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Abstract

The RNA demethylase, ALKBHS, is a known prognostic factor in various diseases as
well as critical in maintaining the leukemia initiating cells in acute myeloid leukemia.
However, its role in normal hematopoiesis is unclear to date. Herein, I investigated the role of
ALKBHS in the context of human umbilical cord blood (CB) derived hematopoietic stem and
progenitor cell (HSPC) self-renewal and differentiation in ex-vivo cultures and in-vivo systems.
ALKBHS expression was reduced in CB HSPCs using RNA interference (RNA1) strategy to
interrogate the kinetic, phenotypic, and functional contribution of ALKBHS in ex-vivo and in-
vivo models of normal hematopoiesis. Deficiency of ALKBHS led to higher (2.1-fold, P<0.05)
expansion in the CD34+CD45RA- cell population compared to scramble control.
Alternatively, hematopoietic stem cell enriched (¢eHSC, CD34+CD45RA-CD90+CD49f+)
population was diminished (P<0.05) in ALKBHS5 deficient samples. Functional capacity to
produce colonies in colony forming assays was reduced by 1.5 times (P<0.05) in ALKBHS
deficient samples. Finally, in-vivo mice transplantation data show reduced long-term
engraftment (3-times lower platelet concentration in peripheral blood, P<0.05) as well as
altered human multi-lineage chimerism formation in the recipient of ALKBHS reduced
HSPCs. Thus, my experimental results demonstrate hitherto unexplored roles of ALKBHS in
regulating normal function of HSPCs. These findings underscore the need to further
investigate ALKBHS to improve our understanding of stem cell biology and to develop

targeted therapies for diseases like leukemia.
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Chapter 1: Introduction

1.1 Hematopoietic stem cells (HSCs): Properties & function

Hematopoietic stem cells (HSCs) are non-specialized cells with indefinite regenerative
capacity that primarily reside in bone-marrow micro-environments and give rise to all types of
blood cells of the organism'. The idea that such single precursor cell can give rise to all blood
cells was introduced in early 20" century by the histologist Alexander A. Maximow?.
Subsequently, the experimental evidence for the existence of the HSCs was presented by James
Till and Ernest McCulloch through their seminal work with lethally irradiated mice in the

1960s**.

HSCs possess some unique properties that set them apart from non-stem cells. HSCs
in their in-vivo environment maintain a state of quiescence, unless activated by external signals
to initiate hematopoiesis>®. Active HSCs can differentiate into multiple cell lineages (Figure
1) that can repopulate the entire hematopoietic system if necessary’*. However, when HSCs
are not actively differentiating to progenitor cells, a portion of the stem cell population
continue to self-renew throughout the lifecycle of the organism to maintain the pool of stem

9-11

cells""'. Another property of stem cells that plays important roles in HSC function,

maintenance and stem cell transplantation therapy is their homing capacity, which is the ability

of HSCs to migrate from the peripheral blood to the bone marrow!> 4,

The functions of the HSCs derive from their properties. HSCs’ quiescence and self-
renewal capabilities enables them to maintain an undifferentiated HSC pool throughout the
lifecycle of the organism'>!'®. A portion of the undifferentiated cells leave the HSC pool

regularly to participate in hematopoiesis and produce all blood cells through differentiation.



Figure 1. Hematopoietic system hierarchy. This diagram presents multipotent hematopoietic
stem cells (HSCs) residing at the top of the hematopoietic hierarchy. The HSCs then
differentiate into progenitors which are further restricted in their capability to give rise to
different blood cells as well as their self-renewal capacities. These are multipotent progenitors
(MPPs) which differentiate into common myeloid progenitors (CMPs) and lymphoid primed
multipotent progenitors (LMPPs). CMPs subsequently give rise to megakaryocyte/erythrocyte
progenitors (MEPs) and granulocyte/macrophage progenitors (GMPs). Mature blood cells
derived from MEPs are megakaryocytes and red blood cells; from GMPs are basophils,
eosinophils, neutrophils, and macrophages. On the other hand, LMPP derived MLPs
differentiate into natural killer (NK) cells, B cells, and T cells. Dendritic cells have been
proposed to have multiple precursors including CMPs and MLPs. Diagram adapted from
Zhang et al. (2018)'7.



Thus, HSCs ensure life-long generation of blood in the individuals'®!°. Moreover, HSCs
respond to stress and injury to the organism by upregulating HSC proliferation and
differentiation to restore a physiological balance’*??. Finally, the homing aspect of HSCs
contributes directly to the reconstitution of the hematopoietic and immune systems of HSC

transplant recipients®’.

1.2 HSPC identification using cell surface markers

HSPCs express different cell surface markers as they progress through the
differentiation process®*. These cell surface markers are primarily proteins including
phosphoglycoproteins, but can also be lipids or carbohydrates among other molecules®%’.
While there are few different classification systems available to designate cell surface markers,
the Cluster of Differentiation (CD) nomenclature is widely used to identify HSPCs. The CD
nomenclature system assigns a number to each cell surface marker?®. Single or a combination
of CD markers are used to identify different cell populations within HSPCs?*%°. CD34, a
membrane glycoprotein which is widely expressed on the surface of HSPCs***2, has role in
signal transduction and cell adhesion beside being an identifying mark3-**. CD45 is another
glycoprotein marker which can be found on the nucleated hematopoietic cells such as
monocytes, granulocytes, macrophages, B cells, and T cells*>*. In addition, CD45 has
multiple isoforms which are expressed in varying levels in active and inactive
lymphocytes®”**. Some other commonly used CD markers are CD38, CD90, CD19, CD49f,

CD123, CD41a, and CD33%. A combination of cell surface marker (i.e. CD markers) to

identify specific HSPC sub-populations are presented in Table 1.



Table 1. HSPC sub-population identification based on CD marker combinations. The
table presents various human CD markers which can be used in combination to identify

different HSPC sub-populations using flow cytometry as described by Cimato et. al. (2016)%°.
HSPC sub-population CD marker combination
HSC enriched (eHSC) CD34+CD45RA-CD90+CD49f+
Multipotent progenitor (MPP) CD34+CD45RA-CD90-
Common myeloid progenitor (CMP) CD34+CD45RA-CD123+

Granulocyte/macrophage progenitor (GMP) | CD34+CD45RA+CD123+

Megakaryocyte/erythrocyte progenitor CD34+CD45RA-CD123-

(MEP)

Lymphoid-primed multipotent progenitor CD34+CD45RA+CD90-

(LMPP)

1.3 Bone marrow niche and other sources of HSCs
The HSCs require a controlled environment to reside and function optimally. The bone
marrow niche is a complex microenvironment specialized in supporting HSC maintenance,

18,39-41

self-renewal, and differentiation . This microenvironment hosts a plethora of cells

including endothelial cells, mesenchymal stromal cells, and osteoblasts beside HSCs***
(Figure 2). The bone marrow niche can be further subdivided into endosteal and vascular
niches. These two compartments of the bone marrow niche contribute differently to the
physiological regulation of HSCs in-vivo. The endosteal niche is primarily composed of

osteoblasts that supports HSC quiescence through the secretion of factors like angiopoietin-1

and osteopontin'>**4°_ Alternatively, the vascular quarter of the niche is enriched in endothelial



——

Osteocytes -

E

Figure 2. Bone marrow niche micro-environment for hematopoietic stem cells.
Hematopoietic stem cells reside in the bone marrow supported by a heterogenous population
of cells which include osteoblasts, mesenchymal stromal cells (MSCs), endothelial cells (ECs),
polymorphonuclear cells (PMNs), macrophages (M¢s), CXCL12-abundant reticular (CAR)
cells, adipocytes, regulatory T cells (Tregs), osteoclasts, megakaryocytes (MKs). These cells
are arranged around the bone marrow micro-vasculatures, sympathetic nervous system (SNS)
nerve fibres, and sinusoids. Figure adapted from review article by Laura M. Calvi (2020).



and perivascular stromal cells which contribute to HSC maintenance and self-renewal through
secretion of CXCL12 factor and stem cell factor (SCF)**%->2. These niche cells along with the
extracellular matrix create an environment that is hypoxic, which stabilizes hypoxia-inducible
factors (HIFs) controlling HSC self-renewal, quiescence, and metabolism by regulating gene
expression in HSCs>->, Hypoxia also ensures the protection of HSCs from oxidative stress by
limiting the production of reactive oxidative species®. Finally, the bone marrow niche secretes
various cell adhesion molecules that support the homing, adhesion, and anchoring of the HSCs
in the niche*®*’. The advantages of using bone marrow as the source of HSCs are increased
engraftment success rate due to the presence of high number of hematopoietic stem and
progenitor cells (HSPCs) in the niche, as well as sustained hematopoiesis in the recipient as
these HSCs have long-term repopulating potential’>®®. One major challenge in using bone
marrow as HSC source is finding human leukocyte antigen (HLA) matched donor for the
patients with rare HLA types®!:%2. Moreover, since HSC collection from the bone marrow is an
invasive procedure, it can be painful for the donor with an added risk of infection and bleeding

from the puncture site®’.

Peripheral blood (PB) can also be used as the source of the HSCs by mobilizing the
HSCs residing in the bone marrow niche. Although the mechanism of HSC mobilization is not
yet fully understood, growth factors like granulocyte colony-stimulating factor (G-CSF) can
be used to mobilizes the bone marrow HSCs®*%°. PB provides multiple advantages over bone
marrow as a source for HSCs. For example, faster engraftment of PB derived HSCs makes PB
a good candidate for a source and is associated with higher chance of successful engraftment®®.
Moreover, HSC collection from PB is less invasive and thus reduces the chance of infection,

bleeding and pain in the donor®”. However, limited mobilization of the HSCs from the BM can



be a concern in some cases®®, whereas increased chances of chronic graft-versus-host disease
(GVHD) may be of concern in some other cases®. Despite these limitations, peripheral blood

continues to be used as a source of HSCs in appropriate situations.

Umbilical cord blood (CB) is another source of HSCs that provides several advantages
over bone-marrow and peripheral blood. First of the advantages is, it being non-invasive for
the donor as the CB is collected from donated post-partum placenta’’. Moreover, CB derived
HSC transplantation is associated with reduced risk of GVHD!. However, the lower HSC

dosage in the CB remains a hurdle of its use as a source of HSCs’?.

1.4 Applications of HSCs

HSC’s ability to treat leukemia through bone marrow transplantation was first reported
by Thomas et. al. in 195773, which was before the experimental demonstration of the existence
of HSCs by Till and McCulloch in 1960s**. Since then, HSC transplantation has been used to
treat other hematological malignancies like lymphoma and myeloma, as well as non-malignant
hematological disorders like sickle cell anemia, aplastic anemia, and B-thalassemia’"". Beside
hematological disorders, certain inherited metabolic disorders like Hurler syndrome
(mucopolysaccharidosis type 1) and adrenoleukodystrophy can also be treated with HSC
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transplants®°°. More recently, encouraging outcomes have been demonstrated in HSC

mediated treatment of autoimmune diseases like systemic sclerosis and multiple sclerosis®*53,
HSCs have also been used to implement gene therapies. For example, Poletti et al (2016) used
gene corrected HSC:s to treat X-linked severe combined immunodeficiency (SCID-X1) patient
that led to restoration of their immune function®®. Another promising application for HSCs is

their use in regenerative medicine and tissue repair, as HSCs have self-renewal properties and

can differentiate to various blood cell lineages. HSC mediated treatment schemes have



demonstrated improved outcome in patients with ischemic diseases like myocardial infarction

and peripheral artery disease by enhancing angiogenesis and tissue repair®’°,

In addition to developing HSC based treatment protocols for various diseases, HSCs
are also used to model different patho-physiological processes as well as to improve our

understanding of HSC biology through ex-vivo and in-vivo experimentation’®2,

1.5 Ex-vivo expansion of HSPCs: strategies and outcome

Various applications of HSCs and the distinct advantages and disadvantages associated
with each source of HSC are driving factors for ex-vivo expansion of HSCs to achieve optimum
cell number and properties. Ex-vivo expansion of HSCs refers to the process of increasing the
HSC numbers in controlled laboratory environment before transplantation or use in other
experimental procedure. The ex-vivo expansion of HSCs can help overcome some of the issues
associated with stem cell transplantations, for example: GVHD due to HLA incompatibility

and graft failure due to low dosage of HSCs”*%*,

Multiple ex-vivo expansion methods have been proposed and being improved upon by
different laboratories. Some of these strategies include cytokines stimulation, co-culture
systems, and independent or combined use of small molecules and growth factors. Cytokines
are a group of soluble proteins or glycoproteins which perform critical roles in the
maintenance, differentiation, and functions of HSCs*>®°. Combinations of cytokines like stem
cell factor (SCF), thrombopoietin (TPO), and FMS-like tyrosine kinase 3 ligand (FLT3L) have

been shown to enhance the HSPC expansion in ex-vivo culture!'%%!0!,

Alternatively, co-culture systems attempt to recreate approximation of physiological

environment for the HSPCs in ex-vivo culture in the presence of other cells which support



HSPC growth and expansion. Co-culturing mesenchymal stromal cells and endothelial cells
have been shown to support the stemness of the HSPCs as well as significantly improve the

HSPC expansion!%%10,

Next, small molecules like StemRegininl (SR1), UM171, valproic acid (VPA), L-
ascorbic-acid 2-phosphate (AA2P) act as stem cell agonists due to their effective HSPC
expansion capabilities'®1%7. SR1 is an aryl hydrocarbon receptor (AHR) antagonist and
UMI171 is a pyrimidoindole derivative that act by balancing the pro- and anti-inflammatory
pathways and by suppressing Lysine-specific histone demethylase 1A (LSD1)/REST co-
suppressor 1 (RCOR1) suppressor complex via proteasomal degradation leading to the
preservation of important epigenetic marks within HSPCs!%+19%:198 "\/PA is another epigenetic
modifier that can stimulate HSPC expansion by inhibiting histone deacetylase (HDAC)!%.
AA2P, on the other hand, enhances HSPC expansion through ten-eleven translocation 2

(TET2) mediated DNA demethylation by acting as the ligand for TET2'°,

Ex-vivo cultures of HSPC supplemented with very specific concentration of these four
stem cell agonists (SR1, UM171, VPA, and AA2P) expands HSCs in a synergistic way as
evidenced by increase in the skid repopulating cells (SRC) in limiting dilution assay. The
combination of the agonist molecules is termed stem cell agonist cocktail (SCAC) (Table 2)
and the lead SCAC X2A was able to produce a 15-fold increase in SRCs in culture over input.
Comparison of single and bulk RNAseq data of X2A cultured and non-cultured HSPCs
revealed that, RNA demethylase AlkB homolog 5 (ALKBHS5) was among the differentially

expressed genes (DEGs) which were upregulated in the SCAC X2A cultured cells''”.



Table 2. Composition of stem cell agonist cocktails. The table shows concentrations of small
molecules StemRegininl (SR1), UM171, valproic acid (VPA), and L-Ascorbic acid 2-
phosphate (AA2P) in stem cell agonist cocktails (SCACs) termed X2A, X2B, SMA, SM2, and

SM6.

SCACs SR1 (nM) UM171 (nM) VPA (nM) AA2P (uM)
X2A 2500 62 0.01 1000
X2B 2500 62 0.01 0.1
SMA 5023 0.35 0.502 1000
SM2 5023 125.63 0.01 1000
SM6 1000 38 0.125 250

1.6 RNA demethylases and methyl-based RNA modifications

ALKBHS is one of the two known RNA demethylases which are associated with
posttranscriptional modifications of RNA, by which gene expression can be regulated!!!. The
other RNA demethylase is fat mass and obesity associated (FTO) protein. Together they are
called “erasers”, as both can remove N6-methyladenosine (m6A) marks from the RNA
molecules. However, FTO has the capability to remove N6, 2’-O-dimethyladenosine (m6Am)
as well. Among hundreds of posttranscriptional RNA modifications m6A and m6An, are the
most abundant (these modifications have been reviewed in-depth by Gilbert at al (2016)''?).
While m6A was first discovered in the early 1970s in Escherichia coli, this modification has
since been found in various species ranging from viruses, yeast to fruit flies and humans'!*!!",

Consensus motifs DRACH (D=G,Aor U, R=Gor A, H=A, C or U) located within the 3’-

untranslated regions (3’UTRs), near stop codon and within internal long exons were found to
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be enriched in m6A marks!!”-!13

. m6A modifications are introduced to the RNAs by a group of
proteins called “writer complex”, which includes methyltransferases like methyltransferase-
like 3 (METTL3), METTL14, Wilms’ tumor 1-associating protein (WTAP) and few other

proteins!%-120,

Another set of proteins specializing in the recognition of m6A modified sites are called
“readers”. The readers include YT521-B homology (YTH) domain family proteins
(YTHDF1~3)"?!"123 'YTH domain containing proteins (YTHDC1~2)!?*12% Insulin-like growth
factor 2 mRNA-binding proteins (IGF2BP1~3)!'?612 m6A modifications on RNA are
dynamically regulated by these writers, erasers and readers. m6A modification can alter gene
expression, cellular function and biological processes through modulating RNA stability.
However, the stabilizing or destabilizing effect of m6A on RNA is context dependent and
dictated by the reader proteins that recognize the methylation mark. For example, recognition
of m6A modified RNA by the m6A reader YTHDEF2 leads to destabilization of the target RNA
by moving it from translatable pool to the RNA decay sites'?’. On the other hand, when the
m6A methylated RNA is recognized by YTHDF1, it leads to the recruitment of the translation
machinery and ultimately protein production from the m6A marked transcript'®’. The RNA
demethylase ALKBHS can regulate mRNA expression in cells via adjustment of m6A levels.
Thus, the m6A marks can control the stability of the mRNA transcripts in various fashions as

mentioned above (Figure 3).
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Figure 3. Né6-methyladenosine modification of RNA. N6-methyladenosine (m6A)
modifications on nascent RNAs are introduced by a group of proteins termed writer complex.
These m6A marks can be removed by either ALKBHS or FTO, together called m6A erasers.
FTO has the additional capability to remove N6, 2°-O-dimethyladenosine (m6Am) mark as
well. Following m6A level adjustment by mé6a erasers, RNA is transported out of the nucleus
to the cytoplasm. In cytoplasm, m6A marks on RNAs are recognized by another group of
proteins which are called m6A readers. m6A readers guide the RNAs toward either translation
or degradation leading to increased or decreased protein expressions respectively Figure
adapted from Zaccara et. al., (2019)"3!.
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1.7 ALKBHS and hematopoiesis

Hematopoiesis is a process by which multipotent hematopoietic stem cells give rise to
all the blood cells through a tightly controlled differentiation process. Strict control of the
genetic expression in every step of differentiation ensures the normal hematopoiesis. Due to
the ability of ALKBHS to influence genetic expression through regulation of m6A levels on
transcripts, ALKBHS has the potential to impact different biological processes. Therefore,
ALKBHS has been investigated by researchers in the context of hematopoiesis to understand
the extent of its impact in the physiology of hematopoiesis. Gao et al (2021) reported that
ALKBHS deficient HSPCs in mice model had a diminished ATP production but did not notice
any impact in the long-term HSCs, alluding to the presence of an alternate mechanism of
energy production which is not associated with ALKBHS5 control!*2, In another study, Wang,
et al (2020) used human CB cells to demonstrate that ALKBHS deficient samples had reduced
(albeit non-significant) colony forming potential. However, they did not find any noticeable
difference in the hematopoiesis of the ALKBHS5 knockout mice compared to the wild type
mice'*?. Alternatively, Shen et al (2020) found a moderate decrease in the HSC population and
modest increase in the progenitor and the differentiated cells in their ALKBHS knockout mice
cohort!'**, Overall, experimental data available thus far suggest a limited role of ALKBHS5 in
murine hematopoiesis in-vivo and non-significant impact on human HSPC differentiation ex-

Vivo.

1.8 ALKBHS in human pathologies
Since its discovery in the mammalian system, ALKBHS5 has been implicated in
different disease processes in humans. Multiple studies have brought forth experimental

evidence that ALKBHS is closely associated with the immune system and thus play critical
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roles in the pathogenesis of different diseases. For example, ALKBHS mediated suppression
of immune system via AXIN2-Wnt/DKK1 axis was found to promote colorectal
tumorigenesis'*. Li et al (2020) demonstrated that in the absence of ALKBHS there is a
decline in polymorphonuclear myeloid-derived suppressor cells which are critical in the

recruitment of regulatory T cells, an important component of the tumor immune-response !¢,

Moreover, ALKBHS was found to be critical in PD-L1 mediated immune evasion in glioma'®’.

