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How the epitranscriptome is 
changing our world



What happened today?

The Nobel Assembly at Karolinska Institutet

has today decided to award the 2022 Nobel Prize in Physiology or Medicine to

Svante Pääbo

for his discoveries concerning the genomes of extinct hominins and human 
evolution
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http://nobelprizemedicine.org/


What is the epitranscriptome?
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Guess!

RNA modification



>170 RNA modifications
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Henri Grosjean



Modifications in DNA

Henri Grosjean

WHY?



Antiboby/Antigen interaction
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Problem with nucleic acids



Approximately 170 RNA modifications
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Henri Grosjean



RNA vaccines

Katalin Kariko

Drew Weissman



Modified versus unmodified RNA
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Fast vaccines
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Over 6.5 million people have died worldwide due to Covid 19. WHO
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Development of personalized RNA-based cancer vaccines
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https://www.researchgate.net/figure/Fig-5-Development-of-personalized-RNA-based-cancer-vaccines-Tumor-samples-are_fig5_314102975


Challenges
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Problems with detection



Amount of starting material
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Current techniques
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Problem with antibody specificity 



What we do
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Antiboby/Antigen interaction
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Problem with nucleic acids



Innate immune pattern recognition receptors
(PRRs) discriminate self from non-self
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Charles Janeway

Polly Matzinger PRRs also react to damage or danger signals



dsRNA versus DNA
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Cellular dsRNA is hazardous.
Innate immune and RNAi trigger.
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Conversion of adenosine to inosine change the encoded protein
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ADAR proteins in vertebrates and in 
Drosophila

Active

Inactive

Active



Adenosine Deaminases acting on RNA (ADARs) 
edit A-to-I in dsRNA
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Alu repeat

‘site-specific’ ‘promiscuous’



Prevalence of A-to-I editing 
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Biological roles of ADARs

ADARs

Splicing
miRNA biogenesis

& targeting

Functioning of nervous system

Haematopoiesis 

Innate Immunity

Many cancers

Development

Editing dependent & independent roles of ADAR



Rescue of Adar lethality by preventing innate immune sensing 
of intracellular dsRNA 

CEITEC at Masaryk University 28

Mavs knockout prevents all known signalling in the RLR pathway.

Mannion, 2014; complete null, death E12.5. Double mutant with Mavs dies at birth.

Liddicot 2015; inactive mutant AdarE/A, dies by E14.5. Double mutant with Mda5 has no phenotype.

+/+ -/-

E12.5

E11.5

E10.5



Inosine in RNA helps discriminate self from non-self
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The impact of malaria
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WHO World Malaria Report. “After an unprecedented period of success in global 

malaria control, progress has stalled. Data from 2015 … highlight that no significant 

progress in reducing global malaria cases was made in this period.”



Malaria 
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• Malaria is caused by infection with Plasmodium protozoan parasite.

• P. falciparum infections can range from asymptomatic to life 

threatening.

• Protection from malaria only after years of repeated infections. 

• P.falciparum has strategies to ‘hide’ from the immune system. 

• Immune responses to P.falciparum may contribute to the pathology 

of the disease. 
NIAID, CC BY 2.0 via Wikimedia Commons

Control

parasite

Disease

pathology

?



The Fulani ethnic group resistant to malaria.
• Ethnic group in the Sahel in Africa.

• Approximately 30 million people.

• Traditionally nomadic pastoralists.

• Predominantly Islamic.

• Distinct genetic heritage 

• Protected from malaria

• Fewer individuals with 

P.falciparum. 

• Lower levels of parasite in 

blood.

• Fewer cases of symptomatic 

malaria. 



RNA-sequencing study in Fulani
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• We performed genome-wide DNA-methylation and RNA-sequencing analysis of CD14+ monocytes in 

uninfected vs infected Fulani, and a sympatric ethnic group (Mossi)

BEX1
RNF150

P2RX7

C15orf48

ncRNA PI3

From Modiano, D., et al. (1996) PNAS 93(23): 13206-13211.



Pilot RNA-sequencing study in Fulani



Reduced A-to-I editing is associated with 
protection from malaria

• Fulani – an ethnic group resistant to malaria. 

