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ABSTRACT

Blood consists of a diverse range of specialized cells, all emerging from a common progenitor, the
hematopoietic stem cell (HSC), and possessing the same genetic makeup. The variety in cell types is the
result of different transcriptional programs that are established during the process of hematopoiesis. In this
process, gene expression is controlled by various elements, with enhancers being crucial. These segments
of DNA attach to transcription factors, enhancing the transcription of the genes they influence. Hence,
hematopoiesis entails activation of particular enhancer groups among HSCs and subsequent lineages,
which are essential in dictating the gene groups responsible for cell shape and functionality. Interruptions
in this precise process can lead to drastic effects, notably in hematologic malignancies, where the normal
function of enhancer — driven transcriptional regulation is disrupted, and causing inappropriate expression
of oncogenes that lead to cellular transformation. This review seeks to shed light on the fundamental
aspects of enhancers with their critical part in the mechanism of transcription, focusing on their impact in
both health and pathological hematopoiesis. We will discuss specific examples of enhancers that control
major hematopoietic regulators and examine the key causes of enhancer deregulation in diseases such as
leukemia and lymphoma.
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Introduction

The hematopoietic system in humans is an
intricate network of various cell types, each
unique in shape and function, serving roles from
immunological defense to distributing nutrients
and aiding in blood clotting. All these cells,
despite their varied functions, carry an identical
genetic blueprint: a set of 46 chromosomes
encompassing approximately 20,000 protein —
coding genes. This similarity in genetic material
poses an intriguing questions that how these cells
with same genetic makeup diversity into multitude
of cell types found in blood and contribute to the
complex structure of human body, the solution
lies in gene expression regulation®2. Roughly half
of the genes in humans are expressed
universally, but there are specific genes that are
crucial in defining the identity of a cell and are
activated only in certain tissue types. These
patterns of gene expression shift during the
hematopoietic process, as the cells increasingly
differentiate and compel to specific lineages?.
Understanding the dynamics of active versus
inactive  genes, which  uphold distinct
transcriptional programs, requires looking past
the gene — coding regions to a more obscure

genome part.

The conception of gene regulation has its roots in
the pioneering studies of Jacob and Monod on
bacterial lactose metabolism. In their landmark
research, they proposed that molecules known as
repressors could bind to regulatory elements
(operators) on DNA, thus controlling protein
production through short — lived RNA
intermediates*. This foundational concept,

despite significant progress in the field, still

underscore the two main mechanisms of
transcriptional regulation. On one hand,
transcription factors (TFs), which are DNA -
binding molecules, function in trans to regulate
gene expression through genome. Alternatively,
the areas of non-coding DNA to which TFs bind
are referred to as cis — regulator elements
(CREs), which are specific to nearby genes.
Within these CREs, enhancers stand out as
crucial elements for establishing identity of the

cell4.

This review focuses on the enhancers and their
role in the transcriptional regulation during the
process of hematopoiesis, especially their

involvement in malignant transformations.

Transcriptional Regulation Enhancers

Principles and Mechanisms of Transcriptional

Regulation

The process of gene expression begins with
transcription, where enzymes from the RNA
polymerase family translate a DNA sequence into
a corresponding RNA sequence. RNA
polymerase Il is chiefly responsible for
transcribing all protein — coding genes as well as
majority of noncoding genes, although RNA
polymerase | and Ill handle the transcription of
ribosomal RNA and particular small noncoding
RNAs5. The transcription unfolds in three distinct
phases: initiation, elongation, and termination,
starting at a gene’s 5’transcriptional start site
(TSS) and moving towards the 3’ end. Post —
transcription, the mRNA produced from protein —
translation in

coding genes undergoes
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ribosomes, where proteins are synthesized

based on the codon sequences in the mMRNAS.

Control over when and where genes are
expressed hinges on cis — regulatory elements
(CREs),
insulators, and silencers. The promoter, initially

including promoters, enhancers,
pinpointed by Monod et al, serves as a signal for
the onset of transcription at a start of gene,
steering RNA polymerase Il into action* At the
heart of this process is the core promoter, a
pivotal 50 — base pair stretch near the TSS,
housing pre — initiation complex made up of RNA
polymerase Il and general transcription factors?
Transcriptional factors, which latch onto specific
DNA motifs, play a key role in adjusting the pace
of initiation by drawing in components of the
transcription apparatus. These factors operate
via two key domains: DNA — binding domains that
identify transcription factor — binding sites, and
effector domains that interrelate by various
proteins such as RNA polymerase |l and
transcriptional cofactors that either activate or
repress transcription. The binding sites for
transcription factors at CREs are densely packed
and precisely organized to ensure effective team
work among transcription factors, utilizing several
cooperation methods such as direct protein
interactions, DNA — mediated interactions, and
nuanced