Thus, ALKBHS5’s capability to modulate immune system contribute to its role in various

diseases.

Invasiveness of malignant tumors as well as their growth and the stemness of cancer
stem cells have also been shown to be regulated by ALKBHS. In acute myeloid leukemia, the
self-renewal of leukemia initiating cells have been found to be dependent on
ALKBHS5/m6A/TACC3/MYC-p21 axis underscoring a unique technique by which malignant
cells take advantage of ALKBH5'*. Alternatively, in pancreatic ductal adenocarcinoma
(PDAC), decreased ALKBHS level is associated with poor prognosis in patients and silencing
of this RNA demethylase led to enhanced proliferation, migration, and invasiveness of PDAC

cells'3,

Furthermore, neurological disorders like cobalt induced Alzheimer’s disease (AD)
have been found to be associated with diminished level of ALKBHS. ALKBHS deficiency
can exacerbate cobalt induced nerve damage in AD'*?. In endocrinological disorder such as
type 2 diabetes mellitus, ALKBHS level was found to be elevated!*. Thus, interrogating the
correlation of ALKBHS5 with different diseases has revealed complex and variable roles of

ALKBHS in disease pathogenesis, prognosis, and treatment.
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1.9 Downstream targets of ALKBHS

ALKBHS can regulate the expression of some transcripts by modulating the m6A
marks. For instance, demethylation of m6A by ALKBHS can enhance the stability of some
transcripts like FOXM1'!, NANOG'#?, TACC3'34, and AXL!**. Beside impacting the stability
of some transcripts directly through demethylation process, ALKBHS can also impact the
stability of some mRNAs through indirect interactions. For example, ALKBHS5 can interact

with m6A reader YTHDF?2 to control the stability of JAKI mRNA!#.

1.10 Rationale

ALKBHS is an integral part of many physiological and pathological processes which
makes it an interesting target for in-depth research. ALKBHS has thus far been implicated in
various disease processes and been proposed as a prognostic factor or a target for therapies.
However, case-to-case variations of the impact of increased or decreased ALKBHS levels
indicate the distinct functional role of ALKBHS in different pathological or physiological
processes. The increased ALKBHS5 expression in ex-vivo expanded CB HSPCs
(Pineault/Maganti Lab data) brings up the question how ALKBHS5 is modulating cellular
physiology in culture conditions and if the impact extends to in-vivo systems. Understanding
the impact of ALKBHS in the context of normal hematopoiesis through experimentation with
ex-vivo and in-vivo model systems will further the knowledge in stem cell biology. This
knowledge may help identify appropriate targets that can be used in the treatment of different

pathologies including leukemia, where ALKBHS expression is altered.
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1.11 Hypothesis and Objectives
Hypothesis: The RNA demethylase ALKBHS reduces the self-renewal and alters the

differentiation capacity of HSPCs in ex-vivo cultures and in-vivo systems.

Objective 1: Test and confirm the ALKBHS knockdown (KD) capabilities of short-hairpin

RNAs (shRNAs).

Screen shRNAs for their capabilities to reduce ALKBHS transcript and protein levels

using erythroleukemic cell line. Confirm ALKBHS transcript reduction in CB HSPCs.

Objective 2: Track the impact of knockdown of ALKBHS on the growth and differentiation

of HSPCs in ex-vivo cultures.

Investigate the impact of ALKBHS deficiency on CB HSPC expansion rate, HSPC sub-
population composition, cell cycle entry status, and global m6A level using flow cytometry.
Assess the stability of ALKBHS targets in CB cells using RT-qPCR and estimate the colony

forming potential of ALKBHS reduced cells using colony forming assay.

Objective 3: Investigate the impact of ALKBHS5 reduction within HSPCs in-vivo using

xenotransplantation model.

Investigate the engraftment capacity and multilineage chimerism formation in the
immunodeficient humanized mice model transplanted with ALKBHS knocked down CB

HSPCs.
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Chapter 2: Materials and Methods

2.1 Cord Blood (CB) processing and CD34+ cell enrichment

CB unit collection were done in accordance with the Canadian Blood Services ethics
review board and with informed written consent from mothers and the Canadian Blood
Services CB for research program. CB units contained a minimum of 750 x 10% nucleated cells,
and the mononuclear cells (MNCs) were isolated by Ficoll-Paque Plus (GE Healthcare,
Pittsburgh, PA). CD34+ cells were isolated using the EasySep'™ Human CD34 Positive
Selection Kit II (StemCell Technologies, Vancouver, BC). Isolated CD34+ cells were
cryopreserved using a cryoprotectant solution containing 40% Iscove's modified Dulbecco's
medium (IMDM. Thermo Fisher Scientific, Nepean, ON), 50% fetal bovine serum (FBS,
Thermo Fisher Scientific, nepean , ON), and 10% dimethyl sulfoxide (DMSO, Sigma Aldrich,
Oakville, ON). The Cryovials temperature was gradually brought down by placing the vials in
a Mr. Frosty freezer (Thermo Fisher Scientific, Nepean, ON) in -80°C for 24 hours, before
transferring them to a liquid nitrogen freezer (Thermo Fisher Scientific, Nepean, ON) until

needed for cell cultures.

2.2 Small molecules and SCAC X2A

The small molecules StemRegininl (SR1,), UM171, and valproic acid (VPA) were
purchased from StemCell Technologies (Vancouver, BC) and L-ascorbic acid-2-phosphate
(AA2P) from Sigma Aldrich (Oakville, ON). SR1 and UM171 were reconstituted in DMSO
while VPA and AA2P were solubilized in PBS. Appropriate volumes of SR1, UM171, VPA
and AA2P were mixed to prepare 50x concentration of SCAC X2A, which was aliquoted and

stored at -80°C for single use.
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2.3 Cell culture and transduction

CD34+ cells were cultured in 24-well plates (Corning, New York, United States) in
serum-free medium (SFM) StemSpan™ SFEM (StemCell Technologies, Vancouver, BC)
supplemented with stem cell factor (SCF), thrombopoietin (TPO) and FMS-like tyrosine
kinase 3 ligand (FLT3L), each at 100 ng/ml. All cytokines (SCF, TPO, and FLT3L) were
purchased from Peprotech (Rocky Hill, NJ). The medium was also supplemented with low-
density lipoprotein (LDL, Stem cell technologies, Vancouver, BC) at 10 ug/ml, 1% penicillin-
streptomycin (Pen-Strep, Thermo Fisher Scientific, Nepean, ON), and 1x X2A SCAC at a
concentration of 500,000 cells/ml. Cell cultures were maintained in a humidified 5% carbon
dioxide (CO2) incubator at 37°C for 14 days. On day 4, cells were concentrated by
centrifugation at 300 g for 10 minutes into 100 uL and transferred to 96-well plates (Corning,
New York, United States). Lentivirus transduction (supplemented with apolipoprotein E, final
concentration 3ug/ml, Thermo Fisher Scientific, Nepean, ON) was performed at a multiplicity
of infection (MOI) of 10, where MOI is the ratio of virus particles to target cells. Twenty-four
hours post transduction, the cells were transferred to a 24-well plate. Fresh media was added
on days 5, 7, and 10. Cell counts and flow-cytometric analysis were done on days 7, 10, and
14. Fold expansion was calculated for days 10 and 14 by dividing the cell concentration of the
respective day by the cell concentration obtained on day 7. The fold expansion calculation was
based on day 7 counts as this was the first time-point when transduction efficiency (%GFP+

cells) was assessed by flow cytometry.

2.4 Lentivirus production
HEK293T cells were seeded at a density of 2.5 million cells per 15-cm dish (Corning

Falcon, Corning, NY). After 48 hours, cells were co-transfected with a 2"%-generation
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lentivirus packaging plasmid psPAX2, envelop plasmid pMD2.G (Addgene, Watertown, MA),
and the vector/transfer plasmid (Horizon Discovery, Cambridge, UK) in the presence of
polyethylenimine (4.1 pmol/L) and NaCl (2.25 x 10* mol/L). Forty-eight hours post-
transfection, the supernatant containing virus was collected and incubated with Lenti-X
concentrator (Takara Bio, San Jose, CA) at a ratio of 1:3 for 6 hours at 4°C. Afterwards, the
virus was pelleted by centrifuging at 1500 g at 4°C for 45 minutes. The pellet was then
resuspended in a final volume of 300 uL of STFL media (SFEM + SCF + TPO +FLT3L + LDL
+ Pen-Strep) to prepare virus concentrate (100x). This virus concentrate was used to transduce

CB cells at 10 MOIL.

2.5 shRNA screen and clone selection

K562 cells were cultured for 7 days in IMDM media supplemented with 10% FBS. On
day 7, cells were transduced with a shRNA expressing lentivirus concentrate at a MOI of 20
in the presence of polybrene (final concentration Spg/mL). Seventy-two hours post-
transduction, the cells were assessed with flowcytometry for transduction efficiency (%GFP+)
and >95% GFP+ was achieved (Supplemental Figure 1). Cells were lysed and total RNA and
protein were collected which were used for RT-qPCR and Western blotting respectively. Three
shRNA clones were screened and the 2 with the highest knockdown efficiency were selected
for subsequent experiments. A non-targeting scrambled shRNA (SCR) was used as control

(Table 3).
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Table 3 . shRNA sequences used in ALKBHS knockdown experiments. KD1 and KD2
are the shRNA clones selected through screening, whereas SCR is non-targeting scrambled
control shRNA.

shRNA Clone sequence
ALKBHS5 shRNA 1 (KD1) TATGAGAACCTAGGTCCTG
ALKBHS shRNA 2 (KD2) TGAACTGGAACTTGCAGCC
Scrambled shRNA (SCR) GTTACACGATATGTTATC

2.6 RT-qPCR

ALKBHS knock down (KD) efficiency and ALKBHS target stability were estimated
by RT-qPCR (see Table 3 for primer sequences). One pug of RNA was isolated from respective
samples and converted into cDNA using iScript™ Reverse Transcription Supermix (Bio-Rad,
Mississauga, ON) for RT-qPCR as per manufacturer’s protocol. The cDNA was subsequently
utilized for conducting RT-qPCR using a SsoAdvanced universal SYBR green supermix (Bio-
Rad, Mississauga, ON). These experiments were carried out using the CFX96 touch real-time

PCR detection system (Bio-Rad, Mississauga, ON).

2.7 mRNA stability estimation

mRNA stability estimation of ALKBHS targets (AXL and TACC3) was done using a
combination of transcription inhibition and RT-qPCR methods. Cells were treated with
Actinomycin D (5 pg/mL, Thermo Fisher Scientific, Nepean, ON), samples were collected at
multiple time points (0, 1, 3, 6 hours), and total RNA was isolated using TRIzol (Thermo Fisher
Scientific, Nepean, ON). RNA was converted to cDNA, and qPCR was performed using gene
specific primers for the target mRNAs and a reference gene (GAPDH). The relative expression

levels at each time point were calculated using the 2*(-AACT) method. AACT represents the
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difference in the threshold cycles (CT) between the target mRNA and the reference gene. The
relative mRNA levels were plotted against the time points on a graph. The mRNA half-life was
estimated by determining the time point at which the mRNA level decreased to 50% of its

initial value. Table 4 shows the primers used in PCR experiments.

Table 4 . Primer sequences. Table lists forward and reverse primers used in ALKBHS
transcript level estimation following knockdown as well as the primers used in transcript
stability assessment assay for AXL and TACC3. GAPDH was the control in all assays.

Primer Sequence

ALKBHS forward 5’-CCCTGC TCT GAAACC CAAG -3’
ALKBHS reverse 5’-GTT CTCTTC CTT GTC CAT CTC C -3’
AXL forward 5’-TTT ATG ACT ATC TGC GCC AGG -3’
AXL reverse 5’-TGT GTT CTC CAAATC TTC CCG -3’
GAPDH forward 5’- GAA GGT GAA GGT CGGAGT C -3’
GAPDH reverse 5’- GAA GAT GGT GAT GGG ATTTC -3’
TACC3 forward 5’-AAG AAG TGG CTG CAG GCC -3’
TACC3 reverse 5’-TGG GGG TGC CCTTTT GC -3°

2.8 Western blotting

Total cell protein was extracted from harvested K562 cells using RIPA lysis buffer
(Thermo Scientific, Rockford, IL) supplemented with Halt™ protease & phosphatase inhibitor
single use cocktail (Thermo Scientific, Rockford, IL). Thirty puL of the protein extract was
combined with 10 pL of NuPAGE™ LDS Sample Buffer (Life Technologies Corp., Carlsbad,
CA) and heated for 5 minutes at 92°C. Forty uL of the sample was then loaded into a 10 well

gel (Thermo Fisher Scientific, Nepean, ON) and electrophoresis was performed using a Mini
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Gel Tank (Thermo Fisher Scientific, Nepean, ON). The gel was then transferred on to a
methanol activated polyvinylidene difluoride membrane (Thermo Fisher Scientific, Nepean,
ON) using the iBlot™ 2 Gel Transfer Device (Life Technologies Corp., Carlsbad, CA). After
transfer, the membrane was blocked for 1 hour using 5% bovine serum albumin (BSA, Thermo
Fisher scientific, Rockford, IL) in Tris-Buffered saline (TBS, Thermo Scientific, Rockford,
IL). After blocking and washing using TBS with 0.1% Tween-20 (TBS-T, Tween-20, Sigma-
Aldrich Co, St. Louis, MO), the primary antibody (ALKBHS, Cell Signaling, Danvers, MA)
cocktail diluted 1:1000 with 5% BSA was added to the membrane and was incubated
overnight at 4°C. The membrane was then washed with TBS-T and incubated at room
temperature in the secondary antibody cocktail containing 1:10000 dilution of HRP conjugated
polyclonal donkey anti-rabbit IgG (Thermo Fisher Scientific, Nepean, ON) with 5% BSA for
1 hour. Afterwards, the blot was treated with 1 mL of SuperSignal West Pico PLUS
Chemiluminescent substrate (Thermo Scientific, Rockford, IL) for 5 minutes and subsequently

visualized using a ChemiDoc imaging system (BioRad, Saint-Laurent, QC).

2.9 Flow cytometry

Flow cytometry analysis of all cultures was done using either Attune®/ Attune® NXT
(Thermo Fisher Scientific, Nepean, Canada), Cytek® Aurora (Cytek Biosciences, Fremont,
CA), or BD LSRFortessa™ (Becton, Dickinson and Company, Franklin Lakes, NJ). Cell
sorting was carried out using MoFlo XDP (Beckman Coulter, Indianapolis, IN) or SH800 Cell
Sorter (Sony Biotechnology, San Jose, CA). On day 0, 7, 10 and 14 of the culture, a fraction
of the cells was analyzed by flow cytometry. Unless stated otherwise, all antibodies were from
Becton Dickinson Pharmingen (Mississauga, Ontario, Canada). The antibodies included

CD19-phycoerythrine (PE, clone HIb19), CD14-PE (clone M5E2), CD45-allophycocyanine
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(APC, clone HI30), CD33-PE (clone WM53), CD34-PE (clone 581), CD90-PECy7 (clone
5E10), CD123-PerCP-Cy5.5 (clone 7G3), CD3-APC (clone UCHT1), human CD41a (GPIIb)-
FITC (clone HIP8), CD49f-Alexa647 (GoH3), SYTOX AAdvanced (Thermo Fisher
Scientific, Nepean, Canada), CD235a (Glycophorin-A, clone HIR2), Ki-67-Alexa Flour 488
(BioLegend, San Diego, CA), N6-methyladenosine (m6A, Novus Biologicals, Centennial,
CO). Cells were stained in FACS buffer (PBS + 2% FBS) and stained with antibodies for 30
minutes on ice, washed using FACS buffer, pelleted using centrifugation at 300 g for 10
minutes, and resuspended in FACS buffer to be acquired by the flow cytometer for analysis.
Compensation beads (BD™ CompBead Plus, BD Biosciences, Mississauga, ON) were used
to set voltage and gating parameters for accurate fluorescence signals for all fluorophore-
conjugated antibodies. Antibodies were titrated before use and fluorescent minus one (FMO)

controls were used to set gates and/or quadrants.

2.10 Intracellular staining

Harvested cells were first stained with antibodies against cell surface markers using
the previously described method (Section 2.8). Subsequently, the cells were fixed using 2%
PFA (Thermo Fisher Scientific, Nepean, ON) and then permeabilized with 0.3% Triton
(Sigma-Aldrich Co, St. Louis, MO). Following fixation and permeabilization, the cells were
incubated with appropriate intracellular primary antibodies on ice for 20 minutes and washed
(described above). After that, the cells were stained with a secondary antibody containing
appropriate fluorophore for 30 minutes on ice and washed (described above). Finally, the cells

were resuspended in FACS buffer and kept on ice until flow-cytometric analysis.
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2.11 Cell cycle assay

Cells were harvested, fixed and permeabilized using the aforementioned protocol.
Subsequently, the cells were treated with RNAse A (Thermo Fisher Scientific, Nepean, ON)
for 10 minutes, washed (described above) and stained with SYTOX A Advanced to assess their
cell cycle state. Moreover, Ki-67 (BioLegend, San Diego, CA) staining was done to

differentiate between GO and G1 cell cycle states.

2.12 Colony forming unit assay

Ex-vivo expanded CB cells were plated in MathoCult™ Classic H4435 (StemCell
Technologies, Vancouver, BC) and incubated for 14 days in a humidified incubator at 37°C
and 5% CO,. After incubation, the colonies were scored based on morphological features
which included burst forming unit- erythroid (BFU-E), colony forming unit- granulocyte,
macrophage (CFU-GM), and colony forming unit-granulocyte, erythroid, macrophage,

megakaryocyte (CFU-GEMM).

2.13 In-vivo transplantation assay

All animal work was approved by the Animal care Committee of University of Ottawa.
8-week-old immunodeficient female NOD.Cg-Prkdc*® I12rg™!""/Sz] (NSG, The Jackson
Laboratory, Bar Harbor, ME) mice were sub-lethally irradiated (300 cGy). These mice were
divided into two cohorts: control (to receive non-targeting scramble shRNA transduced cells)
and ALKBHS KD (to receive ALKBHS5 KD shRNA transduced cells) group. For cell culture,
2 CB units were combined and were cultured in regular stem cell culture media (STFL). On
day 0, cells were transduced with either SCR or ALKBHS5 KD shRNA expressing lentivirus,
and after 72 hours, flowcytometric assessment was done to estimate transduction efficiency

(%GFP+). Based on the transduction efficiency, 15000 GFP+CD34+ cells were injected per
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mouse via tail vein. Peripheral blood (on week 3, 10, 18) and bone marrow (on week 21) were
collected to assess human cell reconstitution in both cohorts on multiple timepoint during the

assay.

2.14 Human engraftment analyses

Human platelet and leukocytes were monitored in mice peripheral blood collected from
the saphenous vein on weeks 3, 10, and 18 post tail vein transplantations. Murine blood was
acquired using heparin coated capillary tubes and transferred into Eppendorf tubes containing
heparin. A previously described single-platform protocol was followed to measure human
platelet levels in samples'**. In summary, 5 uL of blood was diluted 10-fold using PBS and
stained for 20 minutes at 4°C with 2 pL of PE-conjugated human CD41a (clone HIPS, BD
Biosciences, Mississauga, ON). Subsequently, the red blood cells (RBCs) were lysed by a 15-
minute incubation at room temperature using 250 pL of 1X BD Pharm Lyse™ lysing buffer
(BD Biosciences, Mississauga, ON). The samples were further diluted with 250 uLL PBS and
50 puL of AccuCheck counting beads (Life Technologies, Frederick, MD) before acquiring 450
pL of each sample by flow cytometer for analysis. The human platelet concentration was
calculated based on the dilution factor, number of CD41a+ events, and the ratio of beads
concentration to bead count. Furthermore, flowcytometric analysis of leukocytes was done
following staining the mouse blood samples with human anti-CD45-APC (clone HI30), CD-
33-PE (clone WM53), CD-19-PE-Cy7 (HIb19) and RBC lysis. Also, long-term (LT) bone
marrow (BM) engraftment analysis was done 21-week post-transplantation. BM cells were
extracted from the mice hind legs and RBCs were lysed before staining with appropriate
antibodies. Multiple antibody panels were built using different combination of antibodies (all

purchased from BD Biosciences, Mississauga, ON): Panel A: CD45-APC (clone HI30), CD33-
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PE (clone WM53); Panel B: CD45-APC (clone HI30), CD19-PE (clone Hib19); Panel C:
CD45-FITC (clone HI30), CD34-PE (clone 581), CD41a-APC (clone HIPS); Panel D: CD45-
FITC (clone HI30), CD14-PE (clone M5E2), CD3-APC (clone UCHT1); and Panel E: CD45-
APC (clone HI30), CD56-PE (clone NCAM16.2). Antibody-stained cells were analysed using

flow cytometry.

