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RNA-Based

* Plasmids

* DNAzymes

* DNA Antisence

* DNA Aptamers

* RNA Aptamers

* Ribozymes

* RNA Antisence

* Small Interfering RNAs

* MicroRNA



 Double-stranded DNA constructs containing
transgenes, which encode specific proteins.

1) Disease treatment:

 Head and neck squamous carcinoma under the trade 
name Gendicine

2) DNA vaccines:

 Malaria, AIDS, and many other diseases.





 Catalytically active DNA 
molecules

• Consisting of :
1) Two arms 
2) Catalytic core

• Analogs of ribozymes 
with greater biological 

stability



 Double-stranded nucleic acid segments that can
directly interact with different targets.

Specificity,
Nonimmunogenicity,
and stability of pharmaceutical formulation.

 Single-stranded nucleic acid segments that can
directly interact with different targets.





 Enzymatic RNA strands, target defined RNA sequences 
for cleavage 

 Two types of ribozymes, the hammerhead and hairpin 
ribozymes

 One area of ribozyme gene therapy has been the
inhibition of RNA-based viruses. hepatitis C and HIV
viruses.



 Single-stranded antisense oligonucleotides (ASOs), an 
oligonucleotide binds a target RNA through Watson-
Crick base pairing.

 Optimization strategies for antisense oligonucleotides: 
chemical modification

1. phosphorothioate (PS) linkages

2. 2′-O-methyl

3. 2′-O-methoxyethyl

4. Locked Nucleic Acid (LNA), which contains a
methylene bridge between the 2′ and 4′ position of the
ribose.





 Blocking translation

 Modulating splicing

 Targeting miRNAs

Watts and Corey, Gene silencing by siRNAs and
antisense oligonucleotides in the laboratory and the
clinic. Pathol. 2012; 226(2): 365–379.



 Fomivirsen (marketed as Vitravene), has been
approved by FDA for the treatment of
cytomegalovirus retinitis in AIDS patients.



 Short double-stranded RNA segments with 21–23

Nucleotides

 A posttranscriptional mechanism of gene silencing

through: 

Chromatin remodeling,

Inhibition of protein translation, 

or direct mRNA degradation,

siRNA Structure



Watts and Corey, Gene silencing by siRNAs and antisense oligonucleotides in
the laboratory and the clinic. Pathol. 2012; 226(2): 365–379



 Several  algorithms for design of siRNA; mFOLD

 21-23 nt dsRNA, GC% slightly < 50%

 Perfect complimentary to target mRNA

 Targeting 3’ UTR works better than 5’ UTR

 Have 1-2 nt 3’ U (T) overhang (mRNA target 
starting with AA)

--------------------UU

UU--------------------

 Add multiple (4) siRNA together



videoplayback.mp4


micro-RNA (miRNA)

* A form of single-stranded RNA 

* 18-23 nucleotide long

* RNA genes (Noncoding RNA): Transcribed

from DNA, as a functional RNA molecule, but are not translated
into protein.

*The function of miRNAs: Gene Regulation



3D Medical Animation – MicroRNAs.mp4


* How do miRNAs interact with mRNAs?
Basis of miRNA-mRNA interaction

Algorithms for predicting miRNA-mRNA interaction

* Target Prediction is based on:
* Bioinformatics
* Lab research



miRNA Target Screening

* Gene expression analysis (inferred targets)
RNA-seq
Microarrays
qPCR

* Immunoprecipitation (direct targets)
HITS-CLIP (high-throughput sequencing of RNA isolated by crosslinking 
immunoprecipitation)
PAR-CLIP
Biotin tagged miRNA

* Gene-Specific Validation
qPCR
Luciferase reporter assays
Western blot
5’ rapid identification of cDNA ends (5’ RLM-RACE)



Seed region match
Position in 3’ UTR
Cross species conservation
Central sequence homology
Empirical evidence from microarrays

Guo, H et.al., (2010) Nature. 466: 835-40, Bartel D.P., (2009) Cell 136; 215, Grimson A 
et.al., (2007) Mol Cell.27: 91-105.



Ribosome drop-off

Deadenylation and degradation

Guo, H et.al., (2010) Nature. 466: 835-40, Bartel D.P., (2009) Cell 136; 215, Grimson A 
et.al., (2007) Mol Cell.27: 91-105.



a) Intergenic miRNA genes: either monocistronic or polycistronic with a
common promoter.

b) Intronic miRNA genes: present in the introns of protein coding or noncoding
genes, can also be in clusters, transcribed by the host gene promoter.

c) Exonic miRNAs genes: rare and often overlap an exon and an intron of a
noncoding gene









 Double-stranded RNA oligonucleotide
 Functional sequence is the same as the natural mature miRNA
 Transfection results in inhibition comparable to the endogenous miRNA
 Stable in culture for up to 72 hours



 Single-stranded, chemically modified RNA oligonucleotide
 Designed and modified to ensure efficient inhibition of endogenous 

miRNA
 Transfection of inhibitor counteracts miRNA-induced silencing
 Effective for at least 96 hours following transfection



Transfection of miR-21 mimic leads to further reduction of endogenously 

expressed PDCD4

Transfection of miR-21 inhibitor leads to an increase of PDCD4 protein



Viral and Cellular MicroRNAs as Determinants of Viral Pathogenesis and Immunity, Cell 

Host & Microbe 3, June 2008.



Viral and Cellular MicroRNAs as Determinants of Viral Pathogenesis and Immunity, 

Cell Host & Microbe 3, June 2008.



* High levels of nucleases present in plasma

* Freely circulating nucleic acids should be rapidly degraded

* Surprisingly, stable nucleic acids can be detected in serum 
and plasma



* Exosomes are ~50-200 nm small vesicles excreted by all cells

* Exosomes are found in all biofluids (e.g. blood)

* Exosomes contain stable RNA (mRNA, miRNA, other small 
RNAs), DNA, and protein,

* Protected from degradation by a lipid bilayer

* Contents are specifically packaged, mechanism of local and 
distant cellular communication



* Using vector-based miRNA to overcome the complications of 
HIV mutation has proven feasible.

* Development of anti-viral drugs and vaccines against HIV 
infections.

*Using LNA based oligonucleotides therapeutically is an
emerging field in biotechnology

* A new, LNA based, hepatitis C drug called miravirsen,
targeting miR-122, which is in Phase II clinical testing as of late
2010.]

https://en.wikipedia.org/wiki/Locked_nucleic_acid
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