Diet-induced obesity enhances MYC-driven prostate cancer through metabolic and
epigenetic rewiring

*David P. Labbé'? “Giorgia Zadra?, Meng Yang®, Jaime M. Reyes!, Charles Y. Lin’, Stefano
Cacciatore®, Ericka M. Ebot’, Amanda L. Creech®, Francesca Giunchi’, Michelangelo Fiorentino®, Habiba M.
Elfandy®, Sudeepa Syamala®, Jacob D. Jaffe®, Anthony V. D'Amico'®, Philip W. Kantoff“!!, James E.
Bradner, Lorelei A. Mucci”*?, Jorge E. Chavarro®’'?, “"Massimo Loda>®*3, " Myles Brown
“These authors contributed equally to this work

Co-corresponding authors

Department of Medical Oncology, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA, US
2Center for Functional Cancer Epigenetics, Dana-Farber Cancer Institute, Boston, MA, US

3*Department of Pathology, Brigham and Women'’s Hospital, Harvard Medical School, Boston, MA, US
“Department of Nutrition, Harvard T.H. Chan School of Public Health, Boston, MA, US

>Baylor College of Medicine, Department of Molecular and Human Genetics, Houston, TX, US

®Faculty of Medicine, Imperial College London, London, GB

’Department of Epidemiology, Harvard T.H. Chan School of Public Health, Boston, MA, US

8The Broad Institute of MIT and Harvard University, Cambridge, MA, US

“Pathology Service, Addarii Institute of Oncology, S-Orsola-Malpighi Hospital, Bologna, IT

10Department of Radiation Oncology, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA,
us

11Department of Medicine, Memorial Sloan Kettering Cancer Center, New York, NY, US

12Channing Laboratory, Brigham and Women'’s Hospital, Harvard Medical School, Boston, MA, US
3Department of Oncologic Pathology, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA,
us

Background: Men diagnosed with prostate cancer (PCa) on a Western diet or who are obese are more
likely to die of their disease. In primary PCa chromosome 8q gain or focal amplification of 8g24.21 are
associated with amplification of the MYC oncogene and poor disease-specific survival. A hallmark of MYC
overexpression is a global metabolic reprogramming that supports anabolic processes and cell growth,
and in the murine prostate MYC overexpression recapitulates the primary human disease; thus, MYC is
believed to function as a key oncogenic driver. The landscape of epigenetic alterations in PCa that rely on
metabolites as substrates or cofactors varies greatly with cancer progression, however, the interplay
between metabolic and epigenetic rewiring in this disease remains unexplored.

Methods: We used the Hi-MYC PCa mouse model for global metabolic and chromatin profiling,
chromatin immunoprecipitation followed by sequencing (ChIP-seq) and transcriptomic analyses (RNA-
seq). We also leveraged dietary intake and transcriptomic data from the Health Professional Follow-up
Study (HPFS) and Physicians’ Health Study (PHS).

Results: Using the Hi-MYC PCa mouse model, we found that high fat diet-induced obesity (DIO)
enhances the MYC transcriptional program through metabolic alterations that favour histone
hypomethylation. This in turn leads to a DIO-dependent phenotype characterized by increased cellular
proliferation and tumor burden. More specifically, DIO aggravates the global H4K20 hypomethylation that
is triggered by MYC overexpression. This feature is greatly exacerbated by increased activity of the
H4K20mel histone demethylase PHF8 (known to be a MYC transcriptional coactivator and regulator of
proliferation) at the promoter region of MYC regulated genes. Notably, we show that saturated fat intake
in human prostate tumors is also associated with an enhanced MYC signature, which in turn increases the
risk of lethal PCa, irrespectively of the tumor genetic landscape.

Conclusions: Our findings support an interplay between DIO, metabolic, and epigenetic alterations
geared towards an enhanced MYC signature, and suggest that in primary PCa, extrinsic risk factors such
as dietary fat intake contribute to tumor progression by mimicking MYC amplification.
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