JJj Joslin &= Harvard

Diabetes " Medical School

Interrogating RNA modifications to gain
new insights into metabolic disorders

Rohit N. Kulkarni MD PhD

Session I: Precision Medicine for Chronic Metabolic Diseases
Precision Workshop I: US and Kuwait
) Feb 2-4, 2025

Beth Israel Lahey Health



Disclosures

Scientific Advisory Board:
Novo Nordisk
Biomea
REDD



Colleagues, Collaborators, Funding

Chuan He, PhD . .
Mark A. Atkinson, PhD @ Joslin Diabetes Center

Zijie Zhang, PhD Joslin Bioinformatics Core
Clayton E Mathews, PhD

_ _ Jonathan Dreyfuss, PhD
Jianboo Wei, PhD

Alvin C. Powers, MD Hui Pan, PhD

Richard I. Gregory PhD I | I c
in | | ion r
Decio L Eizirik, MD, PhD Joslin Islet Isolation Lore

Yu-Hua Tseng PhD Jennifer Hollister-Lock, BSc

Wei-Jun Qian, PhD

Anders Molven PhD Joslin Flow Cytometry Core

Fatima Bosch PhD Xiaolu Li, PhD Angela Wood, BSc

Dario F DeJesus PhD  Hyunki Kim MD PhD  Ava DiStefani-Forti Audrey Parent, PhD
Ling Xiao PhD Namrata Shukla PhD Garrett Fogarty

Sevim Kahraman, PhD Khadija El Jellas PhD Mikie Glass

Natalie Brown, BSc Shirong Wang PhD Kristen Kendall

Giorgio Basile, PhD Anamica Das PhD Axel Ladd

Ridi Desai, PhD Jiang Hu MD Rocio Redondo

Kristie Aamodt MD Giada Rossi MD Ping Jiang MD

Tomo Kimura MD PhD Joan Sabadell PhD Walaa Alshafie PhD

National Institute of ':‘ .‘ American PO D
m) Diabetes and Digestive '.9; 'RN A Diabetes n
& &

and Kidney Diseases y ® ASSOCiati0n® Network for Pancr'eatic.Organ

& Donors with Diabetes



INSULIN

No Cure yet

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)




Diabetes Cases
Are Climbing

Estimated number of adults® with diabetes
worldwide in 2021 and 2045, in millions

. ‘ 61.4 69.2
Europe
50.5 62.8
N&orcth {t)rEerica . ‘
aribbean

® 2021 @ 2045

205.6 260.2
72. 7001550 West Pacific
Middle East/ ‘
North Africa
90.2 151.5
o © : :

Total 325 489 ° . South East Asia
2021 536.6 Central/South 23.6 549
2045 783.2 ¢ S Africa

* aged 20 to 79
Source: International Diabetes Federation

statista %a
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Rationale for Interrogating Dynamic RNA Modifications

Central dogma Chemical modifications

LDNA replication_| Y 1 msC hmsC

m DNA methylation
onn PPN [ 2 = RN
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Protein

Nature Reviews | Genetics

MRNA # Protein

MRNA regulation
of protein — 40%



Most common chemical modifications in mRNAS
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N°-methyladenosine - highly conserved

Discovery: Fritz Rottman

Mammals: Amount of méA
is 0.1-0.4% of adenines in
~ 3-5 méA sites/ImRNA

HO

OH OH

-

1958

Identification of m6A in

ribosomal RNA 1964

Identification of m6Am in o 1377?_) o
1977 | — ldentification of m6A

eukaryotic and viral mRNA

1997

Discoveries of METTL3 K
associated phenotypes in +—__

multiple organims 2000s
First global m6A maps and 2011
discovery of m6A reader 12012
domain
-
. ; Late
Discoveries of ZCCHC4, —

METTL5, METTLZ4 and PCIF1

Discovery of m6A in bacterial
and eukaryotic total RNA

Discovery of m6A in
eukaryotic messenger RNA

mRNA motif

Discovery of METTL3

N> a3 m6A RNA

methyltransferase

Identification of FTO as
RNA m6A demethylase

2013 — Identification of ALKBH5

as RNA m6A demethylase
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Methylation, demethylation and recognition
of m®A on mMRNA

Nucleus Amino acids

Alternative
splicing

"Erasers"

Nuclear
speckle

"Writers"

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; m’G: 7-methyguanosine
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Im mune an»d_ Antig en—p'-r-ese'nti-in g F?athWays are. Upr.eg ulated

in Mettl14 Deficient C57BL/6N Mouse B-cells
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nature cell biology

Article https://doi.org/10.1038/541556-024-01368-0

Redox regulation of m°A methyltransferase
METTL3 in B-cells controls theinnate
immuneresponseintypeldiabetes

