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Introduction

Uncontrolled neoplastic proliferation of undifferentiated or partially
differentiated hematopoietic cells leads to the development of leukemia, a
category of diverse hematological malignancies [1]. Leukemia cell incidence
is tightly linked to genetic differences. But non-chromosomal mitochondrial
genetic abnormalities also significantly contribute to the development of
leukaemia, in addition to these nuclear genetic alterations [2-5]. A 16 kb
double-stranded circular genome, mitochondrial DNA (mtDNA) contains 37
respiratory chain-related genes, including 22 transfer RNAs (tRNAs), 2
ribosomal RNAs (rRNAs), and 13 messenger ribonucleic acids (mRNAs),
which are essential for mitochondrial protein synthesis [4]. Because the
mitochondrial genome is composed solely of encoding genes and regulatory
sequences and does not have an intron like the nuclear genome, one-point
mutation may lead to changes to important structural genes that could change
the expression or properties of the expressed proteins [6]. Additionally, the
rate of mtDNA mutation is ten times higher than that of the nuclear genome.
Because of this, even in healthy humans, mtDNA progressively accumulates
unique, permanent genetic mutations that can be used to trace ancestors and
are passed on to daughter cells [7-9]. The mtDNA variants include both
mutations and changes in the mtDNA copy number. Mutations in mtDNA
are the primary source of abnormalities in mitochondria [10]. By altering the
generation of reactive oxygen species, the redox state, and mitochondrial
intermediates that serve as substrates for chromatin-modifying enzymes,
mtDNA mutations contribute to carcinogenesis. Furthermore, changes in
mtDNA can affect mitochondrial metabolites, which in turn can affect
nuclear DNA gene expression and the epigenome [11]. The number of copies
of the mitochondrial genome in each nucleated cell is known as the mtDNA
copy number. Finding the ratio of mtDNA copies to nDNA reads—two
copies per cell—is the most used method for determining the number of
mtDNA copies. [12] Changes in the copy number of mtDNA can affect
energy metabolism and oxidative phosphorylation, which can lead to
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mitochondrial malfunction [13-14]. Remarkably, changes in the number of
mitochondria per cell are linked to leukemia development via disrupting
respiratory patterns [15]. With a focus on mtDNA mutations, copy number
variations, mtDNA sequencing methods, and their application as prognostic
markers and natural genetic barcodes, we aimed to provide a comprehensive
examination of mitochondrial genetic abnormalities in leukemia in this
review. It aims to facilitate the identification of potential therapeutic targets
for the treatment of this hematological malignancy.

Both nuclear and mtDNA are responsible for the twofold genetic regulation
of mitochondria. Mutations in mtDNA are essential for reprogramming
mitochondrial metabolism. According to studies, mtDNA plays a crucial
role in carcinogenesis because disruptive mutations of the molecule are
generally uncommon in healthy cells but experience positive selection in
cancer tissues [16]. Since several mtDNA mutations are linked to leukemia,
this observation has also been verified in this disease. Penter and colleagues,
for example, found that more than 50% of cells with chronic lymphocytic
leukemia (CLL) have at least one mtDNA mutation and are capable of
accumulating multiple additional mutations. About 40% of patients had
somatic mtDNA mutations, according to The et al. [17] with the A15296G
mutation acting as a flag unique to leukemia. Furthermore, it was discovered
that the platelets of leukemia patients had mutation frequencies of above 5%
in two genes (ND6 and Cytb), which code for mitochondrial proteins. With
a mutation frequency of 32.65%, the ND6 gene in particular showed the
highest frequency. 11 Frequent changes in mtDNA D-Loop location T489C
have been linked to a number of cancers [18-20]. The T489C position may
be a hotspot for recurrent variations linked to relapse, according to Tyagi et
al.'s [21] investigation of pediatric acute myeloid leukemia (AML) cases.
These variations occur within the noncoding regions and seem functionally
silent, but they may have an effect on respiratory chain polypeptide levels,
change electron transport chain (ETC) activity, and affect cellular energy
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capacity. Both the diagnostic and remission samples had some somatic
mutations, most likely as a result of the leukemia cells' continued presence
[22].

The most common mtDNA sequence variations in AML cases were single
nucleotide changes, which may have changed how well mtDNA bound to
transcription factors, causing aberrant protein complex formation and
changing typical expression patterns [23].

Changes in mtDNA mutations and chromatin accessibility may also coincide
with changes in copy number variations [24]. Moreover, some research
indicates that mtDNA and RNA changes in AML are consistent [25]. Rates
of mitochondrial mutation are positively correlated with leukemia incidence
[26]. The exact role that mtDNA mutations play in the pathophysiology of
leukemia is yet unknown, though. It is still up for debate whether the
accumulation of mutant mtDNA is the consequence of rapid cell division or
if these mutations confer particular benefits to transformed cells that
facilitate leukemia development and metastasis, such as changing
mitochondrial metabolism in that cell lineage.

Tumor cells display metabolic alterations through modifications to
mitochondrial metabolism, ETC complex activity, and mtDNA copy
numbers [27]. Analysis of transcriptional profiles has revealed strong
relationships between mtDNA copy numbers and the transcript levels of
tricarboxylic acid cycle enzymes and ETC, fatty acid B-oxidation, and
branched-chain amino acid catabolism pathways. The cumulative
consequences of gene-environment interactions are reflected in variations in
mitochondria copy number, which has been suggested as a possible
biomarker for a number of malignancies [4,28,29]. Different tumor types
have different alterations in the mtDNA copy number. According to studies,
patients with AML had a mean mtDNA copy number that was around nine
times higher than that of controls (P <.0001). Patients with acute
promyelocytic leukaemia (APL) treated with chemotherapy and all-trans
retinoic acid who had leukemia cells with elevated mtDNA content had a
noticeably reduced cumulative frequency of relapse, according to Pereira-
Martins et al [30]. According to a different study, red blood cell-bound
mtDNA had a negative correlation with patients' hemoglobin levels, while
mtDNA copy number was linked to anemia in hematologic malignancies
[31].

TFAM, POLG, and POLRMT are among the several mitochondrial
biogenesis genes that regulate the quantity of mtDNA copies. Increased
mitochondrial biogenesis is a notable cellular change in pediatric AML blasts
that could impact the disease's biology and progression [32]. Recent research
on adults with AML also revealed increased expression of TFAM and
POLRMT, along with additional mitochondrial transcriptional factor genes
like TFB1M and TFB2M, however these findings were not very significant
for prognosis [23].

Further research is required to investigate the relationship between mtDNA
copy number alterations and the pathophysiology and prognosis of leukemia.
Variations in the quantity of mtDNA copies in certain cancers could be an
adaptive response to mutations that provide certain tumor types an edge in
growth. Furthermore, even within a class of tumors, differences in mtDNA
content can be linked to the degree of malignancy [11]. Leukemia, however,
has not yet been demonstrated to corroborate these conclusions.

