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First patient to receive insulin

Diabetes:
Total: 38.4 M (11.6% of U.S. pop); 8.7 % in MA
Diagnosed: 29.7 M
Undiagnosed: 8.7 M (22.8% of adult U.S.pop)
Pre-Diabetes:
Total: 97.6M 18 y/older (38.0% adult U.S. pop)

No Cure yet
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Rationale for Interrogating Dynamic RNA Modifications

mRNA ≠ Protein

mRNA regulation 

of protein – 40%



Most common chemical modifications in mRNAs

mRNA

tRNA

Long non-coding RNA

Ribosomal RNA



N6-methyladenosine - highly conserved

10

Bacteria

Archaea

Eukarya
Discovery: Fritz Rottman (1974)



Methylation, demethylation and recognition
of m6A on mRNA

Mettl3, 14: Methyl transferase like proteins; WTAP: Wilm’s tumor-1 associating protein

Alkbh5: alkB homolg 5 demethylase; FTO: fat mass and obesity associated protein

YTHDC1: YTH domain containing N6-methyadenosine RNA binding protein C1

YTHDF1/2/3: YTH domain containing N6-methyadenosine RNA binding protein F1; m7G: 7-methyguanosine
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m6A Methylome Segregates Disease Status 

Better than Transcriptome
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Alternative Complement Activation

Innate Immune System

Antigen Processing and Presentation

Toll-like Receptor Cascades

Complement Cascade

Autophagy

Apoptosis

Immune System

Regulation of Complement Cascade

Activation of C3 and C5

Differentially Expressed Genes

Mettl14 KO Vs Control
(FDR<0.10)

-log10 P-value

Enriched Pathways – Upregulated Genes

Mettl14 KO Vs Control

Induced Gene Network

Genes Associated with Immune 

System and Antigen Presentation

Immune and Antigen-presenting Pathways are Upregulated 

in Mettl14 Deficient C57BL/6N Mouse β-cells

22971

UpDown

761708

Unchanged

De Jesus et al. 2019. Nature Metabolism







Proinflammatory Cytokines (IL-1β, IFN-α) 

Increase METTL3 Protein Levels in Human β-Cells

Basal IL-1β + IFN-α (48h)

Insulin + METTL3 + DAPI

IL-1β + IFN-α

Basal

Human Islets

METTL3 (IF)

48h

48h



Freshly frozen and cultured pancreatic tissue from living patients 

with recent-onset T1D collected within the Diabetes Virus Detection (DiViD) study.

Innate Immune Genes Are Upregulated in Insulitic Islets During T1D Onset 



Proinflammatory Cytokines (IL-1β, IFN-α) Treatment Recapitulate

the Transcriptomic Make-Up of T1D Onset in Human β-Cells

Human Islets

RNA-Seq. (IL-1β + IFN-α)

EndoC-βH1 Cells

RNA-Seq. (IL-1β + IFN-α)



0 2 4 6

Innate Immune Responses to Cytosolic DNA

Viral Carcinogenesis

Epstein-Barr Virus Infection

Insulin Processing

Toll-like Receptor Signaling Pathway

G2/M DNA Damage Checkpoint

ISG15 Antiviral Mechanism

Base Excision Repair

Coronavirus Disease - COVID-19

OAS Antiviral Response

Enriched Pathways – Commonly Differentially 

Expressed and m6A Methylated Genes

(IL-1β + IFN-α Vs PBS)

-log10 P-value

m6A-Decorated Genes in Cytokine-Treated Human Islets Reveal 

Enrichment in OAS Antiviral Innate Immune Response

Intersect Differentially 

Expressed and m6A Methylated Genes

(IL-1β + IFN-α Vs PBS)
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200

PC1 (14%)

150

100

50

0

-50

-100

-150
-200 -100 0 100

OAS gene: 2'-5'-oligoadenylate synthetase (dsRNA sensors)

DeJesus DF, et al. Nature Cell Biology, 2024



OAS Genes Are Genetically Linked to T1D 

and Its Upregulation Results in Increased β-Cell Apoptosis
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METTL3 Downregulation Leads to Enhanced Expression of OAS Proteins 

due to Decreased mRNA Decay in Human β-Cells  
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m6A regulation of OAS genes is via readers YTHDF1/3



How is METTL3 Regulated ?



OAS Upregulation Impacts β-Cell Antioxidant Response

Enriched Pathways

OAS OE Versus Empty 

(FDR<0.05)



ER Stress and ROS - Triggers For β-Cell Dysfunction and Autoimmunity
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METTL3 reduced with 1 mM DTT

No treatment 200 uM SNAP

20 mM NEM blocking

Reduction with 20 mM NaAsc

20 mM IAA blocking

Trypsin digestion

LC-MS/MS

10 ug

Identification of Redox-Sensitive METTL3 Cysteines

Recombinant METTL3

|Q86U44|MTA70_HUMAN

(Collaboration:

Sirano Dhe-Phagnanon PhD; DFCI)



Point Mutations in Cysteines (294 and 326) 

Render METTL3 Methyltransferase Inactive
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DeJesus DF, et al. Nature Cell Biology 2024



Can METTL3 be Targeted ?



In Vivo AAV8-RIP2 Mediated Overexpression of Mettl3 in NOD β-Cells

RIP2-eGFP RIP2-Mettl3-eGFP

PBS eGFP Mettl3-eGFP

5 
Weeks

IP

12 
Weeks

25 Weeks

confirm collect Insulin + eGFP + DAPI

NOD (8 Weeks Post-IP)



In Vivo AAV8-Mediated Overexpression of Mettl3 

in NOD β-Cells Delays T1D Progression
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m6A is a Novel Safeguard Mechanism in β-cells: 

Regulating Magnitude and Duration of Innate Antiviral Immune Response

(OAS Upregulation)

β

(ROS, ER stress)

Environmental Challenge 

(e.g. enterovirus, aberrant double strand RNAs) 

Blunted m6A Upregulation

(e.g. METTL3 Levels \ Activity)

POOR OAS Antiviral Innate Immune 

Response and Cell Death 

Blunted  m6A-mediated response:  

mRNA Decay of OAS Innate Antiviral 

Immune Genes 

Hyperglycemia / Dyslipidemia

Genetic Factors

…?

STRESS +
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