2.15 Statistical analysis

Unless otherwise stated, all results are presented as mean + standard error of the mean
(SEM). Statistical assessments were performed using GraphPad Prism v 9.0.1 (Dotmatics,
Boston, MA). Statistical analysis between two groups were done using two-tailed Student’s t-
tests. When comparing the differences in the means between more than two groups, either one-
way or two-way ANOVA were used as appropriate. A P-value below 0.05 was deemed to be

statistically significant.
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Chapter 3: Results
3.1 shRNA mediated ALKBHS knockdown reduced the transcript and protein levels of
ALKBHS.

RT-gPCR analysis of transduced erythroleukemic cell-line K562 (Fig 4A) showed a
65% reduction of ALKBHS transcript for KD1 and 79% for KD2 (P***<0.001, Fig 4B).
Furthermore, Western blot analysis revealed reduction of ALKBHS protein levels by 27% and
47% for KD1 and KD2 respectively (Fig 4C, D). Next, the ability of the selected ShARNA (KD1
and KD2) clones to knock down ALKBHS within HSPCs was evaluated. CB HSPCs were
cultured within X2A and transduced using aforementioned protocol. RT-qPCR analysis
revealed that KD1 and KD2 were able to reduce ALKBHS levels by 79% and 87% for KD1

and KD2, respectively (P****<0.0001, Fig 4E).
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Figure 4. shRNA mediated knockdown reduced ALKBHS transcript and protein levels.
(A). Erythroleukemic cell line K562 or CB HSPCs were transduced by lentivirus expressing
either non-targeting scramble shRNA (SCR) or ALKBHS knockdown capable shRNAs (KD1
and KD2) at the MOI of 20. On day 7, RNA and protein were extracted for RT-qPCR and
Western blotting respectively. (B) ALKBHS transcript levels presented for SCR, KD1 and
KD2 samples. Data is normalized to un-transduced control. (C) Representative image of
ALKBHS5 and GAPDH protein bands from western blotting. (D) Relative ALKBHS protein
level compared to internal control GAPDH. Quantification was done using Image J software
v. 1.54d. The ratio of ALKBHS and GAPDH protein expression was normalized to the SCR
control condition which was arbitrarily set to one within each experiment. To determine the
statistical significances between the different conditions, a one-way ANOVA analysis was
performed using the ratio of protein expression between ALKBHS5 and GAPDH within each
condition and experiments. Panel B-D present data obtained using K562 cells. (E) RT-qPCR
data showing the ALKBHS transcript levels in CB HSPCs cultured in X2A media and
transduced with shRNA (SCR, KD1 or KD2) expressing lentivirus at the MOI of 10. Data is
normalized to un-transduced control. All the graphs show mean + SEM. One-way ANOVA
was used, P*<0.05, P**<0.01, P***<0.001, P****<(0.0001.
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3.2 ALKBHS deficient CB HSPCs show transient increase in growth kinetics.

To understand the impact of ALKBHS on the cellular growth kinetics, cell
concentrations were tracked during cell culture. X2A cultured CB HSPC concentration
tracking (Fig 5A) for total nucleated cells (TNC), transduced CD34+ (CD34+GFP+), and
transduced CD34+CD45RA- (CD34+CD45RA-GFP+) cells revealed that ALKBHS loss led
to increased cell concentration in the respective samples at day 10 timepoint of the culture.
However, the concentration of the ALKBHS deficit samples declined to similar levels as the

SCR transduced cells by day 14 (Fig 5B).

Fold expansion measurement is another method to track cell growth kinetics!*-14.

Fold expansion of the queried populations on day-10 and day-14 based on day-7 count revealed
that TNC (2.2-times, P<0.05, CD34+GFP+ (2.4-times, non-significant), and CD34+CD45RA-
GFP+ populations were (2.1-times, P<0.05) increased in ALKBHS deficient samples

compared to SCR samples (Fig 5C).
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Figure 5. ALKBHS deficiency in HSPCs led to transient increase in cell concentration
and fold expansion during ex-vivo culture. (A) shRNA (SCR or KDs) transduced CB CD34+
cells were cultured stemness supportive X2A media. Either the TNC or transduced (GFP+)
CD34+ or CD34+CD45RA- cells were tracked using cell count and flowcytometry. (B) Cell
concentration (cells/mL) plotted for TNC, CD34+GFP+, and CD34+CD45RA-GFP+ plotted
against day of culture. (C) Fold expansion of cells calculated based on day 7 cell counts
presented for the aforementioned cell populations. Data is presented as mean + SEM for 3
biological replicates. Two-way ANOVA is used; p*<0.05, p**<0.01.
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3.3 ALKBHS deficiency impacts HSPC subpopulation expansion in a variable manner.
ALKBHS has been known to play different roles in the growth and proliferation of
different cell populations'*13°. All HSPCs despite originating from HSCs have distinct gene
expression profiles that differ from each other'>!. Therefore, next I inquired how different
HSPCs are impacted by ALKBHS5 loss. HSPC sub-populations were identified by a
combination of cell surface markers described by Cimato, et al. (2016)* and analyzed by flow
cytometry (Fig 6A). Within X2A cultured transduced CB HSPCs, HSC enriched population
(eHSC, CD34+CD45RA-CD90+CD49f+) significantly declined (KD1: P<0.05; KD2:
P<0.01) by day 14 of culture in ALKBHS5 reduced samples compared to SCR transduced ones

(Fig 6B).

Other HSPC sub-populations assessed were megakaryocyte-erythroid progenitors
(MEPs, CD34+CD45RA-CD123-), common myeloid progenitors (CMPs, CD34+CD45RA-
CD123+), multipotent progenitors (MPPs, CD34+CD45RA-CD90-), lymphoid-primed
multipotent progenitors (LMPP, CD34+CD45RA+CD90-), and granulocyte macrophage
progenitors (GMPs, CD34+CD45RA+CD123+). On day 10 of culture, MPP proportion was
higher (P>0.42) and MEP proportion was lower (P>0.44) in ALKBHS deficient sample
compared to SCR transduced samples. On day 14 of culture, LMPP proportion was higher
(P>0.40); CMP (P>0.65) and GMP (P>0.13) proportions were lower in ALKBHS5 reduced
samples compared to SCR transduced samples (Fig 6C). These changes in ALKBHS reduced

HSPC sub-populations, other than eHSC, were not significant.
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Figure 6. ALKBHS loss impacts HSPC subpopulation fractions in ex-vivo culture. (A)
X2A cultured CB CD34+ cells were transduced with either SCR or KD (1 or 2) shRNAs and
were analyzed with flow cytometry using a combination of cell surface markers to identify
different HSPC populations. Gating strategy for HSPC sub-population tracking is based on
Cimato et al. (2016)* (B) Frequency of HSC enriched (eHSC, CD34+CD45RA-
CD90+CD49f+) cell population for SCR, KD1 or KD2 transduced samples on day 7, 10, and
14 of culture. (C) Graft composition showing the proportions of eHSC, megakaryocyte-
erythrocyte progenitor (MEP, CD34+CDCD45RA-CD123-), common myeloid progenitors
(CMP, CD34+CD45RA-CD123+), multipotent progenitor (MPP, CD34+CD45RA-CD90-),
lymphoid-primed multipotent progenitor (LMPP, CD34+CD45RA+CD90-), and granulocyte
macrophage progenitor (GMP, CD34+CD45RA+CD123+) within transduced CD34+
population on day 7, 10, and 14 of culture. Mean = SEM plotted. One-way ANOVA was done,
P*<0.05, and P**<0.01.
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3.4 Loss of ALKBHS in CB cells reduced their colony forming potential.
The colony forming unit (CFU) assay was then used to investigate the impact of

152,153 \ag performed using X2A

ALKBHS reduction on progenitor function. CFU assay
cultured day-7 CB cells (Fig 7A). Following a 14-day incubation, the burst forming unit —
erythroid (BFU-E) numbers were reduced by 2.7 times (P<0.05) and colony forming unit -
granulocyte — macrophage (CFU-GM) numbers were reduced by 1.2 times (P>0.2, non-
significant) in ALKBHS deficient samples. No CFU-GEMM was noted in either sample. Total
CFU score (includes BFU-E and CFU-GM) was also reduced by 1.5 times (P<0.05) times in

ALKBHS reduced samples (Fig 7B).
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Figure 7. Colony forming potential of CB HSPCs are reduced in ALKBHS deficient
samples. (A) X2A cultured day 7 CB cells (SCR or KD transduced) were plated in
methylcellulose media. The net number of TNC plated in each culture condition was adjusted
so that the equivalent of 100 CD34+CD45RA- cells were present in each plate for all
conditions tested. The frequency of CD34+CD45RA- cells were determined ahead of time by
FACS analysis. Colonies were counted after 14 days of incubation. (B) Burst forming unit —
erythroid (BFU-E), colony forming unit — granulocyte, macrophage (CFU-GM), and colony
forming unit — granulocyte, erythroid, macrophage and megakaryocyte (CFU-GEMM) were
counted and number of colonies per 100 plated CD34+CD45RA- cells were plotted. (Left to
right) BFU-E, CFU-GM, and CFU-Total scores for SCR, KD1 and KD2 samples presented as
mean + SEM for three biological replicates. One-way ANOVA was performed, P*<0.05.
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3.5 ALKBHS deficiency within HSPCs leads to reduction in long-term engraftment.
Transplantation of HSPCs in humanized mice model (Fig 8A) can provide information
on how the donor cells genetic expression or recipient microenvironment impact the

engraftment success'>*

. While at 3-week post-transplantation the platelet concentrations in
peripheral blood were comparable (P>0.4), the mice cohort that received ALKBHS deficient
HSPCs (test cohort) had a higher (3.3 times, P<0.05) platelet concentration compared to the

control cohort by week 10. However, by week 18 the test cohort had an average platelet

concentration that was 3 times lower than that of the control cohort (P<0.05) (Fig 8B).

Tracking the CD45+ cell frequency in peripheral blood did not show noticeable
differences at weeks 3 (P>0.3) and 10 (P>0.6) between the control and test cohorts. However,
at week 18, CD45+ cell frequency was found to be 1.3 times lower (P>0.4, non-significant) in

test cohort compared to the control cohort (Fig 8C).

CD34+ cell frequency tracking in the peripheral blood presented a different
engraftment pattern again. Overall, CD34+ cell frequency was much lower compared to
CD45+ cell frequency throughout the experiment duration. At the 3-week timepoint, the test
cohort had 1.9 times higher CD34+ cell frequency compared to the control cohort (P<0.01).
While at 10-week, the mean CD34+ frequency of the test cohort was 2.0 times lower than that
of the control (P>0.2, non-significant); by week 18, CD34+ cell frequency in the test cohort

declined significantly (1.6 times, P<0.05) compared to the control cohort (Fig 8D).
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Figure 8. ALKBHS loss in the graft led to reduced platelets, leukocytes, and CD34+ cells
in murine peripheral blood. (A) Mice cohorts were injected with 15000 CD34+ cells that
were either transduced with SCR shRNA expressing lentivirus (control cohort, SCR) or KD2
shRNA expressing lentivirus (test cohort, KD2). On week 3, 10, and 18 following
transplantation, peripheral blood was collected and analyzed with flowcytometry. (B) Platelet
concentration (CD41a+, platelet#/ulL) in the murine peripheral blood. (C-D) Frequency of
CD45+ (leukocytes) and CD34+ cells in murine peripheral blood respectively. Mean + SEM
presented for all values, t-test was used for statistical analysis, P*<0.05, P**<0.01 (4-5 mice
per group, n=1).
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3.6 ALKBHS deficiency within HSPCs impacts multilineage chimerism in-vivo.

At the 21-week post-transplantation timepoint, bone-marrow analysis (Fig 9A) for human
CD4S5 cells in the test cohort showed 1.5 times lower CD45+ cell frequency compared to the
control (P<0.05) (Fig 9B). Subsequently, linecage specific markers were assessed in
combination with human CD45 marker to estimate multi-lineage chimerism (Fig 9C-E). In the
test cohort, CD45+CD14+ (monocyte) cell frequency was 1.2 times higher (P>0.2, non-
significant) but CD45+CD33+ (myeloid biased) cell frequency was similar (P>0.8, non-
significant) when compared to the control cohort (Fig 9C-D). On the other hand,
CD45+CD19+ (B lymphocytes) cell frequency was significantly lower (1.2 times, P<0.05) in
the test cohort compared to the control (Fig 9E). Finally, CD34+ (representing HSPCs) cell
frequency was 1.8 times lower in the test cohort compared to the control (P>0.1, non-
significant) (Fig 9F). Together these data show the impact of ALKBHS deficiency on

multilineage chimerism development in a xenotransplant model.
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Figure 9. ALKBHS deficient HSPC transplantation led to altered efficiency in human
multi-lineage chimeric cell formation in-vivo. (A) Bone-marrow extracted from 21-week
post transplantation mice cohorts were stained with a combination of antibodies to identify
human multilineage chimerism in the control (SCR) and test (KD2) cohort. Samples were
analyzed with flowcytometry. (B) Human leukocyte (CD45+) frequency. (C-E) Human
multilineage populations: monocyte (CD45+CD14+), myeloid biased (CD45+CD33+), and B
lymphocytes (CD45+CD19+) frequencies. (F) HSPC (CD34+) frequency. Mean + SEM
presented for all values (n=1, 4-5 mice per group), t-test was used for statistical analysis,
P*<0.05.
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3.7 Impact of ALKBHS knockdown on the cell cycle entry of CB HSPCs.

Cells enter different phases of cell cycle during cell growth and proliferation'>.
Assessing the cell cycle entry status (Fig 10A) of SCR, KD1, or KD2 transduced, X2A cultured
CB HSPCs on day 10 revealed no statistical difference in the percentage of cells entering GO
and G1 phase between the SCR vs KD1 or KD2 samples (G0: P>0.1, G1: P>0.5). However,
notably both ALKBHS5 KD (KD1 and KD2) reduced the percentage of cells in G2-S phase

compared to the control though the differences were non-significant (P>0.2) (Fig 10B).
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Figure 10. Cell cycle entry status of the CB HSPCs with or without ALKBHS knockdown.
(A) X2A cultured, SCR, KD1 or KD2 transduced CB HSPCs on day 10 were stained with
SYTOXAadvanced dye and anti-Ki-67antibody to differentiate between different cell-cycle
status. (B) Percentage of cells in GO, G1, and G2-S are plotted for each culture condition. Mean
+ SEM and 3 biological samples presented.
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3.8 Impact of ALKBHS knockdown on the levels of m6A and on AXL and TACC3
transcript stability.

Finally, I investigated the impact of ALKBHS5 depletion on m6A, AXL, and TACC3,
three targets of this RNA demethylase!>*15%. m6A levels assessment in X2A cultured day-10
CB HSPCs revealed minimally increased levels of m6A in ALKBHS depleted samples
compared to the SCR control (P>0.7, non-significant) (Fig 11A). Similarly, AXL mRNA
transcript level estimation using RT-qPCR following actinomycin D (5 ug/mL) treatment
showed no significant difference in the degradation of AXL mRNA between the SCR control
sample and KD1 or KD2 samples (P>0.7 at hour 3 and P>0.8 at hour 6) (Fig 11B). In contrast,
TACC3 transcript level was found to be significantly less stable. Within ALKBHS deficient
samples, TACC3 half-life was estimated to be 1.9 times lower than the SCR control (P<0.0001)

(Fig 11C).
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Figure 11. ALKBHS influences the global levels of m6A RNA methylation marks and
regulates the stability of TACC3 transcript. (A) m6A levels in SCR, KD1, or KD2 shRNA
transduced samples. (B-C) Comparative mRNA levels AXL and TACC3 in SCR, KD1, and
KD2 samples at 0, 1, 3, and 6 hours following actinomycin D (5 ug/mL). This data is
representative of X2A cultured day-10 CB HSPCs of 3 biological origins. Mean + SEM shown,
two-way ANOVA used, ****P<0.0001.
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Chapter 4: Discussion

The delicate balance between the HSC self-renewal and differentiation capability is a
critical determinant in ensuring life-long normal hematopoiesis in an individual. This balance
is also important in regulating the optimum proportions of various mature cell types and thus
maintaining physiological homeostasis (this has been reviewed in-depth by Olson et al
(2020)'). In this context, the RNA demethylase ALKBHS may play a pivotal role, provided
that ALKBHS has an established capacity to regulate gene expression'>® and thus can impact
cell function and fate decision through RNA demethylation, potentially acting as a regulator
for hematopoiesis'®-19? In this study, I have presented experimental evidence to support my
initial hypothesis that proposed a critical role of ALKBHS in HSPC self-renewal and

differentiation process.

4.1 ALKBHS is a regulator of HSPC growth Kinetics.

ALKBHS deficient HSPCs’ growth kinetics tracking revealed a transient increase in
cellular expansion followed by a rapid decline. My hypothesis proposed a regulatory role of
ALKBHS5 in HSC biology and the experimental evidence of changed growth kinetics in
ALKBHS deficient HSPCs supported this aspect of my hypothesis. The transient increase
observed in cellular growth kinetics could be indicative of two cellular phenomena. The first
one is, with the loss of optimum level of ALKBHS, the respective cells lost a critical regulator

of cellular proliferation!'*®163

. Increased growth kinetics in the deficiency of ALKBHS
indicates that ALKBHS could be acting in a fashion that suppresses overall HSPC expansion.
The second phenomenon is the rapid decline of the cellular growth in the ALKBHS deficient

samples in the final days of culture. This could be reflective of the loss of self-renewal property

of HSCs which is required to maintain the HSC pool that can ensure continuous supply of
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early progenitor cells that give rise to all the mature blood cells'®*!6%, Experimentally observed
growth kinetics change in the ALKBHS deficient HSPCs identified an important regulatory
function of ALKBHS in HSPC proliferation as well as its potential contribution in maintaining

the HSC pool.

There are reports of ALKBHS’s critical role in cell proliferation and certain
pathological disorders. For example, Shen, et. al., (2020) found that there is a positive
correlation between ALKBHS level and cancer stem cell renewal'*®. Another study by Wang
et al. (2020) demonstrated that KDM4C-ALKBHS5-AXL signaling axis preferentially
promotes the self-renewal property of leukemia initiating cells and thus propagates
tumorigenesis in acute myeloid leukemia'®’. Thus, these studies demonstrated the role of
ALKBHS in maintaining the stemness of LICs and proposed ALKBHS to be a potential
therapeutic target. Another study by Elcheva, et. al. (2020) highlighted the role of IGF2BP1,
an RNA-binding protein, in the maintenance of self-renewal property of leukemia cells.
IGF2BP1 exerts its influence on the leukemia cells through a group of downstream mediators
which include MYB, HOXB4, and ALDHI1A1l. This study underscores the complex
interconnections of the regulatory elements of cellular function given the known interactions
between IGF2BP1 and ALKBH5', Therefore, previously published study results corroborate

my project findings in illustrating the role of ALKBHS in HSPC growth kinetics.