MtDNA Variations as a Leukemia Prognostic Marker

Numerous studies have demonstrated that mitochondria have a functional
role in leukemia by suggesting that mtDNA changes may serve as a
prognostic marker. MtDNA mutations in AML patients were associated with
a decreased disease-free survival rate. A larger [33 mtDNA copy number
was often linked to worse disease aggressiveness and a lower survival rate
in juvenile acute leukemia [4,27]. The prognosis of leukemia has also been
linked to variations in mitochondrial heteroplasmic single nucleotides [34].
Mutations in mitochondrial genes encoding complexes I, III, and IV of the
ETC have been linked to the worst outcomes in AML patients; these
mutations could be candidates for therapeutic intervention [35,36].
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The positive prognostic influence of acquired ND4 mutations in AML is
suggested by the considerably longer OS (P =.021) and relapse-free survival
(P =.017) of patients with somatically acquired ND4 mutations compared to
those with ND4 (WT) [37]. A transmembrane component of the ETC
respiratory complex I that is encoded by the mitochondria is nicotinamide
adenine dinucleotide hydrogen dehydrogenase subunit 4 (ND4). Variations
in one of the hypervariable regions in the D-Loop region (HV-1), specifically
16126T-->C (P =.05), 16224T-->C (P <.01), and 16311T-->C (P <.001),
were significantly associated with the inferior encrypting file system in
pediatric AML. [38] Additionally, studies discovered a high correlation
between mortality and deleterious heteroplasmic mitochondrial mutations
[34]. More research should be done to investigate this matter, nevertheless,
as some studies suggested that the effect of mtDNA copy number on
outcomes in adult AML did not significantly correlate with survival [4].

Disrupted Mitochondrial Apoptosis Contributing to Leukemia

Mitochondrial apoptosis is essential for regulating cell death and survival,
significantly influencing the progression of acute leukemia. Acute leukemia
is a fast-progressing cancer that affects immature blood cells and is mainly
classified into two types: ALL, more prevalent in children, and AML,
primarily seen in adults. Both types involve complex genetic and epigenetic
changes that result in uncontrolled cell growth and resistance to apoptosis
[41,42,43]. In ALL, malignant transformation typically occurs during
various stages of lymphoid progenitor development, impacting either B- or
T-cell lineages. In contrast, AML originates from myeloid progenitor cells,
leading to an accumulation of immature myeloblasts in the bone marrow and
peripheral blood, which disrupts normal blood cell formation and causes
symptoms such as anemia, thrombocytopenia, and neutropenia [44,45].

The biology of acute leukemia involves mutations in genes that control the
cell cycle, differentiation, and apoptosis, including TP53, FLT3, and NPM1
in AML, as well as NOTCH1 and TEL-AMLI1 in ALL. These mutations
lead to uncontrolled proliferation and contribute to the resistance of leukemia
cells to programmed cell death [46,47]. For instance, TP53 mutations can
impair mitochondrial permeability, crucial for apoptosis regulation, thereby
allowing leukemic cells to survive even after damage [63].

Chromosomal translocations, such as the t(9;22) Philadelphia chromosome
in ALL and t(15;17) in acute promyelocytic leukemia, are critical to the
development of leukemia. Although advances in treatment have improved
outcomes, adult AML still presents significant challenges, with lower long-
term survival rates compared to pediatric ALL [48,49].

Mitochondria are crucial for the intrinsic pathway of apoptosis, which is vital
for maintaining cellular balance. Apoptosis, or programmed cell death, is a
tightly regulated process involving significant cellular changes including
shrinkage and nuclear fragmentation. In acute leukemia, mitochondrial
dysfunction results in altered energy production and unregulated cell death
pathways, facilitating the survival of cancer cells [50,51].

In acute leukemia, mitochondrial disruptions can lead to several irregularities
that promote disease progression, including:

e Increased mtDNA Content: Higher levels of mitochondrial
DNA are associated with increased metabolic activity in
leukemic cells.

e Reduced Mitophagy: Impaired removal of damaged
mitochondria can result in the accumulation of dysfunctional
organelles, enhancing cell survival.

e Evasion of Apoptosis: Elevated levels of anti-apoptotic
proteins prevent apoptosis, allowing leukemia cells to thrive
[52,53].

The progression of acute leukemia depends on the interruption of
mitochondrial apoptosis. High levels of anti-apoptotic proteins, such as Bcl-
2 and Bcl-XL, inhibit mitochondrial outer membrane permeabilization
(MOMP), preventing cytochrome c¢ release and giving leukemia cells a
survival advantage [54,55]. Anti-apoptotic protein overexpression enables
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these cells to resist apoptosis and continue proliferating [64,65]. Leukemic
stem cells (LSCs) are a subpopulation of leukemia cells capable of self-
renewal and sustaining leukemia clones. These cells exhibit resistance to
standard therapies due to their quiescence and robust anti-apoptotic defenses.
Mitochondrial pathways are crucial for LSC survival and maintenance, as
they often show altered mitochondrial dynamics and metabolic functions that
favor survival [66,67]. The production of ATP and the start of apoptosis
depend on the mitochondrial membrane potential (Aym). Particularly in
leukemic cells, alterations in Aym can result in resistance to apoptosis.
Increased Aym may raise the threshold for apoptotic signaling, making
leukemia cells less prone to programmed cell death [58].

Leukemia cells often undergo metabolic reprogramming, shifting from
oxidative phosphorylation to glycolysis, known as the Warburg effect. This
shift reduces dependence on mitochondrial ATP production while still
allowing leukemic cells to utilize functional mitochondria for essential
metabolic processes and ROS regulation [59,60].

Fission, fusion, and mitophagy are examples of mitochondrial dynamics that
are necessary to preserve mitochondrial function. In acute leukemia,
evidence suggests that disrupted mitochondrial dynamics can lead to energy
imbalances and difficulties in managing ROS levels. Proteins involved in
these processes may be altered in leukemia cells, indicating potential
therapeutic targets [61,62].

Targeting Mitochondrial Apoptosis in Therapy

Apoptotic priming measures a cell's sensitivity to apoptotic signals. When
exposed to chemotherapy, myeloblasts in acute leukemia are more
vulnerable to apoptotic priming than healthy hematopoietic stem cells. The
link between drug response and apoptotic priming is stronger than the
correlation with cell proliferation and pro-apoptotic protein expression
[56,57]. This emphasizes the significance of mitochondrial pathways in
determining treatment success. The use of mitochondria-targeted treatments
for acute leukemia is growing in significance. BH3 mimetics, particularly
Venetoclax, have shown promise in restoring apoptotic mechanisms and
overcoming resistance [72,73]. These therapies can be combined with
traditional chemotherapy or novel agents to improve treatment efficacy and
patient outcomes. Numerous clinical trials have explored the efficacy of
mitochondria-targeted therapies in acute leukemia, with significant findings
from studies like the VIALE-A and VIALE-C trials. These trials have shown
improved survival rates and remission outcomes when combining BH3
mimetics with standard treatments [74,75].

