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Abstract

Over recent years, epitranscriptomic research has provided a new layer of gene regulation during
hematopoietic development and aberrant hematopoiesis. Among the 170 identified RNA chemical
marks, Ne-methyladenosine (m°A) is the most abundant in eukaryotic cells and plays a critical role
in various biological processes. This dynamic modification is regulated by a series of
methyltransferases, demethylases and m°A binding proteins, known as writers, erasers and readers,
respectively. Emerging evidence suggests that m°A modification and its regulators are involved in
every aspect of normal hematopoietic development, from the emergence of hematopoietic stem cell
to the generation of mature blood cells. Also, it has been established that abnormal expression of m°¢A
regulators is implicated in the initiation of blood diseases. In this review, we summarize the latest
findings refarding the role of mfA in erythropoiesis and highlight its implication in the
pathophysiology of hemoglobin disorders.
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1. Introduction

1.1. The Biochemistry of N6-methyladenosine RNA Modification

During the last few decades, advances in epigenetic research have provided novel insights into
the mechanisms that control either normal hematopoiesis or lead to blood disorders. The production
and development of hematopoietic stem cells (HSCs) is a complex process regulated at multiple levels
by epigenetic and epitranscriptomic factors, including DNA methylation, histone modification,
chromatin modification, and RNA methylation [1]. So far, a significant number of post-transcriptional
modifications of mRNA have been identified, among which the nitrogen-6-methyladenosine (m°A)
is the most common. mfA is a dynamic RNA modification abundant in endogenous eukaryotic
messenger RNAs [2]. Although m°A was first discovered in the early 1970s, only the recent advances
in sequencing technologies have allowed mapping the mSA modified sites in mammalian cells and
tissues, and thus have begun deciphering its role in physiological processes and disease. Marks of
moA occurring in adenines of RRACH sequence (R=G or A, H=A, C or U) are in abundance in the 3’
untranslated regions (3’ UTRs), in long internal exons, and around stop codons [3]. These marks are
reversibly installed in the nucleus by the mSA methyltransferase (MTase) complex (writers),
consisting of METTL3, which is the catalytic subunit, METTL14, WTAP, and other cofactors, while
demethylases FTO and ALKBHS (erasers) reduce the global mfA levels. Finally, mSA binding proteins,
known as readers, are located both in the nucleus and in the cytoplasm, and determine the fate of the
méA-modified transcripts, by affecting mRNA nuclear export, splicing, stability and translation
efficiency, as depicted in Figure 1. The best-described readers belong to the YT521-B homology (YTH)
domain family, which includes the YTHDF1, YTHDF2, YTHDE3, YTHDC1, and YTHDC2 proteins.
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Most recently, insulin-like growth factor 2 mRNA-binding proteins (IGF2BPs) and proteins of the
heterogeneous nuclear ribonucleoprotein (HNRNP) family. were found to impact the stability and
translation of targeted mRNAs, as well as the alternative splicing and microRNA processing,
respectively [4]. Regarding the biological role of mSA, accumulating evidence suggests that it is
involved in a broad spectrum of biological processes, such as tissue development, circadian rhythm,
apoptosis, autophagy, and tumorigenesis [5]. Recent studies revealed that the N6A-methyladenosine
RNA modification plays a crucial role in hematopoietic cell fate decisions, by regulating both self-
renewal and HSC differentiation [6].
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Figure 1. Features of the m°A RNA modification and its role on hematopoietic stem cell (HSC) development.
(A). The m°A methylation occurs in the nucleus by the MTase complex (writers), consisting of METTL3, which is
the catalytic subunit, METTL14, WTAP, and other cofactors, and is erased by the demethylases ALKBHS5 and
FTO (erasers). The fate of the m°A-tagged mRNAs is determined by the m°A-binding proteins known as readers
(e.g. YTH family of proteins, IGF2BP1, 2, and 3, HNRNPA2B1), whose actions can confer either mRNA stability,
or induce mRNA degradation (B). Recent findings suggest that the m°A-regulators are key players during the
hematopoietic stem cell (HSC) development and erythroid differentiation. For instance, YTHDF2 suppresses the
capacity of HSCs for self-renewal, while METTL14 and FTO are active primarily in the early stages of normal

erythroid differentiation.
2. The Role of m°A RNA Methylation in Normal Hematopoiesis and in Disease