4.2 ALKBHS is important in maintaining the HSC enriched populations.

Tracking the HSC enriched population revealed a unidirectional gradual decline of this
population in the deficiency of ALKBHS, which is unlike the fluctuating growth kinetics
observed in tracking the total HSPC population with the same ALKBHS deficiency. This

experimental result supports my initial hypothesis that ALKBHS has a role in HSPCs’ self-
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renewal and differentiation capabilities. Comparing the steady decline of the HSC enriched
population to the variable rate of growth of the total HSPC population delineates ALKBHS’s
changeable role based on cell type'®’'°. The HSC enriched population depletion could allude
to the role of ALKBHS in maintaining the self-renewal capacity of HSCs. This was predicted
based on the total HSPC growth kinetics tracking that showed a rapid decline of the ALKBHS
deficient total HSPCs in the last days of culture. However, the pattern of HSC enriched
population decline correlated with total HSPC growth kinetics could also indicate a
discrepancy between the self-renewal rate and differentiation rate in the deficiency of
ALKBHS. It is possible that in the absence of or diminished regulation of the differentiation
process by ALKBHS, the self-renewal rate of the HSCs to maintain their pool is simply not
sufficient to meet the demand of the elevated differentiation rate. One interesting pattern to
note when comparing the HSC population decline rate of the samples treated with different
shRNAs (KD1 or KD2) is that while the frequency of this population was not the same in
different samples on earlier timepoint of the experiment, the HSC enriched population were
depleted by day 14 in both samples. This could potentially be due to the dose dependency of

ALKBHS5 in maintaining the self-renewal property of the HSCs. However, biological

170-173 174-177

variability between cord blood units as well as off-target effects of sShRNA strategy
could account for some variations introduced to the depletion rate of certain populations. These
experimental data present a new avenue to explore in future research, specifically how the
variable eHSC depletion rate influences the early HSPC sub-populations as well as the mature
blood cells in the context of ALKBHS deficiency. HSCs reside at the top of the hematopoietic
hierarchy maintaining the hematopoiesis of the organism throughout its lifetime!”®!”,

Experimental evidence demonstrates that ALKBHS has role in maintaining the HSC pool and

therefore contributes to the regulation of the hematopoiesis system.
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These results also link the decline of HSC enriched population with the regulation of
gene expression through epigenetic modifications. My data suggest that the m6A demethylase
ALKBHS could have a potential role in maintaining the HSC pool through the regulation of
stemness and differentiation. This is in line with the study by Guo et al (2022), which
interrogated the histone variant H3.3, for its role in maintaining the stemness of HSCs. They
found that H3.3 regulates the balance between the stemness of the HSCs and differentiation
into lineage specific progenitors by controlling methylation marks like H3K27me3 and
H3K9me3'®. While there are not many studies directly exploring the relationship between
ALKBHS and the HSC stemness maintenance during healthy human hematopoiesis, quite a
few studies link this RNA demethylase with cancer stem cells in different capacities. For
instance, Tsuchiya et al (2022) revealed that ALKBHS was pivotal in regulating the cell cycle
phases and thus affecting stemness of the non-small-cell lung cancer cells'*®. Recent human
HSC ontogeny mapping by different research groups have identified regulators of molecular
mechanisms in fetal to neonatal HSCs which include HMGA?2, LIN28B, EZH2, and SOX17'8!-
184 These regulators are different compared to adult HSCs’ which include PRDM16, BMI1,
and ETV6!%-1%7 While these studies do not comment directly on the role of ALKBHS, it does
underscore the necessity of various regulators of hematopoiesis at different stages of lifecycle.
Therefore, the potential role of ALKBHS in the maintenance of HSC enriched population in
ex-vivo culture condition aligns with the current knowledge and understanding of HSC biology

and reveals a novel molecular mechanism for maintaining the HSC self-renewal.
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4.3 Changes in ALKBHS level is associated with phenotypic and functional changes to
HSPCs.

Early HSPC subpopulations tracking revealed reduced proportions of MEPs and GMPs
in the ALKBHS deficient samples. Subsequently, ALKBHS5 deficient HSPCs were found to
have reduced erythroid and granulocyte-macrophage colony forming potentials. This result
supports my hypothesis that ALKBHS has an impact in HSPC differentiation. Moreover, these
data demonstrate the functional change in cellular physiology through changes in colony
forming potential of the ALKBHS deficient HSPCs. My results also draw a connection
between the proportion of different early progenitor sub-populations and the reduced CFU
scores. Thus, both the phenotypic data obtained using flow cytometry and the functional data
from the CFU assay show the impact of ALKBHS in HSPC fate decision. It is imperative to
consider that while the use of the stemness supportive SCAC platform allowed me to
investigate the characteristics of the early HSPCs, this culture platform is known to favor some
cellular features (related to cellular proliferation) over others''?. Therefore, the loss of colony
forming potentials of the ALKBHS deficient HSPCs can allude towards a mechanistic aspect
involving ALKBHS on how the SCAC platform expands HSPC populations with high
efficiency (15-fold increase in SRCs over input). These observations also suggest that perhaps
mo6A methylation may be of importance in ex-vivo expansion of HSCs when using other small

molecules such as UM171, VPA, and SR1.

Phenotypic changes observed by the changes in the MEP and GMP population
frequencies indicated a functional change in ALKBHS5 deficient samples. This prediction was
confirmed by reduced colony forming potential of the test samples, which is in line with a

previous study by Li et al (2023) who found that ALKBHS reduction led to reduced colony
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forming potential as well as diminished engraftment of the ALKBHS5-reduced cells in a mouse

188 Both this study and the data presented in my thesis

model of t(8;21) acute myeloid leukemia
suggest a critical role of ALKBHS in maintaining the optimum functional capacity of HSPCs.
Change in the functional capacity of cells is related to cell fate decision!®!°?, A previous study
by Chen et al (2021) revealed a crucial role played by ALKBHS in the biogenesis of micro
RNAs (miRNAs) through an m6A dependent manner. This ability of ALKBHS in modifying
RNAs is important in gene expression and cell fate decision'®!, which is in line with altered
HSPC subpopulations in ALKBHS5 deficient samples in my experiments. In summary, current

understanding of the role of ALKBHS in HSPC fate decision'®” aligns with my data suggesting

a change in the fate decision of ALKBHS deficient HSPCs.

4.4 ALKBHS contribute to the long-term engraftment potential of HSPCs.

My in-vivo murine peripheral blood data demonstrated reduced long-term engraftment
potential of the ALKBHS deficient HSPCs despite evidence of successful engraftment at week
3 blood analysis. This result answered another question from my hypothesis which asked if
ALKBHS had role in the engraftment potential in in-vivo systems. The presence of human

(donor) cells!*194

in the murine (recipient) peripheral blood at early time-point (3 weeks) post
transplantation is indicative of successful homing of injected HSPCs to the murine bone
marrow followed by engraftment. This implies that ALKBHS deficiency does not impact the
homing capability of the HSPCs. However, CXCR4/CXCLI12 expression, which are

ST195-198 can be studied in this context to further

associated with homing capabilities of HSPCs
elucidate any changes in the mechanisms involved. Alternatively, the decline in the human

platelets, leukocytes and HSPCs in the murine peripheral blood by week 18 following

ALKBHS deficient HSPC transplant could be due to the progressive failure of the transplanted
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HSPCs to sustain the hematopoiesis for long-term, which is defined by ability to give rise to
hematopoiesis beyond 16 weeks in the context of murine system'**>%2, The reduction in long-
term engraftment potential could point toward multiple causes including diminished self-
renewal capacity of the HSCs or impaired differentiation potential of the HSCs!7-203:204 j,.
vivo. Interestingly, the murine peripheral blood data at an intermediate point, between the
evidence of successful engraftment and decline of the analyzed human cell populations,
showed elevated levels of platelets and HSPCs in the test cohort. This could be indicative of

elevated rate of differentiation of the transplanted HSPCs in-vivo®®, not unlike the transient

rise in the growth kinetics observed in the ex-vivo culture.

The impaired long-term engraftment potential of the ALKBHS reduced HSPCs in my
experiments is consistent with previous studies that demonstrated the role of different
proteins/cells in HSPC homing and their maintenance in the bone marrow niche. For example,
several studies established that certain blood cells (eg VCAM-1 macrophages®’°), receptors
(eg CXCR4?Y), and other interacting proteins (eg CXCL12%%) contribute to ensure efficient
homing as well as maintenance of transplanted HSPCs and subsequent differentiation to
required progenitor cells*”. A recent study by Gao et al (2021) demonstrated that ALKBH5
deficient cells displayed a competitive disadvantage at all differentiation stages except in long-
term HSCs in murine system!*?. It is notable that humans and mice have a different m6A
landscape which may contribute to some differences in the hematopoiesis system regulation
between humans and mice!!”*!%. Together these data demonstrate the potential role of
ALKBHS in regulating long-term normal hematopoiesis which expands on the current

knowledge in the field of HSC biology.
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4.5 ALKBHS is a critical regulator of human multi-lineage chimerism.

Analyzing the murine bone marrow composition revealed altered human multi-lineage
chimerism formation in the recipient of the ALKBHS deficient HSPC grafts. This result aligns
with my hypothesis that postulates that ALKBHS regulates differentiation of HSPCs in in-vivo
systems. The experimental data indicated a regulatory role of ALKBHS in the cell fate
decisions of HSPCs as evidenced by the diminished leukocytes and B lymphocytes formation
in the murine bone marrow in the deficiency of ALKBHS in the transplanted HSPCs. In-vivo
evidence of the impact of ALKBHS in cell fate decision further supports the significant role

played by ALKBHS in normal hematopoiesis.

Previous studies have already provided strong evidence in support of the regulatory
role of ALKBHS in cell differentiation. For instance, Yu et al (2020) found that ALKBHS to
be one of the proteins involved in the osteogenic differentiation process through NF-xB

signaling?'!

. Moreover, others have shown the complex yet precisely regulated nature of the
hematopoiesis process involving various cellular elements besides ALKBHS. Recently
Barahona de Brito et al., (2022) have identified NFATcl to be an important regulator
hematopoiesis and differentiation of HSPCs?!?. On the other hand, Lechman et al., (2015) were
able to improve the long-term repopulating activity of stem cells through the introduction of
exogenous micro RNA?"3. Thus, the discovery of the regulatory function of ALKBHS5 in

maintaining a multi-lineage population during normal hematopoiesis helps to build a more

comprehensive map of cellular pathways involved.

4.6 ALKBHS mediates Intracellular changes impacting cell cycle progression.
Assessment of some intracellular properties revealed elevated global m6A methylation

in HSPC transcripts. Moreover, reduced TACC3 transcript stability and a lower percentage of
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cells in G2S phase of cell cycle were observed in the ALKBHS deficient samples. These results
confirmed that ALKBHS influences the intracellular machinery that drives cellular
proliferation and thus provides some potential mechanistic insight in support of my hypothesis
of the regulatory role of ALKBHS in HSPC functions. Interpreting the results in the context of
cellular growth and proliferation can help propose a sequence of events: the rise in the m6A
levels is a direct consequence of ALKBHS5 deficiency?'*?!%, as this RNA demethylase is
responsible for removing the m6A marks. This global change in m6A methylation level is most
likely to impact the m6A level of TACC3 transcript. The stability reduction of TACC3
transcript could be due to the recognition of this transcript by m6A reader proteins like
YTHDF2 which directs the RNAs towards degradation mechanisms?!%2!, In addition,
impaired cell cycle progression due to unstable TACC3 could be a contributing factor for fewer
cells in the G2S phase of ALKBHS reduced samples, as the TACC3 protein has a significant
role in cell division and chromosome stability??°?>*, The results of these experiments
potentially depict the impact of ALKBHS on a portion of the intracellular mechanisms driving
the cellular proliferation. As the parameters tested here are critical to the self-renewal and
differentiation process of HSPCs, the changes in these parameters in ALKBHS deficiency

underscores the impact of ALKBHS in intracellular processes.

Recent studies have found evidence of ALKBHS5’s influence on intracellular processes
in the cellular proliferation process. Yadav et al (2022) found the m6A methylation, which is

h?**. Moreover, Suhail et

regulated by ALKBHS, to be the driving factor in cancer cell growt
al (2015) showed that the TACC3 protein is critical in the progression of cell cycle??°. Shen et
al (2020) also demonstrated that the stability of the TACC3 transcript declines in the deficiency

of ALKBH5'8. Both, m6A and TACC3, levels change following ALKBHS reduction
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underscores the interconnectivity of intracellular mechanisms that regulate cell growth and

proliferation.

4.7 Proposed mechanistic model

Current knowledge in the field and my experimental results highlights the critical role
and interconnection ALKBHS has in the regulation of normal hematopoiesis. Therefore, I
propose a model (Figure 12) where inhibition of normal function of ALKBHS by reducing the
transcript dosage (using RNAI strategy) leads to impaired demethylation (of m6A) which
ultimately disrupts the balance between self-renewal and differentiation of HSCs by
modulating certain gene expression essential for HSC maintenance. Disruption of the balance
between self-renewal and differentiation leads to rapid differentiation to progenitor cells

marked by exhaustion and depletion of HSC pool.
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l HSC exhaustion
ALKBH5 - _)
l’ / Progenitor
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7~ ALKBHS5 controls the delicate
balance between self-renewal
and differentiation

Figure 12. Proposed model of HSC self-renewal and differentiation regulation by
ALKBHS. This model based on experimental findings and known properties of the model
component suggests that ALKBHS5 maintains (through RNA demethylation of m6A) the
balance between the self-renewal and differentiation properties of HSC. Disruption (using
methods like RNA interference strategies like shRNA) of this process can lead to HSC
exhaustion by upregulating differentiation. m6A: N6-methyladenosine, HSC: hematopoietic
stem cell.
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4.8 Significance, Limitations and Future directions

The RNA demethylase ALKBHS has been found to be an important prognostic factor
in different diseases*?>-??%, It has also been shown to play a critical role in the maintenance of
self-renewal capacity of leukemia initiating cells'*®. Furthermore, some studies suggested a
limited or dispensable role of ALKBHS5 in normal hematopoiesis'*’-!>. However, most of these
studies reported the impact of the protein on murine HSCs. Furthermore, murine transcripts
have been reported to have a different m6A landscape compared to humans?'®. To my
knowledge, I demonstrated for the first time the impact of ALKBHS within healthy human

hematopoiesis both ex-vivo and in-vivo.

Studying the HSPC behavior in ex-vivo conditions present multiple challenges
including approximation to the physiological environment, maintaining the appropriate
population in the culture conditions long enough to study the time dependent impacts of any
treatment. To address some of these concerns, the experiments conducted for this project took
advantage of the SCAC X2A culture platform, which is efficient in maintaining early HSPC
populations for longer in ex-vivo culture''’. Investigating the impact of ALKBHS within
populations of different maturity levels/characteristics will require the use of different culture
conditions/media®*>***. However, using a different model system for ex-vivo culture may
introduce some variations to the results, that could present a challenge in comparing these
results. Moreover, different umbilical CB sourced HSPCs could be the source of some
variability which is an inherent characteristic of biologic differences between samples. One
way to overcome this limitation is to include more biological samples so the results are not
skewed by outliers. Finally, while these experimental results provide a glimpse into some

intracellular features like m6A methylation, cell cycle status and TACC3 stability for day 10,
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more data points before and after this day will give a more comprehensive understanding for

the sequence of events that occur in the deficiency of ALKBHS.

My project findings demonstrate the impact of ALKBHS in the normal hematopoiesis
through ex-vivo and in-vivo studies. Other studies have already showed the indispensable role
of ALKBHS in the maintenance of the leukemia initiating cells (LICs). Therefore, future
studies could be directed towards mapping the gene regulatory network associated with
ALKBHS. Identifying the potential interaction with other proteins, as well as the impact on
the epi-transcriptomic landscape of relevant RNAs and metabolic pathways critical for normal
HSC function could expand our understanding of the role of ALKBHS in the context of normal
HSC biology. Comparison of the normal cellular mechanism to that of leukemia could help
identify downstream targets of ALKBHS that are essential in maintaining LIC but not HSCs.
This knowledge could contribute to developing targeted therapies for different types of

diseases where ALKBHS plays critical roles.

4.9 Conclusion

My findings not only provide new insights into the regulatory role of ALKBHS in the
self-renewal and differentiation of HSPCs, but also introduces new research avenues to be
explored. The potential implications of furthering this work could extend from improving our
understanding of stem cell biology to developing improved stem cell expansion platform to
identifying therapeutic targets for various disease treatment. We are presented with complex
interactions within the transcriptional network, among proteins or the components of different
metabolic pathways as research in the stem cell biology field continues. The data presented
here underscores the importance and complex influences of ALKBHS5 in HSPC biology,

further emphasizing the need for continued investigation.

57



Permissions Obtained

All figures presented in this thesis have been used in accordance with the licenses and

permissions granted by the respective copyright holders.

58



References

10.

11.

12.

13.

14.

Osawa, M., Hanada, K.-i., Hamada, H., and Nakauchi, H. (1996). Long-Term
Lymphohematopoietic Reconstitution by a Single CD34-Low/Negative Hematopoietic Stem
Cell. Science (American Association for the Advancement of Science) 273, 242-245.
10.1126/science.273.5272.242.

Konstantinov, I.E. (2000). In Search of Alexander A. Maximow: The Man Behind the Unitarian
Theory of Hematopoiesis. Perspectives in biology and medicine 43, 269-276.
10.1353/pbm.2000.0006.

Till, J.E., and McCulloch, E.A. (1961). A Direct Measurement of the Radiation Sensitivity of
Normal Mouse Bone Marrow Cells. Radiation research 14, 213-222. 10.2307/3570892.
McCulloch, E.A., and Till, J.E. (1960). The Radiation Sensitivity of Normal Mouse Bone Marrow
Cells, Determined by Quantitative Marrow Transplantation into Irradiated Mice. Radiation
research 13, 115-125. 10.2307/3570877.

Wilson, A., Laurenti, E., Oser, G., van der Wath, R.C., Blanco-Bose, W., Jaworski, M., Offner, S.,
Dunant, C.F., Eshkind, L., Bockamp, E., et al. (2008). Hematopoietic Stem Cells Reversibly
Switch from Dormancy to Self-Renewal during Homeostasis and Repair. Cell 135, 1118-1129.
10.1016/j.cell.2008.10.048.

Morrison, S.J., and Scadden, D.T. (2014). The bone marrow niche for haematopoietic stem
cells. Nature (London) 505, 327-334. 10.1038/nature12984.

Akashi, K., Traver, D., Miyamoto, T., and Weissman, I.L. (2000). A clonogenic common myeloid
progenitor that gives rise to all myeloid lineages. Nature (London) 404, 193-197.
10.1038/35004599.

Tursky, M.L., Loi, T.H., Artuz, C.M., Alateeq, S., Wolvetang, E.J., Tao, H., Ma, D.D., and Molloy,
T.J. (2020). Direct Comparison of Four Hematopoietic Differentiation Methods from Human
Induced Pluripotent Stem Cells. Stem cell reports 15, 735-748. 10.1016/j.stemcr.2020.07.009.
Yuan, Y., Shen, H., Franklin, D.S., Scadden, D.T., and Cheng, T. (2004). In vivo self-renewing
divisions of haematopoietic stem cells are increased in the absence of the early G1-phase
inhibitor, p18INK4C. Nature cell biology 6, 436-442. 10.1038/ncb1126.

Hirao, A., Suda, T, Ito, K., Arai, F., Matsuoka, S., Takubo, K., Hamaguchi, |., Nomiyama, K.,
Hosokawa, K., Sakurada, K., et al. (2004). Regulation of oxidative stress by ATM is required for
self-renewal of haematopoietic stem cells. Nature 431, 997-1002. 10.1038/nature02989.
Passegué, E., Wagers, A.J., Giuriato, S., Anderson, W.C., and Weissman, I.L. (2005). Global
analysis of proliferation and cell cycle gene expression in the regulation of hematopoietic stem
and progenitor cell fates. The Journal of experimental medicine 202, 1599-1611.
10.1084/jem.20050967.

Chambers, S.M., Shaw, C.A., Gatza, C., Fisk, C.J., Donehower, L.A., and Goodell, M.A. (2007).
Aging hematopoietic stem cells decline in function and exhibit epigenetic dysregulation. PLoS
biology 5, 1750-1762. 10.1371/journal.pbio.0050201.

Hasemann, M.S., Lauridsen, F.K.B., Waage, J., Jakobsen, J.S., Frank, A.-K., Schuster, M.B.,
Rapin, N., Bagger, F.O., Hoppe, P.S., Schroeder, T., and Porse, B.T. (2014). C/EBPa Is Required
for Long-Term Self-Renewal and Lineage Priming of Hematopoietic Stem Cells and for the
Maintenance of Epigenetic Configurations in Multipotent Progenitors. PLoS genetics 10,
€1004079-e1004079. 10.1371/journal.pgen.1004079.