To enhance the effectiveness of mitochondria-targeted therapies, ongoing
research focuses on developing dual inhibitors that target multiple anti-
apoptotic proteins and optimizing existing Mcl-1 inhibitors. Additionally,
expanding combinations with other targeted therapies and immunotherapies
may help address various survival mechanisms in leukemia cells [76]. Drug
resistance is a significant challenge in leukemia treatment. Resistance
mechanisms often involve evasion of apoptosis through the intrinsic
mitochondrial pathway. Leukemia cells achieve this by increasing anti-
apoptotic protein levels, which block MOMP and cytochrome c release, thus
preventing apoptosis [68,69]. Mitochondria play a central role in mediating
drug resistance in leukemia. Functional changes, such as metabolic shifts and
mitochondrial dynamics alterations, support cell survival during therapeutic
stress. For example, a shift toward oxidative phosphorylation can enhance
energy production and lower ROS levels, typically cytotoxic to cells [70,71].

Metabolic Shifts in Leukemia

One of the features of leukemia pathophysiology is its metabolic
reprogramming, which is featured by a global restructuring of the process of
biosynthesis and energy production in the cell. One of the most evident
changes is the utilization of aerobic glycolysis, or Warburg effect, where
leukemia cells prefer to metabolize glucose to lactate even in the presence of
oxygen [77].

This reprogramming from oxidative phosphorylation (OXPHOS) to

glycolysis is an intentional adaptation that bestows several advantages on
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cancer cells. Leukemia cells promote a continued uptake and quick
metabolism of glucose by upregulating glucose transporters and glycolytic
enzymes, typically controlled by oncogenes such as MYC and pathways such
as PI3K/AKT.

Apart from being a quicker, albeit less efficient, source of ATP, this also
provides important intermediates necessary for lipid synthesis, amino acid
synthesis, and nucleotide synthesis, thereby supporting aggressive growth.
Together with its oxygen and nutrient gradient, bone marrow's metabolic
microenvironment also selectively promotes the growth of cells with high
glycolytic flux, fueling the disease progression and the resistance to
conventional treatments [78]. OXPHOS and mitochondria are still essential
despite glycolysis predominance in certain leukemic subpopulations.
Leukemia stem cells (LSCs) are shown to be more reliant on mitochondrial
respiration compared to their differentiated counterparts and are believed to
be responsible for initiation, maintenance, and relapse of the disease [79].

Apart from ATP generation, OXPHOS in these cells facilitates the
generation of metabolites required for anabolic reactions and redox
equilibrium. The metabolic plasticity of leukemia cells to both
microenvironmental stressors and therapeutic insults is underscored by their
dual dependency on glycolysis and OXPHOS. Importantly, reactive oxygen
species (ROS), which can damage cellular constituents if uncontrolled, are
associated with high mitochondrial activity. Therefore, leukemia cells
acquire robust antioxidant mechanisms, including high glutathione levels
and overexpression of antioxidant enzymes, to neutralize ROS and prevent
oxidative damage, sustaining their capacity to survive under stress [80]. ROS
play a dual role in leukemia biology.

As secondary messengers in a variety of carcinogenic processes, low levels
of ROS are required for cell signaling, growth, and survival. Cell death can
be caused by lipid peroxidation, protein oxidation, and DNA damage due to
the over accumulation of ROS. Leukemia cells maintain their metabolism
through the maintenance of ROS levels that favor proliferation over
apoptosis. This is achieved by a fine balance between ROS production and
antioxidant potential, which is primarily induced by mitochondrial
OXPHOS. This equilibrium can tip towards cytotoxicity if this homeostasis
is disrupted, either by overwhelming antioxidant mechanisms or by
generating too much ROS. Because leukemia cells, especially those with
elevated OXPHOS activity, can be induced to undergo apoptosis if ROS
levels are selectively increased beyond a tolerance level that is acceptable,
this trend has been of intense interest as a therapeutic target [81].

New therapeutic approaches to leukemia are based on the interplay between
glycolysis, OXPHOS, and ROS control. Whereas mitochondrial inhibitors
aim at OXPHOS-dependent leukemia stem cell survival, glycolytic
inhibitors such as 2-deoxyglucose attempt to starve leukemia cells of
glucose-derived energy and biosynthetic precursors. Therapies that modulate
ROS, either by increasing ROS production or by inhibiting antioxidant
defenses, have also shown potential in preclinical models. For example,
agents that inhibit thioredoxin reductase or deplete glutathione can sensitize
leukemia cells to oxidative injury and cause cell death. However, since
leukemia cells are metabolically flexible, inhibition of one pathway
generally leads to compensatory mechanisms; inhibition of glycolysis can
cause dependency on OXPHOS, and vice versa. In order to prevent
resistance and kill both bulk tumor cells as well as normal stem cell
populations, increasing attention is focused on combination therapies that
simultaneously inhibit more than one metabolic pathway or combine
metabolic inhibitors with traditional chemotherapeutics [82].

A second new direction of investigation involves tailoring therapy to the
patient's own unique metabolic profile or leukemia subtype. Even in the same
patient, metabolic phenotyping using the help of newer technologies such as
metabolomics and single-cell RNA sequencing has revealed broad
heterogeneity in the metabolic states of leukemia cells. Acute myeloid
leukemia (AML) with IDH mutations is one such subtype that has different
metabolic requirements that can be targeted. Furthermore, the stromal cells
can secrete factors or provide metabolic substrates that affect leukemia
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metabolism and response to treatment, which adds yet another layer of
complexity to the metabolic interaction between leukemia cells and the bone
marrow microenvironment. Elucidating these interactions is key to the
creation of long-term effective treatments.

Conclusion

The intricate relationship between mitochondrial dysfunction and leukemia
highlights the essential role of mitochondrial genetics in the disease's
pathogenesis and treatment. Mitochondrial DNA (mtDNA) mutations and
changes in copy number are significantly linked to tumor development and
the dynamics of clonal expansion, influencing how malignant cells respond
to therapies, including those that may induce resistance [39, 40]. Moreover,
disrupted mitochondrial apoptosis plays a critical role in acute leukemia,
affecting cell survival and therapeutic outcomes. A deeper understanding of
the mechanisms underlying mitochondrial dysfunction and the strategic
targeting of these pathways presents a promising opportunity to enhance
treatment efficacy for patients with acute leukemia. Continued research is
vital to develop innovative therapies that can effectively address drug
resistance and improve survival rates. Elucidating the complexities of
metabolic reprogramming in leukemia—including how oxidative
phosphorylation (OXPHOS), reactive oxygen species (ROS), and glycolysis
are altered—will be crucial for the rational design of future treatments. This
knowledge could ultimately provide new hope for patients confronting this
challenging disease.

References

1. Lee YE, et al. (2018). Spectrum of mitochondrial genome
instability and implication of mitochondrial haplogroups in
Korean patients with acute myeloid leukemia. Blood Res;53(3):
240-249.

2. Linnartz B, Anglmayer R, Zanssen S. (2004). Comprehensive
scanning of somatic mitochondrial DNA alterations in acute
leukemia developing from myelodysplastic syndromes. Cancer
Res;64(6):1966—1971.

