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Lysosomes are organelles surrounded by membranes that contain acid hydrolases; they degrade pro-
teins, macromolecules, and lipids. According to nutrient conditions, lysosomes act as signaling hubs
that regulate intracellular signaling pathways and are involved in the homeostasis of cells. Therefore,
the lysosomal dysfunction occurs in various diseases, such as lysosomal storage disease, neuro-
degenerative diseases, and cancers. Multiple forms of stress can increase lysosomal membrane per-
meabilization (LMP), resulting in the induction of lysosome-mediated cell death through the release
of lysosomal enzymes, including cathepsin, into the cytosol. Here we review the molecular mecha-
nisms of LMP-mediated cell death and the enhancement of sensitivity to anticancer drugs. Induction
of partial LMP increases apoptosis by releasing some cathepsins, whereas massive LMP and rupture
induce non-apoptotic cell death through release of many cathepsins and generation of ROS and iron.
Cancer cells have many drug-accumulating lysosomes that are more resistant to lysosome-sequestered
drugs, suggesting a model of drug-induced lysosome-mediated chemoresistance. Lysosomal sequestra-
tion of hydrophobic weak base anticancer drugs can have a significant impact on their subcellular
distribution. Lysosome membrane damage by LMP can overcome resistance to anticancer drugs by
freeing captured hydrophobic weak base drugs from lysosomes. Therefore, LMP inducers or lysoso-
motropic agents can regulate lysosomal integrity and are novel strategies for cancer therapy.
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Fig. 1. Function of lysosome. Lysosome is the main digestive organelle and degrades biological macromolecules through various
pathways. Extracellular materials transport and digest during phagocytosis to lysosome. Intracellular materials are closured
in autophagosome and degraded by fusing with lysosome in macroautophagy, or directly swallowed into lysosome through
indentation and separation of membrane without formation of autophagosome in microautophagy. Chaperone, such as heat
shock proteins 70, interacts with target protein and transports into lysosome through LAMP2 resulted in the degradation
of protein. Lysosomes also act as signal hub. Under conditions of high nutrient levels, activated Rag GTPases recruits mTORC1
to lysosomal membrane. mTORC1 phosphorylates and interacts TFEB regulated in the inhibition of lysosome biogenesis
by preventing the TFEB translocation to nucleus. Moreover, activation of mTORC1 inhibits autophagy and increases SREBP-de-
pendent lipid synthesis. Released Ca™* from lysosomes through TRPML, a Ca™* channel, can fuse endosome or autophagosome
with lysosome resulted in induction of exocytosis or autophagy.
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Fig. 2. Lysosomal membrane permeabilization-mediated cancer cell death. When partial LMP is induced by stimuli, released some
cathepsins truncate Bid in cytosol and oligomerize Bax at mitochondria outer membrane, which in turn increase apoptosis
through cytochrome c release from mitochondria. The severe damage of lysosome, including lysosomal membrane rupture,
induces non-apoptotic cell deaths. Necroptosis is induced by massive release of cathepsins resulted in the formation of ne-
crosome (RIRK1-RIPK3 complex). Pyroptosis is induced by activating caspase-lthrough released cathepsin and ROS.

Ferroptosis is increased by generating Fe* and ROS.
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Fig. 3. Drug resistance by lysosome in cancer. In normal cells, hydrophobic weak-base drugs flow into cells and affect intercellular
organelles, which in turn increase cell death and drug sensitivity. Because lysosome is numerous and large in cancer cells,
protonated hydrophobic weak-base drugs accumulate through process of sequestration in lysosome, resulted in the induction

of resistance to drugs.
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Table 1. Function of lyosomotropic agents and cathepsin inhibitors in cancers

Type Compound Target Function References
C1311 Acid phosphatase Increased apoptosis [7]
Mefloquine Disrupted lysosome  Increased anti-leukemic [53]
. Chloroquine PI3K/ Akt Increased apoptosis [64]
Lysosomotropic . .
agents Hydroxychloroquine Bcl-2 Incr.ez‘ased apoptosis [3, 58]
ARN5187 REV-ERBS Inhibited autophagy [12]
1ITZ-01 IAPs, Survivin Inhibited autophagy, increased [21]
apoptosis
a-ketoamides Cathepsin S Inhibited invasion [10]
Fsn0503 Cathepsin S Inhibited invasion [61]
Cathepsin Z-FL-COCHO Cathepsin S Increased apoptosis [22, 63]
o KGP9%4 Cathepsin L Inhibited angiogenesis and growth [52]
inhibitors . .
nepsul-lle-Trp-CHO Cathepsin L Increased senescence and apoptosis [65]
Odanacatib Cathepsin K Inhibited metastasis, increased [23]
apoptosis

PI3K: phosphoinositide 3-kinase; Bcl-2: B-cell lymphoma 2; IAPs: cellular inhibitor of apoptosis proteins.
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