufficient protection from RNase degradation. Fru-bPEI-polyplexes also improve on bPEI in its ability to swiftly 
release genetic material under anion competition. In vitro biological investigations show significantly reduced 
cytotoxicity of 10 kDa bPEI after d-fructose functionalization. Uptake assay in triple-negative breast cancer cells 
(MDA-MB-231) and non-cancer cells (HEK293T) reveals a high uptake of siRNA polyplexes with high selectivity 
to MDA-MB-231 cells via GLUT5 transporter. Thereby, a suitable window of the degree of d-fructose substitution 
was identified as efficient. Finally, successful knockdown experiments in GFP-expressing MDA-MB-231 and 
HEK293 cell lines underpin the high target specificity of d-fructose-functionalized bPEIs.[4]

All in all, functionalization with d-fructose greatly improves the biocompatibility of bPEI and enables targeted 
siRNA-uptake and GFP-knockdown in triple-negative breast cancer cells (MDA-MB-231) compared to a non-
cancer reference (HEK293T). 
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Introduction: Genome instability is a hallmark of aging and increased DNA damage accumulation leads to 
numerous premature aging diseases1. G-quadruplex (G4) DNA secondary structures have recently been 
recognized as epigenetic alterations, leading to transcription- and replication-dependent genome instability2,3,4. 
Moreover, G4s can induce DNA double-strand breaks (DSBs) when colocalized with DNA:RNA hybrids (R-
loops) on the opposite strand5. Hutchinson-Gilford Progeria Syndrome (HGPS) is a model of accelerated aging 
that exhibits increased DSB levels and altered chromatin structure due to the action of progerin6. We have 
previously reported that endogenous DSBs are prevalent in highly transcribed accessible chromatin regions, 
which are also hotspots for endogenous G4s7. Here, we hypothesize that G4 levels increase during aging, 
leading to persistent DSBs and genome instability. 
 
Results: We studied human and murine HGPS cell and tissue models and found a striking increase in G4 DNA 
levels near genes in comparison to controls. Chromatin factor occupancy analyses revealed a prevalent 
association of the G4 and R-loop RNA helicase DDX21 with elevated G4 DNA formation in the HGPS models. 
To validate this association, we experimentally quantified DDX21 occupancies and discovered a striking 
increase at endogenous G4-forming chromatin in MSCs and in liver tissues of HGPS mice in comparison to 
controls. To ascertain whether the heightened G4 DNA levels are directly linked to increased DNA breakage in 
HGPS compared to control states, we developed a technique that we called CUT&Break (Cleavage Under 
Targets and DSB Breakage). Using liver tissue-derived nuclei from the homozygous progerin-expressing murine 
in vivo model, we observed amplified G4-CUT&Break signals across the genome in HGPS compared to controls. 
These G4-CUT&Break findings imply that augmented G4 structure formation and DNA breakage are prevalent 
and occur within the same genomic fragments. Lastly, we present evidence that SIRT7 is less abundant and 
DDX21 is more acetylated (thus less active) in HGPS compared to WT. 
 
Perspective: We propose that interactions between progerin and SIRT7 unleash prevalent DDX21-G4 DNA 
structure formation in HGPS, leading to genome instability. We envision that progerin-induced DDX21-G4 DNA 
breakage is critical for the degeneration of cells in HGPS patients. 
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Introduction 
We use rolling circle amplification (RCA) to prepare DNA 
nanoflowers (DNFs). These are nanoparticles consisting of a 
long, repeating strand of ssDNA adsorbed to an inorganic 
Mg2P2O7 core. Due to their condensed form and lack of nicks, 
DNFs are highly resistant to nucleases. By using azide-
functionalized dNTPs during RCA, we can post-synthetically 
functionalize the DNFs with the chelator NOTA via click-
chemistry. This enables the loading of DNFs with the 
theranostic pair 68Ga (PET tumor imaging) or 177Lu 
(endogenous radiotherapy). 
We functionalize these particles with the tumor targeting 
aptamer AS1411, by encoding the complementary sequence 
on the RCA template. This aptamer forms a G-quadruplex 
structure, therefore the cancer drug Doxorubicin (Dox) can be 
loaded as an intercalator on these particles.

Results 
We successfully performed the RCA reaction with an azide functionalized dATP, which we confirmed by agarose GE. 
Next, we completed the synthesis of the NOTA alkyne agent, which was analyzed with NMR spectroscopy and ESI 
mass spectroscopy. The conditions for the Click reaction were optimized by labeling DNFs with a fluorescent dye 
first. After functionalizing DNFs with NOTA, we achieved a radiochemical purity and yield of > 98 % during 
radiolabeling with 68Ga, and we could confirm long time stability in human serum. During in-vitro cell uptake 
experiments with AS1411 labeled DNFs, we observed significantly increased uptake rates (p<0.001) in a variety of 
hard-to-treat cancer entities such as glioblastoma multiforme (GBM), triple-negative breast cancer (TNBC), and 
pancreatic carcinoma (PCa). The cellular internalization was confirmed quantitatively by gamma counter and visually 
by DNFs labeled with Alexa Fluor 488 via immunocytochemistry (ICC) and immunohistochemistry (IHC). We also 
tested the biodistribution in a high-throughput method using chicken embryos. In-ovo injections of DNFs were 
administered on days 19-20 intravenously, with the following outcome: We injected DNFs and found them evenly 
distributed throughout the body, with an accumulation in the brain confirmed by PET imaging and gamma counter.
Next, we successfully loaded Dox onto the DNFs, which we could verify through the quenching of Dox’s 
autofluorescence.

