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All metazoans require a sufficient supply of oxygen (Oz2), an essential substrate in
various metabolic processes, bioenergetics, and cellular signaling. Oz deprivation or
hypoxia (0.1-1% O2) is a fundamental feature of physiological and pathophysiological
conditions, such as respiratory and circulatory disorders, as well as cancer. In solid
tumors, rapidly proliferating cancer cells cause tumor mass outgrowth and a shortage of
blood supply, resulting in the formation of a hypoxic region. Hypoxia plays a significant
role in tumor development, contributes to therapeutic resistance, and is a critical
microenvironmental factor promoting metastatic progression, thereby serving as a
prognostic factor as well as a compelling therapeutic target. Central to the molecular
and cellular responses to hypoxia, hypoxia-inducible factors (HIFs) sense and
orchestrate various metabolic adaptation pathways and the transcriptional cascades of
stress factors regulating cell death or survival. The transcriptional activity of HIF is
regulated by various factors, including reduction/oxidation (redox) factor 1 (Ref-1). Due
to its central role in hypoxia responses, HIF and its target genes have emerged as
promising therapeutic targets for solid tumor therapy. However, HIF inhibitors have not




yet been approved for the treatment of cancer patients due to limited selectivity,
specificity, and therapeutic efficacy or safety.

Oxidative stress refers to excessive levels of reactive oxygen species (ROS)
compared to antioxidant defense. ROS represents highly reactive oxygen-containing
chemical intermediates, such as superoxide anion radical (O2'"), hydroxyl radical ((OH),
singlet oxygen ('02), and hydrogen peroxide (H202). ROS are generated endogenously
as byproducts of normal metabolism and, at low concentrations, are required for
cellular signaling. Upon exceeding a threshold level, ROS leads to cell death in normal
cells. However, in pathological conditions, oxidative stress leads to the development of
a diseased state, including carcinogenesis and neurodegenerative diseases (i.e.,
Parkinson’s). The elevated metabolism driven by aberrant cell growth in cancer causes
excess production of ROS. To adapt to constant high ROS levels, tumor cells optimize
the activity of antioxidant transcription factors. This particular feature has been widely
exploited in efforts to search for new anticancer treatments. In Parkinson’s disease, the
clearance ability of oxidative stress-induced damaged and unwanted proteins is
impaired. Parkin impairment is strongly associated with oxidative stress-induced
Parkinson’s, but its role in the oxidative stress pathway in cancer is currently unknown.

Parkin is an E3 ubiquitin ligase belonging to the RING-between-RING family that
catalyzes the covalent attachment of ubiquitin onto substrate proteins and
subsequently leads to its degradation via the ubiquitin-proteasome system, a major
intracellular protein degradation machinery. Parkin is involved in numerous cellular
processes, particularly pathways which are tightly connected to mitochondrial quality
control. In the present study, we found that Parkin protein levels were elevated and
depleted under hypoxia and oxidative stress, respectively. These changes were found
to be critical for cancer cell survival under hypoxic and oxidative stress conditions.

Under hypoxia, we found that Parkin mRNA and protein levels were elevated in a
HIF-1a-dependent manner. Stabilized HIF-1a under hypoxia translocates to the
nucleus, where it binds to the hypoxia response element (HRE) located in the -107/-103
bp of the Parkin proximal promoter, increasing transactivation of Parkin and its protein
levels. The elevation of Parkin under hypoxia is critical for cancer survival under
hypoxia, as Parkin knockdown reduces the viability of hypoxia-treated Hep3B cells. We
determined that upon activation, Parkin is responsible for ubiquitination and
proteasomal degradation of sequestosome 1 (SQSTM1/p62). p62 sequesters and
negatively regulates extracellular signal-regulated kinase (ERK), reduces O:
consumption, decreases CO2 release, and lowers energy expenditure; therefore, the
suppression of p62 by Parkin is a critical step in response to hypoxia. These findings
show the potential of targeting Parkin/p62 as a novel strategy to eradicate hypoxic solid
tumors.

Under oxidative stress, we found that Parkin mRNA and protein levels were
depleted. Mechanistically, we found that H20: activates NF-kB. The RelA/p65
component of the NF-kB pathway inhibits the expression of Parkin, likely by interfering
with ATF4 activity. Next, we found that Parkin is responsible for the ubiquitination and
proteasomal degradation of Ref-1; thus, H20:2-suppressed Parkin expression is
responsible for the elevated Ref-1. Liver cancer patients with high Ref-1, low Parkin,
and high RelA expression had a lower probability of survival. Additionally, the
expression levels of Parkin and RelA were negatively and positively correlated with
Ref-1 levels, respectively, in the TCGA liver cancer cohort. We concluded that an
increase in Ref-1 via inhibition of Parkin is critical for cancer cell survival under
oxidative stress. These results show the potential of the Parkin/Ref-1 axis as a
prognostic factor and therapeutic strategy to eradicate liver cancer.
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