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WHEN did mRNA research start?

HOW 

WHY
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Sydney Brenner shared 

in the 2002 Nobel 

Prize in Physiology or 

Medicine for deciphering 

the genetics of 

programmed cell death 

and animal development, 

including how the 

nervous system forms.
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RNA
The ribonucleic acids are referred to as RNA. RNA carries genetic information written in
DNA, mainly for protein synthesis.

Transfer RNA (tRNA)
Transfer RNA plays a major role in protein synthesis to translate the genetic code in
mRNA into a particular amino acid sequence. tRNA forms a hairpin loop structure, the
shape of the tRNA is like a clover leaf.

Ribosomal RNA (rRNA)
Ribosomal RNA is involved in producing ribosomes, which facilitates the translation of
mRNA into a particular amino acid sequence. Along with several proteins, rRNA forms
the organelle known as the ribosome.

RNA mRNA
Definition RNA is a type of nucleic acid 

containing ribose and uracil.
mRNA is a type of RNA, which 
encodes for a particular amino acid 
sequence of a protein.

Significance Messenger RNA (mRNA), transfer 
RNA (tRNA), and ribosomal RNA 
(rRNA) are the three major types of 
RNA found in the cell.

The mRNA is a type of RNA.

Function RNA is involved in mediating 
biological processes of the cell such 
as protein expression and cell 
signaling.

The mRNA is encoded for a particular 
protein. The message of a protein is 
sent for the translation from the 
nucleus via mRNA.

RNA and mRNA are two types of nucleic acids, mediating the protein synthesis in the cell. 
Both RNA and mRNA contain ribose and uracil in their structure. The three major types of 
RNA are mRNA, tRNA, and rRNA.



8@Vaccinologist mRNA-based therapeutics — developing a new class of drugs |https://www.nature.com/articles/nrd4278

1961: discovery (isolation) of messenger RNA (mRNA)
1969: first proteins produced from isolated mRNA
1970: advances in liposomes 
1984: mRNA synthesized in the lab
1990: translation of mRNA injected into mice

https://www.nature.com/articles/nrd4278
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1961: discovery (isolation) of messenger RNA (mRNA)
1969: first proteins produced from isolated mRNA
1970: advances in liposomes 
1984: mRNA synthesized in the lab
1990: translation of mRNA injected into mice

Several years after no significant developments

https://www.nature.com/articles/nrd4278
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https://www.nature.com/articles/nrd4278
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2018: Patisiran approved by US FDA

ONPATTRO™ (Patisiran) is used to 
treat polyneuropathy (nerve disease) 
caused by hereditary transthyretin-
mediated amyloidosis.

https://www.nature.com/articles/nrd4278
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https://www.nature.com/articles/nrd4278


13Enlisting the mRNA Vaccine Platform to Combat Parasitic Infections (https://www.mdpi.com/2076-393X/7/4/122/htm)

https://www.mdpi.com/2076-393X/7/4/122/htm
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There are coding and non-coding RNAs
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A typical mRNA construct with supporting untranslated regions, poly(A) tail, 
and an optional signal peptide sequence attached to the coding sequence.

@Vaccinologist 
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eIF4E, eukaryotic translation initiation factor 4E; IRES, internal ribosome entry site; ORF, open reading frame

https://www.nature.com/articles/nrd4278
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https://www.nature.com/articles/nrd4278
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WHEN did mRNA research start?

HOW do they work? HOW are they produced?

WHY
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How do you know mRNA vaccines will not alter your DNA?

✓ mRNA is chemically and structurally different from DNA, mRNA is 
located in a different cellular compartment. 
• mRNA is produced in the nucleus but is quickly exported to the 

cytoplasm with a one-way ticket: it does not come back. 
✓ Only specific proteins carry “nuclear localization signals” can migrate 

from the cytoplasm into the nucleus
• mRNA vaccines do not include such molecular instruction. 

✓ RNA molecule is charged and carries the same charge as the nucleus, 
like charges repel.
• RNA molecule is physically repelled by the nucleus.
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WHEN did mRNA research start?

HOW are the different from traditional vaccines?

WHY
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WHEN did mRNA research start?

HOW can we maximize the use of the mRNA tech?

WHY



mRNA cancer vaccines: Advances, trends and challenges https://www.sciencedirect.com/science/article/pii/S2211383522001198



29Advancements in Nucleic Acid Based Therapeutics against Respiratory Viral Infections - PubMed (nih.gov)

Nucleic acid-based molecules have shown 
tremendous potential to block gene 
expression either during the 
transcriptional or post-transcriptional 
level. These nucleic acid-based molecules 
have also been shown to have potential 
applications in cancer, neurological 
disorders, cardiovascular, inflammatory 
disorders, and infectious diseases.