Perspectives
By loading our DNFs with 177Lu and Dox, we enable a targeted theranostic oncological approach, with a nano-targeted 
system, able to cross the blood-brain barrier. We are currently studying the therapeutic efficacy of our DNFs in-vivo 
and in-vitro. We expect a significant increase in effectiveness using the dual-therapeutic approach, compared to 
simple endogenous radio- or chemotherapy.
The use of DNFs leads to higher nuclease stability than ssDNA, which aptamer-based strategies typically suffer from. 
Since we are using a particle-based system, we also take advantage of the enhanced permeability and retention 
effect (passive targeting). Due to the excellent targeting properties of our DNFs, we plan to use them for the precise 
and personalized dual-treatment of hard-to-cure cancers like GBM, TNBC and PCa.
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Abstract 
In this study, we report the synthesis of two oligonucleotide conjugates sharing an identical sequence but bearing 
distinct 5´-terminal organometallic moieties. The conjugates were prepared using two different approaches: 
direct mercuration in solution and oximation with an organomercury aldehyde on solid support. The main 
objective was to evaluate the potential of these novel conjugates as a new type of artificial ribonucleases.  
 
To assess their catalytic activity, the organomercury oligonucleotides were tested against a complementary 2´-
O-methyl-RNA target sequence, which featured a single cleavable RNA phosphodiester linkage. Remarkably, 
both organomercury oligonucleotides demonstrated significantly higher catalytic activity when compared to their 
metal-free counterparts and even outperformed a previously reported small molecule organomercury RNA 
cleaving agent. This represents a crucial proof-of-concept for the efficacy of these newly synthesized 
oligonucleotide conjugates. Nevertheless, it is worth noting that the observed catalytic activity, though 
substantial, fell short when compared to that of state-of-the-art metal-dependent artificial ribonucleases. This 
highlights the potential for further optimization and development of these organomercury oligonucleotides to 
achieve even higher levels of catalytic efficiency. 
 

 
 

Scheme 1. Cleavage of the target oligonucleotide catalyzed by the two oligonucleotide conjugates 
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Introduction 
Acute kidney injury (AKI) is a common and dangerous complication in hospitalized patients and lacks targted 
therapeutic strategies. RNA binding proteins (RBP) comprehend a large group of proteins that by binding to 
RNA can influence every step of its metabolism. Little is known about the role of RBPs in AKI. Activation of 
hypoxia-signaling induces both longevity and stress resistance in the nematode and modulating this pathway  is 
an interesting concept for nephroprotection. In order to find new potential therapeutic targets for AKI we used 
RNA Interactome Capture (RIC) to identify novel RBPs upon HIF-1 activation using vhl-1 mutants in the 
nematode C. elegans.  
 
Results 
Interestingly, we identified sulfide quinone oxidoreductase (SQOR), an enzyme involved in H2S metabolism as 
a novel RBP. Hydrogen sulfide (H2S) is a physiologically relevant gas and is derived from sulfur-containing 
amino acid metabolism or sulfur containing small molecules (e.g. garlic derivatives). Despite its toxicity, it has 
gained new attention lately for its possible medical applications when administered in low concentrations, for 
example as a mediator of increased resilience, e.g. in the context of hypoxia. Perhaps one of the best examples 
of its dual biological character is exactly in hypoxic conditions: Mice exposed to a H2S pretreatment survive up 
to 20x longer in hypoxic conditions with no apparent detrimental effect. However, hypoxia itself increases the 
production of sulfides and inhibits its oxidation, leading to its accumulation and ROS production, augmenting 
reperfusion injury.  
 
These mutants were further characterized in their genetic interaction with the SQR orthologue sqrd-1 regarding 
lifespan and oxidative stress resistance using the lifespan machine and in respect of morphology using the 
Wormsizer plugin of ImageJ. Measurement of the OCR was carried out on a Seahorse (Agilent), while 
mitochondrial ROS were assessed by feeding the animals with MitoTracker (Thermo). Lipid peroxidation was 
measured by using the fluorescent dye Bodipy C11. 
 