2.1. HSCs and Endothelial-to-Hematopoietic Transition

The blood system is comprised of more than ten different blood cell types, termed lineages, with
numerous functions, from immune surveillance and defense to Oz transport and wound healing. All
blood cell types are generated by hematopoietic stem cells (HSCs) that reside mostly in the bone
marrow, a major site of adult hematopoiesis [7]. The primary stages of embryonic development of
blood tissue literally take place in the absence of any blood cells. The sites of the de novo hematopoietic
stem and progenitor cell (HSPC) generation, as well as the maintenance and expansion are constantly
changing in the developing embryo. The first hematopoietic cells are generated in the extraembryonic
yolk sac, before the first heartbeat and later in the allantois and placenta [8]. All adult and many of
the later embryonic blood cells, are generated from HSCs. However, there is a transient population
of primitive blood cells in the early embryo, generated from endothelium through a highly conserved
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process known as endothelial-to-hematopoietic transition (EHT). Molecular signaling by Notch
ligands, hedgehog, bone morphogenetic protein (BMP), vascular endothelial growth factor (VEGF)
and nitric oxide signaling, play a crucial role in the induction of the hemogenic program in
endothelial cells [8].

During EHT, cells undergo significant morphological changes, including the breaking of tight
connections with surrounding endothelial cells and rounding up, before escaping into the
bloodstream [9]. A complex interplay of critical transcription factors and signaling pathways, as well
as inputs from adjacent tissues, coordinate the entire process [9]. Accumulating evidence so far,
suggests that m°A modification plays also a key role in the successful generation of HSCs. Zhang and
colleagues [10]. showed that reduced METTL3 protein, and hence reduced m°A levels in zebrafish
embryos, leads to EHT disruption and eventually to complete loss of specialized blood cells.
Interestingly, epitranscriptome mapping revealed that the lack of HSC emergence was caused by
reduced m°A mRNA methylation of Notchl and of other arterial endothelial genes, which are
normally under the YTHDF2-mediated degradation [10]. Also, lower levels of the HSPC markers
runxl and cmyb were detected. Analogous results were obtained by ythdf2 zebrafish morphants [10].
Additionally, the m°A implication on EHT regulation was confirmed in Mettl3-knockdown
hematopoietic stem and progenitor cells, acquired from the aorta-gonad-mesonephros region (AGM)
of mice [10]. Employment of m*A-RNA immunoprecipitation (RIP)-qPCR assays and qPCR analysis,
revealed that Notchl is mfA-targeted, and its expression is enhanced after Mettl3-knockdown.
Furthermore, in vivo experiments using the Cre/LoxP system to knockout the expression of Mettl3
specifically in endothelial cells of the mouse AGM region, provided consistent results [10].
Collectively, METTL3 and YTHDEF?2 operate synergistically to suppress the Notch signaling pathway
and thus affect the EHT process [10]. Similarly, a study by Lv et al [11], showed that METTL3
depletion in vascular endothelial cells of mouse AGM, leads to a significant suppression of HSPC
function. The above findings clearly show that m°A modification plays an essential role during
vertebrate definitive hematopoiesis. Finally, there seems to be an interplay between epigenetic and
epitranscriptomic mechanisms that are involved in EHT, such as miRNAs, known to affect HSC
production and control m°A levels via modulating METTL3 binding to mRNAs [1].

2.2. HSC Self-Renewal and Expansion

Hematopoietic stem cells are multipotent precursors that have the dual ability for self-renewal
and for giving rise to myeloid, lymphoid, and erythroid cell lineages throughout life [7]. This
equilibrium is maintained by cell fate decisions made during cellular division [7]. It has not been fully
elucidated yet, which signals determine whether a cellular division will result in lineage commitment
and differentiation or in self-renewal [7,12]. According to recent studies, m°A-related regulators,
seem to be key participants in HSC homeostasis [13-16].