3. Wang D, Yang X, Cai D, et al. (2021). Genomic analysis of
mutations in platelet mitochondria in a case of benzene-induced
leukaemia: a case report. Medicine (Baltim);100(1): e24014.

4. Fellous TG, McDonald SAC, Burkert J, et al. (2009). A
methodological approach to tracing cell lineage in human
epithelial tissues. Stem Cells;27(6):1410-1420.

5. Morris J, Na Y-J, Zhu H, et al. (2017). Pervasive within-
mitochondrion single- nucleotide variant heteroplasmy as
revealed by  single-mitochondrion  sequencing.  Cell
Rep;21(10):2706-2713.

6. Xu J, Nuno K, Litzenburger UM, et al. Single-cell lineage
tracing by endogenous mutations enriched in transposase
accessible mitochon drial DNA. Elife;8: e45105.

7.  Zhang J, Zhang Z-X, Du P-C, et al. (2015). Analyses of the
mitochondrial mutations in the Chinese patients with sporadic
Creutzfeldt-Jakob dis ease. Eur J Hum Genet;23(1):86-91.

8. Kopinski PK, Singh LN, Zhang S, Lott MT, Wallace DC. (2021).
Mitochondrial DNA variation and cancer. Nat Rev
Cancer;21(7):431-445.

9. Picard M. (2021). Blood mitochondrial DNA copy number: what
are we count ing? Mitochondrion; 60:1-11.

10. Druzhyna NM, Wilson GL, LeDoux SP. (2008). Mitochondrial
DNA repair in aging and disease. Mech Ageing Dev;129(7-
8):383-390.

11. Grzybowska-Szatkowska L, Slaska B. (2012). Mitochondrial
DNA and car cinogenesis (review). Mol Med Rep;6(5):923-930.

12. Mondet J, Lo Presti C, Chevalier S, et al. Mitochondria in human
acute myeloid leukemia cell lines have ultrastructural alterations
linked to deregulation of their respiratory profiles. Exp He

13. Grandhi S, Bosworth C, Maddox W, et al. (2017). Heteroplasmic
shifts in tumor mitochondrial genomes reveal tissue-specific

Auctores Publishing LLC — Volume 8(8)-272 www.auctoresonline.org
ISSN: 2639-4162

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Copy rights@ Elizaveta | Bon,

signals of relaxed and positive selection. Hum Mol
Genet;26(15):2912-2922.
He L, Luo L, Proctor SJ, et al. Somatic mitochondrial DNA

mutations in adult-onset leukaemia. Leukemia
2003;17(12):2487-2491.
Lievre A, Blons H, Houllier AM, et al. (2006).

Clinicopathological significance of mitochondrial D-Loop
mutations in head and neck carcinoma. Br J Cancer,;94(5):692—
697.

Tan DJ, Chang J, Chen W-L, et al. (2003). Novel heteroplasmic
frameshift and missense somatic mitochondrial DNA mutations
in oral cancer of betel quid chewers. Genes Chromosomes
Cancer;37(2):186—194.

Yu M, Shi Y, Zhang F, et al. (2008). Sequence variations of
mitochondrial DNA D-loop region are highly frequent events in
familial breast cancer. J Biomed Sci; 15(4):535-543.

Tyagi A, Pramanik R, Bakhshi R, Vishnubhatla S, Bakhshi S.
(2019). Genetic landscape of mitochondrial regulatory region in
pediatric acute myeloid leukemia: changes from diagnosis to
relapse. J Pediatr Genet;8(4):193-197.

Cumbo C, Anelli L, Specchia G, Albano F. (2020). Monitoring
of minimal residual disease (MRD) in chronic myeloid
leukemia: recent advances. Cancer Manag Res; 12:3175-3189.
Manfredi G, Fu J, Ojaimi J, et al. (2002). Rescue of a deficiency
in ATP synthe sis by transfer of MTATP6, a mitochondrial
DNA-encoded gene, to the nucleus. Nat Genet;30(4):394-399.
Penter L, Gohil SH, Lareau C, et al. (2021). Longitudinal single-
cell dynam ics of chromatin accessibility and mitochondrial
mutations in chronic lymphocytic leukemia mirror disease
history. Cancer Discov;11(12):3048-3063.

Zhao C, Wang S, Wang K. (2022). Mutual exclusivity between
the fusion gene CBFB: MYHI11 and somatic mitochondrial
mutations in acute myeloid leukaemia. Br J Haematol;199(4):
e25-e29.

Arnold RS, Fedewa SA, Goodman M, et al. (2015). Bone
metastasis in prostate cancer: Recurring mitochondrial DNA
mutation reveals selective pres sure exerted by the bone
microenvironment. Bone; 78:81-86.

Chaudhary S, Ganguly S, Palanichamy JK, et al. (2021). PGC1A
driven enhanced mitochondrial DNA copy number predicts
outcome in pediatric acute myeloid leukemia. Mitochondrion;
58:246-254

Mondal R, Ghosh SK, Choudhury JH, et al. (2013).
Mitochondrial DNA copy number and risk of oral cancer: a
report from Northeast India. PLoS One;8(3): e57771.

Verma M, Naviaux RK, Tanaka M, Kumar D, Franceschi C,
Singh KK. (2007). Meeting report: mitochondrial DNA and
cancer epidemiology. Cancer Res;67(2):437-439.
Pereira-Martins DA, Coelho-Silva JL, Weinhauser I, et al.
(2023). Clinical sig nificance of mitochondrial DNA content in
acute promyelocytic leu kaemia. Br J Haematol;200(2):170—
174.

Yue L, Li Y-H, Ma R-L, et al. (2023). Circulating mitochondrial
DNA is associ ated with anemia in newly diagnosed hematologic
malignancies. Leuk Lymphoma;64(1):178-187

Sriskanthadevan S, Jeyaraju DV, Chung TE, et al. (2015). AML
cells have low spare reserve capacity in their respiratory chain
that renders them sus ceptible to oxidative metabolic stress.
Blood;125(13):2120-2130.

Sriskanthadevan S, Jeyaraju DV, Chung TE, et al. (2015). AML
cells have low spare reserve capacity in their respiratory chain
that renders them sus ceptible to oxidative metabolic stress.
Blood;125(13):2120-2130.