News & Views ‘ Published: 26 February 2024
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METTL3 restrains autoimmunity in -cells

Balasubramanian Krishnamurthy & Helen E. Thomas =

Nature Cell Biology 26, 321-322 (2024) ‘ Cite this article




' METTL3 Dynamics =
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'_I,nnafte, Imlm_une. Genes Are 'U,pr'.e'gullat'ed in Insulitic;lsleit's During T1D Onset

3104 Diabetes Volume 65, October 2016

Marcus Lundberg,! Lars Krogvold,2? Enida Kuric,! Knut Dahl-Jorgensen,?? and 0.0011
Oskar Skog! CrossMark

Expression of Interferon-Stimulated
Genes in Insulitic Pancreatic Islets
of Patients Recently Diagnosed With
Type 1 Diabetes

Diabetes 2016;65:3104-3110 | DOI: 10.2337/db16-0616
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with recent-onset T1D collected within the Diabetes Virus Detection (DiViD) study.




P value
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" m8A-Decorated Genes in Cytokine:-Treated Human Islets Reveal

Enrlchment in OAS Antiviral Innate Immune Response

PCA - m%A-Seq. — Human lIslets
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OAS Genes Are Genetically Linked to T1D

and Its Upregulatlon Results in Increased -Cell Apopt03|s_
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Human Islets Treated with Cytokines Present Hypermethylatlon

of 2'-5" -Oligoadenylate Synthetase (OAS) Genes
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I\/IETTLS Downregulatlon Leads to Enhanced Expression of OAS Proteins

due to Decreased mRNA Decay in Human B-Cells
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How is METTL3 Reqgulated ?
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y ER SUeSs and ROS '-Tri'g'g ers For B-Cell Dys’fu nc"ti‘o'r"j and Autoimmunity

COMMENTARY

ER Stress as a Trigger for 3-Cell Dysfunction and
Autoimmunity in Type 1 Diabetes

Bryan O’Sullivan-Murphy and Fumihiko Urano

ER stress

‘

Islet 3-Cell Endoplasmic Reticulum Stress Precedes the .
Onset of Type 1 Diabetes in the Nonobese Diabetic N
Mouse Model

Sarah A. Tersey,l’2 Yurika Nishikj,l’2 Andrew T. r[‘emplin,3 Susanne M. Cabrera,l’2 Natalie D. Stull,l’2
Stephanie C. Colvin,l’3 Carmella Evans.-l\f[olina,“)’3’4 Jenna L. Rickus,ﬁ’ﬁ’7 Bernhard Maier,l’“) and

Raghavendra G. Mirmira®?*" Neo-a ntlgen
production

Unresolvable | Survival

Balzano-Nogueira et al. Genome Biology (2021) 22:39

https:/doi.org/10.1186/513059-021-02262-w Genome B|O|Ogy

Death Autoimmunity?

Integrative analyses of TEDDY Omics data "’
reveal lipid metabolism abnormalities, ”
increased intracellular ROS and heightened
inflammation prior to autoimmunity for

type 1 diabetes

Leandro Balzano-Nogueira', Ricardo Ramirez', Tatyana Zamkovaya', Jordan Dailey', Alexandria N. Ardissone’,

Srikar Chamala?, Joan Serrano-Quilez®, Teresa Rubio®, Michael J. Haller®, Patrick Concannon®®, Mark A. Atkinson®,
Desmond A. Schatz, Eric W. Triplett’ and Ana Conesa'®”




ER.Stress Blocks Upregulation -

of meA Writers Upon Cytokine Stimulation
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' -'__.|d.e.htificatio'n of Redox-Sensitive I\/'IETT'L'B' Cyst_ein:es g
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Point.Mutations in Cysteines (294 and 326)

" Render METTL3 Methyltransferase Inactive B
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Relative Expression

1.5-

- Point Mutations in Cysteines (276 and 326)

Impact METTL3 Regulation of OAS mRNA Decay
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Can METTL3 be Targeted ?



" In Vivo AAV8-RIP2 Mediated Overexpression of Metti3 in NOD B-Cells
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In V|vo AAV8-Mediated Overexpression of. Mettl3

in NOD B-Cells Delays T1D Progression®
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M°A is a Novel Safeguard Mechanism in B-cells:
Regulating Magnitude and Duration of Innate Antiviral Immune Response

Environmental Challenge
(e.g. enterovirus, aberrant double strand RNAS)

Hyperglycemia / Dyslipidemia
Genetic Factors

Blunted m8A Upregulation
k}STRESS+ e
‘ ‘ (e.g. METTL3 Levels \ Activity)

(ROS, ER stress)

Blunted mSA-mediated response:
MRNA Decay of OAS Innate Antiviral _
Immune Genes (OAS Upregulation)

}

OAS Antiviral Innate Immune
Response and Cell Death
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