We uncovered an essential role of sqrd-1 in several phenotypes of vhl-1 mutants, such as lifespan extension, 
oxidative stress resistance and extracellular matrix defects. H2S levels were increased in vhl-1, a phenotype 
largely rescued in the vhl-1/sqrd-1 double mutant. We have observed a lower oxygen consumption rate (OCR) 
and glucose oxidation (ECAR) in vhl-1 mutants and loss of sqrd-1 animals increased the OCR to wildtype ranges 
in these worms. Besides, ROS levels are increased in sqrd-1 animals, which summed up with the vhl-1 mutation 
brings those levels down but still lower than single vhl-1 KO animals, which have lower ROS levels than WT 
worms. Besides that, lipid peroxidation was basally higher in sqrd-1 KO animals, which were also more 
susceptible to stress, whereas the same occurred in the double mutant background, regardless of vhl-1 KO 
looking to be protected. Based on the findings for H2S and ROS levels we hypothesize that sqrd-1 is a crucial 
link between hypoxia signaling, sulfide metabolism, mitochondrial respiration and organismal resilience.
 
Perspectives  
Targeting this link between hypoxia signaling, H2S and mitochondrial respiration is an interesting concept to 
protect the kidney from acute injury. We will now continue to elaborate the role of RNA-binding of SQOR in this 
context and extend our work to rodent models of AKI. 
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Introduction 
 

Reporter gene imaging especially with optical reporters such as GFP or luciferine is a tool frequently used in 
biomedical research, for example to study and follow gene expression or to follow tumor development of 
genetically modified cells. However, in vivo, optical reporter gene imaging is more difficult to apply especially to 
obtain quantitative data with high spatial resolution. Here, we establish and explore reporter gene imaging of 
murine CT26 colorectal cancer cells modified with the sodium iodide symporter (mNIS) for quantitative SPECT 
imaging using [99mTc]-TcO4– as tracer. As a proof of concept, tumor growth is studied in subcutaneous (sc) CT26-
mNIS tumors in BALB/c mice with multimodal SPECT/CT/MR imaging and subsequently in mice with 
intraperitoneal (ip) metastases. 
 
Results 
 

CT26mNIS were used with wild type cell (CT26WT) as control. BALB/c mice were injected either sc or ip with 
4 106 CT26mNIS or CT26WT cells. Tumor growth was monitored over a period of 5-14 days using MRI. The 
tracer [99mTc]-TcO4– with an activity in the range of 50-70 MBq was either intravenously (iv) or ip. Uptake was 
imaged over four hours acquiring consecutive SPECT/CT every 4 minutes.  
 
In vitro essays (n=3) showed rapid uptake of [99mTc]-TcO4– within CT26mNIS cells reaching a maximum after 20 
minutes incubation time while CT26WT showed no significant uptake. SPECT measurements showed [99mTc]-
TcO4– uptake in mNIS expressing tissues such as thyroid, salivary glands and stomach as well as in CT26mNIS 
tumors. Peak uptake in tumors (%ID/g) already obtained after 50 minutes and is proportional to tumor volume 
in sc tumors. For ip metastases, SPECT imaging allows to visualize tumor nodules adherent to bowel tissue 
which is not possible using other methods. Importantly, we noticed that no tracer uptake was observed for ip 
CT26mNIS metastasis when the tracer was iv injected instead of ip, indicating that the tracer injection route is a 
major factor. 
 
Perspectives 
 

The use of mNIS as a reporter gene offers the possibility to image and quantify noninvasively over time tumor 
growth and formation of tumor metastases with high high spatial resolution. Tracer uptake is highly specific 
providing low background in adjacent tissue, of course, with exception of tissue naturally expressing mNIS. This 
approach will be used in future studies to evaluate therapy response in metastatic CRC model and SLCL models. 
Furthermore, the mNIS gene can serve as a model gene or can be coupled to a gene of interest in gene delivery 
studies, where SPECT imaging can be used to follow gene expression patterns. 
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Tumor necrosis factor (TNF)-induced cell death programs coordinate different defence and repair mechanisms 
following pathogen attack and tissue injury. However, aberrant cell death can interfere with such programs and 
can cause serious pathological consequences. Therefore, the mechanisms controlling life and death following 
TNF stimulation have a high relevance in several pathophysiological processes. 
 
Different regulatory mechanisms protect cells from lethal effects of TNF. One fundamental node that governs 
this regulation is complex II, and particularly the heterodimer formed by Caspase-8 and cellular FLICE inhibitory 
protein (cFLIP). cFLIP is a Caspase-8 homolog that is required for the Caspase-8-mediated inhibition of 
RIPK1/RIPK3/MLKL-induced necroptosis and prevention of aberrant Caspase-8-mediated apoptosis. In 
addition, cFLIP is a substrate of Caspase-8 and is cleaved at position 377 (D377).  However, the biological 
function of cFLIP cleavage by Caspase-8 has never been addressed. 
 
To address this question, we used a newly generated mouse model bearing a non-cleavable version of cFLIP, 
the CflipD377A. We discovered that cFLIP cleavage by Caspase-8 has a protective role in vivo in different 
pathophysiological conditions. We observed that the CflipD377A mice exhibited increased sensitivity to the TNF-
dependent cell death-mediated damage caused by Sharpin deficiency and impaired wound healing in the skin. 
In vitro, abrogation of cFLIP cleavage sensitizes cells to TNF-induced necroptosis and apoptosis by favouring 
complex-II formation.  
 