Hong YS, Battle SL, Shi W, et al. (2023). Deleterious
heteroplasmic mitochon drial mutations are associated with an

Page 4 of 6


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee+YE%2C+et+al.+%282018%29.+Spectrum+of+mitochondrial+genome+instability+and+implication+of+mitochondrial+haplogroups+in+Korean+patients+with+acute+myeloid+leukemia.+Blood+Res%3B53%283%29%3A+240%E2%80%93249.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee+YE%2C+et+al.+%282018%29.+Spectrum+of+mitochondrial+genome+instability+and+implication+of+mitochondrial+haplogroups+in+Korean+patients+with+acute+myeloid+leukemia.+Blood+Res%3B53%283%29%3A+240%E2%80%93249.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee+YE%2C+et+al.+%282018%29.+Spectrum+of+mitochondrial+genome+instability+and+implication+of+mitochondrial+haplogroups+in+Korean+patients+with+acute+myeloid+leukemia.+Blood+Res%3B53%283%29%3A+240%E2%80%93249.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Lee+YE%2C+et+al.+%282018%29.+Spectrum+of+mitochondrial+genome+instability+and+implication+of+mitochondrial+haplogroups+in+Korean+patients+with+acute+myeloid+leukemia.+Blood+Res%3B53%283%29%3A+240%E2%80%93249.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Linnartz+B%2C+Anglmayer+R%2C+Zanssen+S.+%282004%29.+Comprehensive+scanning+of+somatic+mitochondrial+DNA+alterations+in+acute+leukemia+developing+from+myelodysplastic+syndromes.+Cancer+Res%3B64%286%29%3A1966%E2%80%931971.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Linnartz+B%2C+Anglmayer+R%2C+Zanssen+S.+%282004%29.+Comprehensive+scanning+of+somatic+mitochondrial+DNA+alterations+in+acute+leukemia+developing+from+myelodysplastic+syndromes.+Cancer+Res%3B64%286%29%3A1966%E2%80%931971.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Linnartz+B%2C+Anglmayer+R%2C+Zanssen+S.+%282004%29.+Comprehensive+scanning+of+somatic+mitochondrial+DNA+alterations+in+acute+leukemia+developing+from+myelodysplastic+syndromes.+Cancer+Res%3B64%286%29%3A1966%E2%80%931971.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Linnartz+B%2C+Anglmayer+R%2C+Zanssen+S.+%282004%29.+Comprehensive+scanning+of+somatic+mitochondrial+DNA+alterations+in+acute+leukemia+developing+from+myelodysplastic+syndromes.+Cancer+Res%3B64%286%29%3A1966%E2%80%931971.&btnG=
https://journals.lww.com/md-journal/fulltext/2021/01080/genomic_analysis_of_mutations_in_platelet.40.aspx
https://journals.lww.com/md-journal/fulltext/2021/01080/genomic_analysis_of_mutations_in_platelet.40.aspx
https://journals.lww.com/md-journal/fulltext/2021/01080/genomic_analysis_of_mutations_in_platelet.40.aspx
https://academic.oup.com/stmcls/article-abstract/27/6/1410/6402389
https://academic.oup.com/stmcls/article-abstract/27/6/1410/6402389
https://academic.oup.com/stmcls/article-abstract/27/6/1410/6402389
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morris+J%2C+Na+Y-J%2C+Zhu+H%2C+et+al.++%282017%29.+Pervasive+within-mitochondrion+single-+nucleotide+variant+heteroplasmy+as+revealed+by+single-mitochondrion+sequencing.+Cell+Rep%3B21%2810%29%3A2706%E2%80%932713.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morris+J%2C+Na+Y-J%2C+Zhu+H%2C+et+al.++%282017%29.+Pervasive+within-mitochondrion+single-+nucleotide+variant+heteroplasmy+as+revealed+by+single-mitochondrion+sequencing.+Cell+Rep%3B21%2810%29%3A2706%E2%80%932713.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morris+J%2C+Na+Y-J%2C+Zhu+H%2C+et+al.++%282017%29.+Pervasive+within-mitochondrion+single-+nucleotide+variant+heteroplasmy+as+revealed+by+single-mitochondrion+sequencing.+Cell+Rep%3B21%2810%29%3A2706%E2%80%932713.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morris+J%2C+Na+Y-J%2C+Zhu+H%2C+et+al.++%282017%29.+Pervasive+within-mitochondrion+single-+nucleotide+variant+heteroplasmy+as+revealed+by+single-mitochondrion+sequencing.+Cell+Rep%3B21%2810%29%3A2706%E2%80%932713.&btnG=
https://elifesciences.org/articles/45105
https://elifesciences.org/articles/45105
https://elifesciences.org/articles/45105
https://www.nature.com/articles/ejhg201452
https://www.nature.com/articles/ejhg201452
https://www.nature.com/articles/ejhg201452
https://www.nature.com/articles/s41568-021-00358-w
https://www.nature.com/articles/s41568-021-00358-w
https://www.nature.com/articles/s41568-021-00358-w
https://www.sciencedirect.com/science/article/pii/S1567724921000830
https://www.sciencedirect.com/science/article/pii/S1567724921000830
https://www.sciencedirect.com/science/article/pii/S0047637408000687
https://www.sciencedirect.com/science/article/pii/S0047637408000687
https://www.sciencedirect.com/science/article/pii/S0047637408000687
https://www.spandidos-publications.com/mmr/6/5/923
https://www.spandidos-publications.com/mmr/6/5/923
https://www.sciencedirect.com/science/article/pii/S0301472X21000953
https://www.sciencedirect.com/science/article/pii/S0301472X21000953
https://www.sciencedirect.com/science/article/pii/S0301472X21000953
https://academic.oup.com/hmg/article-abstract/26/15/2912/3798753
https://academic.oup.com/hmg/article-abstract/26/15/2912/3798753
https://academic.oup.com/hmg/article-abstract/26/15/2912/3798753
https://academic.oup.com/hmg/article-abstract/26/15/2912/3798753
https://www.nature.com/articles/2403146
https://www.nature.com/articles/2403146
https://www.nature.com/articles/2403146
https://www.nature.com/articles/6602993
https://www.nature.com/articles/6602993
https://www.nature.com/articles/6602993
https://www.nature.com/articles/6602993
https://onlinelibrary.wiley.com/doi/abs/10.1002/gcc.10217
https://onlinelibrary.wiley.com/doi/abs/10.1002/gcc.10217
https://onlinelibrary.wiley.com/doi/abs/10.1002/gcc.10217
https://onlinelibrary.wiley.com/doi/abs/10.1002/gcc.10217
https://link.springer.com/article/10.1007/s11373-007-9229-4
https://link.springer.com/article/10.1007/s11373-007-9229-4
https://link.springer.com/article/10.1007/s11373-007-9229-4
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0039-1696976
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0039-1696976
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0039-1696976
https://www.thieme-connect.com/products/ejournals/html/10.1055/s-0039-1696976
https://www.tandfonline.com/doi/abs/10.2147/CMAR.S232752
https://www.tandfonline.com/doi/abs/10.2147/CMAR.S232752
https://www.tandfonline.com/doi/abs/10.2147/CMAR.S232752
https://www.nature.com/articles/ng851z
https://www.nature.com/articles/ng851z
https://www.nature.com/articles/ng851z
https://aacrjournals.org/cancerdiscovery/article-abstract/11/12/3048/674669
https://aacrjournals.org/cancerdiscovery/article-abstract/11/12/3048/674669
https://aacrjournals.org/cancerdiscovery/article-abstract/11/12/3048/674669
https://aacrjournals.org/cancerdiscovery/article-abstract/11/12/3048/674669
https://aacrjournals.org/cancerdiscovery/article-abstract/11/12/3048/674669
https://aacrjournals.org/cancerdiscovery/article-abstract/11/12/3048/674669
https://aacrjournals.org/cancerdiscovery/article-abstract/11/12/3048/674669
https://aacrjournals.org/cancerdiscovery/article-abstract/11/12/3048/674669
https://www.sciencedirect.com/science/article/pii/S8756328215001672
https://www.sciencedirect.com/science/article/pii/S8756328215001672
https://www.sciencedirect.com/science/article/pii/S8756328215001672
https://www.sciencedirect.com/science/article/pii/S8756328215001672
https://www.sciencedirect.com/science/article/pii/S1567724921000453
https://www.sciencedirect.com/science/article/pii/S1567724921000453
https://www.sciencedirect.com/science/article/pii/S1567724921000453
https://www.sciencedirect.com/science/article/pii/S1567724921000453
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0057771
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0057771
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0057771
https://aacrjournals.org/cancerres/article-abstract/67/2/437/533471
https://aacrjournals.org/cancerres/article-abstract/67/2/437/533471
https://aacrjournals.org/cancerres/article-abstract/67/2/437/533471
https://www.tandfonline.com/doi/abs/10.1080/10428194.2022.2133537
https://www.tandfonline.com/doi/abs/10.1080/10428194.2022.2133537
https://www.tandfonline.com/doi/abs/10.1080/10428194.2022.2133537
https://www.tandfonline.com/doi/abs/10.1080/10428194.2022.2133537
https://ashpublications.org/blood/article-abstract/125/13/2120/33960
https://ashpublications.org/blood/article-abstract/125/13/2120/33960
https://ashpublications.org/blood/article-abstract/125/13/2120/33960
https://ashpublications.org/blood/article-abstract/125/13/2120/33960
https://ashpublications.org/blood/article-abstract/125/13/2120/33960
https://ashpublications.org/blood/article-abstract/125/13/2120/33960
https://ashpublications.org/blood/article-abstract/125/13/2120/33960
https://www.nature.com/articles/s41467-023-41785-7
https://www.nature.com/articles/s41467-023-41785-7
https://www.nature.com/articles/s41467-023-41785-7
https://www.nature.com/articles/s41467-023-41785-7
https://link.springer.com/article/10.1186/s40170-021-00253-w
https://link.springer.com/article/10.1186/s40170-021-00253-w