Specifically, the reader protein YTHDEF2, which mediates targeted m°A-mRNA degradation, was
reported to uniquely influence HSC regeneration and expansion. Recent studies showed that the loss
of YTHDEF?2, leads to increased proliferation of HSC without altering lineage bias [13]. Particularly,
Wang et al [13], exploited Cre/LoxP technology to create hematopoietic-specific Ythdf2-knockout
mice. According to their study, Ythdf2 expression in HSCs expedites the decay of mfA-marked
mRNAs of Wnt target genes, leading to suppression of Wnt signaling at steady state. Given the fact
that aberrant activation of Wnt signaling leads to an increase in the number of HSCs with lower
functional response to hematological stressors, YTHDF2 probably has a protective role. Interestingly,
upon YTHDE?2 loss, not only was the number of HSCs increased, but so was the regenerative capacity
of HSCs under stress circumstances [13]. Furthermore, Mapperley et al [14], showed that YTHDE2
protects HSCs from proinflammatory signals, which cause excessive proliferation and promote
myeloid-biased differentiation. These data also suggest that Ythdf2 deletion results in the expansion
of HSCs and multipotent progenitors (MPPs) [14]. Similar observations were made by Li ef al [15],
after the depletion of YTHDF2 in mouse HSPCs and human umbilical cord blood HSCs. Data
obtained by Ythdf2 knockout mice indicated that YTHDEF2 normally suppresses HSC self-renewal
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through RNA degradation. Furthermore, m°A mapping revealed that mRNAs of transcription factors
important for stem cell self-renewal, such as Tall and Gata2, are m°A-labeled and recognized by
YTHDEF2, which drives them to decay sites [15]. Moreover, Ythdf2 knockdown in human umbilical
cord blood HSCs, led to decreased apoptotic rate and enhanced expansion ex vivo, providing possible
new strategies for future stem cell-based treatments [15]. The nuclear m°A reader YTHDCI is also
essential for normal hematopoiesis and HSPCs maintenance according to in vivo studies [16]. In line
with the previous studies, Yin et al [17], proposed that m°A could be considered as a quality control
system for the preservation of HSC integrity. Their findings suggest that the reader protein IGF2BP2.
plays a critical role in maintaining HSC stemness by regulating the expression state of m°A-
methylated mRNAs as well as the mitochondrial activity of HSCs.

Other m°A regulators whose role has been studied in mammalian hematopoietic development,
include METTL3 and METTL14. Their role in the control of HSC self-renewal, was assessed in adult
mouse bone marrow, utilizing Cre/LoxP technology to create Mettl3-/Mettl14- deficient mice [18].
Deletion of these genes led to the accumulation of HSCs and reduction of their self-renewal capacity.
Specifically, it was shown that METTL3 enhances the expression of genes related to HSC quiescence,
maintenance and self-renewal, such as Nr4a2, p21, Bmi-1, and Prdm16. Notably, qPCR analysis
showed no difference in the expression of genes related to HSC differentiation such as Ikaros, PU.1,
and Mef2c [18]. Consistent with these results, deletion of Mett3 in adult mouse HSCs, and therefore
lack of mfA, leads to an accumulation of HSCs in the bone marrow, while having no important effect
on HSC self-renewal and quiescence [19]. On the contrary, a most recent study demonstrated that the
previously identified accumulated HSCs, are actually blocked HSC-multipotent progenitor-like cells,
who fail to differentiate due to loss of Myc, which controls HSC symmetric commitment and is
normally under mfA regulation [20]. Moreover, it was shown that Mett3 knock out HSCs, are less
quiescent and have increased metabolism, as well as mitochondrial activity, indicating that mSA is
essential for HSC quiescence and self-renewal [20]. In addition, loss of METTL3-mediated m‘A
modification caused enhanced formation of endogenous double-stranded RNAs and abnormal
stimulation of MDAS5-RIG-I, PKR-elF2a, and OAS-RNase L pathways in HSPCs, leading to
accumulation of dysfunctional immature cells in vitro and in vivo [21].