So far, our data indicate that the cleavage of cFLIP represents a previously unrecognized survival mechanism 
in TNF signalling pathway. Our findings will ultimately lead to a better understanding of the role of cell death in 
health and disease as well as how TNF-induced cell death controls tissue repair. 
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Introduction  
RNA-binding proteins (RBPs) are important mediators of post-transcriptional gene regulation and interaction of 
RBPs with target RNAs regulates every step of RNA metabolism. Unsurprisingly, dysregulation and 
malfunctioning of many RBPs is implicated in various human diseases including neurological disorders, cancer, 
muscular atrophies and kidney diseases. We previously identified the RBP Musashi-1 (MSI1) as highly 
upregulated in a mouse model of acute kidney injury – a serious clinical complication in which kidney function is 
lost within a short period of time. MSI1 and its family member Musashi-2 (MSI2) are evolutionarily conserved 
RBPs, which are essential regulators of stem cell maintenance in the blood and nervous system. Both Musashi 
proteins are upregulated in many types of cancer and connected to the development of neurodegenerative 
diseases. The role of Musashi proteins in general kidney physiology and AKI however remain elusive.  
 
Results  
We used paraquat stimulation to induce oxidative stress in a tubular epithelial cell line and mimic acute tubular 
injury, which represents the central hallmark of AKI. Oxidative stress caused a robust localization of both 
Musashi proteins in cytoplasmic stress granules in tubular epithelial cells. Using immunoprecipitation coupled 
with both, mass spectrometry and single-end crosslinking and immunoprecipiation (seCLIP), we determined the 
protein and RNA interactomes of both Musashi proteins, respectively. MSI1 and MSI2 closely interacted with 
proteins, previously identified in stress granules, at baseline in tubular epithelial cells. In general, MSI1 interacted 
with 417 proteins in tubular epithelial cells, while MSI2 only interacted with 296 proteins.  
 

We determined the RNA interactors of both Musashi proteins in tubular epithelial cells and found that MSI1 and 
MSI2 bind to a high number of RNA binding sites (17922/17399), as well as similar target regions (3’UTRs) and 
binding motifs (UAG), as previously published. Moreover, MSI1 (5264 identified RNA targets) and MSI2 (5318 
RNA targets) interacted with 4207 common transcripts in tubular epithelial cells. Induction of oxidative stress 
altered binding site and binding region preferences of both Musashi proteins and influenced in particular the 
composition of the MSI1 RNA interactome in tubular epithelial cells. 
 
Perspectives  
These findings implicate that both Musashi proteins engage in similar ribonucleoprotein complexes in tubular 
epithelial cells. Oxidative stress induces distinctive alterations to the RNA interactome, especially of MSI1, while 
the protein interactome remained largely unaltered. Examining the relevance of individual RNA target 
interactions and translating these observations into mouse models will help deciphering the role of MSI1 and 
MSI2 in AKI. Moreover, unraveling pathophysiological mechanisms in the emerging field of RNA-protein 
interactions holds the promise to uncover innovative therapeutic targets, which are urgently awaited for AKI. 
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The main challenge in gene editing of immune cells is the efficient delivery of nucleic acids by non-viral 
transfection methods. T lymphocytes and NK cells, which are particularly interesting because of their therapeutic 
promise due to their cytotoxic activity, have proven to be refractory to the delivery of dsDNA and RNAs by 
standard methods, including commercial liposome-based reagents. Thus, there is much need for better methods 
for the efficient delivery of dsDNA and RNAs into primary human immune cells.  
 
We developed a technology to produce biodegradable polymeric nanoparticles to deliver nucleic acids (dsDNA, 
mRNA, siRNA) into primary human immune cells, including T- and NK-cells. Biodegradable polymeric capsules 
are also suitable for drug delivery into cells ex vivo and in vivo. An advantage of polymer nanocapsules over 
other gene delivery systems is their capability to simultaneously house drugs, nucleic acids and other biological 
substances and their potential capacity for decoration with ligands for cell-specific targeting.  
 
