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Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL), which is a member of the death
ligand family, is expressed on cytotoxic lymphocytes and kills cancer cells through engagement with TRAIL
receptor. Early studies demonstrated that injection of recombinant TRAIL into tumor-bearing mice
successfully eliminated tumors without causing injury in normal tissues. Therefore, TRAIL receptor has
garnered a great attention as a promising therapeutic target for cancer. Various types of therapeutic
antibodies targeting TRAIL receptor has shown anti-tumor effect in clinical trials. However, a certain
population of cancer patients were non-responsive to the therapy partly due to resistance of cancer cells
against TRAIL receptor-mediated apoptosis. Therefore, development of a novel strategy to increase the
therapeutic effect is required. Glycosylation is a modification of proteins and lipids by glycans and regulate
a number of cellular events. Glycan structures are dramatically changed during cancer development. We
have previously shown that fucosylated glycans enhance TRAIL-induced apoptosis. In this study, we aimed
to develop a glycotherapeutic strategy to combat cancer by understanding the mechanism how fucosylation
regulate TRAIL-induced apoptosis.

First, we tested which linkage of fucose is involved in TRAIL-induced apoptosis. Deletion of al-2,
al-3/4, or al-6 fucose by CRISPR/Cas9-mediated gene knockout of responsible fucosyltransferases revealed
that loss of al-3/4 fucose (lewis glycans), but not al-2 or al-6 fucose, significantly reduced TRAIL-induced
apoptosis. While these results indicate that lewis glycans enhance TRAIL-induced apoptosis, we have not
been able to detect the lewis glycans on TRAIL receptors, DR4 and DR5. To identify molecules that carry the
lewis glycans and regulate TRAIL-induced apoptosis, we generated the cells that carry lewis glycans on either
glycoproteins or glycolipids and find that lewis glycans on glycolipids were critical for lewis glycan-mediated
enhancement of TRAIL-induced apoptosis. In addition, we found that lewis glycans facilitated the formation
of cytosolic FADD-caspase 8 complex without affecting receptor-containing signaling complex. Secondly, we
found that in colon cancer cell lines, both cell surface and secreted lewis glycans positively correlated with
the sensitivity to TRAIL-induced apoptosis. Similar results were observed in human colon cancer organoids
derived from colon cancer patients. Thirdly, we performed a chemical screening using about 25,000 small
compounds and found 12 novel compounds that enhances TRAIL-induced apoptosis. One of the compounds
elevated cell surface lewis glycans. The ability of the compound to enhance TRAIL-induced apoptosis was
reduced in the cells that cannot produce lewis glycans, indicating that lewis glycans contributed to the cell
death-enhancing effect of the compound.

The TRAIL-TRAIL receptor axis has been shown to be a critical determinant of a therapeutic effect
of cancer immunotherapies such as CAR-T therapy in which activated cytotoxic lymphocytes kill cancer cells.
Therefore, elevation of lewis glycolipids in cancer cells might be a novel strategy to enhance an effect of not
only therapeutic antibody against TRAIL-receptor but also cancer immunotherapy. In addition, cell surface
and serum lewis glycans might be a novel biomarker to predict an effect of these therapies. Furthermore, the
compounds identified in this study might be a promising agent that can effectively eliminate cancer cells in

combination with these therapies.