2.3. Erythropoiesis

Hematopoietic stem cells replenish all blood cell types on a continuous basis through a series of
differentiation stages and recurrent cellular divisions that entail the production of lineage-committed
progenitors. Daily, the erythroid progenitors expand enormously to generate 200 billion red blood
cells in the bone marrow, during a stepwise maturation process, known as erythropoiesis [22].
Erythropoiesis is controlled by a network of factors, such as oxygen sensors, cytokines, and regulators
of iron metabolism [23]. Any abnormalities in critical components of this process can result in severe
disorders such as anemia or myelodysplastic syndromes [23]. Briefly, HSCs initially give rise to
multipotent progenitors (MPPs), which in turn give rise either to common myeloid precursors
(CMPs) or common lymphoid precursors (CLPs), through cytokine signaling and activation of
several transcription factors. MPPs differentiate into CLPs that originate lymphocytes and natural
killer cells that rely mainly on activation by PU.1, Ikaros and GATA-3 transcription factors [24]. MPP
fate-decision differentiation into CMP, generates granulocyte-macrophage (GMP) and
megakaryocyte-erythrocyte progenitors (MEPs), and is modulated by PU.1 and GATA-1 [24]. The
differentiation of CMP is relied on secretion of granulocyte-macrophage-colony stimulating factor
(GM-CSF), and subsequently on macrophage-colony stimulating factor (M-CSF), which regulates the
differentiation of monocytes/macrophages, while granulocyte-colony stimulating factor (G-CSF),
regulates the differentiation of neutrophils, basophils, and eosinophils [24]. During erythropoiesis,
MEP differentiates into burst-forming unit-erythroid (BFU-E) and, finally, into colony-forming unit-
erythroid (CFU-E) [23]. This process is modulated by soluble factors such as erythropoietin (EPO),
stem cell factor (SCF), IL-3 and IL-6, as well as by the activation of GATA-1, STAT-5, and Kriippel-
like factor-1 (KLF-1) pathways [25].
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Despite the extended knowledge in this field, many of the regulatory features that control HSC
differentiation, as well as production, and maturation of erythrocytes remain still unknown.
Numerous studies have shown that m’A RNA methylation plays a pivotal role in normal and
pathological erythropoiesis [6]. Epitranscriptomic sequencing either with m®A-seq or by MeRIP-seq
technology, has enabled the mapping of m°A sites on the mRNA molecules of mammalian cells.
Notably, transcripts of transcription factors that coordinate erythroid differentiation, such as KLF1,
GATA1, GATAZ2, FLI1, and MPL, and of genes involved in erythroid disorders, were found to be
enriched in m°A RNA methylation [26]. KLF1 and GATA1 are known to work together, as well as
with other cofactors and chromatin modifiers to drive the erythroid transcriptional program [26].
Low levels or complete loss of GATA1 have been linked with impaired terminal erythroid
differentiation and anemia development [27]. KLF1 is a principal regulator of erythropoiesis that
directly regulates the expression of genes involved in a and p-globin and iron-bound heme
biosynthesis [28]. Particularly, KLF1 has been demonstrated to activate the expression of (3-globin
and regulate the expression of genes that participate in the production of hemoglobin molecules, such
as BCL11A, which is known to control the production of fetal y-globin [27]. Erythropoiesis is
substantially hampered upon loss of KLF1. As a result, reduction or absence of (-globin chain
production, leads to the accumulation of excess of a-globin chains, which precipitate. forming
insoluble aggregates in the red blood cell precursors, leading to apoptosis at the polychromatophilic
erythroblast stage [29].

CRISPR-Cas9 whole-genome screening in human erythroleukemia (HEL) cells was employed to
identify regulatory molecules affecting erythropoiesis [26]. Specifically, transduction of HEL cells
with lentiviral sgRNA reagents, followed by sorting of CD235- cells out of the population of the
outgrown HEL cells, disclosed that METTL3, METTL14, and WTAP were among the genes required
for normal erythroid differentiation. Next, CRISPR-Cas9 gene targeting was carried out to knock out
each of the main components of the MTase complex, and thus to elicit a reduction of global m°A
levels. The data documented that elimination of the méA MTase complex, results in erythroid
differentiation blockage, without affecting the development of other non-lymphoid cell lineages.
Further analysis showed that m°A marking enhanced the translation of genes involved in
erythroblast differentiation and heme biosynthesis, as well as of genes that constitute the H3K4
MTase network, e.g., SETD1A, SETS1B, and KMT2D [26]. Intriguingly, METTL3 and WTAP
knockdown. led to the loss of H3K4me3 marking in KLF1-bound promoters, leading to decreased
binding capacity [26]. Similar results were obtained following m°A loss in human adult bone marrow
HSPCs. Knockdown of MTase complex components revealed that their activity is required for early
erythropoiesis but not for megakaryocytic differentiation [26]. Also, it was revealed that WTAP
enhances the translation of PABPC1 and PABPC4, which promote the expression of (3-globin in
human HSPCs. Taken together, the data suggest that m°A modification is implicated in the regulation
of erythropoiesis by maintaining the H3K4me3 marking at erythroid gene targets and promoting
erythroid lineage development [26].