Peled, A., Petit, I., Kollet, O., Magid, M., Ponomaryov, T., Byk, T., Nagler, A., Ben-Hur, H., Many,
A, Shultz, L., et al. (1999). Dependence of Human Stem Cell Engraftment and Repopulation of
NOD/SCID Mice on CXCR4. Science (American Association for the Advancement of Science)
283, 845-848. 10.1126/science.283.5403.845.

59



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Arai, F., Hirao, A., Ohmura, M., Sato, H., Matsuoka, S., Takubo, K., Ito, K., Koh, G.Y.,, and Suda,
T. (2004). Tie2/Angiopoietin-1 Signaling Regulates Hematopoietic Stem Cell Quiescence in the
Bone Marrow Niche. Cell 118, 149-161. 10.1016/j.cell.2004.07.004.

Hock, H., Foudi, A., Hochedlinger, K., Van Buren, D., Schindler, J.W., Jaenisch, R., and Carey, V.
(2009). Analysis of histone 2B-GFP retention reveals slowly cycling hematopoietic stem cells.
Nature biotechnology 27, 84-90. 10.1038/nbt.1517.

Zhang, Y., Gao, S., Xia, J., and Liu, F. (2018). Hematopoietic Hierarchy — An Updated Roadmap.
Trends in cell biology 28, 976-986. 10.1016/j.tch.2018.06.001.

Abou Ezzi, G., Suparkorndej, T., Anthony, B., Zhang, J., Ganguly, S., Civitelli, R., and Link, D.C.
(2015). Loss of TGF-B Signaling in Bone Marrow Mesenchymal Progenitors Promotes
Adipocyte over Osteoblast Differentiation but Does Not Disrupt the HSC Niche. Blood 126,
666-666. 10.1182/blood.V126.23.666.666.

Pedersen, R.K., Andersen, M., Skov, V., Kjeer, L., Hasselbalch, H.C., Ottesen, J.T., and Stiehl, T.
(2023). HSC Niche Dynamics in Regeneration, Pre-malignancy, and Cancer: Insights From
Mathematical Modeling. Stem cells (Dayton, Ohio) 41, 260-270. 10.1093/stmcls/sxac079.
Zhao, M., Perry, J.M., Marshall, H., Venkatraman, A., Qian, P., He, X.C., Ahamed, J., and Li, L.
(2014). Megakaryocytes maintain homeostatic quiescence and promote post-injury
regeneration of hematopoietic stem cells. Nature medicine 20, 1321-1326. 10.1038/nm.3706.
Liu, L., Zhao, M., Jin, X., Ney, G., Yang, K.B., Peng, F., Cao, J., Iwawaki, T., Del Valle, J., Chen, X,,
and Li, Q. (2019). Adaptive endoplasmic reticulum stress signalling via IRE1a—XBP1 preserves
self-renewal of haematopoietic and pre-leukaemic stem cells. Nature cell biology 21, 328-337.
10.1038/s41556-019-0285-6.

Rodriguez, S., Wang, L., Mumaw, C., Srour, E.F.,, Lo Celso, C., Nakayama, K.-i., and Carlesso, N.
(2011). The SKP2 E3 ligase regulates basal homeostasis and stress-induced regeneration of
HSCs. Blood 117, 6509-6519. 10.1182/blood-2010-11-321521.

Glauzy, S., André-Schmutz, I., Larghero, J., Ezine, S., De Latour, R.P., Moins-Teisserenc, H.,
Servais, S., Robin, M., Socié, G., Clave, E., and Toubert, A. (2014). CXCR4-related increase of
circulating human lymphoid progenitors after allogeneic hematopoietic stem cell
transplantation. PloS one 9, €91492-€91492. 10.1371/journal.pone.0091492.

Suga, H., Matsumoto, D., Eto, H., Inoue, K., Aoi, N., Kato, H., Araki, J., and Yoshimura, K. (2009).
Functional Implications of CD34 Expression in Human Adipose-Derived Stem/Progenitor Cells.
Stem cells and development 18, 121-1210. 10.1089/scd.2009.0003.

Heilingloh, C.S., Klingl, S., Egerer-Sieber, C., Schmid, B., Weiler, S., Mihl-Ziirbes, P., Hofmann,
J., Stump, J.D., Sticht, H., Kummer, M., et al. (2017). Crystal Structure of the Extracellular
Domain of the Human Dendritic Cell Surface Marker CD83. Journal of molecular biology 429,
1227-1243. 10.1016/j.jmb.2017.03.009.

Lee, H.T, Kim, Y., Park, U.B., Jeong, T.J,, Lee, S.H., and Heo, Y.-S. (2021). Crystal structure of
CD38 in complex with daratumumab, a first-in-class anti-CD38 antibody drug for treating
multiple myeloma. Biochemical and biophysical research communications 536, 26-31.
10.1016/j.bbrc.2020.12.048.

Fenalti, G., Villanueva, N., Griffith, M., Pagarigan, B., Lakkaraju, S.K., Huang, R.Y.C., Ladygina,
N., Sharma, A., Mikolon, D., Abbasian, M., et al. (2021). Structure of the human marker of self
5-transmembrane receptor CD47. Nature communications 12, 5218-5218. 10.1038/s41467-
021-25475-w.

Engel, P, Boumsell, L., Balderas, R., Bensussan, A., Gattei, V., Horejsi, V., Jin, B.-Q., Malavasi,
F., Mortari, F., Schwartz-Albiez, R., et al. (2015). CD nomenclature 2015: Human leukocyte
differentiation antigen workshops as a driving force in immunology. The Journal of
immunology (1950) 195, 4555-4563. 10.4049/jimmunol.1502033.

60



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Cimato, T.R.T.R,, Furlage, R.L.R.L., Conway, A.A., and Wallace, P.K.P.K. (2016). Simultaneous
Measurement of Human Hematopoietic Stem and Progenitor Cells In Blood Using Multi-color
Flow Cytometry. Cytometry. Part B, Clinical cytometry 90, 415-423. 10.1002/cyto.b.21354.
Caux, C., Favre, C,, Sealand, S., Duvert, V., Mannoni, P., Durand, I., Aubry, J.P., and De Vries, J.E.
(1989). Sequential loss of CD34 and class Il MHC antigens on purified cord blood
hematopoietic progenitors cultures with IL-3: Characterization of CD34, HLA-DR cells. Blood
74,1287-1294. 10.1182/blood.v74.4.1287 .bloodjournal7441287.

Civin, C.l., Strauss, L.C., Brovall, C., Fackler, M.J., Schwartz, J.F., and Shaper, J.H. (1984).
Antigenic analysis of hematopoiesis. Ill: A hematopoietic progenitor cell surface antigen
defined by a monoclonal antibody raised against KG-la cells. The Journal of immunology
(1950) 133, 157-165.

Lu, L., Walker, D., Broxmeyer, H.E., Hoffman, R., Hu, W., and Walker, E. (1987). Characterization
of adult human marrow hematopoietic progenitors highly enriched by two-color cell sorting
with My10 and major histocompatibility class Il monoclonal antibodies. The Journal of
immunology (1950) 139, 1823-1829. 10.4049/jimmunol.139.6.1823.

Felschow, D.M., McVeigh, M.L., Hoehn, G.T., Civin, C.l., and Fackler, M.J. (2001). The adapter
protein CrkL associates with CD34. Blood 97, 3768-3775. 10.1182/blood.V97.12.3768.
Sutherland, D.R., Fackler, M.J., May, W.S., Matthews, K.E., and Baker, M.A. (1992). Activated
Protein Kinase C Directly Phosphorylates the CD34 Antigen in Acute Lymphoblastic Leukemia
Cells. Leukemia & lymphoma 8, 337-344. 10.3109/10428199209051012.

Broxmeyer, H.E., Lu, L., Hangoc, G., Cooper, S., Hendrie, P.C., Ledbetter, J.A., Xiao, M., Williams,
D.E., and Shen, F-W. (1991). CD45 cell surface antigens are linked to stimulation of early
human myeloid progenitor cells by interleukin 3 (IL-3), granulocyte/ macrophage colony-
stimulating factor (GM-CSF), a GM-CSF/IL-3 fusion protein, and mast cell growth factor (a c-
kit Ligand). The Journal of experimental medicine 174, 447-458. 10.1084/jem.174.2.447.
Bernabeu, C., Carrera, A.C., De Landazuri, M.O., and Sdnchez-Madrid, F. (1987). Interaction
between the CD45 antigen and phytohemagglutinin. Inhibitory effect on the lectin-induced T
cell proliferation by anti-CD45 monoclonal antibody. European journal of immunology 17,
1461-1466. 10.1002/eji.1830171012.

Ralph, S.J., Thomas, M.L., Morton, C.C., and Trowbridge, I.S. (1987). Structural variants of
human T200 glycoprotein (leukocyte-common antigen). Embo j 6, 1251-1257.
10.1002/j.1460-2075.1987.tb02361.x.

Krzywinska, E., Cornillon, A., Allende-Vega, N., Vo, D.-N., Rene, C., Lu, Z.-Y., Pasero, C., Olive,
D., Fegueux, N., Ceballos, P, et al. (2016). CD45 isoform profile identifies natural killer (NK)
subsets with differential activity. PloS one 11, e0150434-e0150434.
10.1371/journal.pone.0150434.

Renders, S., Svendsen, A.F,, Panten, J., Rama, N., Maryanovich, M., Sommerkamp, P., Ladel, L.,
Redavid, A.R., Gibert, B., Lazare, S., et al. (2021). Niche derived netrin-1 regulates
hematopoietic stem cell dormancy via its receptor neogenin-1. Nature communications 12,
608-615. 10.1038/s41467-020-20801-0.

Coskun, S., Chao, H., Vasavada, H., Heydari, K., Gonzales, N., Zhou, X., de Crombrugghe, B.,
and Hirschi, Karen K. (2014). Development of the Fetal Bone Marrow Niche and Regulation of
HSC Quiescence and Homing Ability by Emerging Osteolineage Cells. Cell reports (Cambridge)
9, 581-590. 10.1016/j.celrep.2014.09.013.

Pedersen, R.K., Andersen, M., Stiehl, T., and Ottesen, J.T. (2021). Mathematical modelling of
the hematopoietic stem cell-niche system: Clonal dominance based on stem cell fitness.
Journal of theoretical biology 518, 110620-110620. 10.1016/j.jtbi.2021.110620.

61



42.

43,

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Prendergast, A.M., Kuck, A., van Essen, M., Haas, S., Blaszkiewicz, S., and Essers, M.A.G.
(2017). IFN a -mediated remodeling of endothelial cells in the bone marrow niche.
Haematologica (Roma) 102, 445-453. 10.3324/haematol.2016.151209.

Kara, N., Xue, Y., Zhao, Z., Murphy, M.M., Comazzetto, S., Lesser, A., Du, L., and Morrison, S.J.
(2023). Endothelial and Leptin Receptor+ cells promote the maintenance of stem cells and
hematopoiesis in early postnatal murine bone marrow. Developmental cell 58, 348-360.e346.
10.1016/j.devcel.2023.02.003.

Breitbach, M., Kimura, K., Luis, T.C., Fuegemann, C.J., Woll, P.S., Hesse, M., Facchini, R., Rieck,
S., Jobin, K., Reinhardt, J., et al. (2018). In Vivo Labeling by CD73 Marks Multipotent Stromal
Cells and Highlights Endothelial Heterogeneity in the Bone Marrow Niche. Cell stem cell 22,
262-276.e267.10.1016/j.stem.2018.01.008.

Marchand, V., Jego, C., Valensi, L., Fenaux, P., ltzykson, R., Willekens, C., Thépot, S., Berthon,
C., Braun, T, Etienne, G., et al. (2023). Topic: AS04-MDS Biology and Pathogenesis/AS04i-
Microenvironment and stem cell niche: MESENCHYMAL STROMAL CELLS OF THE BONE
MARROW NICHE CONTRIBUTE TO THE PROINFLAMMATORY PHENOTYPE OF CMML
MONOCYTES THROUGH IGFBP2. Leukemia research 128, 1072109.
10.1016/j.leukres.2023.107219.

Chang, Kyung H., Sengupta, A., Nayak, Ramesh C., Duran, A., Lee, SangJ., Pratt, Ronald G.,
Wellendorf, Ashley M., Hill, Sarah E., Watkins, M., Gonzalez-Nieto, D., et al. (2014). p62 Is
Required for Stem Cell/Progenitor Retention through Inhibition of IKK/NF-kB/Ccl4 Signaling at
the Bone Marrow Macrophage-Osteoblast Niche. Cell reports (Cambridge) 9, 2084-2097.
10.1016/j.celrep.2014.11.031.

Scadden, D.T., Calvi, L.M., Adams, G.B., Weibrecht, KW., Weber, J.M., Olson, D.P., Knight, M.C.,
Martin, R.P.,, Schipani, E., Divieti, P, et al. (2003). Osteoblastic cells regulate the
haematopoietic stem cell niche. Nature 425, 841-846. 10.1038/nature02040.

Ikushima, Y.M., Arai, F., Nakamura, Y., Hosokawa, K., Kubota, Y., Hirashima, M., Toyama, H.,
and Suda, T. (2013). Enhanced Angpt1/Tie2 signaling affects the differentiation and long-term
repopulation ability of hematopoietic stem cells. Biochemical and biophysical research
communications 430, 20-25. 10.1016/j.bbrc.2012.11.002.

Stier, S., Ko, Y., Forkert, R., Lutz, C., Neuhaus, T., Griinewald, E., Cheng, T., Dombkowski, D.,
Calvi, L.M., Rittling, S.R., and Scadden, D.T. (2005). Osteopontin is a hematopoietic stem cell
niche component that negatively regulates stem cell pool size. The Journal of experimental
medicine 201, 1781-1791. 10.1084/jem.20041992.

Roversi, F.M., Bueno, M.L.P.,, Pericole, FV., and Saad, S.T.0. (2021). Hematopoietic Cell Kinase
(HCK) Is a Player of the Crosstalk Between Hematopoietic Cells and Bone Marrow Niche
Through CXCL12/CXCR4 Axis. Frontiers in cell and developmental biology 9, 634044-634044.
10.3389/fcell.2021.634044.

Greenbaum, A,, Hsu, Y.-M.S., Day, R.B., Schuettpelz, L.G., Christopher, M.J., Borgerding, J.N.,
Nagasawa, T., and Link, D.C. (2013). CXCL12 in early mesenchymal progenitors is required for
haematopoietic stem-cell maintenance. Nature (London) 495, 227-230.
10.1038/nature11926.

Comazzetto, S., Murphy, M.M., Berto, S., Jeffery, E., Zhao, Z., and Morrison, S.J. (2019).
Restricted Hematopoietic Progenitors and Erythropoiesis Require SCF from Leptin Receptor+
Niche Cells in the Bone Marrow. Cell stem cell 24, 477-486.e476.10.1016/j.stem.2018.11.022.
Miharada, K., Karlsson, G., Rehn, M., Rorby, E., Siva, K., Cammenga, J., and Karlsson, S. (2012).
Hematopoietic stem cells are regulated by Cripto, as an intermediary of HIF-1a in the hypoxic
bone marrow niche. Annals of the New York Academy of Sciences 1266, 55-62.
10.1111/j.1749-6632.2012.06564 x.

62



54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Singh, R.P., Franke, K., Kalucka, J., Mamlouk, S., Muschter, A., Gembarska, A., Grinenko, T.,
Willam, C., Naumann, R., Anastassiadis, K., et al. (2013). HIF prolyl hydroxylase 2 (PHD2) is a
critical regulator of hematopoietic stem cell maintenance during steady-state and stress.
Blood 121, 5158-5166. 10.1182/blood-2012-12-471185.

Guarnerio, J., Coltella, N., Ala, U., Tonon, G., Pandolfi, Pier P., and Bernardi, R. (2014). Bone
Marrow Endosteal Mesenchymal Progenitors Depend on HIF Factors for Maintenance and
Regulation of Hematopoiesis. Stem cell reports 2, 794-809. 10.1016/j.stemcr.2014.04.002.
Cacialli, P,, Mahony, C.B., Petzold, T., Bordignon, P., Rougemont, A.-L., and Bertrand, J.Y. (2021).
A connexin/ifi30 pathway bridges HSCs with their niche to dampen oxidative stress. Nature
communications 12, 4484-4484. 10.1038/s41467-021-24831-0.

Khurana, S., Melacarne, A., Yadak, R., Schouteden, S., Notelaers, T., Pistoni, M., Maes, C., and
Verfaillie, C.M. (2014). SMAD Signaling Regulates CXCL12 Expression in the Bone Marrow
Niche, Affecting Homing and Mobilization of Hematopoietic Progenitors. Stem cells (Dayton,
Ohio) 32,3012-3022. 10.1002/stem.1794.

Calvi, L.M. (2020). Bone marrow and the hematopoietic stem cell niche. Principles of Bone
Biology. https://doi.org/10.1016/B978-0-12-814841-9.00003-8.

Gur-Cohen, S., Kollet, 0., Graf, C., Esmon, CT., Ruf, W., and Lapidot, T. (2016). Regulation of
long-term repopulating hematopoietic stem cells by EPCR/PAR1 signaling: PAR1 signaling
dictates HSC retention or migration. Annals of the New York Academy of Sciences 1370, 65-
81.10.1111/nyas.13013.

Szilvassy, S.J., Meyerrose, T.E., Ragland, P.L., and Grimes, B. (2001). Differential homing and
engraftment properties of hematopoietic progenitor cells from murine bone marrow,
mobilized peripheral blood, and fetal liver. Blood 98, 2108-2115. 10.1182/blood.vV98.7.2108.
Alotaibi, H., Aljurf, M., de Latour, R., Alfayez, M., Bacigalupo, A., Fakih, R.E., Schrezenmeier, H.,
Ahmed, S.0., Gluckman, E., Igbal, S., et al. (2022). Upfront Alternative Donor Transplant versus
Immunosuppressive Therapy in Patients with Severe Aplastic Anemia Who Lack a Fully HLA-
Matched Related Donor: Systematic Review and Meta-Analysis of Retrospective Studies, on
Behalf of the Severe Aplastic Anemia Working Party of the European Group for Blood and
Marrow Transplantation. Transplantation and cellular therapy 28, 105.e101-105.e107.
10.1016/j.jtct.2021.10.006.

Pidala, J., Kim, J., Schell, M., Lee, S.J., Hillgruber, R., Nye, V., Ayala, E., Alsina, M., Betts, B.,
Bookout, R, et al. (2013). Race/ethnicity affects the probability of finding an HLA-A,-B,-C and-
DRB1 allele-matched unrelated donor and likelihood of subsequent transplant utilization.
Bone marrow transplantation (Basingstoke) 48, 346-350. 10.1038/bmt.2012.150.

Siddiq, S., Pamphilon, D., Brunskill, S., Doree, C., Hyde, C., and Stanworth, S. (2009). Bone
marrow harvest versus peripheral stem cell collection for haemopoietic stem cell donation in
healthy donors. Cochrane database of systematic reviews 2010, CD006406-CD006406.
10.1002/14651858.CD006406.pub2.

Machaczka, M., Hagglund, H., Staver, E., Joks, M., Hassan, M., Wahlin, B.E., and Axdorph
Nygell, U. (2017). G-CSF mobilized peripheral blood stem cell collection for allogeneic
transplantation in healthy donors: Analysis of factors affecting yield. Journal of clinical
apheresis 32, 384-391. 10.1002/jca.21524.

Tesio, T., Oser, G.M., Baccelli, I., Blanco-Bose, W., Wu, H., Goéthert, J.R., Kogan, S.C., and
Trumpp, A. (2013). Pten loss in the bone marrow leads to G-CSF-mediated HSC mobilization.
The Journal of experimental medicine 210, 2337-2349. 10.1084/jem.20122768.

Singh, V., Jang, H., Kim, S., Ayash, L., Alavi, A., Ratanatharathorn, V., Uberti, J.P., and Deol, A.
(2021). G-CSF use post peripheral blood stem cell transplant is associated with faster

63



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

neutrophil engraftment, shorter hospital stay and increased incidence of chronic GVHD.
Leukemia & lymphoma 62, 446-453. 10.1080/10428194.2020.1827244.