other indirect strategies for

transcriptional regulation”8,

While core promoters are capable of initiating
transcription on their own, they typically have
minimal basal activity, often necessitating a boost
from enhancers to achieve desired expression
levels. Enhancers facilitate RNA polymerase I

recruitment by linking up through promoters far
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away in the genome®. Additionally, other distant
CREs play roles in gene regulation, such as
silencers, which reduce transcription by drawing
in repressive transcription factors, and insulators.
The insulators bind to certain proteins like the
CCCTC - binding factor or cohesin, creating
looped domains that prevent cross — domain
interactions while promoting interactions in same
loop. The interplay among CREs and associated
genes generally occurs in topologically
associated domains (TADs), which are insulated

areas that help orchestrate gene regulation©.

Enhancers

Enhancers are specific DNA regions, often
spanning a few hundred base pairs that contain
sites for binding transcription factors (TFBS) and
enhance transcription from associated promoter
regions™. Initially identified in 1980s, the first
remarkable enhanced was a 72 — base pair
segment from SV40 virus, which notable boosted
reporter gene transcription by approximately 200
— times, regardless of its proximity or direction
relative to the gene'?. The discovery of the first
human enhancer soon followed in an intron of the
immunoglobulin  heavy chain (IGH) gene,
distinguished by its activity exclusively in B
cells’®. These initial discoveries highlighted
several critical attributes of enhances: their ability
to elevate transcription in target genes, operate
regardless of their orientation or distance to the
gene, and frequently display tissue — specific
activity. Moreover, enhancers retain their
operational capacity across different genomic
environments, a fact established in various

reporter assays with inferences for disease
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researches. Later investigations have steadily
affirmed such attributes, emphasizing vital role of
enhancers in controlling gene expression specific

to particular tissues’4.

Current estimates of enhancers in the human
genome vary greatly, ranging from about 40,000
to more than a million, depending on the
analytical methods and tissue types studied. This
figure significantly surpasses the number of
identified promoters, although only a subset of
these enhancers is active in any particular cell
lineage. The predominance of transcription factor
binding at enhancers underscores their essential
function in managing tissue — specific gene
expression and determining cellular identify.
Enhancers located in conserved genomic regions
are especially crucial in processes like
development and disease, with their activity
closely linked to gene expression on a genome —
wide scale. In systems like hematopoiesis,
patterns of chromatin accessibility provide a more
accurate reflection of cell types than gene
expression alone®. Recent advances in single —
cell analysis have shown a direct association
between accessibility of CRE and expression of
gene, with activation of enhancers often
preceding gene transcription in differentiated
cells. This has been corroborated in studies using
Venus — YFP reporters in embryonic stem cells
and bacterial methylation labeling in the

differentiation of enterocytes'6-18,

CEBPA, a key regulator in myeloid cells, serves
as a prime tissue — specific regulation example,
with distinct enhancers being active among tissue
expressing the gene as well as inactive in those

where CEBPA is not expressed'®. Enhancers can

be broadly classified into two types: ubiquitous
enhancers, active across a range of tissues, and
progressive or tissue — specific enhances,
confined to particular types of cells. The
specificity of tissue is determined by the
recruitment of particular transcription factors and
cofactors, which depends on the transcription in
the cell and convenience of their attachment
enhancers sites'®. For example, sites of binding
for ETS, C/EBP, and NK-kB are available in
enhancers specific to monocytes, while neuron
enhancers are augmented with SOX and RFX
proteins?0. The binding of transcription factors
enhances the specificity of developmental
enhancers both in terms of tissue and genome,
preventing unwanted transcriptional activity and
allowing precise control over transcription
patterns  during cell differentiation. In
hematopoietic stem and progenitor cells
(HSPCs), a group of seven transcription factors —
TAL1, LMO2, LYL1, ERG, GATA2, FLI1, and
RUNX2 - often come together at CREs to

collaboratively regulate gene expression?'.