Interestingly, transcripts of ¢-MYC, BCL-2, and PTEN are also enriched in mfA marks [30].
Specifically, METTL3-mediated mfA targeting of these transcripts, promotes their translation and
subsequently blocks differentiation of HSPCs [30]. MYC, a proto-oncogenic protein, is known to
control the balance between HSC self-renewal and differentiation. During terminal erythroid
differentiation, its protein levels are rapidly decreased [30]. Furthermore, key components of the
MTase complex, seem to regulate Myc RNA stability and expression in HSPCs [20]. Specifically,
siRNA depletion of Mettl3 in normal murine HSPCs, resulted in decreased MYC protein levels and
blockage of HSC symmetric commitment, while in Mettl3 knockout mice, accumulation of immature
erythroblasts, leading spleen enlargement and disruption of its architecture, were observed.
Moreover, it was found that the expression of METTL14 and FTO is significantly lower in mature
hematopoietic cells. No significant expression pattern was found for METTL3, WTAP, and ALKBHS.
Consistent with these data, recent studies showed that ALKBHS5 is not required for maintaining the
function of normal HSCs [31,32]. Moreover, METTL14 knockdown in normal CD34+ cells, resulted in
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enhanced myeloid differentiation, colony formation inhibition, and decreased expression of the
oncogenic transcription factors MYB and MYC [20]. Normally, METTL14 and FTO were found to
promote stability of Myc mRNA via IGF2BP-mediated regulation of its expression [20]. Both YTHDE2
and IGF2BPs act as regulators of mRNA stability. However, contrary to the mRNA degradation-
promoting function of YTHDEF2, IGF2BPs were reported to promote mRNA stability [33]. In vivo
models of murine acute myeloid leukemia (AML) and analysis of primary samples from patients with
AML, revealed that the RNA-binding protein YBX1 affects the stability of m®A-enriched transcripts
of apoptotic genes, such as Bcl2 and c-Myc, by interacting with IGF2BPs [34]. However, two
independent studies demonstrated that YBX1 does not affect normal hematopoiesis or the function
of HSCs [34,35]. It is also noteworthy, that a recent study in cancer cells, documented that the m°A
reader protein YTHDF], affects the transferrin receptor-mediated iron metabolism [36].

Analysis of the ENCODE Chip-Seq data in ChIPBase, revealed that METTL14 is negatively
regulated by the SPI1 transcription factor, both in normal and pathological conditions, such as acute
myeloid leukemia [37]. For the first time, Weng and coworkers [37], described the signaling axis SPI1-
METTL14-MYB/MYC in normal myelopoiesis and leukemogenesis, and proposed that METTL14
could be a new therapeutic target to treat AML. This view is further supported by the fact that upon
its deletion, HSCs are expanded, while AML malignant stem cells are selectively compromised [38].
Moreover, c-Myc expression is regulated by the RNA-binding motif protein 15 (RBM15), which was
recently identified as a component of the MTase complex [39]. RBM15 was found to be highly
expressed in the hematopoietic system [39,40]. Particularly, in vitro studies of cultured AML cells,
showed that knock down of RBM15, leads to impaired differentiation and increased apoptosis rate.
Also, knockout mouse studies, revealed that RBM15 is implicated in HSC expansion and
differentiation, probably by affecting Notch signaling and c-Myc expression, respectively [40].

2.4. Ineffective Erythropoiesis and Apoptosis

Apoptosis and autophagy are cell death machineries widely associated with ineffective
erythropoiesis and blood cancers. Notably, transcripts of pro-apoptotic and apoptotic genes were
found to be enriched in méA marks [41]. Several studies have shown that METTL3, which is the core
component of the MTase complex, plays an important role in apoptosis, mainly by regulating the
expression of Bcl-2 [42]. METTL3 can either inhibit or trigger cell death in different tissues by
modulating Bcl-2, SHH/GLI, and ZNF750/FGF14 signaling pathways [42]. Additionally, the
demethylases FTO and ALKBHS5 primarily function to prevent apoptosis. FTO-knockdown in AML
cell lines led to increased m°A levels in MYC mRNA, promoting its degradation and thus, enhancing
apoptosis [43]. The m°A regulators are also involved in the autophagy pathway [44,45]. Specifically,
it has been demonstrated that mA RNA methylation controls the expression of autophagy-related
gene (ATG) transcripts [44,45]. The m°A marked ATG transcripts are under YTHDF2-mediated
degradation and therefore, autophagy is inhibited [44]. Further research is needed to decipher how
the relationship between m°A and cell death could be implicated in the pathophysiology of
hematologic diseases.