J. General medicine and Clinical Practice

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

increased risk of overall and cancer-specific mortality. Nat
Commun;14(1):6113.

Panina SB, Pei J, Kirienko NV. (2021). Mitochondrial
metabolism as a target for acute myeloid leukemia treatment.
Cancer Metab;9(1):17.

Wu S, Akhtari M, Alachkar H. (2018). Characterization of
mutations in the mitochondrial encoded electron transport chain
complexes in acute myeloid leukemia. Sci Rep,8(1):13301.
Damm F, Bunke T, Thol F, et al. (2012). Prognostic implications
and molecular associations of NADH dehydrogenase subunit 4
(ND4)  mutations in  acute  myeloid leukemia.
Leukemia;26(2):289-295.

Sharawat SK, Bakhshi R, Vishnubhatla S, Bakhshi S. (2010).
Mitochondrial D-loop variations in paediatric acute myeloid
leukaemia: a  potential prognostic ~marker. Br J
Haematol;149(3):391-398.

Lareau CA, Ludwig LS, Sankaran VG. (2019). Longitudinal
assessment of clonal mosaicism in human hematopoiesis via
mitochondrial mutation tracking. Blood Adv;3(24):4161-4165.
Ludwig LS, Lareau CA, Ulirsch JC, et al. (2019). Lineage
tracing in humans enabled by mitochondrial mutations and
single-cell genomics. Cell;176(6):1325-1339.e22.

Arber, D.A.; Orazi, A.; Hasserjian, R.; Thiele, J.; Borowitz,
M.J.; Le Beau, M.M.; Bloomfield, C.D.; Cazzola, M.; (2016).
Vardiman, J.W. The 2016 revision to the World Health
Organization classification of myeloid neoplasms and acute
leukemia. Blood, 127, 2391-2405.

Vakiti, A.; Reynolds, S.B.; Mewawalla, P. (2024). Acute
Myeloid Leukemia. In StatPearls [Internet]; StatPearls
Publishing: Treasure Island, FL, USA, vailable online:
Terwilliger, T.; Abdul-Hay, M. (2017). Acute lymphoblastic
leukemia: A comprehensive review and update. Blood Cancer
J.
Figueroa, M.E.; Chen, S.-C.; Andersson, A.K.; Phillips, L.A.; Li,
Y.; Sotzen, J.; et.all., (2013). Integrated genetic and epigenetic
analysis of childhood acute lymphoblastic leukemia. J. Clin.
Investig., 123,3099-3111.

Xu, H.; Wen, Y.; Jin, R.; Chen, H. (2022). Epigenetic
modifications and targeted therapy in pediatric acute myeloid
leukemia. Front. Pediatr.,

Boland, M.L.; Chourasia, A.H.; Macleod, K.F. (2013).
Mitochondrial Dysfunction in Cancer. Front. Oncol, 3,292.
Luo, Y.; Ma, J; Lu, W. (2020). The Significance of
Mitochondrial Dysfunction in Cancer. Int. J. Mol. Sci., 21,
5598.

Jan, R.; Chaudhry, G.-S. (2019). Understanding Apoptosis and
Apoptotic Pathways Targeted Cancer Therapeutics. Adv.
Pharm. Bull., 9,205-218.

Danial, N.N.; Korsmeyer, S.J. (2004). Cell Death: Critical
Control Points. Cell, 116, 205-219.

Tzifi, F.; Economopoulou, C.; Gourgiotis, D.; Ardavanis, A.;
Papageorgiou, S.; Scorilas, A. (2012). The Role of BCL2 Family
of Apoptosis Regulator Proteins in Acute and Chronic
Leukemias. Adv. Hematol.

Vo, T.-T.; Ryan, J.; Carrasco, R.; Neuberg, D.; Rossi, D.Jet all.,
(2012). Relative mitochondrial priming of myeloblasts and
normal HSCs determines chemotherapeutic success in AML.
Cell, 151, 344-355.

Bhola, P.D.; Mar, B.G.; Lindsley, R.C.; Ryan, J.A.; Hogdal, L.J.;
ET., (2016). Functionally identifiable apoptosis-insensitive
subpopulations determine chemoresistance in acute myeloid
leukemia. J. Clin. Investig., 126, 3827-3836.

Konopleva, M.; Letai, A. (2018). BCL-2 inhibition in AML: An
unexpected bonus? Blood, 132, 1007-1012.

Wallace, D.C. (2012). Mitochondria and cancer. Nat. Rev.
Cancer, 12, 685-698.

Auctores Publishing LLC — Volume 8(8)-272 www.auctoresonline.org
ISSN: 2639-4162

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Copy rights@ Elizaveta | Bon,

Romo-Gonzalez, M.; Ijurko, C.; Hernandez-Hernandez, (2022).
A. Reactive Oxygen Species and Metabolism in Leukemia: A
Dangerous Liaison. Front. Immunol., 13, 889875.

Gross, A.; Katz, S.G. (2017). non-apoptotic functions of BCL-2
family proteins. Cell Death Differ., 24, 1348—1358.

