Cytokinesis inhibition in the liver drives

polyploidization and HCC prevention
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Chronic liver disease from any cause ultimately results in cirrhosis

Cirrhosis
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NASH

Bleeding



https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwi2oJjruKPlAhUFa60KHc7iCcIQjRx6BAgBEAQ&url=https%3A%2F%2Ffallbrook247.com%2F30-signs-symptoms-pancreatic-cancer%2F8%2F&psig=AOvVaw3K28N2OIG6IpJI9CiyP0rP&ust=1571406773043855
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiKm-v8uKPlAhUBna0KHSmECzEQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.mybiosource.com%2Flearn%2Fascites%2F&psig=AOvVaw02FdAf7wXUovIx4yXNoASK&ust=1571406883423200
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwj2vZGguaPlAhUEIKwKHf-JCnsQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.gastrointestinalatlas.com%2Fenglish%2Fgastric_varices.html&psig=AOvVaw089tS4In3hO8-jJy5PbmhF&ust=1571406938349391
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwjxxZ-C2qPlAhWBna0KHZwND7cQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.wired.com%2F2014%2F07%2Feverything-you-need-to-know-about-the-10-brain-myth-explained-in-60-seconds%2F&psig=AOvVaw0amKThZ8qZ97Js5MyoYkCN&ust=1571415680626569

We dissect the cellular + genetic events culminating in cirrhosis, liver cancer
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We dissect the cellular + genetic events culminating in cirrhosis, liver cancer
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Hypothesis:

Polyploidy Iin hepatocytes allows the
liver to safely sustain mutagenesis (w/o
carcinogenesis) during wound healing



Up to 90% of mouse and 50% of human
hepatocytes are polyploid
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Liver diseases involve chronic injury, eventually leading to HCC

Chronic injury  Cell death and damage  Regeneration




How does chronic injury affect the ploidy in normal liver?

Chronic injury | Cell death and damage  Regeneration




Chronic injury increases hepatic polyploidy

Chronic Carbon tetrachloride (CCl,) injury
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A genetic switch to study ploidy: ANLN (Anillin) cytokinesis protein

Ploidy distribution of H2.35 cell
treated with siRNAs
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Inducible TG-shAnin mice are a tool to increase polyploidy
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Knocking down ANLN in mice increases polyploidy
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Does increased ploidy influence chronic injury-induced HCC?

Chronic injury | Cell death and damage  Regeneration




Polyploidy prevents chronic injury-induced HCC development
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Diploidy increases chronic injury-induced HCC development

Tumor quantification
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Does polyploidy influence pathogenic steps to cancer?

Chronic injury | Cell death and damage | Regeneration




Does polyploidy influence pathogenic steps to cancer?

Chronic injury  Cell death and damage  Regeneration




Can polyploid cells proliferate and regenerate the liver?

Chronic injury

Cell death and damage
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Polyploid cells can regenerate the liver after acute injury
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Polyploidy does not affect gene expression in regeneration

RNA-seq

' During regeneration
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Percentage of cells in stage

Polyploid hepatocytes readily divide, with high fidelity

Mitosis staining in the regenerating liver
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In human livers, aneuploid nodules are rare

Whole-exome seq
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Tumor suppressor loss of heterozygosity reduced in polyploids
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Polyploid hepatocytes protect from cancer while
maintaining regenerative capacity in chronic liver disease

Transient, reversible manipulations of liver ploidy
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Cytokinesis inhibition and polyploidization
with ANLN siRNAs for HCC prevention?

Cirrhotic patients with
higher risk for HCC SRR
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PROS of hepatocyte-specific siRNA:
» Achievable, FDA approved
» Less toxic than systemic small molecules
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Persistent ANLN shRNA inhibition: DEN mutagen HCC model

Initiation Analysis
: with DEN Knockdown every other week
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Persistent ANLN shRNA inhibition: chronic DEN + CCI4 injury
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Floxed ANLN genetic models

Wild-type Anin KO

ANLN knockout livers appear grossly normal,
regenerate after hepatectomy, and are highly polyploid.



Assessing ANLN knockout efficiency using AAV-Cre in NASH
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Despite poor KO at 3 months,
NASH related HCC is suppressed at 9 months of age
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ANLN KO via AAV-Cre prevents liver damage in NASH model
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ANLN KO via AAV-Cre prevents steatosis in NASH model

N =5 and 5 mice shown here



ANLN KO via AAV-Cre suppresses fibrogenesis in NASH
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Can this be replicated with Alnylam siRNAs?



Knockdown efficiencies of 4001 ANLN in vitro siRNA screen (Duo-Luc system)
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Body weight ratio to Day 0
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Multiple HCC models are prevented by GalNAc-siANLN
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Summary: safe, and effective for HCC prevention

No impairment of Prevention of
liver regeneration J_ tumorigenesis
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Prospective clinical use:
Patient with cirrhosis and small Lirads/hcc lesion <2 cm.

Patient with early HCC resected or ablated.
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