While lineage — specific transcription factors
(LDTFs) determine the set of tissue — specific
enhancers among cell, all enhancers are not
immediately functional. Few, termed inducible
enhancers, are activated only upon the
attachment of extra transcription factors in
reaction to external or internal cues??. Such
feature is particularly prevalent in flexible cells.
For instance, macrophages exposed to ligands of
TLR4 trigger pre — existing enhancers governing
genes related to inflammatory responses?3.
These enhancers, primed by a combination of

LDTFs, become fully operational following
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stimulation by transcription factors. In a similar
manner, CD4+ T cell adopt a regulatory
phenotype after TCR stimulation, mainly through
the activation of pre — set enhancers of FOXP324,
A subset of enhancers, known as latent
enhancers, are newly formed in response to
external stimuli, representing a small proportion
of all enhancers activated while processes like
differentiation in macrophages or in T cell
regulation. The functionality of inducible
enhancers is highly reliant on the presence of

cohesin?s.

Activation of Target Promoters by Enhancers

Enhancers play a crucial role in refining gene
expression by transferring regulatory signals to
promoters through transcription factors (TFs) and
transcriptional cofactors. These signals modulate
transcription at various stages?6. For instance,
during initiation, certain proteins aid in
assembling and stabilizing the Pre — initiation
complex (PIC) and in recruiting RNA polymerase
II (RNA pol Il), as seen with the mediator complex
and p300/CBP proteins. On the other hand, few
essential promoters inherently attract increased
RNA pol Il levels and are primarily constrained by
elongation. In such scenarios, their

corresponding  enhancers usually exhibit
elevated protein levels that facilitate pause —
release. Importantly, while the size of
transcriptional bursts is fixed characteristic of
essential promoter, the occurrence of such bursts
can be enhances through developmental

enhancers?’.

On intriguing aspect of enhancer biology in their
capacity to activate genes located far away. Most
enhancers are found with 200kb of their targeting
promoters, having median space of about 120 kb,
or 24 kb when considering only experimentally
validated enhancers?®. However, there are
exceptions, such as the limb — specific enhancer
of the SHH gene situated | Mb far and the
hematopoietic enhancer of the MYC gene
situated 1.7 Mb downstream. The facilitation of
enhancer — mediated promoted activation is
achieved through chromatin looping, a concept
initially proposed in the 1980s and later
substantiated by studies on the globin genes®.
Further evidence included the opinion that
artificial twisting between enhancer and promoter
could trigger expression of gene. Live imaging
analysis of Drosophila embryos also verified that
close physical closeness among an enhancer
and a promoter is linked to activation of
transcription. While enhancer — promoter (E-P)
connections are essential for expression of gene,
they are not always adequate, as they can pre —
exist prior activation. Therefore, additional
elements like the presence of suitable TFs or
biochemical compatibility between enhancers
and promoters play a role. These pre — existing
contacts may expedite transcription activation in
response to exterior stimuli or during

differentiation3°.

As per loop extrusion hypothesis, chromatin
loops are created by looping action of Structural
Maintenance of Chromosomes (SMC) proteins
such as cohesin or condensin. This process
continues until it encounters a CTCF protein

aligned correctly. This mechanism is crucial both
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for E-P loop formation and TAD boundary
establishment. While CTCF is commonly present
at TAD boundaries, it appears less frequently at
E-P loop sites. Instead, these cell — specific
interactions sites often contain a DNA — binding
zinc factor known as YY1. Depleting YY1 alters
expression of gene and disrupts E-P loops, that
are reestablished once levels of YY1 are
replenished3!. The mediator complex is too
involved in short — range connections alongside
cohesin, however it appears to function more as
a facilitator of information transfer from TFs to
RNA pol Il rather than as a structural component,
aiding in the formation of the pre — initiation
complex. Moreover, cohesin at the non-CTCF

places might be alleviated by additional TFs32.

Consistent with this model, eliminating either
cohesin or CTCF caused the depletion of all loops
mediated by CTCF. Though, the impact of these
alterations on gene regulation is relatively
modest, indicating that more complex spatial
organization layers exist outside loops mediated
by cohesin33. For instance, LDB1, an adaptor
protein forming loops when recruited through
TFs, without directly binding to DNA, plays a role
in this complex organization34. Research by
Hsieh et al. suggests that E-P contacts persist
even after the acute depletion of these
architectural proteins, proposing a model where
such proteins are essential for loop formation but

not necessarily for their maintenance3®.