Larrue, C.; Mouche, S.; Lin, S.; Simonetta, F.; Scheidegger,
N.K.; ET., ET ALL., (2023). J. Mitochondrial fusion is a
therapeutic vulnerability of acute myeloid leukemia. Leukemia,
37,765-775.

Barbato, A.; Scandura, G.; Puglisi, F.; Cambria, D.; La Spina,
E.; et al. (2020). Mitochondrial Bioenergetics at the Onset of
Drug Resistance in Hematological Malignancies: An Overview.
Front. Oncol., 10, 604143.

Griffin, A.; et al. (2021). Mitochondrial Dynamics in Cancer:
The Role of Drpl and Mfn2 in Leukemia. Cell Death Dis., 12,
1-15.

Vogtle, F.-N.; et al. (2022). Mitochondrial Biogenesis and
Dynamics in Hematopoietic Stem Cells. Cell Metab., 34, 1673—
1686.

(2022). Mitochondrial Dysfunction in Cancer: Implications for
Therapy. Nat. Rev. Cancer, 22, 123-136.

Vyas, S.; et al. (2023). The Role of Mitochondria in Metabolic
Reprogramming of Leukemia. Blood Cancer J., 13, 42-56.
Wang, Z.; et al. (2023). Apoptosis and Drug Resistance in
Leukemia: The Role of Mitochondrial Function. Cancers, 15,
178.

Nechiporuk, T.; et al. (2023). The Role of Mitochondria in Drug
Resistance of Leukemia. Cancer Discov., 13, 1234—1246.

Zhu, Y ; et al. (2024). Mitochondrial Dynamics as a Therapeutic
Target in Acute Leukemia. Front. Oncol., 14, 1000345.
Ritchie, M.; et al. (2024). The Therapeutic Potential of Targeting
Mitochondrial Apoptosis in Hematological Malignancies.
Hematological, 109, 234-246.

Cheung, E.; et al. (2024). Mitochondria-Targeted Therapies in
Acute Leukemia: Current Strategies and Future Directions.
Cancers, 16, 1050.

Wong, K.; et al. (2024). The Role of Mitochondrial Metabolism
in Hematologic Malignancies: Implications for Treatment.
Blood Cancer J., 14, 56-69.

Tran, T.; et al. (2023). Clinical Implications of Mitochondrial
Alterations in Acute Myeloid Leukemia. Leukemia, 37, 912—
923.

Kumar, A.; et al. (2024). Targeting Mitochondrial Dynamics in
Hematological Cancers: A New Therapeutic Approach. Front.
Oncol., 14, 1000590.

Zhang, H.; et al. (2023). Mitochondrial Dysfunction and Drug
Resistance in Acute Leukemia: A Comprehensive Review.
Cancers, 15, 2345.

Liu, Y.; et al. (2024). BH3 Mimetics in the Treatment of Acute
Myeloid Leukemia: Current Perspectives. Int. J. Mol. Sci., 25,
1023.

Shah, S.; et al. (2024). The Emerging Role of Venetoclax in
Acute Myeloid Leukemia: A Review of Current Evidence. Blood
Rev, 50, 100817.

Patel, S.; et al. (2024). Venetoclax in Combination Therapy for
Acute Myeloid Leukemia: Insights from Recent Trials. Lancet
Haematol., 11, e123—e134.

Smith, J.; et al. (2024). Efficacy of Novel Mitochondria-
Targeted Agents in Leukemia Treatment: A Systematic Review.
Leukemia, 38, 401-415.

Chua, C.C.; Roberts, A.W.; Reynolds, J.; Fong, C.Y.; Ting, S.B.;
et al. (2020Chemotherapy and Venetoclax in Elderly Acute
Myeloid Leukemia Trial (CAVEAT): A Phase Ib Dose-
Escalation Study of Venetoclax Combined With Modified
Intensive Chemotherapy.. Clin. Oncol., 38, 3506-3517.