Our technology can overcome difficulties in gene delivery into immune cells ex vivo and potentially in vivo, for 
instance, to engineering CAR-T/NK cells or targeting hard-to-transfect cells immune cells or drug and gene 
delivery in vivo into macrophages and potentially other cells. It can also be used for drug delivery into primary 
human T- and NK cells prior to adoptive cell transfer to modulate their activity in vivo. Our technology can also 
help selectively manipulate cells of interest with pharmaceutical compounds in multicell co-culture systems or 
organoids. We will present an application of polymeric particles on an example of therapy for lung cancer and 
demonstrate recent advances in optimizing polymeric particles for nucleic acid delivery into primary human 
immune cells. 
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Introduction: KRAB domains, initially identified (1) in KOX1/ZNF10, known to be transcriptional repressors (2), 
are currently employed as therapeutic tools fused to dCas9 in CRISPRi settings, to artificial ZNF and to TALEN 
DNA binding protein domains for modulating and redirecting transcriptional gene regulation in basic and clinical 
research. Back in 1995, engineered tetracyline repressor TetRKRAB(KOX1) demonstrated for the first time: i. 
the KRAB domain mediates active transcriptional repression to chromosomally integrated target genes, ii. 
transcriptional repression is regulated and mediated by binding to SMP1 as a major KRAB-interacting protein 
(3). SMP1 was cloned as KAP1/TRIM28. Note, about 400 approved variants of modern (m)KRAB domains 
encoded as KRAB A und KRAB B exons in the human genome are engaged in regulating numerous biological 
processes, including cell proliferation, differentiation, development, imprinting, metabolism and pathophysiology. 
The challenge in clinical applications is how to select and engineer in concert with AlphaFold2 unique KRAB 
domains with desired functionalities (4). AI based AlphaFold2 modelling does confirm the presence of a 
phylogenetically highly conserved helical leucine zipper structure in KRAB-A domains (4) as initially predicted in 
KOX1/ZNF10 on December 27th , 1988 (1). Taking ZNF10 KRAB-AB as blueprints for function, distinct amino 
acid changes transform the inactive ancestral (a)KRAB-A domain (present in human PRDM9) into a functionally 
active modern (m)KRAB-A domain. These TRIM28/KAP1 protein complexes mediate transcriptional silencing in 
conjunction with ZNF10-KRAB-B (4) 
 
Results: A roadmap has been applied to identify individual amino acid substitutions that transform an 
evolutionary older aKRAB-A domain into a transcriptionally active mKRAB-A domain that displays canonical 
functions, i.e., it confers transcriptional repression and forms a complex with TRIM28. AlphaFold2 models reveal: 
Modern mKRAB-A and ancestral aKRAB-A domains present an evolutionary conserved L-shaped body of two 
α-helices. The KRAB B domain derived from KOX1/ZNF10 supplies a third helix that interacts with the second 
α-helix of KRAB A. The functionally inactive aKRAB A domain present in PRDM9 is demonstrated to become 
transcriptionally active mainly due to the insertion of one additional amino acid (AA) in conjunction with the 
replacement of 3 additional AA. The single AA insertion turns the orientation of AA sidechains within the leucine 
zipper without changing the helical structure. Amino acid sidechains that point outward from the KRAB 3D core 
structure are postulated to enable graded binding of different KRAB domains to TRIM28 most likely influencing 
their functionalities. Structure/function studies reveal the presence of a KRAB specific protein-protein-interaction 
code. 
 
Perspectives: AlphaFold2 enables detailed in-silico modelling of 3-D structures empowering structural-
functional finemappings of KRAB-TRIM28 protein-protein-interactions suitable to assess and grade in an 
ordered quantitative mode binding properties of hundreds of different KRAB domains (4). One might speculate 
whether a deeper understanding of the KRAB specific amino acid interaction surface code will lead to a second 
generation of KRAB therapeutics guided by RNA and/or by DNA protein binding of ZNF or TALEN. 
 
References:  
(1) New Biol. 1990, 2, 363–374; (2) Proc. Natl. Acad. Sci. USA 1994, 91, (3). 4509–4513; Mol. Cell Biol. 1995, 
15, 1907–1914. (4). Int J Mol Sci. 2022 Jan 19;23(3):1072. 
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Non-small cell lung cancer (NSCLC) strongly depends on their tumor microenvironment for efficient progression 
and metastasis, especially on tumor-associated macrophages (TAMs)1,2. Scr family kinases and its 
indispensable negative regulator, Csk, have been proven to important mediators of tumor cell proliferation and 
survival; therefore considered as potential therapeutic targets for cancer treatment3,4. Knockout of Lyn and Csk 
kinases have been shown to diminish the supportive effects of TAMs in chronic lymphocytic leukemia5,6. For this 
reason, in this study, we hypothesize that Lyn and Csk may have effects on supportive functions of TAMs in 
NSCLC.  
 
Several NSCLC lines in form of spheroids were (1) co-cultured directly with macrophages of different genotypes 
including wildtype, Lyn-knockout or Csk-knockout generated by CRISRP/Cas9 or (2) supplied with macrophage-
derived conditioned medium (CM), followed by functional analysis regarding proliferation and migration/invasion 
capacity of the cancer cells. Lyn-knockout reduced supportive functions of macrophages regarding proliferation 
of NSCLC cells in both CM and direct culture settings, whereas Csk-knockout macrophages mitigated 
proliferation of NSCLC through CM but not in direct culture. Strikingly, soluble factors from Csk-knockout 
macrophages significantly enhanced the migration of NSCLC compared to wildtype macrophages. The results 
suggest that both Csk and Lyn significantly contribute to the functions of TAMs in NSCLC, which will be further 
elucidated in different in vitro and in vivo models. 
 