With the introduction of effective nucleic 
acid-based technologies, post 
translational gene silencing (PTGS) is 
being increasingly used to silence viral 
gene targets and has shown promising 
approach towards management of many 
viral infections.

https://pubmed.ncbi.nlm.nih.gov/30577479/
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Pre-clinical

Cancer immunotherapy 
Melanoma, prostate cancer, 
haematological malignancies, ovarian 
cancer, lymphoma, leukaemia, 
mesothelioma

Infectious diseases
Influenza, tuberculosis, respiratory tract 
infection, tick-borne encephalitis

Allergy tolerization
Allergies for peanut, egg white, grass 
pollen and dust mite

Protein replacement
Diabetes insipidus, anaemia, congenital 
lung disease, asthma, myocardial 
infarction, melanoma, autoimmune 
myocarditis, inflammation

Future / potential mRNA applications

Sahin, U., Karikó, K. & Türeci, Ö. mRNA-based therapeutics — developing a new class of drugs. Nat Rev Drug Discov 13, 759–780 (2014). https://doi.org/10.1038/nrd4278
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Pre-clinical Clinical 

Cancer immunotherapy 
Melanoma, prostate cancer, 
haematological malignancies, ovarian 
cancer, lymphoma, leukaemia, 
mesothelioma

Melanoma, renal cell carcinoma, 
prostate cancer, pancreatic 
cancer, metastatic malignancies, 
colon cancer, leukaemia

Infectious diseases
Influenza, tuberculosis, respiratory tract 
infection, tick-borne encephalitis

HIV

Allergy tolerization
Allergies for peanut, egg white, grass 
pollen and dust mite

None, for now

Protein replacement
Diabetes insipidus, anaemia, congenital 
lung disease, asthma, myocardial 
infarction, melanoma, autoimmune 
myocarditis, inflammation

None, for now

Future / potential mRNA applications

Sahin, U., Karikó, K. & Türeci, Ö. mRNA-based therapeutics — developing a new class of drugs. Nat Rev Drug Discov 13, 759–780 (2014). https://doi.org/10.1038/nrd4278
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Pre-clinical Clinical 

Genome engineering, 
gene editing

Gene editing, engineered animal models: 
engineered mice, engineered rats, 
engineered rabbits, engineered 
macaques

None, for now

Genetic reprogramming 
of cells, tissue 
engineering

Transcription factors, progerin 
(biomarker used in studies on natural 
aging) for modeling of Parkinson's 
disease, generating induced pluripotent 
stem cells

None, for now

Future / potential mRNA applications

Sahin, U., Karikó, K. & Türeci, Ö. mRNA-based therapeutics — developing a new class of drugs. Nat Rev Drug Discov 13, 759–780 (2014). https://doi.org/10.1038/nrd4278
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The solid arrows pointing 
in the right-hand column 
denote applications that 
are in the clinic, whereas 
stippled arrows refer to 
preclinical applications. 

Cas9, CRISPR-associated protein 9; 

CRISPR, clustered regularly interspaced 

short palindromic repeat; EPO, 

erythropoietin; FOXP3, forkhead box P3; 

IL-10, interleukin-10; MSC, mesenchymal 

stem cell; RSV, respiratory syncytial virus; 

SPB, surfactant protein B; TALEN, 

transcription activator-like effector 

nuclease; VEGFA, vascular endothelial 

growth factor A; ZNF, zinc finger nuclease.

https://www.nature.com/articles/nrd4278/figures/6
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WHEN did mRNA research start?

HOW do they work? HOW are they produced?

WHY can’t everyone just make mRNA vaccines?



37mRNA as a Transformative Technology for Vaccine Development to Control Infectious Diseases  https://www.sciencedirect.com/science/article/pii/S1525001619300413

"The devil is in the details"
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The real challenge 
is characterizing 

your mRNA product

not all mRNAs are created equally
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WHEN did mRNA research start?

HOW do they work? HOW are they produced?

WHY don’t we have our own vaccine manufacturer?
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Over 40 vaccine manufacturers in LMIC

41 manufacturers 

from 14 countries 
and territories

Developing Countries Vaccine 

Manufacturers Network

@Vaccinologist 



Over 40 vaccine manufacturers in LMIC

41 manufacturers 

from 14 countries 
and territories

Developing Countries Vaccine 

Manufacturers Network
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@Vaccinologist mRNA Technology Transfer Hub Programme - MPP (medicinespatentpool.org)

The mRNA technology transfer programme is a global initiative that 
aims to improve health and health security by establishing sustainable, 
locally owned mRNA manufacturing capabilities in and for low- and 
middle-income countries (LMICs). 

https://medicinespatentpool.org/covid-19/mrna-technology-transfer-hub-programme


@Vaccinologist mRNA Technology Transfer Hub Programme - MPP (medicinespatentpool.org)

mRNA Tech Transfer: Inception and Implementation 

https://medicinespatentpool.org/covid-19/mrna-technology-transfer-hub-programme
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mRNA Tech Transfer: Inception and Implementation

https://medicinespatentpool.org/covid-19/mrna-technology-transfer-hub-programme
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✓ 1960s: mRNA tech started, 2005: tech maturity   