Page 5 of 6


https://link.springer.com/article/10.1186/s40170-021-00253-w
https://link.springer.com/article/10.1186/s40170-021-00253-w
https://www.nature.com/articles/s41598-018-31489-0
https://www.nature.com/articles/s41598-018-31489-0
https://www.nature.com/articles/s41598-018-31489-0
https://www.nature.com/articles/leu2011200
https://www.nature.com/articles/leu2011200
https://www.nature.com/articles/leu2011200
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.2010.08084.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.2010.08084.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.2010.08084.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.2010.08084.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.2010.08084.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.2010.08084.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.2010.08084.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2141.2010.08084.x
https://ashpublications.org/bloodadvances/article-abstract/3/24/4161/429648
https://ashpublications.org/bloodadvances/article-abstract/3/24/4161/429648
https://ashpublications.org/bloodadvances/article-abstract/3/24/4161/429648
https://www.cell.com/cell/fulltext/S0092-8674(19)30055-8
https://www.cell.com/cell/fulltext/S0092-8674(19)30055-8
https://www.cell.com/cell/fulltext/S0092-8674(19)30055-8
https://ashpublications.org/blood/article-abstract/127/20/2391/35255
https://ashpublications.org/blood/article-abstract/127/20/2391/35255
https://ashpublications.org/blood/article-abstract/127/20/2391/35255
https://ashpublications.org/blood/article-abstract/127/20/2391/35255
https://ashpublications.org/blood/article-abstract/127/20/2391/35255
https://www.nature.com/articles/bcj201753
https://www.nature.com/articles/bcj201753
https://www.nature.com/articles/bcj201753
https://www.jci.org/articles/view/66203
https://www.jci.org/articles/view/66203
https://www.jci.org/articles/view/66203
https://www.jci.org/articles/view/66203
https://www.frontiersin.org/articles/10.3389/fped.2022.975819/full
https://www.frontiersin.org/articles/10.3389/fped.2022.975819/full
https://www.frontiersin.org/articles/10.3389/fped.2022.975819/full
https://www.frontiersin.org/articles/10.3389/fonc.2013.00292/full
https://www.frontiersin.org/articles/10.3389/fonc.2013.00292/full
https://www.mdpi.com/1422-0067/21/16/5598
https://www.mdpi.com/1422-0067/21/16/5598
https://www.mdpi.com/1422-0067/21/16/5598
https://pmc.ncbi.nlm.nih.gov/articles/PMC6664112/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6664112/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6664112/
https://www.cell.com/fulltext/S0092-8674(04)00046-7
https://www.cell.com/fulltext/S0092-8674(04)00046-7
https://onlinelibrary.wiley.com/doi/abs/10.1155/2012/524308
https://onlinelibrary.wiley.com/doi/abs/10.1155/2012/524308
https://onlinelibrary.wiley.com/doi/abs/10.1155/2012/524308
https://onlinelibrary.wiley.com/doi/abs/10.1155/2012/524308
https://www.cell.com/cell/fulltext/S0092-8674(12)01119-1?innerTabauthor-interview_mmc2=
https://www.cell.com/cell/fulltext/S0092-8674(12)01119-1?innerTabauthor-interview_mmc2=
https://www.cell.com/cell/fulltext/S0092-8674(12)01119-1?innerTabauthor-interview_mmc2=
https://www.cell.com/cell/fulltext/S0092-8674(12)01119-1?innerTabauthor-interview_mmc2=
https://www.jci.org/articles/view/82908
https://www.jci.org/articles/view/82908
https://www.jci.org/articles/view/82908
https://www.jci.org/articles/view/82908
https://ashpublications.org/blood/article-abstract/132/10/1007/39300
https://ashpublications.org/blood/article-abstract/132/10/1007/39300
https://www.nature.com/articles/nrc3365
https://www.nature.com/articles/nrc3365
https://www.frontiersin.org/articles/10.3389/fimmu.2022.889875/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.889875/full
https://www.frontiersin.org/articles/10.3389/fimmu.2022.889875/full
https://www.nature.com/articles/cdd201722
https://www.nature.com/articles/cdd201722
https://www.nature.com/articles/s41375-023-01835-x
https://www.nature.com/articles/s41375-023-01835-x
https://www.nature.com/articles/s41375-023-01835-x
https://www.nature.com/articles/s41375-023-01835-x
https://www.frontiersin.org/articles/10.3389/fonc.2020.604143/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.604143/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.604143/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.604143/full
https://www.mdpi.com/2073-4409/12/14/1897
https://www.mdpi.com/2073-4409/12/14/1897
https://www.mdpi.com/2073-4409/12/14/1897
https://www.mdpi.com/1422-0067/24/13/10420
https://www.mdpi.com/1422-0067/24/13/10420
https://www.mdpi.com/2072-6694/17/8/1355
https://www.mdpi.com/2072-6694/17/8/1355
https://www.mdpi.com/2073-4409/13/5/388
https://www.mdpi.com/2073-4409/13/5/388
https://www.mdpi.com/2073-4409/13/5/388
https://escholarship.org/uc/item/7wf4v4kp
https://escholarship.org/uc/item/7wf4v4kp
https://www.tandfonline.com/doi/abs/10.1080/15384047.2025.2460252
https://www.tandfonline.com/doi/abs/10.1080/15384047.2025.2460252
https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2025.1577081/full
https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2025.1577081/full
https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2025.1577081/full
https://www.nature.com/articles/s41586-025-08980-6
https://www.nature.com/articles/s41586-025-08980-6
https://www.nature.com/articles/s41586-025-08980-6
https://search.proquest.com/openview/1601a97928c09a584e6bcf8f71478e71/1?pq-origsite=gscholar&cbl=18750&diss=y
https://search.proquest.com/openview/1601a97928c09a584e6bcf8f71478e71/1?pq-origsite=gscholar&cbl=18750&diss=y
https://search.proquest.com/openview/1601a97928c09a584e6bcf8f71478e71/1?pq-origsite=gscholar&cbl=18750&diss=y
https://www.cell.com/cell-stem-cell/abstract/S1934-5909(24)00322-9
https://www.cell.com/cell-stem-cell/abstract/S1934-5909(24)00322-9
https://www.cell.com/cell-stem-cell/abstract/S1934-5909(24)00322-9
https://www.cell.com/cell-stem-cell/abstract/S1934-5909(24)00322-9
https://www.cell.com/cell-stem-cell/abstract/S1934-5909(24)00322-9
https://www.cell.com/cell-stem-cell/abstract/S1934-5909(24)00322-9
https://www.mdpi.com/2306-5354/10/5/591
https://www.mdpi.com/2306-5354/10/5/591
https://www.mdpi.com/2306-5354/10/5/591
https://ascopubs.org/doi/abs/10.1200/JCO.20.00572
https://ascopubs.org/doi/abs/10.1200/JCO.20.00572
https://ascopubs.org/doi/abs/10.1200/JCO.20.00572
https://ascopubs.org/doi/abs/10.1200/JCO.20.00572
https://ascopubs.org/doi/abs/10.1200/JCO.20.00572
https://ascopubs.org/doi/abs/10.1200/JCO.20.00572
https://ascopubs.org/doi/abs/10.1200/JCO.20.00572
https://ascopubs.org/doi/abs/10.1200/JCO.20.00572

J. General medicine and Clinical Practice

74. Warburg O. (1956). On the origin of cancer cells.
Science.;123(3191):309-314.

75. DeBerardinis RJ, Chandel NS. (2016). Fundamentals of cancer
metabolism. Science Advances;2(5): €¢1600200.

76. Jones CL, et al. (2018). Inhibition of amino acid metabolism
selectively targets human leukemia stem cells. Cancer
Cell.;34(5):724-740.

77.

78.

79.

Copy rights@ Elizaveta | Bon,

I, et al. (2009). Mitochondrial metabolism in the regulation of
programmed cell death in leukemia. Biochimica et Biophysica
Acta.;1793(5):715-723.

Trachootham D, et al. (2009). Targeting cancer cells by ROS-
mediated mechanisms: a radical therapeutic approach? Nature
Reviews Drug Discovery;8(7):579-591.

Pollyea DA, et al. (2014). Targeting leukemia stem cells: the
next frontier of therapy in acute myeloid leukemia.
Blood.;124(23):3531-3540.

This work is licensed under Creative
BY Commons Attribution 4.0 License
Submit Manuscript

To Submit Your Article Click Here:

YV VYV VVYY

DOI:10.31579/2639-4162/272

Ready to submit your research? Choose Auctores and benefit from:

fast, convenient online submission

rigorous peer review by experienced research in your field
rapid publication on acceptance

authors retain copyrights

unique DOI for all articles

immediate, unrestricted online access

At Auctores, research is always in progress.

Learn more https://www.auctoresonline.org/journals/general-medicine-and-

clinical-practice

Auctores Publishing LLC — Volume 8(8)-272 www.auctoresonline.org
ISSN: 2639-4162

Page 6 of 6


https://www.science.org/doi/abs/10.1126/sciadv.1600200
https://www.science.org/doi/abs/10.1126/sciadv.1600200
https://www.cell.com/cancer-cell/fulltext/S1535-6108(19)30047-9
https://www.cell.com/cancer-cell/fulltext/S1535-6108(19)30047-9
https://www.cell.com/cancer-cell/fulltext/S1535-6108(19)30047-9
https://www.worldscientific.com/doi/abs/10.1142/S0192415X23500787
https://www.worldscientific.com/doi/abs/10.1142/S0192415X23500787
https://www.worldscientific.com/doi/abs/10.1142/S0192415X23500787
https://wwwhttps/www.nature.com/articles/nrd2803.nature.com/articles/nrd2803
https://wwwhttps/www.nature.com/articles/nrd2803.nature.com/articles/nrd2803
https://wwwhttps/www.nature.com/articles/nrd2803.nature.com/articles/nrd2803
https://pmc.ncbi.nlm.nih.gov/articles/PMC7327628/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7327628/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7327628/
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=47
https://www.auctoresonline.org/journals/general-medicine-and-clinical-practice
https://www.auctoresonline.org/journals/general-medicine-and-clinical-practice

