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The Repeatome:
The Latent Virus Within




Bishop and Varmus Nobel Prize
“Discovery of the cellular origin of retroviral oncogenes."

Retroviruses Replicate through Reverse Transcription
tRNA
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The "Repeatome”: A Global Genomic Program in Human Disease

Repeat RNA Reactivated in
Early Cancers
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Repeat Dysregulation in
Neurodegenerative diseases

Li et al. Science Trans. Medicine (2015)
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Major Satellite reads per million

Aberrant Expression of Repeat RNAs in Cancer
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LINE-1 Retrotransposon Highly Correlated
with Satellite Expression
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Do Repeats Look like Viruses?




Repeat RNAs Look Like Viruses
”’Viral Mimicry”
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Certain Repeats Correlate with Immunotherapy
Response in Colon and Pancreatic Cancer

Phase 2
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HERV Expression and Associated
Immunotherapy Response in other Cancers
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Can Repeats Replicate like a Virus?




Repeats Replicate in the Genome like Viruses
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3TC Effects on Repeat RNA Reverse Transcriptase
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3TC treatment leads to decreased cytoplasmic DNA in CRC

DAPI/dsDNA
DMSO 3TC (1 uM)  Quantification
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3TC treatment leads to increased cytoplasmic RNA:DNA hybrids in CRC
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3TC activates Interferon and DNA damage response in CRC
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Protumorigenic Repeatome Circuitry of Cancer “Shorted” by NRTI
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3TC with Significant Effects on Migration in P53 Mutant Cell Lines
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Phase Il 3TC NRTI in P53 Mutant Metastatic Colorectal Cancer
Disease Stability Correlated with LINE1 Protein Level
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Epithelial Cancer Incidence in HIV Treated
Patients are Lower than in General Population

ARTICLE

Risk of Breast, Prostate, and Colorectal Cancer Diagnoses
Among HIV-Infected Individuals in the United States

Anna E. Coghill, Eric A. Engels, Maria J. Schymura, Parag Mahale, Meredith S. Shiels

Overall
Cancer diagnosis No. SIR (95% CI)
Invasive breast cancer 688 0.63 (0.58 to 0.68)

Estrogen receptor positive 305 0.55 (049 to 0.61) . 0 .

Estrogen receptor negative 164 068 (058 to0.79) ©0% Lower Inci d ence Of
Prostate cancer 1522 0.48 (046 to 0.51) B reaSt, PrOState, and CO I on
Proximal colon cancer 260  067(059t00.75)

Distal colon cancer 173 0.51(043 to 0.59) Cancer
Rectal cancer 271 069 (061 to0.77)

“This set of inverse HIV-cancer associations is therefore unlikely to be due primarily
to differential screening and may instead represent biological relationships requiring
future investigation.”

Coghill AE et al. INCI (2018)



Can Repeats Infect like a Virus?

Eunae You PhD

You E et al. Cell 2024



Extracellular Vesicles: The Viral Particle to Transmit Repeat RNAs?

Extracellular vesicles (EVs) are lipid bound vesicles secreted by cells into the extracellular space.
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Repeat RNAs Enriched in Extracellular Vesicles as a Mechanism of Altering Immune Microenvironment
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Extracellular Vesicle repeat RNA might have a potential function to modulate stromal microenvironment.

Porter et al., J Clin Invest, 2022



Single Cell Molecular Spatial Profiling: Nanostring CosMx

a b Expose RNA ISH probe Cyclic readout with
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Building the Google Map of Pancreatic Cancer
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Repeat RNA Expression Anti-correlated with Epithelial Keratin Gene Expression

KRT metagenes in cancer vs LINE-1 ORF1
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Multiple Cell Types in Tumor Microenvironment with
Repeat RNA Expression Linked with IFN Response
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High Repeat RNAs found in CAFs enriched in myCAF/iCAF intermediate state

Myofibroblastic CAF = myCAF
Inflammatory CAF = iCAF
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Relationship between LINE-1 ORF1 and CAF spatial distribution

myCAFs with high LINE1 enriched close to Cancer Cells
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Could EV “Infection” Explain Spatial Distribution of Repeats
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PDAC EVs with High Repeat RNA Content Induce IFN Response Across Cell Types
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Divergence in Mesenchymal Gene Expression between PDAC and CAF cells in Response to EVs
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Repeat RNA Transfection Sufficient to Induce Mesenchymal Gene Changes
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HSATII RNA sensing pathways in PDAC cells Driven by RIG-I/MDA5/MAVS
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HSATIlI RNA sensing pathways in CAF cells Driven by MAVS
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CAF and PDAC divergent response to repeat RNAs is IRF3 dependent
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Summary and Future Directions

* Repeat RNA and protein biomarkers for early detection, immune
response, and therapy resistance

* Impact of targeting repeat RNA biology to alter cellular plasticity
* Repeat RNA response affects cellular plasticity in PDAC and CAFs

 Spatial transcriptomics as a tool to study repeat RNA effects in
cancer progression across many cell types
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