Inhibitors targeting this kinase signaling axis will be evaluated for their impacts on the supportive capacity of 
TAMs. Furthermore, kinase-knockout and kinase-inactive mice will be employed in NSCLC transplantation 
experiments. These approaches will provide further insights into the functional roles of protein kinases such as 
Lyn and Csk in shaping the tumor-supporting macrophage phenotypes in NSCLC, as well as developing new 
targeting strategies using their inhibitors. 
 
References 
[1] Sarode P, Schaefer MB, Grimminger F, Seeger W, Savai R. Macrophage and Tumor Cell Cross-Talk Is 

Fundamental for Lung Tumor Progression: We Need to Talk. Front Oncol. 2020 Mar 11;10:324.  
[2] Casanova-Acebes M, Dalla E, Leader AM, LeBerichel J, et al. Tissue-resident macrophages provide a pro-

tumorigenic niche to early NSCLC cells. Nature. 2021 Jul;595(7868):578-584.  
[3] Okada M. Regulation of the SRC family kinases by Csk. Int J Biol Sci. 2012;8(10):1385-97.  
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The type VI CRISPR effector protein Cas13a is an RNA nuclease, catalyzing two RNA cleavage events: First, 
the maturation of pre-crRNA and second, the cleavage of target RNA, activating a non-specific, collateral 
cleavage.1,2 Although all four structures of Cas13a on route from apo, via the pre-crRNA bound complex 
(Cas13a-precr), the crRNA bound complex (Cas13a-cr), and the crRNA-target RNA bound complex 
(Cas13a-cr+target) are known, they origin from proteins of different organisms and contain different extends of 
truncation. To identify and follow conformational changes on a molecular level, structures of Cas13a in all states 
from one organism are needed. We aim to resolve static structures and follow conformational changes by site 
directed spin labelling in combination with Pulsed Electron-Electron Double Resonance (PELDOR) 
spectroscopy, which enables to measure distance distributions between spin labels in e.g., biomolecules in the 
range of 1.6-16 nm.3 
 
To this end, we labeled Leptotrichia buccalis Cas13a with pairs of nitroxide spin labels at different positions and 
tested their influence on the functionality. All active constructs were subjected to PELDOR experiments. We 
compared the resulting distance distributions with and without RNA to in silico generated distributions. These 
were calculated with the software mtsslWizard4 and are based on the experimental RNA bound structures as 
well as the AlphaFold25 structure as input. We show that the unknown apo Cas13a conformation has a very 
flexible, and wide-open recognition lobe (REC-lobe) conformation and discuss where this flexibility origins. In 
contrast to this flexibility, the nuclease lobe (NUC-lobe) of apo Cas13a is preorganized. Upon pre-crRNA addition 
a rigidification and conformational selection of the Helical-2 domain in the NUC-lobe occurs. The unknown 
Cas13a-precr conformation is very similar to the Cas13a-cr conformation. Both, the conformation, and 
conformational changes between Cas13a-cr and Cas13acr+target fit to the calculated ones and to the known 
structures. 
 
 
References: 
[1] East-Seletsky et al. 2016 Nature, 538, 270-273. 
[2] Liu et al. 2017 Cell, 170, 714-726. 
[3] Jeschke G. 2016 eMag Res, 5, 1459-1476. 
[4] Hagelueken et al. Appl Magn Reson, 2012, 42, 377-391. 
[5] Jumper et al. Nature, 2021, 596, 583-589. 
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Introduction  
While DNA is primarily known for storing genetic information, RNA is commonly known to carry these, yet its 
tasks are much more divers. Only 3-7%[1] of the transcribed RNA actually codes for proteins, the remainder has 
a broad range of functions such as structural or catalytic functions, as well as control of gene expression.[2] 
Photochromic molecules enable innovative applications in many different research areas because they enable 
the use of light as a noninvasive trigger for chemical reactions or biological functions.[3] Light as an external 
stimulus often provides a higher spatiotemporal resolution compared to chemical or electrical ones.[4] 
Diarylethene photo switches share the structural motive of a thiophene ring with the established unnatural 
nucleotide TPT2.[5] While photo switchable variations of natural nucleotides have been shown before, unnatural 
nucleotides could be introduced site specific more easily.[6] 
Due to an increased steric demand after photochemical switching these base pairs might be able to separate 
duplex areas in RNA-strands thereby turning on or off activities from the nucleotide. This could be applied in 
pharmaceutical uses, research into the functionality of natural oligonucleotides or catalytical applications.[4a, 7] 
 
Results  
Even though the target molecule is structurally similar to literature known compounds, the established route was 
not feasible due to the increased reactivity of the substitution pattern. However, a synthetic route to the key 
intermediate – a brominated TPT-2 derivative – was established successfully. The synthesis is ongoing. 
 
Perspectives  
Coupling of the brominated building block to a sugar and subsequent synthesis of the corresponding phosphor 
amidite will prepare the structure for installation into a DNA strand and subsequent tests for activity. 
 