Anasetti, C., Logan, B.R., Lee, S.J., Waller, E.K., Weisdorf, D.J., Wingard, J.R., Cutler, C.S,,
Westervelt, P., Woolfrey, A., Couban, S., et al. (2012). Peripheral-Blood Stem Cells versus Bone
Marrow from Unrelated Donors. The New England journal of medicine 367, 1487-1496.
10.1056/NEJM0a1203517.

To, L.B., Levesque, J.-P., and Herbert, K.E. (2011). How | treat patients who mobilize
hematopoietic stem cells poorly. Blood 118, 4530-4540. 10.1182/blood-2011-06-318220.
Nagler, A., Labopin, M., Shimoni, A., Mufti, G.J., Cornelissen, J.J., Blaise, D., Janssen, J.JW.M.,
Milpied, N., Vindelov, L., Petersen, E., et al. (2012). Mobilized peripheral blood stem cells
compared with bone marrow from HLA-identical siblings for reduced-intensity conditioning
transplantation in acute myeloid leukemia in complete remission: a retrospective analysis
from the Acute Leukemia Working Party of EBMT. European journal of haematology 89, 206-
213.10.1111/j.1600-0609.2012.01811.x.

Casteleiro Costa, P., Ledwig, P., Bergquist, A., Kurtzberg, J., and Robles, F.E. (2020). Noninvasive
white blood cell quantification in umbilical cord blood collection bags with quantitative
oblique back-illumination microscopy. Transfusion (Philadelphia, Pa.) 60, 588-597.
10.1111/trf.15704.

Wang, R., Wang, X., Yang, S., Xiao, Y,, Jia, Y., Zhong, J., Gao, Q., and Zhang, X. (2021). Umbilical
cord-derived mesenchymal stem cells promote myeloid-derived suppressor cell enrichment
by secreting CXCL1 to prevent graft-versus-host disease after hematopoietic stem cell
transplantation. Cytotherapy (Oxford, England) 23, 996-1006. 10.1016/j.jcyt.2021.07.009.
Barker, J.N., Davies, S.M., DeFor, T., Ramsay, N.K.C., Weisdorf, D.J., and Wagner, J.E. (2001).
Survival after transplantation of unrelated donor umbilical cord blood is comparable to that
of human leukocyte antigen—matched unrelated donor bone marrow: results of a matched-
pair analysis. Blood 97, 2957-2961. 10.1182/blood.vV97.10.2957.

Thomas, E.D., Lochte, H.L., Lu, W.C., and Ferrebee, J.W. (1957). Intravenous Infusion of Bone
Marrow in Patients Receiving Radiation and Chemotherapy. The New England journal of
medicine 257, 491-496. 10.1056/NEJM195709122571102.

Kako, S., lzutsu, K., Kato, K., Kim, S.-W., Mori, T., Fukuda, T., Kobayashi, N., Taji, H., Hashimoto,
H., Kondo, T, et al. (2015). The role of hematopoietic stem cell transplantation for relapsed
and refractory Hodgkin lymphoma: HSCT for Hodgkin lymphoma. American journal of
hematology 90, 132-138. 10.1002/ajh.23897.

Sood, N., Tiwari, A.K., Pabbi, S., Dikshit, R., Singh, P., Ramaswami, A., Gautam, D., and Singh,
M.K. (2022). Clinical Outcomes of Autologous Hematopoietic Stem Cell Transplant (HSCT) in
Multiple Myeloma Patients: 5-year Experience from a Single Centre in North India. South
Asian journal of cancer. 10.1055/s-0042-1748184.

Foell, J., Schulte, J.H., Pfirstinger, B., Troeger, A., Wolff, D., Edinger, M., Hofmann, P., Aslanidis,
C., Lang, P, Holler, E., et al. (2019). Haploidentical CD3 or a/B T-cell depleted HSCT in advanced
stage sickle cell disease. Bone marrow transplantation (Basingstoke) 54, 1859-1867.
10.1038/s41409-019-0550-0.

Urban, C., Benesch, M., Sovinz, P., Sipurzynski, S., Lackner, H., Miiller, E., and Schwinger, W.
(2012). Alternative donor HSCT in refractory acquired aplastic anemia - Prevention of graft
rejection and graft versus host disease by immunoablative conditioning and graft
manipulation: Alternative donor HSCT in refractory aplastic anemia. Pediatric transplantation
16,577-581. 10.1111/j.1399-3046.2012.01692.x.

Merli, P., Ruggeri, A., Algeri, M., Li Pira, G., Ceglie, G., Gruppioni, K., Kommera, S., Maa, J., and
Locatelli, F. (2019). Clinical Outcomes after Allogeneic Hematopoietic Stem Cell

64



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

Transplantation in Patients with Transfusion-Dependent B-Thalassemia Treated at the
Bambino Gesu Children's Hospital, Rome, Italy. Blood 134, 969-969. 10.1182/blood-2019-
123440.

Aydogdu, S., Toret, E., Aksoy, B.A., Aydin, M.F,, Cipe, F.E., Bozkurt, C., and Fisgin, T. (2021).
Comparison of Hematopoietic Stem Cell Transplantation Results in Patients with B-
Thalassemia Major from Three Different Graft Types. Hemoglobin 45, 25-29.
10.1080/03630269.2021.1872611.

Broomfield, A., Hensman, P., Ghosh, A., Morakis, E., Mercer, J., Oldham, A., Stepien, K., and
Jones, S.A. (2020). Long-term ambulatory outcomes in MPS | (Hurler syndrome) patients after
HSCT. Molecular genetics and metabolism 129, S34-S35. 10.1016/j.ymgme.2019.11.064.
McGovern, E., Owens, L., Nunn, J., Bolas, A., Meara, A.O., and Fleming, P. (2010). Oral features
and dental health in Hurler Syndrome following hematopoietic stem cell transplantation: Oral
features of Hurler Syndrome post HSCT. International journal of paediatric dentistry 20, 322-
329.10.1111/j.1365-263X.2010.01055..x.

Chiesa, R., Boelens, J.J., Duncan, C.N., Kiihl, J.S., Sevin, C., Kapoor, N., Prasad, V.K., Lindemans,
C.A,, Jones, S.A., Amartino, H.M., et al. (2022). Variables affecting outcomes after allogeneic
hematopoietic stem cell transplant for cerebral adrenoleukodystrophy. Blood Adv 6, 1512-
1524.10.1182/bloodadvances.2021005294.

Fernandes, J.F., Bonfim, C., Kerbauy, F.R., Rodrigues, M., Esteves, I., Silva, N.H., Azambuja, A.P,,
Mantovani, L.F., Kutner, J.M., Loth, G., et al. (2018). Haploidentical bone marrow
transplantation with post transplant cyclophosphamide for patients with X-linked
adrenoleukodystrophy: A suitable choice in an urgent situation. Bone marrow transplantation
(Basingstoke) 53, 392-399. 10.1038/s41409-017-0015-2.

Burt, R.K., Han, X., Quigley, K., Helenowski, 1.B., and Balabanov, R. (2022). Real-world
application of autologous hematopoietic stem cell transplantation in 507 patients with
multiple sclerosis. Journal of neurology 269, 2513-2526. 10.1007/s00415-021-10820-2.
Muraro, P.A., Robins, H., Malhotra, S., Howell, M., Phippard, D., Desmarais, C., De Paula Alves
Sousa, A., Griffith, L.M., Lim, N., Nash, R.A., and Turka, L.A. (2014). T cell repertoire following
autologous stem cell transplantation for multiple sclerosis. The Journal of clinical investigation
124,1168-1172.10.1172/ICI171691.

Poletti, V., Charrier, S., Martin, S., Gjata, B., Vignaud, A., Zhang, F., Buckland, K., Rothe, M.,
Schambach, A., Pai, S.-Y., et al. (2016). Preclinical Development of Gene Therapy for X-Linked
Severe Combined Immunodeficiency (SCID-X1). Blood 128, 4705-4705.
10.1182/blood.V128.22.4705.4705.

Robbins, R.C., Balsam, L.B., Wagers, A.J., Christensen, J.L., Kofidis, T., and Weissman, I.L.
(2004). Haematopoietic stem cells adopt mature haematopoietic fates in ischaemic
myocardium. Nature 428, 668-673. 10.1038/nature02460.

Shintani, S., Murohara, T., lkeda, H., Ueno, T., Sasaki, K.-l., Duan, J., and Imaizumi, T. (2001).
Augmentation of postnatal neovascularization with autologous bone marrow transplantation.
Circulation (New York, N.Y.) 103, 897-903. 10.1161/01.CIR.103.6.897.

Kamihata, H., Matsubara, H., Nishiue, T., Fujiyama, S., Tsutsumi, Y., Ozono, R., Masaki, H., Mori,
Y., Iba, O., Tateishi, E., et al. (2001). Implantation of bone marrow mononuclear cells into
ischemic myocardium enhances collateral perfusion and regional function via side supply of
angioblasts, angiogenic ligands, and cytokines. Circulation (New York, N.Y.) 104, 1046-1052.
10.1161/hc3501.093817.

Li, C., Georgakopoulou, A., Newby, G.A., Chen, P.J., Everette, K.A., Paschoudi, K., Vlachaki, E.,
Gil, S., Anderson, A.K., Koob, T., et al. (2023). In vivo HSC prime editing rescues sickle cell
disease in a mouse model. Blood 141, 2085-2099. 10.1182/blood.2022018252.

65



91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Lin, C.-H., Lee, H.-T., Lee, S.-D., Lee, W., Cho, C.-W.C,, Lin, S.-Z., Wang, H.-J., Okano, H., Su, C.-Y,,
Yu, Y-L., et al. (2013). Role of HIF-1la-activated Epacl on HSC-mediated neuroplasticity in
stroke model. Neurobiology of disease 58, 76-91. 10.1016/j.nbd.2013.05.006.

Dignum, T., Varnum-Finney, B., Srivatsan, S.R., Dozono, S., Waltner, O., Heck, A.M., Ishida, T,,
Nourigat-McKay, C., Jackson, D.L., Rafii, S., et al. (2021). Multipotent progenitors and
hematopoietic stem cells arise independently from hemogenic endothelium in the mouse
embryo. Cell reports (Cambridge) 36, 109675-109675. 10.1016/j.celrep.2021.109675.
Milano, F., Heimfeld, S., Riffkin, 1.B., Nicoud, I., Appelbaum, F.R., Bernstein, I.D., and Delaney,
C. (2014). Infusion of a Non HLA-Matched Off-the-Shelf Ex Vivo Expanded Cord Blood
Progenitor Cell Product Following Myeloablative Cord Blood Transplantation Is Safe,
Decreases the Time to Hematopoietic Recovery, and Results in Excellent Overall Survival.
Blood 124, 46-46. 10.1182/blood.V124.21.46.46.

Delaney, C., Milano, F., Nicoud, I., Heimfeld, S., Karanes, C., Gutman, J.A., Wagner, J.E,,
Appelbaum, F.R., and Bernstein, 1.D. (2013). Dose Dependent Enhancement Of Neutrophil
Recovery By Infusion Of Notch Ligand Ex Vivo Expanded Cord Blood Progenitors: Results Of a
Multi-Center Phase | Trial. Blood 122, 297-297. 10.1182/blood.V122.21.297.297.

Zhang, Y., Pan, X., Shi, Z., Cai, H., Gao, Y., and Zhang, W. (2018). Sustained release of stem cell
factor in a double network hydrogel for ex vivo culture of cord blood-derived CD34+ cells. Cell
proliferation 51, €12407-n/a. 10.1111/cpr.12407.

Mirantes, C., Passegué, E., and Pietras, E.M. (2014). Pro-inflammatory cytokines: Emerging
players regulating HSC function in normal and diseased hematopoiesis. Experimental cell
research 329, 248-254. 10.1016/j.yexcr.2014.08.017.

Kirito, K., and Kaushansky, K. (2005). Thrombopoietin Stimulates Vascular Endothelial Cell
Growth factor (VEGF) Production in Hematopoietic Stem Cells. Cell cycle (Georgetown, Tex.)
4,1729-1731.10.4161/cc.4.12.2197.

Au, A.E., Lebois, M., Sim, S.A., Cannon, P., Corbin, J., Gangatirkar, P., Hyland, C.D., Mouijalled,
D., Rutgersson, A., Yassinson, F., et al. (2017). Altered B-lymphopoiesis in mice with
deregulated thrombopoietin signaling. Scientific reports 7, 14953-14910. 10.1038/s41598-
017-15023-2.

Vaidya, S., St. Louis, P., Burzenski, L., Greiner, D.L., Brehm, M.A., and Shultz, L.D. (2020).
Enhanced development of functional human innate immune cells in a novel mouse FLT3null
NSG mouse strain expressing human FLT3L. The Journal of immunology (1950) 204, 223-
223.224. 10.4049/jimmunol.204.Supp.223.24.

Lodish, H.F., Zhang, C.C., Kaba, M., Ge, G., Xie, K., Tong, W., and Hug, C. (2006). Angiopoietin-
like proteins stimulate ex vivo expansion of hematopoietic stem cells. Nature medicine 12,
240-245. 10.1038/nm1342.

Murray, L.J., Young, J.C.,, Osborne, L.J., Luens, K.M., Scollay, R., and Hill, B.L. (1999).
Thrombopoietin, flt3, and kit ligands together suppress apoptosis of human mobilized CD34
+ cells and recruit primitive CD34 +Thy-1 + cells into rapid division. Experimental hematology
27,1019-1028. 10.1016/S0301-472X(99)00031-4.

Ajami, M., Soleimani, M., Abroun, S., and Atashi, A. (2019). Comparison of cord blood
CD34 + stem cell expansion in coculture with mesenchymal stem cells overexpressing SDF-1
and soluble /membrane isoforms of SCF. Journal of cellular biochemistry 120, 15297-15309.
10.1002/jcb.28797.

Butler, J.M., Nolan, D.J., Vertes, E.L., Varnum-Finney, B., Kobayashi, H., Hooper, AT., Seandel,
M., Shido, K., White, I.A., Kobayashi, M., et al. (2010). Endothelial Cells Are Essential for the
Self-Renewal and Repopulation of Notch-Dependent Hematopoietic Stem Cells. Cell stem cell
6, 251-264. 10.1016/j.stem.2010.02.001.

66



104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

Boitano, A.E., Wang, J., Romeo, R., Bouchez, L.C., Parker, A.E., Sutton, S.E., Walker, J.R,,
Flaveny, C.A., Perdew, G.H., Denison, M.S., et al. (2010). Aryl Hydrocarbon Receptor
Antagonists Promote the Expansion of Human Hematopoietic Stem Cells. Science (New York,
N.Y.) 329, 1345-1348.

Fares, |., Chagraoui, J., Gareau, Y., Gingras, S., Ruel, R., Mayotte, N., Csaszar, E., Knapp, D.J.H.F,,
Miller, P., Ngom, M., et al. (2014). Pyrimidoindole derivatives are agonists of human
hematopoietic stem cell self-renewal. Science (New York, N.Y.) 345, 1509-1512.

Bug, G., GUL, H., RUTHARDT, M., SCHWARZ, K., PFEIFER, H., KAMPFMANN, M., ZHENG, X.,
BEISSERT, T., BOEHRER, S., HOELZER, D., and OTTMANN, O.G. (2005). Valproic acid stimulates
proliferation and self-renewal of hematopoietic stem cells. Cancer research (Chicago, Ill.) 65,
2537-2541.

Manesia, J.K., Almoflehi, S., Pasha, R., Jahan, S., Blake, J., Audet, J., and Pineault, N. (2019).
Stringent Small Molecule Dose Requirements for the Optimal Expansion of Hematopoietic
Stem Cells Revealed By Predictive Analytics and Xenotransplants. Blood 134, 1185-1185.
10.1182/blood-2019-128692.

Chagraoui, J., Girard, S., Spinella, J.F., Simon, L., Bonneil, E., Mayotte, N., MacRae, T.,
Coulombe-Huntington, J., Bertomeu, T., Moison, C., et al. (2021). UM171 Preserves Epigenetic
Marks that Are Reduced in Ex Vivo Culture of Human HSCs via Potentiation of the CLR3-
KBTBD4 Complex. Cell Stem Cell 28, 48-+. 10.1016/j.stem.2020.12.002.

Chaurasia, P., Gajzer, D.C., Schaniel, C., D'Souza, S., and Hoffman, R. (2014). Epigenetic
reprogramming induces the expansion of cord blood stem cells. Journal of Clinical
Investigation 124, 2378-2395. 10.1172/jci70313.

Manesia, J.K., Maganti, H., Almoflehi, S., Hasan, T., Jahan, S., Pasha, R., Audet, J., and Pineault,
N. (2023). New epigenetic landscape promotes hematopoietic stem cell self-renewal through
the tyrosine kinase-receptor AXL. Manuscript in revision.

Zheng, G., Dahl, John A., Niu, Y., Fedorcsak, P., Huang, C.-M., Li, Charles J., Vagbg, Cathrine B.,
Shi, Y., Wang, W--L., Song, S.-H., et al. (2013). ALKBH5 Is a Mammalian RNA Demethylase that
Impacts RNA Metabolism and Mouse Fertility. Molecular cell 49, 18-29.
10.1016/j.molcel.2012.10.015.

Gilbert, W.V.,, Bell, T.A., and Schaening, C. (2016). Messenger RNA modifications: Form,
distribution, and function. Science (American Association for the Advancement of Science)
352, 1408-1412.10.1126/science.aad8711.

Saneyoshi, M., Harada, F., and Nishimura, S. (1969). Isolation and characterization of N6-
methyladenosine from Escherichia coli valine transfer RNA. Biochimica et biophysica acta.
Nucleic acids and protein synthesis 190, 264-273. 10.1016/0005-2787(69)90078-1.

Krug, R.M., Morgan, M.A., and Shatkin, A.J. (1976). Influenza viral mMRNA contains internal N6-
methyladenosine and 5'-terminal 7-methylguanosine in cap structures. Journal of Virology 20,
45-53.10.1128/jvi.20.1.45-53.1976.

Agarwala, S.D., Blitzblau, H.G., Hochwagen, A., and Fink, G.R. (2012). RNA methylation by the
MIS complex regulates a cell fate decision in yeast. PLoS genetics 8, €1002732-e1002732.
10.1371/journal.pgen.1002732.

Lence, T., Akhtar, J., Bayer, M., Schmid, K., Spindler, L., Ho, C.H., Kreim, N., Andrade-Navarro,
M.A., Poeck, B., Helm, M., and Roignant, J.-Y. (2016). m6A modulates neuronal functions and
sex determination in Drosophila. Nature (London) 540, 242-247. 10.1038/nature20568.
Dominissini, D., Moshitch-Moshkovitz, S., Schwartz, S., Salmon-Divon, M., Ungar, L.,
Osenberg, S., Cesarkas, K., Jacob-Hirsch, J., Amariglio, N., Kupiec, M., et al. (2012). Topology
of the human and mouse m6A RNA methylomes revealed by m6A-seq. Nature (London) 484,
201-206. 10.1038/nature11112.

67



118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

Meyer, K.D. (2019). DART-seq: an antibody-free method for global m(6)A detection. Nature
Methods 16, 1275-+. 10.1038/s41592-019-0570-0.

Huang, H.L., Weng, HY., and Chen, J.J. (2020). The Biogenesis and Precise Control of RNA
m(6)A Methylation. Trends in Genetics 36, 44-52. 10.1016/].tig.2019.10.011.

Akichika, S., Hirano, S., Shichino, Y., Suzuki, T., Nishimasu, H., Ishitani, R., Sugita, A., Hirose, Y.,
Iwasaki, S., and Nureki, O. (2019). Cap-specific terminal N-6-methylation of RNA by an RNA
polymerase ll-associated methyltransferase. Science 363, 141-141, eaav0080.
10.1126/science.aav0080.

You, Q., Wang, F,, Du, R., Pi, J.,, Wang, H., Huo, Y,, Liu, J., Wang, C., Yu, J., Yang, Y., and Zhu, L.
(2023). m6A Reader YTHDF1-Targeting Engineered Small Extracellular Vesicles for Gastric
Cancer Therapy via Epigenetic and Immune Regulation. Advanced materials (Weinheim) 35,
n/a. 10.1002/adma.202204910.