✓ Central dogma, not all mRNAs are created equally

✓ LMICs can have mRNA tech transfer 



https://link.springer.com/book/10.1007/978-3-031-08045-6

Frontiers of COVID-19

Scientific and Clinical Aspects of the 

Novel Coronavirus 2019

Editors

Sasan Adibi

Paul Griffin

Melvin Sanicas

Maryam Rashidi

Francesco Lanfranchi

DOI https://doi.org/10.1007/978-3-031-08045-6

Thank you for your attention. 
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Myocarditis type Incidence Survival (%) Potential mechanisms

‘Common’ viral 
myocarditis

1–10 per 100,000 
people per year

 >80

Myocardial injury
Genetic (variants in genes encoding HLA, 
desmosomal, cytoskeletal or sarcomeric proteins)
Immune crossreactivity
Sex-related factors

COVID-19-
associated 

myocarditis and 
cardiac injury

1,000–4,000 per 
100,000 people with 
SARS-CoV-2 infection

30–80

Endothelial injury and microthrombosis
Genetic (variants in genes encoding HLA, 
desmosomal, cytoskeletal or sarcomeric proteins)
Sepsis and shock

Myocarditis after 
COVID-19 mRNA 

vaccination

0.3–5.0 per 100,000 
vaccinated people

 >99

Hypersensitivity reaction
Genetic (variants in genes encoding HLA, 
desmosomal, cytoskeletal or sarcomeric proteins)
Immune crossreactivity
Sex-related factors

Characteristics of COVID-19-associated myocarditis & myocarditis post COVID-19 mRNA vaccination
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siRNA name Mechanism of Action 

Patisiran
The agent is a double-stranded siRNA formulated as a lipid nanoparticle (LNP) taken up by 
hepatocytes once bound to apolipoprotein E (APOE) receptors. The RNAi of the TTR mRNA 
decreases the production of TTR protein in circulation and its deposition in tissues and organs.

Givosiran

The agent is a double-stranded siRNA conjugated with N-acetylgalactosamine (GalNAc) ligand for 
intake by hepatocytes. Once taken up by hepatocytes and degrading its target mRNA, it decreases 
aminolevulinic acid (ALA) and porphobilinogen (PBG) levels in the blood, further limiting AHP 
disease characteristics.

Lumasiran

The agent is a double-stranded siRNA conjugated with GalNAc ligand for effective uptake by 
hepatocytes. HAO1 produces glycolate oxidase (GO), an enzyme responsible for producing 
glyoxylate, a substrate for the further synthesis of oxalate. The inhibition of the GO enzyme results 
in decreased oxalate precursor levels which in turn reduces the production of the enzyme alanine 
glyoxylate aminotransferase (AGT) that is mutated in PH1.

Inclisiran

The sense strand of the siRNA is bound with GalNAc ligand, allowing hepatocytes to efficiently 
uptake the siRNA agent and target PCSK9. PCSK9 internalizes and breaks down the hepatic LDL 
receptors once attached. Inclisiran inhibits this action of PCSK9, further promoting the expression of 
LDL-C receptors on the cell's surface and facilitating receptor cycling. Once LDL-C is bound to its 
receptor, it is subject to degradation by lysosomal enzymes and recycled back to the cell's surface. 
This results in a raised uptake of LDL-C and reduces its levels in the blood.

Small Interfering RNA (siRNA) Based Therapy - StatPearls - NCBI Bookshelf (nih.gov)

https://www.ncbi.nlm.nih.gov/books/NBK580472/
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Some important references on mRNA quality control

1. Kariko et al. (2005) Suppression of RNA Recognition by Toll-like Receptors: The Impact of 
Nucleoside Modification and the Evolutionary Origin of RNA. Immunity 23 (2):165.

2. Kariko et al. (2008) Incorporation of Pseudouridine yields superior nonimmunogenic vector 
with increased translational capacity and biological stability. Molecular Therapy 16 (11):1833.

3. Baiersdörfer et al. (2019) A Facile Method for the Removal of dsRNA Contaminant form In 
Vitro-Transcribed mRNA. Mol Ther Nucleic Acids 15:26.

4. Moradian et al. (2022) Chemical modification of uridine modulatesmRNA-mediated 
profinflammatory and antiviral response in primary human macrophages. Mol Ther Nucleic 
Acids 27:854.

5. Piao et al. (2022) Double-stranded RNA reduction by chaotropic agents during in vitro 
transcription of messenger RNA. Mol Ther Nucleic Acids 26:618.

6. Schönborn et al. (1991) Monoclonal antibodies to double-stranded RNA as probes of RNA 
structure in crude nucleic acid extracts. Nucleic Acids Res. 19:2993.