References 
[1] A. F. Palazzo, E. S. Lee, Frontiers in genetics 2015, 6, 2. 
[2] M. C. Frith, M. Pheasant, J. S. Mattick, Eur. J. Hum: Genet. 2005, 13, 894-897. 
[3] J. Momoda, Y. Yokoyama, Photon-Working Switches 2017, 209-222. 
[4] a) M. Irie, 2021; b) K. Wu, J. Sun, Y. Ma, D. Wei, O. Lee, H. Luo, H. Fan, Journal of Materials Chemistry B 2020, 8, 9212-9226. 
[5] L. Li, M. Degardin, T. Lavergne, D. A. Malyshev, K. Dhami, P. Ordoukhanian, F. E. Romesberg, J. Am. Chem. Soc. 2014, 136, 826-829. 
[6] a) S. M. Büllmann, T. Kolmar, N. F. Zorn, J. Zaumseil, A. Jäschke, Angew. Chem. Int. Ed. 2022, 61, e202117735; b) A. Jäschke, FEBS Lett. 2012, 586, 2106-

2111; c) M. Singer, A. Jaschke, J. Am. Chem. Soc. 2010, 132, 8372-8377. 
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Introduction: MicroRNA dysregulation is a hallmark of hepatocellular carcinoma (HCC), leading to tumor growth 
and metastasis. Our previous screening on patient specimens identified miR-198 as the most downregulated 
miRNA in HCC 1. Moreover, our findings showed that miR-198 is a strong tumor suppressor and its loss is 
associated with dysregulated gene expression and liver cancer progression 1, 2.  
 
Results: In the present study, we demonstrate that miR-198 compensation leads to self-release into 
extracellular vesicles (EVs). Importantly, the vesicular secretion is mediated by autophagy-related pathways, 
initiated by sequestration of p62/miR-198 complexes in autophagosome-associated vesicle fractions. miR-198 
is selectively recognized and loaded by p62 into autophagosomal fractions, whereas mutated miR-198 forms 
neither induce autophagy nor interact with p62. Gain and loss of function experiments, using a CRISPR/Cas 
knockout (KO) and transgenic site-specific p62 mutants, identified p62 as an essential repressor of cellular miR-
198 abundancy.  
 
Notably, EVs, harboring miR-198/p62 protein complexes, were produced in Huh7 host cells and shown to be 
uptaken by recipient cancer cells or non-tumor cell types such as hepatic stellate cells. By luciferase reporter 
assays and RNA sequencing, we have proven that the uptake of miR-198/p62 protein complexes results in miR-
198 binding to mRNA target sites and subsequently to a pronounced change in gene expression in the recipient 
cells. Most importantly, exposure of recipient cells to p62 loaded miR-198 vesicles leads to less cell viability and 
to cell growth arrest. These results demonstrated the stability of the tumor suppressor function of miR-198, even 
after its vesicular transfer and uptake by recipient cells. 
  
Perspectives: In conclusion, the autophagy related protein p62 promotes the loss of the tumor suppressor miR-
198 in liver cancer cells, leading to reduced tumor suppressor capacity in cancer cells 3. EV loaded with miR-
198 lead to an altered gene expression profile and less cell viability in recipient hepatoma cells. Thus, miR-198 
carrying EVs may represent a novel option for therapeutic strategies to treat HCC. 
    
1. Varnholt, H. et al. Hepatology 2008, 47, 1223-1232, doi:10.1002/hep.22158.3.  
2. Elfimova, N. et al, Biochim Biophys Acta 2013, 1833, 1190-1198, doi:10.1016/j.bbamcr.2013.01.023. 
3. Yu, X.   et al. Hum Cell 2022, 35, 1766-1784, doi:10.1007/s13577-022-00765-7. 
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Introduction 
To unlock the therapeutic potential of bioactive compounds in the body, factors like solubility, general toxicity, 
limited physiochemical stability and target specificity need to be improved. Nanoscale materials offer unique 
physical, chemical and physiological properties to overcome those challenges. In this study we established a 
nanoparticle-polymer composite for magnetically induced drug release. Curcumin and Ketorolac-Tromethamine 
as model hydrophilic and hydrophobic drugs encapsuled in mesoporous silica (mSiO2) particles and combined 
with superparamagnetic Mn0.3Fe2.7O4 particles in electrospun polyacrylonitrile (PAN) fibers. By applying an 
alternating magnetic field (AMF) the drugs could be released rapidly from the fibers while offering near zero-
release beforehand.

Results 

Fibers with soft magnetic properties, low coercivity, a magnetic saturation Ms of 6 emu/g and a diameter of 
~650 nm were produced by electrospinning a solution of polyacrylonitrile, drug-loaded mSiO2 particles and 
Mn0.3Fe2.7O4 particles. Under an alternating magnetic field, the release within one hour increased up to 19.8-fold 
for Ketorolac and 13.5-fold for Curcumin, compared with normal physiological conditions. The fibers showed a 
high specific loss power of 55 W/g and could produce temperature increases of up to 12 °C in the surrounding 
medium within a 5-minute AMF pulse.