Du, H., Zhao, Y, He, J.,, Zhang, Y., Xi, H., Liu, M., Ma, J., and Wu, L. (2016). YTHDF2 destabilizes
m6A-containing RNA through direct recruitment of the CCR4-NOT deadenylase complex.
Nature communications 7, 12626-12611. 10.1038/ncomms12626.

Zhou, W.,, Han, Z., Wu, Z., Gong, W., Yang, S., Chen, L., and Li, C. (2022). Specific recognition
between YTHDF3 and m6A-modified RNA: An all-atom molecular dynamics simulation study.
Proteins, structure, function, and bioinformatics 90, 1965-1972. 10.1002/prot.26389.

Sheng, Y., Wei, J., Yu, F., Xu, H., Yu, C., Wu, Q., Liu, Y,, Li, L., Cui, X.-l., Gu, X., et al. (2021). A
critical role of nuclear m6A reader YTHDC1 in leukemogenesis by regulating MCM complex—
mediated DNA replication. Blood 138, 2838-2852. 10.1182/blood.2021011707.

Chen, L., Fu, Y., Hu, Z., Deng, K., Song, Z., Liu, S., Li, M., Ou, X., Wu, R., Liu, M., et al. (2022).
Nuclear m6A reader YTHDC1 suppresses proximal alternative polyadenylation sites by
interfering with the 3’ processing machinery. EMBO reports 23, n/a.
10.15252/embr.202254686.

Zhuy, S., Wang, J.-Z., Chen, D., He, Y--T., Meng, N., Chen, M., Lu, R.-X., Chen, X.-H., Zhang, X.-L.,
and Yan, G.-R. (2020). An oncopeptide regulates m6A recognition by the m6A reader IGF2BP1
and tumorigenesis. Nature communications 11, 1-14. 10.1038/s41467-020-15403-9.

Wang, X,, Ji, Y., Feng, P, Liu, R,, Li, G., Zheng, J., Xue, Y., Wei, Y., Ji, C., Chen, D., and Li, J. (2021).
The m6A Reader IGF2BP2 Regulates Macrophage Phenotypic Activation and Inflammatory
Diseases by Stabilizing TSC1 and PPARy. Advanced science 8, 2100209-n/a.
10.1002/advs.202100209.

liang, T., He, X., Zhao, Z., Zhang, X., Wang, T., and lJia, L. (2022). RNA m6A reader IGF2BP3
promotes metastasis of triple-negative breast cancer via SLIT2 repression. The FASEB journal
36, €22618-n/a. 10.1096/fj.202200751RR.

Wang, X,, Lu, Z., Gomez, A, Hon, G.C,, Yue, Y., Han, D, Fu, Y., Parisien, M., Dai, Q., Jia, G., et al.
(2014). N6-methyladenosine-dependent regulation of messenger RNA stability. Nature
(London) 505, 117-120. 10.1038/nature12730.

Wang, X., Zhao, Boxuan S., Roundtree, lan A., Lu, Z., Han, D., Ma, H., Weng, X., Chen, K., Shi,
H., and He, C. (2015). N6-methyladenosine Modulates Messenger RNA Translation Efficiency.
Cell 161, 1388-1399. 10.1016/j.cell.2015.05.014.

Zaccara, S., Ries, R.J., and Jaffrey, S.R. (2019). Reading, writing and erasing mRNA methylation.
Nature reviews. Molecular cell biology 20, 608-624. 10.1038/s41580-019-0168-5.

Gao, Y., Zimmer, J.T.,, Vasic, R,, Liu, C., Gbyli, R., Zheng, S.-J., Patel, A., Liu, W., Nelakanti, R.,
Song, Y., et al. (2021). ALKBH5 Modulates Hematopoietic Stem and Progenitor Cell Energy
Metabolism through m 6a Modification-Mediated RNA Stability. Blood 138, 298-298.
10.1182/blood-2021-146049.

68



133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Wang, J.Z,, Li, Y.C., Wang, P.P,, Han, G.Q., Zhang, T.T,, Chang, J.W.,, Yin, R, Shan, Y., Wen, J., Xie,
X.Q., et al. (2020). Leukemogenic Chromatin Alterations Promote AML Leukemia Stem Cells
via a KDM4C-ALKBH5-AXL Signaling Axis. Cell Stem Cell 27, 81-+. 10.1016/j.stem.2020.04.001.
Shen, C., Sheng, Y., Zhu, A.C., Robinson, S., Jiang, X., Dong, L., Chen, H.Y,, Su, R., Yin, Z., Li, W.,
et al. (2020). RNA Demethylase ALKBH5 Selectively Promotes Tumorigenesis and Cancer Stem
Cell Self-Renewal in Acute Myeloid Leukemia. Cell Stem Cell 27, 64-+.
10.1016/j.stem.2020.04.009.

Zhai, J., Chen, H., Wong, C.C., Wang, S., Zhang, J., Lin, Y., Kang, W., He, H.H., Sung, J.J., and Yu,
J. (2021). 124 RNA N6-METHYLADENOSINE DEMETHYLASE ALKBH5 DRIVES IMMUNE
SUPPRESSION TO PROMOTE COLORECTAL TUMORIGENESIS BY TARGETING AXIN2-WNT/DKK1
AXIS. Gastroenterology (New York, N.Y. 1943) 160, S-34-S-34. 10.1016/50016-5085(21)00827-
1.

Li, N., Kang, Y., Wang, L., Huff, S., Tang, R., Hui, H., Agrawal, K., Gonzalez, G.M., Wang, Y., Patel,
S.P., and Rana, T.M. (2020). ALKBH5 regulates anti-PD-1 therapy response by modulating
lactate and suppressive immune cell accumulation in tumor microenvironment. Proceedings
of the National Academy of Sciences - PNAS 117, 20159-20170. 10.1073/PNAS.1918986117.
Tang, W., Xu, N., Zhou, J., He, Z,, Lenahan, C., Wang, C,, Ji, H,, Liu, B., Zou, Y., Zeng, H., and Guo,
H. (2022). ALKBH5 promotes PD-L1-mediated immune escape through m6A modification of
ZDHHC3 in glioma. Cell death discovery 8, 497-497. 10.1038/s41420-022-01286-w.

Tang, B., Yang, Y., Kang, M., Wang, Y., Wang, Y., Bi, Y., He, S., and Shimamoto, F. (2020). m6A
demethylase ALKBHS5 inhibits pancreatic cancer tumorigenesis by decreasing WIF-1 RNA
methylation and mediating Wnt signaling. Molecular cancer 19, 1-15. 10.1186/s12943-019-
1128-6.

Zheng, C, Yu, G,, Su, Q., Wu, L, Tang, J., Lin, X., Chen, Y., Guo, Z., Zheng, F., Zheng, H., et al.
(2023). The deficiency of N6-methyladenosine demethylase ALKBH5 enhances the
neurodegenerative damage induced by cobalt. The Science of the total environment 881,
163429-163429. 10.1016/j.scitotenv.2023.163429.

Onalan, E., Yakar, B., Onalan, E.E., Karakulak, K., Kaymaz, T., and Donder, E. (2022). m6A RNA,
FTO, ALKBH5 Expression in Type 2 Diabetic and Obesity Patients. Journal of the College of
Physicians and Surgeons--Pakistan 32, 1143-1148. 10.29271/jcpsp.2022.09.1143.

Zhang, S., Zhao, B.S., Zhou, A,, Lin, K., Zheng, S., Lu, Z., Chen, Y., Sulman, E.P., Xie, K., Bogler,
0., et al. (2017). m6A Demethylase ALKBH5 Maintains Tumorigenicity of Glioblastoma Stem-
like Cells by Sustaining FOXM1 Expression and Cell Proliferation Program. Cancer cell 31, 591-
606.e596. 10.1016/j.ccell.2017.02.013.

Zhang, C., Samanta, D., Lu, H., Bullen, JW., Zhang, H., Chen, I., He, X., and Semenza, G.L.
(2016). Hypoxia induces the breast cancer stem cell phenotype by HIF-dependent and
ALKBH5-mediated mCfA-demethylation of NANOG mRNA. Proceedings of the National
Academy of Sciences - PNAS 113, E2047-E2056. 10.1073/pnas.1602883113.

Fang, Y., Wu, X,, Gu, Y., Shi, R., Yu, T,, Pan, Y., Zhang, J., Jing, X., Ma, P., and Shu, Y. (2023).
LINCO0659 cooperated with ALKBH5 to accelerate gastric cancer progression by stabilising
JAK1 mRNA in an m6A-YTHDF2-dependent manner. Clinical and translational medicine 13,
n/a. 10.1002/ctm2.1205.

Schipper, L.F., Van Hensbergen, Y., Fibbe, W.E., and Brand, A. (2007). A sensitive quantitative
single-platform flow cytometry protocol to measure human platelets in mouse peripheral
blood. Transfusion (Philadelphia, Pa.) 47, 2305-2314. 10.1111/j.1537-2995.2007.01472 x.
Borys, B.S., So, T., Colter, J., Dang, T., Roberts, E.L., Revay, T., Larijani, L., Krawetz, R., Lewis, .,
Argiropoulos, B., et al. (2020). Optimized serial expansion of human induced pluripotent stem

69



146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

cells using low-density inoculation to generate clinically relevant quantities in vertical-wheel
bioreactors. Stem cells translational medicine 9, 1036-1052. 10.1002/sctm.19-0406.

Xie, Z., Fu, Y., Tan, W.-s., and Cai, H. (2021). Fatty acids promote the expansion of NK-92 cells
in vitro by improving energy metabolism. Applied microbiology and biotechnology 105, 4285-
4295. 10.1007/s00253-021-11313-y.

Ghaffari, S., Torabi-Rahvar, M., Aghayan, S., Jabbarpour, Z., Moradzadeh, K., Omidkhoda, A.,
and Ahmadbeigi, N. (2021). Optimizing interleukin-2 concentration, seeding density and
bead-to-cell ratio of T-cell expansion for adoptive immunotherapy. BMC immunology 22, 43-
43.10.1186/s12865-021-00435-7.

Yu, H., Yang, X., Tang, J., Si, S., Zhou, Z,, Lu, J., Han, J., Yuan, B., Wu, Q., Lu, Q., and Yang, H.
(2021). ALKBHS5 Inhibited Cell Proliferation and Sensitized Bladder Cancer Cells to Cisplatin by
m6A-CK2a-Mediated  Glycolysis. Molecular therapy. Nucleic acids 23, 27-41.
10.1016/j.0mtn.2020.10.031.

Zhang, X., Wang, F., Wang, Z., Yang, X., Yu, H,, Si, S., Lu, J., Zhou, Z., Lu, Q., and Yang, H. (2020).
ALKBH5 promotes the proliferation of renal cell carcinoma by regulating AURKB expression in
an m(6)A-dependent manner. Ann Transl Med 8, 646. 10.21037/atm-20-3079.

Xiao, D., Fang, T-X., Lei, Y., Xiao, S.-J., Xia, J.-W,, Lin, T.-Y,, Li, Y--L., Zhai, J.-X., Li, X.-Y., Huang, S.-
H., et al. (2021). m6A demethylase ALKBH5 suppression contributes to esophageal squamous
cell carcinoma progression. Aging (Albany, NY.) 13, 21497-21512. 10.18632/aging.203490.
Pellin, D., Loperfido, M., Baricordi, C., Wolock, S.L., Montepeloso, A., Weinberg, O.K., Biffi, A,
Klein, A.M., and Biasco, L. (2019). A comprehensive single cell transcriptional landscape of
human hematopoietic progenitors. Nature communications 10, 2395-2395. 10.1038/s41467-
019-10291-0.

Klein, G., and Wuchter, P. (2019). Colony Formation: An Assay of Hematopoietic Progenitor
Cells. In (Springer), pp. 29-40. 10.1007/978-1-4939-9574-5_3.

Brix, N., Samaga, D., Belka, C., Zitzelsberger, H., and Lauber, K. (2021). Analysis of clonogenic
growth in vitro. Nature protocols 16, 4963-4991. 10.1038/s41596-021-00615-0.

Miharada, N., Rydstrém, A., Rak, J., and Larsson, J. (2021). Uncoupling key determinants of
hematopoietic stem cell engraftment through cell-specific and temporally controlled recipient
conditioning. Stem cell reports 16, 1705-1717. 10.1016/j.stemcr.2021.05.019.

Stallaert, W., Kedziora, K.M., Taylor, C.D., Zikry, T.M., Ranek, J.S., Sobon, H.K., Taylor, S.R.,
Young, C.L., Cook, J.G., and Purvis, J.E. (2022). The structure of the human cell cycle. Cell
systems 13, 103-103. 10.1016/j.cels.2021.12.006.

Tsuchiya, K., Yoshimura, K., Iwashita, Y., Inoue, Y., Ohta, T., Watanabe, H., Yamada, H., Kawase,
A., Tanahashi, M., Ogawa, H., et al. (2022). m6A demethylase ALKBH5 promotes tumor cell
proliferation by destabilizing IGF2BPs target genes and worsens the prognosis of patients with
non-small-cell lung cancer. Cancer gene therapy 29, 1355-1372. 10.1038/s41417-022-00451-
8.

Wang, J., Li, Y., Wang, P, Han, G., Zhang, T., Chang, J., Yin, R, Shan, Y., Wen, J., Xie, X., et al.
(2020). Leukemogenic Chromatin Alterations Promote AML Leukemia Stem Cells via a KDM4C-
ALKBH5-AXL Signaling Axis. Cell Stem Cell 27, 81-97.e88.

Shen, C., Sheng, Y., Zhu, A.C., Robinson, S., Jiang, X., Dong, L., Chen, H., Su, R., Yin, Z., Li, W., et
al. (2020). RNA Demethylase ALKBH5 Selectively Promotes Tumorigenesis and Cancer Stem
Cell Self-Renewal in Acute Myeloid Leukemia. Cell stem cell 27, 64-80.e69.
10.1016/j.stem.2020.04.009.

Olson, 0.C,, Kang, Y.A., and Passegué, E. (2020). Normal Hematopoiesis Is a Balancing Act of
Self-Renewal and  Regeneration. Cold Spring Harb  Perspect Med 10.
10.1101/cshperspect.a035519.

70



160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

Subbarayalu, P, Yaday, P., Timilsina, S., Medina, D., Baxi, K., Hromas, R., Vadlamudi, R.K., Chen,
Y., Sung, P.,, and Rao, M.K. (2023). The RNA Demethylase ALKBH5 Maintains Endoplasmic
Reticulum Homeostasis by Regulating UPR, Autophagy, and Mitochondrial Function. Cells
(Basel, Switzerland) 12, 1283. 10.3390/cells12091283.

Ding, C., Xu, H., Yu, Z., Roulis, M., Qu, R., Zhou, J., Oh, J., Crawford, J., Gao, Y., Jackson, R., et
al. (2022). RNA m6A demethylase ALKBH5 regulates the development of y& T cells.
Proceedings of the National Academy of Sciences - PNAS 119, 1-e2203318119.
10.1073/pnas.2203318119.

Cai, Y., Wu, G., Peng, B., Li, J., Zeng, S., Yan, Y., and Xu, Z. (2021). Expression and molecular
profiles of the AlkB family in ovarian serous carcinoma. Aging (Albany, NY.) 13, 9679-9692.
10.18632/aging.202716.

Liu, Z., Chen, Y., Wang, L., and Ji, S. (2021). ALKBH5 Promotes the Proliferation of Glioma Cells
via Enhancing the mRNA Stability of G6PD. Neurochemical research 46, 3003-3011.
10.1007/s11064-021-03408-9.

Modica, L., lotti, G., D'Avola, A., and Blasi, F. (2014). Prepl (pKnox1) regulates mouse
embryonic HSC cycling and self-renewal affecting the Stat1-Scal IFN-dependent pathway. PloS
one 9, e107916-e107916. 10.1371/journal.pone.0107916.

Zhu, J., Zhang, Y., Joe, G.J., Pompetti, R., Emerson, S.G., and Chen, Z. (2005). NF-Ya Activates
Multiple Hematopoietic Stem Cell (HSC) Regulatory Genes and Promotes HSC Self-Renewal.
Proceedings of the National Academy of Sciences - PNAS 102, 11728-11733.
10.1073/pnas.0503405102.

Elcheva, I.LA., Wood, T., Chiarolanzio, K., Chim, B., Wong, M., Singh, V., Gowda, C.P,, Lu, Q.,
Hafner, M., Dovat, S., et al. (2020). RNA-binding protein IGF2BP1 maintains leukemia stem cell
properties by regulating HOXB4, MYB, and ALDH1Al. Leukemia 34, 1354-1363.
10.1038/s41375-019-0656-9.

Liu, L., and Liu, Z. (2023). m 6 A eraser ALKBH5 mitigates the apoptosis of cardiomyocytes in
ischemia reperfusion injury through m 6 A/SIRT1 axis. PeerJ (San Francisco, CA) 11, e15269.
10.7717/peerj.15269.

Liu, H., Jiang, Y., Lu, J., Peng, C,, Ling, Z., Chen, Y., Chen, D., Tong, R., Zheng, S., and Wu, J.
(2023). m 6 A-modification regulated circ-CCT3 acts as the sponge of miR-378a-3p to promote
hepatocellular carcinoma progression. Epigenetics 18, 2204772.
10.1080/15592294.2023.2204772.

Benavides-Serrato, A., Saunders, J.T., Kumar, S., Holmes, B., Benavides, K.E., Bashir, M.T.,
Nishimura, R.N., and Gera, J. (2023). m6A-modification of cyclin D1 and c-myc IRESs in
glioblastoma controls ITAF activity and resistance to mTOR inhibition. Cancer letters 562,
216178-216178. 10.1016/j.canlet.2023.216178.

Saleh, M., Compagno, M., Pihl, S., Strevens, H., Persson, B., Wetterd, J., Nilsson, B., and
Sjowall, C. (2022). Variation of Complement Protein Levels in Maternal Plasma and Umbilical
Cord Blood during Normal Pregnancy: An Observational Study. Journal of clinical medicine 11,
3611.10.3390/jcm11133611.

Mazzoccoli, G., Miscio, G., Fontana, A., Copetti, M., Francavilla, M., Bosi, A., Perfetto, F,,
Valoriani, A., De Cata, A., Santodirocco, M., et al. (2016). Time related variations in stem cell
harvesting of umbilical cord blood. Scientific reports 6, 21404-21404. 10.1038/srep21404.
Lai, GY.,, Rohrmann, S., Agurs-Collins, T., Sutcliffe, C.G., Bradwin, G., Rifai, N., Bienstock, J.L.,
and Platz, E.A. (2011). Racial Variation in Umbilical Cord Blood Leptin Concentration in Male
Babies. Cancer epidemiology, biomarkers & prevention 20, 665-671. 10.1158/1055-9965.EPI-
10-0283.

71



173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Agurs-Collins, T., Rohrmann, S., Sutcliffe, C., Bienstock, J.L., Monsegue, D., Akereyeni, F.,
Bradwin, G., Rifai, N., Pollak, M.N., and Platz, E.A. (2012). Racial variation in umbilical cord
blood sex steroid hormones and the insulin-like growth factor axis in African-American and
white female neonates. Cancer causes & control 23, 445-454. 10.1007/s10552-011-9893-6.
Mockenhaupt, S., Stefanie, G., Daniel, R., Ralf, B., and Dirk, G. (2015). Alleviation of off-target
effects from vector-encoded shRNAs via codelivered RNA decoys. Proceedings of the National
Academy of Sciences - PNAS 112, E4007-E4016. 10.1073/pnas.1510476112.

Baek, Seung T., Kerjan, G., Bielas, Stephanie L., Lee, Ji E., Fenstermaker, Ali G., Novarino, G.,
and Gleeson, Joseph G. (2014). Off-Target Effect of doublecortin Family shRNA on Neuronal
Migration Associated with Endogenous MicroRNA Dysregulation. Neuron (Cambridge, Mass.)
82,1255-1262. 10.1016/j.neuron.2014.04.036.

Song, H.-W., Bettegowda, A., Oliver, D., Yan, W., Phan, M.H., De Rooij, D.G., Corbett, M.A., and
Wilkinson, M.F. (2015). shRNA off-target effects in vivo: Impaired endogenous siRNA
expression and spermatogenic defects. PloS one 10, e0118549-e0118549.
10.1371/journal.pone.0118549.