Role of Enhancers in Hematopoiesis

The process of hematopoiesis is intricately

managed, ensuring a consistent production of

diverse blood cell types. It initiates from
hematopoietic stem cells (HSCs), which evolve
into specialized precursor cells and eventually
mature into fully functioning blood cells. During
this progression, there are substantial epigenetic
shifts including chromatin restructuring, DNA
methylation patterns changing, histone tail
alterations, and variations in chromatin
connectivity. These changes are orchestrated by
several essential transcription factors (TFs),
pivotal in defining cell destiny and preserving
cellular identity, with their expression being tightly

controlled36:37,

In this mechanism, enhancers play a crucial role,
particularly in cell — specific gene expression.
This is evidenced by the discovery that single —
nucleotide polymorphism (SNPs) influencing
blood characteristics and diseases frequently
occur in areas presumed to be enhancers. These
SNPs represent a considerable fraction, roughly
19% to 46% of the genetic variability linked to
these blood traits. Interestingly, SNPs associated
with specific blood properties tend to be enriched
in enhancers regions that are active in
corresponding cell types38. For examples, SNPs
affecting coagulation traits are predominantly
found in enhancer areas active in
megakaryocytes. Such genetic variants typically
modify the binding sites of hematopoietic TFs and
are linked to alterations among chromatin
openness®®. Experimental disruptions in certain
hematopoietic enhancers in animal models have
led to significant blood — related issues. These
include neutropenia and a reduction in HSCs in
mice without a CEBPA enhancer, unsuccessful

HSC generation in mice with an eliminated

ISSN: 3006-516X, 3006-5151

46



| AJMAHS. Vol. 2, Iss. (1) — Jan-Mar 2024

GATA2 enhancer, and the induction of fetal
hemoglobin production by altering the BCL11a

enhancer40-42,

Various theories have been proposed to elucidate
the development of lineage - related
transcriptional processes in hematopoiesis. One
model suggests that as cells evolve towards
specialization, there is a new formation and
activation of regulatory regions*3. On the other
hand, the multilineage priming models argues
that early progenitors hold potential for various
differentiation paths, which become progressively
limited. This blank state model is based on single
— cell RT-PCR findings in HSPCs that showed
simultaneous expression of markers specific to
lineages at small levels prior commitment to
particular lineage. In this model, myelo — erythroid
genes are exclusive to common myeloid
progenitors (CMPs), while B and T lymphoid
lineage genes appear only among common

lymphoid progenitors (CLPs)*3.

With introduction of next — generation sequencing
(NGS), it became feasible to differentiate such
models. Single — cell ATAC — seq revealed that in
HSCs, chromatin is initially more reachable but
become more condensed as cells differentiate.
However, this is mainly observed in promoters,
while new open chromatin areas at enhancers
are often formed during differentiation**. Histone
profiling, including markers like H3K4mef1,
H3Kme2, H3K4me3, and H3K27ac, indicated
that lineage commitment in hematopoiesis is
associated with extensive chromatin landscape
changes. About 90% of enhancers alter state,
with 60% being active in HSCs and specific
lineages, supporting

multilineage  priming.

However, the remaining are formed anew during
differentiation*®. The establishment of new
enhancers primarily occurs at critical points, such
as in CMPs and granulocyte — monocyte
(GMPs)  during

Additionally, histone mark acquisition occurs

progenitors myelopoiesis.
subsequently, characteristically opening with
H3K4me1/2 at poised enhancers in initial
progenitors and progressing to H3K27ac with the

onset of transcription8.

The current consensus is that hematopoiesis
adheres to a hybrid model combining restricted
multilineage priming a new enhancer activation.
However, even newly developed enhancers
undergo priming prior their full activation in future
hematopoiesis stages, as indicated by presence
of H3K4me1 in enhancers of multipotent
progenitors#®. This is further supported by the
observation that H3K4me1 — based clustering
aligns progenitors with their mature cell
counterparts, unlike RNA - seq data*.
Additionally, a research integrating RNA-seq and
ATAC-seq across main types of blood cells
revealed that availability of chromatin in
HSCs/MPPs precedes transcriptional alterations

in future phases“®.

The dynamic activity of enhancers in
hematopoiesis is associated with their occupation
by transcription factors (TFs), particularly master
regulators that define fate of cell. These TFs
usually act as pioneer factors, remodeling
chromatin to allow other TFs to bind. Expression
of these master regulators can direct
differentiation into specific lineages or even
reprogram committed cells into different lineages.

