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Discovery of Ribozymes 

 In the early 1980s, the groups 
Cech and Altman discovered 
RNAs with catalytic properties: 
Ribozymes 

 RNA can carry and transmit 
genetic information and 
catalyze reactions. 
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The RNA World Hypothesis 

According to the RNA world 
hypothesis our current DNA / 
protein-based world was preceeded 
by a world dominated by RNA. 
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Non-(Protein-) Coding RNA 
Szymanski et al., in: 
Barscizewski/Erdmann, 
Noncoding RNAs, 2003, 1. 
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20.-25.000 

• While in bacteria almost the complete genome encodes proteins, 
only 2% of the human genome encodes proteins. 
• The ENCODE project demonstrated that more than three quarters 
of the human genome are transcribed. 
• What is the function of the large part of RNA that is transcribed but 
does not encode proteins? 



Diversity of RNAs 
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Transcripts 

Protein-coding mRNA                                    non-coding RNA 

Housekeeping RNA                         Regulatory RNA 

• rRNA 
• tRNA 
• snRNA 
• snoRNA 
• RNase P RNA 
• telomerase RNA 

• long non-coding RNA 
• siRNA 
• esiRNA  
• miRNA 
• piRNA 
• tasiRNAs 
• casiRNAs 
• natsiRNAs 
         ⁞ 

Based on: Szymanski et al., 
in: Barscizewski/Erdmann, 
Noncoding RNAs, 2003, 1. 



Overview 

 Long non-coding RNAs 
 Small regulatory non-coding RNAs 

 miRNAs 
 piRNAs 
 siRNAs 

 Small interfering RNAs as antiviral agents 
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Long non-coding RNAs 

 Long non-coding RNAs (lncRNAs) are 200 nucleotides to 
several kilobases in length. 

 lncRNAs can be subdevided into five classes: 
 Natural antisense transcripts (NATs) 
 Long intergenic non-coding RNAs (lincRNAs) 
 Very long intergenic non-coding RNAs (vlincRNAs or macroRNAs) 
 Sense intronic RNAs 
 Processes transcripts (usually spliced and/or polyadenylated) 

9 Wahlestedt (2013) Nat. Rev. Drug Discov. 12, 433. 



Long non-coding RNAs 

 Regulatory non-coding RNAs can act at the transcription or 
translational level. 

 They can upregulate or downregulate gene expression. 
10 Wahlestedt (2013) Nat. Rev. Drug Discov. 12, 433. 



Long Non-Coding RNAs in 
Human Diseases 

11 Wahlestedt (2013) Nat. Rev. Drug Discov. 12, 433. 



Overview 

 Long non-coding RNAs 
 Small regulatory non-coding RNAs 

 miRNAs 
 piRNAs 
 siRNAs 

 Small interfering RNAs as antiviral agents 
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MicroRNA 

 microRNAs (miRNAs) are small double-stranded RNA 
molecules that are endogenously expressed and regulate the 
expression up to 60% of the human genes. 

13 



miRNAs 

 miRNAs usually bind to the 3‘UTR 
of mRNAs in an imperfect 
manner. 

 They repress translation and 
induce mRNA decay. 
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Extracellular miRNAs 

 In recent years, extracellular miRNAs 
have drawn much attention. miRNAs 
are secreted from the cells in 
exosomes. 

 Extracelllular miRNAs may have a 
function in cell-cell communication. 

 Furthermore, they can be used as 
diagnostic biomarkers.  

Cell Adh Migr. 2007 Jul–Sep; 1(3): 
156–158.; Review: Grimm (2009) 
Adv. Drug Deliv. Rev. 61, 682. 
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Extracellular miRNAs and 
myocardial infarction 

 While miRNA-208a is absent in healthy and sham-operated rats, 
its level is higher in animals with an induced myocardial 
infarction. 

 The miRNA is also upregulated in patients with a myocardial 
infarction. 

 miRNA-208a was proposed as an early biomarker for myocardial 
infarction. 

Wang et al. Eur. Heart. J. 31, 2010, 659. 16 



miRNAs in Viral Infections 

 Viruses encode more than 200 miRNAs with diverse 
functions: 
 Autoregulation of viral gene expression 
 Inhibition of host factors to block the immune response 
 Maintanance of latent infections. 

