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A B S T R A C T

The prognosis for many patients with acute myeloid leukemia (AML) is poor, mainly due to disease relapse
driven by leukemia stem cells (LSCs). Recent studies have highlighted the unique metabolic properties of LSCs,
which might represent opportunities for LSC-selective targeting. LSCs characteristically have low levels of re-
active oxygen species (ROS), which apparently result from a combination of low mitochondrial activity and high
activity of ROS-removing pathways such as autophagy. Due to this low activity, LSCs are highly dependent on
mitochondrial regulatory mechanisms. These include the anti-apoptotic protein BCL-2, which also has crucial
roles in regulating the mitochondrial membrane potential, and proteins involved in mitophagy.

Here we review the different pathways that impact mitochondrial activity and redox-regulation, and highlight
their relevance for the functionality of both HSCs and LSCs. Additionally, novel AML therapy strategies that are
based on interference with those pathways, including the promising BCL-2 inhibitor Venetoclax, are summar-
ized.

1. Introduction and scope of this review

Current treatment strategies for acute myeloid leukemia (AML) re-
sult in an initial reduction of leukemic blasts in the majority of patients.
However, a small population of leukemia stem cells (LSCs) persists
during therapy and leads to disease relapse. In order to improve therapy
success, AML research has focused on studying the molecular me-
chanisms that underlie LSC properties, and highlighted common as well
as distinct features of LSCs compared to normal hematopoietic stem
cells (HSCs). The functionality of HSCs is closely connected to their
ability to avoid accumulation of oxidative stress and maintain low le-
vels of reactive oxygen species (ROS). With increasing levels of ROS,
HSCs capability for long-term repopulation declines, suggesting that
low levels of ROS might be an indicator of stem cell functionality (Hu
et al., 2018; Singh et al., 2018). Several recent studies have supported
the idea that a similar concept applies to LSCs (Jones et al., 2018;
Lagadinou et al., 2013; Pei et al., 2018). LSCs are a relatively rare
fraction of self-renewing malignant cells responsible for disease main-
tenance (Thomas and Majeti, 2017). Interestingly, even though a ROS-
low state is indicative for both HSC and LSC function, the two cell
populations seem to have an altered dependency on pathways

regulating ROS production and mitochondrial health. HSCs rely on
glycolysis as their main energy source, which results in less oxidative
burden compared to mitochondrial oxidative phosphorylation (OX-
PHOS). Mitochondrial activity and ROS production in HSCs are often
induced by either growth factors or cytokines that promote cell dif-
ferentiation or apoptosis. Although LSCs also have characteristically
low levels of OXPHOS (Jones et al., 2018; Lagadinou et al., 2013;
Pollyea et al., 2018a), they depend on this remaining activity for their
survival. Consequently, they ensure low ROS levels and high mi-
tochondrial integrity through mechanisms such as autophagy (Pei et al.,
2018). Moreover, LSCs are highly dependent on pathways that coun-
teract mitochondrial dysfunction and cell death. These LSC-specific
characteristics led to the hypothesis that LSCs can be selectively tar-
geted during AML treatment while sparing HSCs.

To address this hypothesis, we begin this review by describing mi-
tochondrial ROS generation and removal, and discuss the relevance of
mitochondrial activity for the maintenance and differentiation of stem
cells. For both HSCs and LSCs we then summarize the current evidence
suggesting that ROS levels are indicative for their functionality. Next,
we describe the signaling pathways that have critical roles in regulating
redox homeostasis and their potential impact on stem cell maintenance.
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