A group of these master regulators forms a TFs
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heptad that simultaneously attach CREs linked to
genes essential in development of
hematopoiesis, including those programming the
TFs. While these seven TFs often co — localize in
HSPCs, specific combinations are unique to
certain progenitors, influencing fat decisions and
regulating expression of genes specific to
lineage*®. Interestingly, availability of chromatin at
just nine enhancers attached by the heptad can
calculate identity of cell in initial hematopoiesis
phases. Furthermore, heptad attachment may
occur before E-P loops formation in more mature
cells, suggesting that it is a stepwise

progression®0,

Hematopoietic Master Regulators Control by

Enhancers

The creation of lineage — specific processes
includes changes in a vast number of enhancers,
yet the ones governing master regulators stand
out for their critical role in activating and

maintaining other enhancers unique to each cell

type.
PU.1

SPI1 gene, encoding the PU.1 protein, is integral
to development of both lymphoid and myeloid
cells. It is crucial for producing granulocyte —
monocyte progenitors and common lymphoid
progenitors, but not for the generation of
erythrocytes or megakaryocytes®'.  B-cell
differentiation is linked to lower PU.1 levels, while
higher concentration drive myelopoiesis, often to
the exclusion of other lineages. In the realm of
increase in PU.1

myeloid lineage, an

predominantly encourages macrophage

commitment over granulocyte development, and
areduction in PU.1 is associated with an increase
in neutrophil count. Present in initial T-cell
precursors until DN2 stage, PU.1 must decrease
for complete maturation of T-cell. The crucial role
of PU.1 in such mechanisms is due to its ability
as a developer factor to initiate nucleosome
remodeling in enhancers  specific to
macrophages, leading to the recruitment of

H3K27ac and H3K4me132,

Expression of PU.1 is stringently regulated
through multiple distal enhancer. A prominent
enhancer, situated roughly — 15kb upregulation of
the SPI1 gene (or -14kb in rats), is essential for
maintaining optimal levels of PU1. Removal of
this enhancer, known as the upstream regulatory
element (URE), results in a significant drop of
about 80% in PUT1.

hematopoietic stem cell functionality and

Levels, impairing

hindering the completion of myeloid
differentiation, which could lead to leukemia. The
influence of the -15kb enhancer across the blood
cell types designates it as a broad hematopoietic
enhancer. The specific transcriptional regulation
in every type of cell managed by interactions to
additional upregulating cis — regulatory elements.
Among these is a -12kb enhancer which is active
in myeloid lineage but not in B cells. The
stimulation of the -12kb enhancer is controlled
indirectly by interaction of C/EBPa with URE,
alongside PU.1, forming a self — regulatory loop.
In B cells, the recruitment of lymphoid
transcription factors to URE is considered
adequate to initiate PU.1 transcription, bypassing

the need for the -12kb enhancer and leading to
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the reduced level of PU.1 necessary for B-cell

lineage differentiation3.
C/EBPa

The C/EBP alpha (C/EBPa), a pivotal regulator
programmed by CEBPA gene, is involved in the
development of myeloid cells, including the
formation of granulocyte-monocyte progenitors
and the processes of ganulopoiesis and
monopoiesis. Remarkably, high levels of C/EBPa
can initiate a myeloid differentiation pathway
among lymphoid progenitor cells and even re-
program the B cells to the macrophages.
Beginning its expression in early myeloid
progenitor cells, C/EBPa orchestrates the
progression of granulocyte-monocyte
progenitors, simultaneously suppressing the
development of erythroid cells. It acts as a
regulatory support at the granulocyte-monocyte
progenitor stage, with elevated levels triggering
granulocyte differentiation through the activation
of genes such as GFI1 and CEBPE, and lower
levels favoring monopoiesis. This process is
characterized by C/EBPa interaction with both
established and newly emerging enhancers
during differentiation, including those linked to

PU.1, indicating its potential as innovator factor5.

CEBPA gene expression in myeloid lineage cells
is significantly influenced through a +42kb
downstream enhancer (+37kb in mouse models),
actively specifically in blood — related tissues.
While several enhancers in proximity to CEBPA
show H3K27ac markings, only the +42kb and
+9kb enhancers are active in hematopoietic stem
and progenitor cells. The +42kb enhancer,
binding

preferentially ~ with  hematopoietic

transcription factors, appears to be pivotal in kick
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— starting CEBPA expression, facilitating
evolution from common myeloid progenitors into
granulocyte-monocyte progenitors®. Disruption
of this enhancer among mice impedes the
progression from common myeloid progenitors
into granulocyte-monocyte progenitors, causing
stark absence of granulocytes. Activation of this
enhancer is influenced in part by the binding of
RUNX1, and its absence results in diminished
CEBPA

granulopoiesis. The role of additional regulatory

expression and compromised
components, predominantly the +9kb enhancer,
for modulating expression of CEBPA, remains a