 Some human miRNAs inhibit viruses. 

Grundhoff A, Sullivan CS. Virology. 2011 Mar 15;411(2):325-43. 17 



miR-122 and HCV 

 HCV requires the human miR-122 for efficient replication. The 
miRNA binds to the 5‘UTR and stabilizes the viral RNA. Inhibition 
of miR-122 suppresses HCV. 

Lindow M , Kauppinen S J Cell Biol 2012;199:407-412 
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miRNA-Inhibitor for Antiviral Treatment 

 An LNA-modified antisense molecule 
targeting miR-122 is being developed to 
treat HCV infections. 

 Treatment of non-human primates resulted 
in a significantly reduced HCV level. 

 In 2012, results of a phase II study were 
published demonstrating that the antisense 
inhibition of miR-122 inhibits HCV in human 
patients. Lanford et al. Science 327, 2010, 198. 
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piRNAs 

 In 2006, Piwi-interacting RNAs (piRNAs) 
were discovered in mouse testis. 

 They are 24-30 nucleic acids in length. 
 In contrast to miRNAs and siRNAs, piRNAs 

are single-stranded. 
 According to their initial discovery in testis, 

piRNAs seem to play a role in 
spermiogenesis. 

Gunter Meister (2011) RNA Biology. Wiley-VCH, S. 260 
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piRNAs 

 piRNAs arise from repetitive 
intergenic elements including 
transposable elements (TEs). 

 They target RNAs and degrade 
them post-transcriptionally. 

 piRNAs are involved in maintaining 
the genetic stability. 

21 Huang et al., Biochemistry (Moscow) 78, 2013, 221. 



Small noncoding RNAs 

 Summary of small noncoding RNAs in eukaryotic cells in addition to 
siRNAs, miRNAs and piRNAs. 22 

Huang et al., 
Biochemistry 
(Moscow) 78, 
2013, 221. 



siRNA-Mediated Silencing of 
Lamin A/C in Mammalian Cells 

 In 2001, Tom Tuschl and co-workers 
demonstrated for the first time that 
endogenously expressed genes can 
be silenced siRNAs in mammalian 
cells. 

Elbashir et al., Nature 411, 2001, 494-498 23 



RNA Interference 

Kurreck, J. (2009) Angewandte Chemie Int. Ed. 48, 1378. 24 



RNAi Therapeutics in Clinical Pipeline 

Haussecker (2012) Mol. Ther. Nucl. Acids 2, e8 
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Endo-siRNAs (esiRNAs) 
 Initially, only organisms encoding an RdRP 

were considered to generate endogenous 
siRNAs. 

 Interestingly esiRNAs were detected even 
in mouse oocytes and drosophila, both of 
which do not produce an RdRP. 

 esiRNAs are generated from hairpin 
structures or complementary RNAs. 

 esiRNAs originate from retrotranposons 
and control mobile genetic elements. In 
addition esiRNAs were found in 
pseudogenes, which regulate protein-
coding mRNAs. 

Kommentar von: Nilsen, TW 
Nat. Struc. Mol. Biol. 15, 2008, 546 
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RNAi as an Antiviral Mechanism in 
Mammalian Cells 

 The antiviral activity of RNAi in plants and invertebrates 
has been well established. 

 However, it remained elusive, whether RNAi also has 
antiviral activity in mammalian cells, or if the innate IFN 
immune response supplanted the RNAi defense. 

 Evidence for virus-derived small RNAs (vsRNAs) was 
provided, but it was still questioned, whether the vsRNAs 
were functional. 
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RNAi as an Antiviral Mechanism in 
Mammalian Cells 

 In October 2013, two groups independently demonstrated 
antiviral RNAi in mammalian cells: 
 Murine embryonic stem cells lack the IFN response. vsRNAs 

associate with Ago2. 
 The Nodamura virus produces an RNAi suppressor. Deletion 

mutants lacking the suppressor are suppressed by RNAi. 
 The same is still true in 7-day old suckling mice. Mutated NoV 

lacking the RNAi suppressor are inhibited by a potent antiviral RNAi 
response, while the wt virus lacking the suppressor escapes 
inhibition by RNAi. In adult mice the virus is cleared by the IFN 
response. 