Gu, S., Zhang, V., lin, L., Huang, Y., Zhang, F., Bassik, M.C., Kampmann, M., and Kay, M.A. (2014).
Weak base pairing in both seed and 3' regions reduces RNAi off-targets and enhances
si/shRNA designs. Nucleic acids research 42, 12169-12176. 10.1093/nar/gku854.
Rodriguez-Correa, E., Anstee, N., Nizharadze, T., Li, C., Ball, M., Knoch, J., Jayarajan, J., Druce,
M., Fotopoulou, F., Ghezzi, I., et al. (2022). 3169 — SERIAL SINGLE CELL TRANSPLANTATIONS
DEMONSTRATE A DEFINED HIERARCHY OF HSC SUBTYPES CORRELATING WITH LOSS OF
RECONSTITUTION POTENTIAL. Experimental hematology 111, $129-S129.
10.1016/j.exphem.2022.07.225.

Toghani, D., Zeng, S., Mahammadov, E., Crosse, E., Pradeep, A., Wilson, N., Kinston, S.,
Rodriguez, S., Seyedhassantehrani, N., Gravano, D., et al. (2021). Myeloid-Biased HSC Require
Semaphorinda from the Bone Marrow Niche for Self-Renewal Under Stress and Life-Long
Persistence. Blood 138, 3283-3283. 10.1182/blood-2021-153831.

Guo, P, Liu, Y., Geng, F., Daman, AW, Liu, X., Zhong, L., Ravishankar, A., Lis, R., Barcia Duran,
J.G,, ltkin, T., et al. (2022). Histone variant H3.3 maintains adult haematopoietic stem cell
homeostasis by enforcing chromatin adaptability. Nature cell biology 24, 99-111.
10.1038/s41556-021-00795-7.

Calvanese, V., Capellera-Garcia, S., Ma, F., Fares, |., Liebscher, S., Ng, E.S., Ekstrand, S., Aguadé-
Gorgorid, J., Vavilina, A., Lefaudeux, D., et al. (2022). Mapping human haematopoietic stem
cells from haemogenic endothelium to birth. Nature (London) 604, 534-540. 10.1038/s41586-
022-04571-x.

Copley, M.R., Babovic, S., Benz, C., Knapp, D.J.H.F,, Beer, P.A., Kent, D.G., Wohrer, S., Treloar,
D.Q., Day, C., Rowe, K., et al. (2013). The Lin28b-let-7-Hmga2 axis determines the higher self-
renewal potential of fetal haematopoietic stem cells. Nature cell biology 15, 916-925.
10.1038/ncb2783.

Kim, |., Saunders, T.L., and Morrison, S.J. (2007). Sox17 Dependence Distinguishes the
Transcriptional Regulation of Fetal from Adult Hematopoietic Stem Cells. Cell 130, 470-483.
10.1016/j.cell.2007.06.011.

Mochizuki-Kashio, M., Mishima, Y., Miyagi, S., Negishi, M., Saraya, A., Konuma, T., Shinga, J.,
Koseki, H., and Iwama, A. (2011). Dependency on the polycomb gene Ezh2 distinguishes fetal
from adult hematopoietic stem cells. Blood 118, 6553-6561. 10.1182/blood-2011-03-340554.
Gudmundsson, K.O., Nguyen, N., Oakley, K., Han, Y., Gudmundsdottir, B., Liu, P., Tessarollo, L.,
Jenkins, N.A., Copeland, N.G., and Du, Y. (2020). Prdm16 is a critical regulator of adult long-

72



186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

term hematopoietic stem cell quiescence. Proceedings of the National Academy of Sciences -
PNAS 117,31945-31953. 10.1073/pnas.2017626117.

Clarke, M.F., Park, l.-k., Qian, D., Kiel, M., Becker, M.W., Pihalja, M., Weissman, I.L., and
Morrison, S.J. (2003). Bmi-1 is required for maintenance of adult self-renewing
haematopoietic stem cells. Nature (London) 423, 302-305. 10.1038/nature01587.

Hock, H., Meade, E., Medeiros, S., Schindler, JW., Valk, P.J.M., Fujiwara, Y., and Orkin, S.H.
(2004). Tel/Etv6 is an essential and selective regulator of adult hematopoietic stem cell
survival. Genes & development 18, 2336-2341. 10.1101/gad.1239604.

Li, R., Wu, X., Xue, K., Feng, D., Li, J., and Li, J. (2023). RNA demethylase ALKBH5 promotes
tumorigenesis of t (8;21) acute myeloid leukemia via ITPA m6A modification. Biomarker
research 11, 30-30. 10.1186/s40364-023-00464-x.

Kerr, R., Jabbari, S., and Johnston, I.G. (2019). Intracellular Energy Variability Modulates
Cellular Decision-Making Capacity. Scientific reports 9, 20196-20112. 10.1038/s41598-019-
56587-5.

Huang, B., Lu, M., Galbraith, M., Levine, H., Onuchic, J.N., and Jia, D. (2020). Decoding the
mechanisms underlying cell-fate decision-making during stem cell differentiation by random
circuit perturbation. Journal of the Royal Society interface 17, 20200500-20200500.
10.1098/rsif.2020.0500.

Chen, P, Li, S., Zhang, K., Zhao, R., Cui, J., Zhou, W,, Liu, Y., Zhang, L., and Cheng, Y. (2021). N6-
methyladenosine demethylase ALKBH5 suppresses malignancy of esophageal cancer by
regulating microRNA biogenesis and RAI1 expression. Oncogene 40, 5600-5612.
10.1038/s41388-021-01966-4.

Khodeer, S., Klungland, A., and Dahl, J.A. (2022). ALKBH5 regulates somatic cell
reprogramming in a phase-specific manner. Journal of cell science 135. 10.1242/jcs.259824.
Scaradavou, A, Isola, L., Rubinstein, P., Galperin, Y., Najfeld, V., Berlin, D., Gordon, J., and
Weinberg, R.S. (1997). A murine model for human cord blood transplantation: Near-term fetal
and neonatal peripheral blood cells can achieve long-term bone marrow engraftment in
sublethally irradiated adult recipients. Blood 89, 1089-1099. 10.1182/blood.v89.3.1089.
Chen, Y-H., Xu, L.-P, Liu, D.-H., Chen, H., Zhang, X.-H., Han, W., Wang, F-R., Wang, J.-Z., Wang,
Y., Huang, X.-J., and Liu, K.-Y. (2013). Comparative outcomes between cord blood
transplantation and bone marrow or peripheral blood stem cell transplantation from
unrelated donors in patients with hematologic malignancies : a single-institute analysis.
Chinese medical journal 126, 2499-2503. 10.3760/cma.j.issn.0366-6999.20122937.

McHeik, S., Van Eeckhout, N., De Poorter, C., Galés, C., Parmentier, M., and Springael, J.-Y.
(2019). Coexpression of CCR7 and CXCR4 During B Cell Development Controls CXCR4
Responsiveness and Bone Marrow Homing. Frontiers in immunology 10, 2970-2970.
10.3389/fimmu.2019.02970.

Arojo, O.A., Ouyang, X, Liu, D., Meng, T., Kaech, S.M., Pereira, J.P., and Su, B. (2018). Active
mTORC2 signaling in naive T cells suppresses bone marrow homing by inhibiting CXCR4
expression. The Journal of immunology (1950) 201, 908-915. 10.4049/jimmunol.1800529.
Colombo, M., Mirandola, L., Platonova, N., Apicella, L., Berta, D.G., Lancellotti, M., Lazzari, E.,
Cobos, E., Chiriva-Internati, M., and Chiaramonte, R. (2015). Notch signaling drives myeloma
cells homing to the bone marrow by regulating the CXCR4/CXCL12 axis. Clinical lymphoma,
myeloma and leukemia 15, e227-e228. 10.1016/j.cIm|.2015.07.487.

Li, J., Li, X., Sun, W., Zhang, J., Yan, Q., Wu, J,, Jin, J., Lu, R., and Miao, D. (2022). Specific
overexpression of SIRT1 in mesenchymal stem cells rescues hematopoiesis niche in BMI1
knockout mice through promoting CXCL12 expression. International journal of biological
sciences 18, 2091-2103. 10.7150/ijbs.63876.

73



199.

200.

201.

202.

203.

204.

205.

206.

207.

208.

209.

210.

211.

Chang, K.-H., Smith, S.E., Sullivan, T., Chen, K., Zhou, Q., West, J.A., Liu, M., Liu, Y., Vieira, B.F.,
Sun, C., et al. (2017). Long-Term Engraftment and Fetal Globin Induction upon BCL11A Gene
Editing in Bone-Marrow-Derived CD34 Hematopoietic Stem and Progenitor Cells. Molecular
therapy. Methods & clinical development 4, 137-148. 10.1016/j.0mtm.2016.12.009.

Gao, K., Kumar, P., Cortez-Toledo, E., Hao, D., Reynaga, L., Rose, M., Wang, C., Farmer, D., Nolta,
J., Zhou, J., et al. (2019). Potential long-term treatment of hemophilia A by neonatal co-
transplantation of cord blood-derived endothelial colony-forming cells and placental
mesenchymal stromal cells. Stem cell research & therapy 10, 34-34. 10.1186/s13287-019-
1138-8.

Patel, N., Pettiglio, M., Cummins, C., Pimentel, J., Kapuria, A., Ghodssi, A., Isik, M., Falla, A.,
Amunugama, R, Lisle, J., et al. (2021). Multiplex Engineering of Human CD34+ HSPCs Enables
Dual Gene Knock-out While Maintaining High Engraftment Potential and Safety. Blood 138,
2939-2939. 10.1182/blood-2021-148007.

Paczulla, A.M., Dirnhofer, S., Konantz, M., Medinger, M., Salih, H.R., Rothfelder, K., Tsakiris,
D.A., Passweg, J.R., Lundberg, P., and Lengerke, C. (2017). Long-term observation reveals high-
frequency engraftment of human acute myeloid leukemia in immunodeficient mice.
Haematologica (Roma) 102, 854-864. 10.3324/haematol.2016.153528.

Khanna, A., Indracanti, N., Chakrabarti, R., and Indraganti, P.K. (2020). Short-term ex-vivo
exposure to hydrogen sulfide enhances murine hematopoietic stem and progenitor cell
migration, homing, and proliferation. Cell adhesion & migration 14, 214-226.
10.1080/19336918.2020.1842131.

Zeng, H., Yicel, R., Kosan, C., Klein-Hitpass, L., and Moérdy, T. (2004). Transcription factor Gfil
regulates self-renewal and engraftment of hematopoietic stem cells. The EMBO journal 23,
4116-4125. 10.1038/sj.emb0j.7600419.

Dong, F,, Hao, S., Zhang, S., Zhu, C., Cheng, H., Yang, Z., Hamey, F.K., Wang, X., Gao, A., Wang,
F., et al. (2020). Differentiation of transplanted haematopoietic stem cells tracked by single-
cell transcriptomic analysis. Nature cell biology 22, 630-639. 10.1038/s41556-020-0512-1.

Li, D., Xue, W.,, Li, M., Dong, M., Wang, J., Wang, X., Li, X., Chen, K., Zhang, W., Wu, S., et al.
(2018). VCAM-1 macrophages guide the homing of HSPCs to a vascular niche. Nature (London)
564,119-124. 10.1038/s41586-018-0709-7.

Sharma, M., Afrin, F., Satija, N., Tripathi, R.P., and Gangenahalli, G.U. (2011). Stromal-Derived
Factor-1/CXCR4 Signaling: Indispensable Role in Homing and Engraftment of Hematopoietic
Stem Cells in Bone Marrow. Stem cells and development 20, 933-946.
10.1089/scd.2010.0263.

Johns, J.L., and Borjesson, D.L. (2012). Downregulation of CXCL12 signaling and altered
hematopoietic stem and progenitor cell trafficking in a murine model of acute Anaplasma
phagocytophilum infection. Innate immunity (London, England) 18, 418-428.
10.1177/1753425911413794.

Qin, Y., Fang, K., Lu, N., Hu, Y., Tian, Z., and Zhang, C. (2019). Interferon gamma inhibits the
differentiation of mouse adult liver and bone marrow hematopoietic stem cells by inhibiting
the activation of notch signaling. Stem cell research & therapy 10, 210-210. 10.1186/s13287-
019-1311-0.

Liu, J.e., Li, K., Cai, J., Zhang, M., Zhang, X., Xiong, X., Meng, H., Xu, X., Huang, Z., Peng, J., et
al. (2020). Landscape and Regulation of m6A and m6Am Methylome across Human and
Mouse Tissues. Molecular cell 77, 426-440.e426. 10.1016/j.molcel.2019.09.032.

Yu, J.,, Shen, L., Liu, Y., Ming, H., Zhu, X., Chu, M., and Lin, J. (2020). The m6A methyltransferase
METTL3 cooperates with demethylase ALKBH5 to regulate osteogenic differentiation through

74



212.

213.

214,

215.

216.

217.

218.

219.

220.

221.

222,

223.

224,

NF-kB signaling. Molecular and cellular biochemistry 463, 203-210. 10.1007/s11010-019-
03641-5.

Barahona de Brito, C., Klein-Hessling, S., Serfling, E., and Patra, A.K. (2022). Hematopoietic
Stem and Progenitor Cell Maintenance and Multiple Lineage Differentiation Is an Integral
Function of NFATc1. Cells (Basel, Switzerland) 11, 2012. 10.3390/cells11132012.

Lechman, E.R., Hermans, K.G., Schoof, E.M., Trotman-Grant, A., Dobson, S.M., Krivdova, G.,
Elzinga, J.J., Kennedy, J.A., Gan, O.l., and Dick, J.E. (2015). Mir-125a Confers Multi-Lineage
Long-Term Repopulating Stem Cell Activity to Human Hematopoietic Committed Progenitors.
Blood 126, 900-900. 10.1182/blood.V126.23.900.900.

Tang, C., Klukovich, R., Peng, H., Wang, Z., Yu, T,, Zhang, Y., Zheng, H., Klungland, A., and Yan,
W. (2018). ALKBH5-dependent m6A demethylation controls splicing and stability of long 3'-
UTR mRNAs in male germ cells. Proceedings of the National Academy of Sciences - PNAS 115,
E325-E333. 10.1073/pnas.1717794115.

Yuan, Y., Yan, G., He, M,, Lei, H,, Li, L., Wang, Y., He, X., Li, G., Wang, Q., Gao, Y., et al. (2021).
ALKBH5 suppresses tumor progression via an mbA-dependent epigenetic silencing of pre-
miR-181b-1/YAP signaling axis in osteosarcoma. Cell death & disease 12, 60-60.
10.1038/s41419-020-03315-x.

Cai, Y, Li, N., and Li, H. (2023). YBX2 modulates mRNA stability via interaction with YTHDF2 in
endometrial cancer cells. Experimental cell research 427, 113586-113586.
10.1016/j.yexcr.2023.113586.

Zaccara, S., and Jaffrey, S.R. (2020). A Unified Model for the Function of YTHDF Proteins in
Regulating m6A-Modified mRNA. Cell 181, 1582-1595.e1518. 10.1016/j.cell.2020.05.012.
Liu, R., Miao, J,, lia, Y., Kong, G., Hong, F,, Li, F., Zhai, M., Zhang, R, Liu, J., Xu, X., et al. (2023).
N6-methyladenosine reader YTHDF2 promotes multiple myeloma cell proliferation through
EGR1/p21cipl/wafl/CDK2-Cyclin E1 axis-mediated cell cycle transition. Oncogene 42, 1607-
1619. 10.1038/s41388-023-02675-w.

Hou, G., Zhao, X., Li, L., Yang, Q., Liu, X., Huang, C., Lu, R., Chen, R., Wang, Y., Jiang, B., and Yu,
J. (2021). SUMOylation of YTHDF2 promotes mRNA degradation and cancer progression by
increasing its binding affinity with m6A-modified mRNAs. Nucleic acids research 49, 2859-
2877.10.1093/nar/gkab065.

Suhail, TV., Singh, P., and Manna, T.K. (2015). Suppression of centrosome protein TACC3
induces G1 arrest and cell death through activation of p38—p53—p21 stress signaling pathway.
European journal of cell biology 94, 90-100. 10.1016/j.ejcb.2014.12.001.

Piekorz, R.P., Hoffmeyer, A., Duntsch, C.D., McKay, C., Nakajima, H., Sexl, V., Snyder, L., Rehg,
J., and Ihle, J.N. (2002). The centrosomal protein TACC3 is essential for hematopoietic stem
cell function and genetically interfaces with p53-regulated apoptosis. The EMBO journal 21,
653-664. 10.1093/emboj/21.4.653.

Zhang, Y., Tan, L., Yang, Q., Li, C., and Liou, Y.-C. (2018). The microtubule-associated protein
HURP recruits the centrosomal protein TACC3 to regulate K-fiber formation and support
chromosome congression. The Journal of biological chemistry 293, 15733-15747.
10.1074/jbc.RA118.003676.

Burgess, S.G., Peset, I., Joseph, N., Cavazza, T., Vernos, |., Pfuhl, M., Gergely, F., and Bayliss, R.
(2015). Aurora-A-Dependent Control of TACC3 Influences the Rate of Mitotic Spindle
Assembly: e1005345. PLoS genetics 11. 10.1371/journal.pgen.1005345.

Yadav, P., Subbarayalu, P.,, Medina, D., Nirzhor, S., Timilsina, S., Rajamanickam, S., Eedunuri,
V.K., Gupta, Y., Zheng, S., Abdelfattah, N., et al. (2022). M6A RNA Methylation Regulates
Histone Ubiquitination to Support Cancer Growth and Progression. Cancer research (Chicago,
lll.) 82, 1872-1889. 10.1158/0008-5472.CAN-21-2106.

75



225.

226.

227.

228.

229.

230.

Nagaki, Y., Motoyama, S., Yamaguchi, T., Hoshizaki, M., Sato, Y., Sato, T., Koizumi, Y., Wakita,
A., Kawakita, Y., Imai, K., et al. (2020). m6A demethylase ALKBH5 promotes proliferation of
esophageal squamous cell carcinoma associated with poor prognosis. Genes to cells : devoted
to molecular & cellular mechanisms 25, 547-561. 10.1111/gtc.12792.

Wang, S., Zou, X., Chen, Y., Cho, W.C., and Zhou, X. (2021). Effect of N6-Methyladenosine
Regulators on Progression and Prognosis of Triple-Negative Breast Cancer. Frontiers in
genetics 11, 580036. 10.3389/fgene.2020.580036.

Yang, P., Wang, Q., Liu, A., Zhu, J., and Feng, J. (2020). ALKBH5 Holds Prognostic Values and
Inhibits the Metastasis of Colon Cancer. Pathology oncology research 26, 1615-1623.
10.1007/s12253-019-00737-7.

Xu, X., Zhou, E., Zheng, J., Zhang, C., Zou, Y., Lin, J., and Yu, J. (2021). Prognostic and Predictive
Value of m6A “Eraser” Related Gene Signature in Gastric Cancer. Frontiers in oncology 11,
631803-631803. 10.3389/fonc.2021.631803.

Wilkinson, A.C., Ishida, R., Kikuchi, M., Sudo, K., Morita, M., Crisostomo, R.V., Yamamoto, R.,
Loh, K.M., Nakamura, Y., Watanabe, M., et al. (2019). Long-term ex vivo haematopoietic-stem-
cell expansion allows nonconditioned transplantation. Nature (London) 571, 117-121.
10.1038/s41586-019-1244-x.

Lau, S.X., Leong, YY., Ng, W.H., Ng, AW.P,, Ismail, |.S., Yusoff, N.M., Ramasamy, R., and Tan, J.J.
(2017). Human mesenchymal stem cells promote CD34+ hematopoietic stem cell proliferation
with preserved red blood cell differentiation capacity. Cell biology international 41, 697-704.
10.1002/cbin.10774.

76



Supplemental Figure

Singlets: 98.163%

< T
S | R1:84.759% v
[V} . [7,]
>
FSC-A SSC-A
GFP+: 97.766% GFP+: 1.482%
< <
Q o
[75] v
[7,] [V, ]
Transduced Un-transduced

Figure 13. Transduction efficiency estimation. Transduced and un-transduced cells were
analyzed using flowcytometry. Proportion of transduced cells compared to the total nucleated
cells were expressed as percentage (GFP+) for transduced and un-transduced samples. Flow
cytometry plots prepared in Attune™ Cytometric software (Version 5.2.2302.0).
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