subject for further study5+.55.
GATA2

Belonging to GATA family of zinc - finger
transcription factors, GATA2 is distinguished by
its binding capability to (A/T) GATA (A/G)
sequence, commonly identified as WGATAR. The
GATA protein family participates in a specialized
switching process, where various GATA proteins
sequentially replace one another during key
stages of cell differentiation®. An example of this
is in erythropoiesis, where GATA1 supersedes
GATA2 at its own promoter site, resulting in the
reduction of GATA2 transcription. GATA2 plays
an important part in growth and maintenance of
(HSCs), their

development during the embryonic stage, and in

hematopoietic stem cells
the activities of granulocyte-monocyte
progenitors. It is prominently expressed in HSCs,
initial stages of myeloid progenitors, as well as in

erythroid cells®”.

The critical function of GATA2 in hematopoietic
processes demands meticulous control over its

expression. This control is mediated by several
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enhancers, which also function at sites for GATA
switch. These include a +9.9 kb enhancer within
an intron (+9.5 kb in mice), various enhancers
located proximally, and a distant enhancer at -110
kb (-77 kb in mice). Although, proximal enhancers
are not vital for expression of GATA2 or
hematopoiesis, the absence of +9.5 kb or -77 kb
enhancers drastically lowers the levels of GATAZ2,
adversely affecting normal hematopoietic
function. The -77 kb enhancer primarily affects
GATA2 expression during the commitment to the
myeloid lineage, whereas the +9.5 kb enhancer
is crucial for the development of HSCs. In the
humans, mutations that inactivate the +9.9 kb
enhancer can lead to GATA2 deficiency. This
condition is marked by a range of cytopenias,
increased susceptibility to infections, and a
heightened risk of increasing acute myeloid
leukemia (AML) and familial myelodysplastic
syndromes (MDS)?%8.

PAXS

PAX5 plays an essential role as a transcription
factor for ensuring the definitive commitment to
the B-cell lineage, activating genes that are
specific to B-cells and inhibiting those of alternate
lineages. This action builds upon the initial
direction provided to CLP cells by transcription
factors such as TCF3 (E2A) and EBF1. While the
formation of pro-B cells can occur in the absence
of PAXS5, these cells are incapable of progressing
to later stages, often expressing genes
characteristics of different lineages®. PAX5 is
exclusively present in cells within the B-cell
lineage, extending from pro-B cells into fully
mature B-lymphocytes, and it ongoing presence

is crucial for maintaining their distinct features.

Studies have demonstrated that eliminating PAX5
in mice leads to regression of these cells back to
a more primitive progenitor state. PAX5 is known
for directly interacting with enhancer regions,
recruiting factors that remodel chromatin and
modify histones to either activate or repress the

target genes®0.

PAXS5 expression itself is governed by a particular
enhancer situated in its fifth intron, which is
activated by factors including PU.1, IRF4, IRF8,
and NF-kB. Within embryonic stem cells (ESCs),
this area is initially repressed through DNA
methylation, then undergoes demethylation as
hematopoiesis commences, becoming active in a
certain group of CLPs, presumably those
destined to develop into B-cells. This activation
persists across all stages of B-cell development,
reducing only when the cells differentiate into
plasma cells. On the other hands, its promoter in
ESCs is initially inactivated by H3K27me3, but is
later remodeled during lymphopoiesis due to the
binding of EBF 161,

The foregoing scenarios offer an indication into
elaborate systems that regulate expression of
gene in both spatial and temporal dimensions.
They highlight the challenges associated with the
study of enhancers and reflect previously
mentioned traits, including ability of enhancers to
operate over considerable distances and
existence of various enhancers that collectively

moderate transcriptional outcomes.

ISSN: 3006-516X, 3006-5151

50



| AJMAHS. Vol. 2, Iss. (1) — Jan-Mar 2024

Conclusion

In recent years, a significant strides have been
made in understanding how genes are regulated,
thanks to breakthroughs in technologies like
genome — wide sequencing and gene editing.
This progress has highlighted the importance of
enhancers in controlling gene expression specific
to tissue types, vital for both maintaining identify
of cells and their response to external factors.
These enhances play a pivotal role in the
differentiation of hematopoietic cells, either
triggering or suppressing gene activity as cells
mature. Disruptions in this process can lead to
abnormal gene expression patterns, which in turn
may contribute to the development of cancers.
Such disruptions can arise from different
processes, including the misappropriation of
enhancers or the formation of new enhancers,
influencing the expression of cancer — related

genes or the suppression of genes that prevent

tumors.
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