Have reduced A-I editing specifically in APCs, following infection with

P. falciparum malaria



ADAR1 is essential for 
homeostasis and thresholding

dsRNA 

Edited Unedited

ADAR1



Reduced A-to-I editing is associated with 
protection from malaria

asaryk University

Malaria naïve individuals display a strong but opposite

reaction to malaria experienced individuals.

• Naïve: Increased editing levels.

• Protected (experienced or vaccinated): Decreased editing levels.



Mouse infection Experimental Plan

A) Tail vein injection of P.yoelii from passage mouse, monitor 

parasitemia daily until self resolution in wildtype versus Adar1-/+

B) Then for day of peak parasitemia, collect blood and plasma for analysis

Mannion et al. Cell Reports 2014



Levels of Adar1 protein in Adar+/- mutant mice

• Uninfected Adar1+/- mice may have lower levels of ADAR1

protein



Hematology analysis of wild-type and Adar+/-

mice (n=11 age-matched pairs)

Peripheral blood cell numbers of erythrocytes (RBC), total white blood cells 

(WBC), neutrophils (Neu), lymphocytes, (Lymph), monocytes (Mon) and 

eosinophils (Eos)



Cytokine levels of wild-type and Adar+/- adult mice

n=12 age-matched pairs



RNA Seq analysis of uninfected Adar+/- versus wildtype



Some of the ISG genes that are upregulated are 
negative regulators of IFN response 



A-to-I RNA editing analysis of wild-type and Adar+/- adult 
mice from RNA sequencing 

n=6 age-matched pairs of mice



Infection



Adar+/- mutant mice are protected from P.yoelii

• Adar1+/- heterozygous mutant mice. 

• P.yoelii 17XNL self-resolving rodent malaria (105 iRBCs by I.V.) 
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Adar +/- mutant mice are protected from P.yoelii

• Adar+/- mice are protected from

malaria, with reduced levels of P.yoelii

parasitemia across the course of 

infection. 
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Parasitemia on Day 7
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Cytokine levels of wild-type and Adar+/- adult mice following 
P.yoelii infection on day 7 

n=8 age-matched pairs



Hematology analysis of wild-type and Adar+/- adult mice 
following P.yoelii infection on day 7 

n=5 age-matched pairs



A-to-I RNA editing analysis of wild-type and Adar+/- adult 
mice from RNA sequencing 



RNA sequencing analysis of wild-type and Adar+/- mice 

n=3 age-matched pairs 

Volcano plot of differentially expressed genes comparing d7 P.yoelii wildtype with uninfected 

wildtype mice, and d7 P.yoelii Adar1+/- mice with uninfected Adar1+/- mice. 



Differentially expressed genes on day 7 of infection between 
Adar+/- and wildtype mice. 

Volcano plot of differentially expressed genes comparing d7 P.yoelii Adar+/- mice with d7 P.yoelii wildtype 

mice. 

Triggering Receptor Expressed On Myeloid Cells 1 (TREM-1) concentration is significantly increased 

throughout the infection periods and TREM-1 is positively correlated with malaria parasitemia development. 

This suggests a positive involvement of TREM-1 in severe malaria development. 

Triggering Receptor Expressed On Myeloid Cells Like 1 (TREML-1, TLT-1) promotes anti-

inflammatory responses by binding to TREM-1 ligands and competing with TREM-1, thus antagonizing 

TREM-1 activation to reduce inflammation.



TLT-1 and platelets

Platelets Myeloid cells 



Significant change in blood platelets in Adar -/+ mice

Pre-infection



Platelets in malaria

Jamie M. O’Sullivan, James S. O’Donnell, Platelets in malaria pathogenesis, Blood, 2018, 



Summary

57

• The Fulani ethnic group have reduced levels of A-to-I RNA editing when infected with P.falciparum, compared 

to sympatric ethnic groups.

• There are transient and significant changes in A-to-I RNA editing levels during P.falciparum infection, 

• Reduced level of A-to-I RNA editing following P.falciparum infection is associated with protection from malaria. 

• Reduced ADAR1 activity contributes to protection from parasitemia during rodent malaria.

• TREML-1 has been identified as a candidate gene that may be involved in protection against malaria in Adar -/+ 

mice. 

• We have identified ADAR1 as a novel target to combat malaria.
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