Perspectives
This magnetically stimulated drug release system offers a two-pronged approach to cancer therapy by 
combining hyperthermia with targeted drug release. The two-layered encapsulation of the drugs in mSiO2 
particles and polymer fibers protects the drug and prevents premature release, thus limiting side-effects due to 
unspecific drug distribution. The magnetically controlled release permits a highly flexible drug administration that 
can be adapted to the individual patients needs on short notice, while also enabling the use of hydrophobic 
compounds as therapeutics.
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The regulation of cell death programs is of fundamental importance for tissue homeostasis, functioning and 
repair. Indeed, if on the one hand cell death suppression can interfere with normal tissue functions and repair, 
on the other hand aberrant cell death can lead to inflammation and tissue failure.  

The cFLIP/Caspase-8 heterodimer is a signalling module crucially important for the regulation and the plasticity 
of different cell death programs, namely apoptosis and necroptosis, in homeostatic conditions. Accordingly, 
tissue-specific deletion of Cflip leads to excessive cell death and tissue failure. cFLIP is a catalytically inactive 
homolog of Caspase-8, known for long time to be a non-redundant regulator of Caspase-8. However, the 
mechanisms underlying the modulation of Caspase-8 functions by cFLIP are largely uncharacterized. The aim 
of this study is therefore to understand the molecular mechanisms by which cFLIP regulates Caspase-8-
mediated cell death outputs. In particular, we will identify which cell death program(s) is(are) selectively 
controlled by cFLIP in a tissue-dependent context (i.e., intestine, skin and endothelial compartment), and dissect 
the molecular mechanisms underlying the complex regulation of the cFLIP/Caspase-8 heterodimer. To this 
purpose, we will combine in vitro, ex vivo and in vivo approaches, based on already established mouse models 
of Cflip deletion. 

Our data demonstrate that cFLIP is only necessary to prevent apoptosis and the Caspase-8/Caspase-8 
homodimer can suppress necroptosis, in the absence of cFLIP, in a gut and skin. We also observed cleavage 
and activation of Caspase-8 in the absence of FADD, but the exact mechanism of activation remains to be 
assessed.  
 
Data obtained from this study will shed new light on one of the most fundamental nodes repressing cell death, 
both at the functional and mechanistic levels. This will in turn allow a better understating of the pathophysiological 
role of cell death and how cell death could be tackled for the treatment of cell death-related pathologies. 
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Recently, transcriptional adaptation (TA) has been observed in several mutant models that carry premature 
termination codons (PTCs).  During TA, degradation of the mutant mRNA modulates the expression of so-called 
adapting genes.  In some cases, the adapting genes are functionally redundant with the mutated gene and their 
upregulation leads to functional compensation.  Furthermore, TA is not observed in full-locus deletion alleles 
(i.e., RNA-less alleles) or when mRNA surveillance is compromised. Based on these and other observations, 
the current model for TA postulates that the degraded mutant mRNA fragments modify the transcriptome and/or 
genome of the mutant in a way that is independent of the loss of protein function. 

Notably, transcriptome analysis of different TA models shows that there are not only upregulated genes but also 
downregulated genes.  These observations reveal a gap in our understanding of the effects of TA in the context 
of genetic perturbation.  We started this study by looking at human disease conditions where there were 
discrepancies between PTC and RNA-less alleles.  One such candidate is caused by mutations in PYCR1, 
which belongs to the pyrroline-5-carboxylate reductase family.  Mutations in PYCR1 lead to autosomal recessive 
cutis laxa type II-B.  Interestingly, patients with RNA-less alleles have been reported to have fewer secondary 
phenotypes compared to patients with PTC alleles.  Hence, in this project, we aim to elucidate the possible TA 
mechanisms in PYCR1 mutant cells.  

We generated PTC and RNA-less PYCR1 alleles in HEK293T and HAP1 cells in culture.  We found that PTC 
alleles display mutant mRNA degradation and identified, using RNAseq analysis, a number of differentially 
expressed genes between the PTC and RNA-less alleles.  These genes include POSTN, COL3A1, CRAB2 and 
EMP1 whose expression is supressed in PTC alleles compared with WT but is unaffected in RNA-less alleles 
compared with WT.   

ATACseq analysis provided further information about chromatin accessibility in the various alleles.  Further 
investigation will determine whether the modulation of these genes occurs as a result of mutant mRNA 
degradation (i.e., TA) or other mechanisms. 
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Session I 
 

Nucleic acid chemistry (Innate Immunity) 
 

1.00 - 2.30 p.m.  Veit Hornung - Andrea Rentmeister - Mano Manoharan 
2.30 - 3.00 p.m. Coffee Break 

 
 

Session II 
 

Nucleic acids delivery and visualization 
 
 

3.00 - 4.30 p.m. Don Hilvert - Andres Jäschke - Mathias Vormehr 
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5.00 - 6.00 p.m. CMMC Symposium Lecture I - Markus Stoffel 
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Technology and future applications (e.g. mRNAs, ncRNAs) 
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2.30 - 2.50 p.m. Coffee Break 
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1.30 - 1.45 p.m. Coffee Break 
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