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Enhanced anti-tumor activity of albumin-fused human lactoferrin.

Human lactoferrin (hLF) is a multifunctional protein with anti-tumor activity. We have previ
ously found that human serum albumin fused hLF (hLF-HSA), developed to increase the bloo
d stability of hLF, exhibits high growth inhibitory activity against human lung adenocarcinoma

cells PC-14. HSA fusion is a technique whereby the fusion protein is delivered into the cells
by caveolae-dependent endocytosis activated primarily by HSA by the HSA uptake pathway,
a technique whereby the fusion protein is delivered into the cell by the HSA uptake pathway.
In this study, we focused on the intracellular uptake of hLF-HSA as a mechanism of cell gro
wth inhibition against cancer cells. In this study, the growth inhibitory activity and intracellula
r uptake against human lung adenocarcinoma cells were verified. It was found that hLF is tak
en up intracellularly by HSA fusion, and a new anti-tumor mechanism was discovered.

Fusion of HSA to hLF promoted its intracellular uptake and enhanced its growth-inhibitory
activity against cancer cells. The interaction of hLF with sulfated glycosaminoglycans (GAGs)
on the cell surface was found to be important for the mechanism. Specifically, the acidic prot
ein HSA alone was difficult to activate caveolae-dependent endocytosis due to electrostatic rep
ulsion with negatively charged GAGs on the cell surface and was itself difficult to take up in
to the cell. In contrast, in the case of hLF-HSA, the interaction between hLF and GAGs resul
ted in rapid recruitment of the fused HSA to the cell surface, indicating efficient activation of

caveolae-dependent endocytosis signaling by HSA.

Furthermore, using this developed intracellular delivery technology of hLF, the mechanism o
f growth inhibition against the human lung adenocarcinoma cell line PC-9 was clarified. Speci
fically, hLF-HSA is taken up intracellularly and activates NHE7 expressed in intracellular orga
nelles. As a result, the intracellular organelles are alkalized, which was shown to inhibit PC-9
cell proliferation.

In conclusion, hLF fusion with HSAs more efficiently activates HSA intracellular uptake sig
nals via interaction with GAGs on the cell surface, resulting in efficient intracellular uptake of

hLF. In addition, by improving the intracellular delivery of hLF, the relationship between the
intracellular delivery and activity of hLF and the novel anti-tumor mechanism of hLF was re
vealed. In summary, HSA fusion to hLF is expected to be a powerful weapon in its biophar
maceutical development, as it can enhance the biological activity of hLF.