2.5. The Role of mfA modification in Thalassemia

Recent studies revealed that m®A RNA modification affects the expression of genes involved in
hemoglobin production, heme biosynthesis, iron metabolism and cell death mechanisms, such as
apoptosis and autophagy [26,36,43]. These findings imply that m°A modification could be also a key
participant in the pathogenesis of thalassemic hematopoiesis. Recently, Ruan et al [46], showed for
the first time that m°A modification is linked to the phenotype of the Hemoglobin H Constant Spring
variant, a severe form of a-thalassemia, caused by mutations of a-genes (--/a“a) that affect the
production of a-globin chains. For their study, immature erythrocytes were derived from peripheral
blood of 16 thalassemia patients and 15 healthy individuals. Data acquired from qRT-PCR and mfA
mRNA and IncRNA epitranscriptomic microarrays, revealed that the expression pattern of meA-
related factors, is significantly different between the two groups. Specifically, they discovered that
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the expression of the MTase complex components METTL16, WTAP, CBLL1, RBM15B, and ZC3H13
was lower in thalassemia, whereas the eraser protein ALKBHS5, as well as the readers IGF2BP2 and
YTHDEF3, were overexpressed. Furthermore, they used méA mapping to identify the differentially
hypo-mfA-methylated transcripts in the two cohorts. Interestingly, the transcript of the anti-apoptotic
protein BCL2A1 was downregulated in thalassemia patients. Therefore, in HbH Constant Spring
thalassemia, apoptosis remains uninhibited as a result of the decreased expression of the BCL2A1,
eventually leading to hemolytic anemia. According to their findings, the ALKBH5-mediated
alteration of the méA methylation status of BCL2A1, contributes to the pathogenesis of thalassemia.
However, the exact mechanism by which m°A modification precisely regulates BCL2A1 expression
remains to be elucidated.

Further experimental evidence for the role of METTL16 in the pathogenesis of hemoglobin H
disease, was provided recently by studies [47], where the METTL16, YTHDEF3, and SLC5A3 mRNAs
were downregulated in HbH patients. Modification of the METTL16 levels in human
erythroleukemia K562 cells, provided evidence that METTL16 affects the expression of hemoglobin
via the IGF2BP3 reader, which regulates the phenotype og HbH disease [47].

3. Conclusions and future perspectives

In conclusion, a significant number of studies have confirmed the importance of m°A RNA
methylation in normal hematopoiesis, and its implication in erythroid disorders. As discussed above.
almost every step of HSC development and erythroid differentiation is controlled by m°®A and its
regulators. To our knowledge, the role of m°A RNA methylation in major clonal hematological
malignancies, such as AML, has been well established. However, there is limited knowledge
regarding the role of m°A modification in anemia-related blood disorders, such as the thalassemia
syndromes. To date, there are only two studies [46,47], as discussed above, demonstrating the
significant role of m°A modification in a-thalassemia. Therefore, it would be interesting to explore
whether the m°A modification is implicated in the pathogenesis of other forms of thalassemia, which
can be further exploited to attenuate the effects of ineffective erythropoiesis and improve the stability
of globin mRNAs.

In addition, major questions regarding the molecular basis of m°A are yet to be addressed,
including m°A stoichiometry and topology, as well as regulation of the MTase complex [48]. Further
research is needed to elucidate the exact function of each component of the m°A regulatory network
in governing cell fate decisions, and to explore the underlying mechanisms by which altered m°A
levels affect gene expression. Indeed, recent studies have documented that m®A modification is a
potent inducer of ribosome stalling, leading to ribosome collisions at the mSA sites, which in turn is
followed by recruitment of the YTHDFs reader proteins, promoting RNA degradation {49). The
distribution of m°A marks is very consistent among tissues, probably due to the conserved gene
architecture [48]. For that reason, any detected differentially regulated m°A sites, could be used to
explore the role of other molecular pathways to m°A formation [48,50].

Looking to the future, targeting the m°A pathway could be exploited as a new therapeutic tool
for treating hematopoietic disorders. However, focus should be given on developing therapeutic
strategies that do not have any adverse effects on healthy cells [51]. Lastly, among the remaining
major challenges to be addressed, is to determine experimentally whether these key m°A regulators
or the newly discovered coding sequence-mfA decay (CMD) pathway [50], could be efficiently
targeted by small molecule inhibitors [52], before moving the translation of such findings to the
clinical stage.
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