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(B n9(Purpose}]
Colorectal cancer is the third most common cancer and the fourith most common cause of cancer related deaths
woridwide, leading to approximately 700, 000 deaths each vear. The freaquency with which the disease presents
at an advanced stage, and therefore beyond the scope of curative surgical resection, underlies the high number
of deaths and emphasises the need for novel freaiment sirategies, underpinned by a better understanding of
the disease. Deranged mefabolis® is a hallmark of cancer, plaving a significant role in driving the disease
process. Ome such example is the induction of carcinogenesis by the oncometabolite D-2 hydroxyglutarate
{(D-2HG}, which is produced by the mutated enzyme isocitrate dehvdrogenase (IDH) occurring in subsets of
leukaemias and brain lumours. While 70# muiations are rare in colorectal cancer, the recent revelation that
ZHG levels were elevated tn the azoxymethane mouse model of intestinal cancer, raised the possibility of 2HG
levels being elevated ia Lthe human disease through an alternative mechanism. We therefore set out to examine
the role of D-2HG and its enantiomer, L-2HG. in colorectal ccancer.

(A i (Methods))
2HG was measured separately as D- and L-2HG {rom cell samples with gas chromalography-mass spectrometry, by
derivatisation to (B and L}=-0-acetyl-2-HG acid di-(D)-2-butyl esters. For the tissue samples, D-2HG was
specifically measured using an enzymaiic assay. D- or L-21G were applied 1o cells at 250ul as ocivlesters,
given they can permeate across the cell membrane, to be converted by intracellular esterases to ZHG.
Quantitative PCR, immunoblotiing, wound healing assay and invasion assay were used to assess
epithelial-mesenchymal transition. Chromalin immuneprecipitation was performed to assess the histone
modifications at the promofer regions of iranscription factors associated wilh epithelial-mesenchymal
transition (EMT). Sanger sequencing was per{ormed to check for mutations of /04 Gene knockdown experiments
were performed using smali inferfering RNA or short hairpin RNA.  All experimental methods invelving human
tissues were carried out in accordance with the guidelines and regulalions approved by the Ethics Committee
at the Graduate School of Medicine, Osaka University.

(A3 (Results)]
Here, we find in colorectal cancer cells that even in the absence of /J7 mutation, the levels of P-2HG and
its enantiomer L-2UG were elevated through glutiamine anaplerosis. D-2HG, but not L-2HG increased the
trimethylation of histone M3 lysine 4 at the promoter region of Z£F/ a master regulator of
epithefial-mesenchymal transition (EMT), and increased the expression of the ZEB/ gene to directly induce
EMT in colorectal cancer cells. EMT promotes the ability of cancer cells to invade the local {issue and enter
into the bloodstream [eading to distant organ metastasis. D-2HG levels were elevated in colorectal cancer
specimens, particularly in those associated with distant meiastasis, supporting the observations in vitro
and implicating the conlribution of D-20G in melastasis, the major cause of death in this disease.

(% $E(Conclusion))
We demonstrate D-ZHG to be elevated in colorectal cancer and that it directly induces ENT in colorectal cancer
cells, a phenotype associated with cellular invasion. The findings from human colorecial cancer specimens
also support the significant role of D-20G in promoting distant organ metastasis. Treatment sirategies centred
around reducing the levels of D-2HG or inhibiting iis downsiream effectis in colorectal cancer couid be
elfective.
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