Maillard et al. Science 342, 2013, 235; Li et al. Science 342, 2013, 231. 
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RNAi as an Antiviral Mechanism in 
Mammalian Cells 

 In young mice the RNAi response can clear NoV lacking the 
RNAi suppressor B2. NoV with the RNAi suppressor is lethal. 

 In adult mice, the IFN response clears the virus. 

Maillard et al. Science 342, 2013, 235; Li et al. Science 342, 2013, 231. 29 



Overview 

 Long non-coding RNAs 
 Small regulatory non-coding RNAs 

 miRNAs 
 piRNAs 
 siRNAs 

 Small interfering RNAs as antiviral agents 
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Coxsackievirus B3 (CVB-3) 

 Member of the picornavirus family 
 Plus-strand RNA viruses 
 Cytoplasmic replication-cycle  

 High clinical relevance: 
 Meningoencephalitis, pancreatitis 
 CVB-3 is one of the major causes of acute myocarditis that 

can persist chronically and develop into a dilated 
cardiomyopathy. 

 

Muckelbauer et al. (1995) 
Structure 3, 653. From: Renz-Polster et al., Basislehrbuch Innere Medizin 
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Inhibition of Coxsackievirus B3 

 Plaque reduction assay:  
Up to 90% reduction of virus propagation. 
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• Schubert, Grunert, Zeichhardt, Werk, Erdmann, Kurreck (2005) J. Mol Biol. 
346, 457. 

• Werk, Schubert, Lindig, Grunert, Zeichhardt, Erdmann, Kurreck (2005) Biol. 
Chem. 382, 857. 32 



SiRNA Double 
Expression Vector (SiDEx) 

 SiDEx silences 
 wt RdRP 

wt RdRP 

Mutated RdRP 

 and mutated RdRP Schubert, Grunert, Zeichhardt, Werk, Erdmann, Kurreck 
(2005) J. Mol. Biol. 346, 457. 33 



AAV Vectors for Knockdown 
 Advantages: Low pathogenicity, transduction of 

quiescent cells, serotypes with specific tissue 
tropism 

 Disadvantage: Low packaging capacity 

 Challenge: Determination of vector concentration 

 Use of plasmid standard in qPCR 
gives variable concentrations 
depending on the primer set. 

 Only the use of isolated genomic 
AAV DNA as a standard gives 
reliable results. 

Wagner, Röhrs, Kedzierski, Fechner, Kurreck (2013) 
Hum. Gene Ther. Meth., in press. 
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AAV Vectors for Knockdown 
 Knockdown of cyclophilin B: 

 Increasing transduction rates at higher concentrations 
 Approximately 150 transduction units required for 80% knockdown. 

Wagner, Röhrs, Kedzierski, Fechner, Kurreck (2013) Hum. Gene Ther. Meth., in press. 35 



Virus inhibition in rat primary 
neonatal cardiomyocytes 

 SiDEx reduces the virus titer in primary neonatal cardiomyocytes 
by 3 log10 steps. 

Fechner, H.; Sipo, I.; Westermann, D.; Pinkert, S.; Wang, X.; Suckau, L.; Kurreck, J.; Zeichardt, H.; Müller, O.; 
Vetter, R.; Tschope, C.; Poller, W. (2008) J. Mol. Med. 86, 987.  

 Treatment improves cardiac function in mouse myocarditis model. 

 However: The therapeutic effect was limited. Reduction of the 
virus titer in the heart did not reach significance. 
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Soluble CAR (sCAR) as virus trap 

 Extracellular domains of CAR fused to the Fc domain of an 
IgG have been shown to trap the virus and prevent its 
spread. 

Fc 

Carson 
et al., 
1997  
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Antiviral activity of sCAR-Fc 

 Pre-treatment of HeLa cells with sCAR-Fc prevents virus 
infection. Even treatment 24 h after the infection reduces 
the virus titer by 6 log10 steps. 

Pinkert, …, Fechner (2009) Circulation 120, 2358. 

 sCAR-Fc reduces virus titer in vivo and prevents cardiac 
dysfunction in CVB-3 myocarditis. 
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