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I will discuss off label use and/or investigational use in my presentation of a generic drug.



The Repeatome: 
The Latent Virus Within



Bishop and Varmus Nobel Prize 
ά5ƛǎŎƻǾŜǊȅ ƻŦ ǘƘŜ ŎŜƭƭǳƭŀǊ ƻǊƛƎƛƴ ƻŦ ǊŜǘǊƻǾƛǊŀƭ ƻƴŎƻƎŜƴŜǎΦϦ

Retroviruses Replicate through Reverse Transcription

wŜǘǊƻǾƛǊǳǎŜǎ Ŏŀƴ ǇƛŎƪ ǳǇ άƻƴŎƻƎŜƴŜǎέ

DŜƴƻƳŜ άǾƛǊŀƭ ŜƭŜƳŜƴǘǎέ όwŜǇŜŀǘƻƳŜύ 
have the same structure as retroviruses



¢ƘŜ έwŜǇŜŀǘƻƳŜέΥ ! Dƭƻōŀƭ DŜƴƻƳƛŎ tǊƻƎǊŀƳ ƛƴ IǳƳŀƴ 5ƛǎŜŀǎŜ

Pearson Ed, 2011
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Repeats Comprise 

Majority of Genome

Repeat RNA Reactivated in 

Early Cancers

Ting et al Science (2011)

Repeat RNA Reactivated in 

Chronic Viral Infection

Nogalski et al. Nature Communications (2018)

Repeat Dysregulation in 

Neurodegenerative diseases

Li et al. Science Trans. Medicine (2015)

Repeat RNA Reactivated in 

Aging/Senescence

De Cecco et al. Nature (2019)



Ting DT*, Lipson D*, et al. Science (2011)

Aberrant Expression of Repeat RNAs in Cancer

Black ς Cancer 
White - Normal

Aberrant Expression in Multiple Mouse Models HSATII Specific in Human Cancers

Repeats Linked with Neuroendocrine Differentiation



LINE-1 Retrotransposon Highly Correlated 
with Satellite Expression

Å LINE-1 Endogenous retrotransposon
ÅInsertions throughout the genome
Å Comprises 16-20% of the entire genome



Do Repeats Look like Viruses?



Innate Immune Response to Repeat RNA Driven by CpG Motif Usage Similar to Pathogens

Tanne et al, PNAS (2015), Roulois et al. Cell (2015), 
Chappinelli et al. Cell (2015), Sheng et al. Cell (2018) 

Repeat RNAs Look Like Viruses
òViral Mimicryò



Certain Repeats Correlate with Immunotherapy 

Response in Colon and Pancreatic Cancer

Parikh A, Szabolcs A, et al, Nat Cancer, 2021

COLON CANCER

PANCREATIC CANCER

REPEAT RNA-SEQ

PD SD, PR, CR

PD SD, PR, CR

Phase 2

Ipi/Nivo
XRT

Metastatic 
CRC and 

PDAC



HERV Expression and Associated 
Immunotherapy Response in other Cancers

Panda et al. JCI Insight 2018

Renal Cell Carcinoma
Immunotherapy

Braun D et al. Nat Rev Clin Onc 2021



Can Repeats Replicate like a Virus?



Repeats Replicate in the Genome like Viruses

Bersani et al, PNAS. 2015 Rodriguez-Martin et al, Nat Genetics. 2020Lee et al, Science. 2012



Repeat RNA RNA:DNA

Hybrids

cDNA

3TC Effects on Repeat RNA Reverse Transcriptase

Tumor Cell

3TC3TC

? ?



3TC treatment leads to decreased cytoplasmic DNA in CRC
DAPI/dsDNA



3TC treatment leads to increased cytoplasmic RNA:DNA hybrids in CRC

DAPI/RNA:DNA



3TC activates Interferon and DNA damage response in CRC



Repeat RNA RNA:DNA

Hybrids

cDNA

3TC

Protumorigenic wŜǇŜŀǘƻƳŜ /ƛǊŎǳƛǘǊȅ ƻŦ /ŀƴŎŜǊ ά{ƘƻǊǘŜŘέ ōȅ bw¢L

Interferon Response DNA Repair

Prometastasis Signaling

Tumor Cell

DNA Damage



DMSO 3TC (10 µM)
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DMSO 3TC (10 µM)
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3TC with Significant Effects on Migration in P53 Mutant Cell Lines



Phase II 3TC NRTI in P53 Mutant Metastatic Colorectal Cancer 

Disease Stability Correlated with LINE1 Protein Level 

Low LINE1 Protein Correlates with Disease Stability

Rajurkar M, Parikh A, Solovyov A et al, Cancer Discovery. 2022



Coghill AE et al. JNCI (2018)

ñThis 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.ò

~50% Lower Incidence of 

Breast, Prostate, and Colon 

Cancer

Epithelial Cancer Incidence in HIV Treated 
Patients are Lower than in General Population



Can Repeats Infect like a Virus?

Eunae You PhD

You E et al. Cell 2024



Extracellular Vesicles: The Viral Particle to Transmit Repeat RNAs?

Karpman et al., (2017) Nature Reviews Nephrology5

Extracellular vesicles (EVs) arelipid bound vesicles secreted by cells into the extracellular space.



Repeat RNAs Enriched in Extracellular Vesicles as a Mechanism of Altering Immune Microenvironment

Porter et al.,  J Clin Invest, 2022

C : Cell
E : Extracellular vesicle

PBMC : peripheral blood
mononuclear cell

6

Extracellular Vesicle repeat RNA might have a potential function to modulate stromal microenvironment.



He et al., (2021) Nature Biotechnology

Single Cell Molecular Spatial Profiling: Nanostring CosMx



Building the Google Map of Pancreatic Cancer

Patrick Danaher (Nanostring)

Total Cell # : 418,224

Custom Repeat RNA probes HSATII, LINE1, HERVK, HERVH


