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Abstract: It is now well established that the interplay of sequence-specific DNA binding
proteins with chromatin components and the subsequent expression of differential
genetic programs is the major determinant of developmental decisions. The last
years have seen an explosion of basic research that has significantly enhanced
our understanding of the basic principles of gene expression control. While many
questions are still open, we are now at the stage where we can exploit this knowledge
to address questions of how deregulated gene expression and aberrant chromatin
programming contributes to disease processes. This chapter will give a basic
introduction into the principles of epigenetics and the determinants of chromatin
structure and will discuss the molecular mechanisms of aberrant gene regulation
in blood cell diseases, such as inflammation and leukemia.

INTRODUCTION

Therange of diseases found to have an epigenetic component responsible for aberrant
gene regulation is steadily increasing and diseases of blood cells represent some of the
best-defined models for studying this type of dysregulation. Many factors control the
growth, differentiation and activation status of blood cells and when these are dysregulated
the result can be either leukemia with aberrant growth and differentiation, or autoimmune
and inflammatory diseases where the immune system is chronically active.

In this chapter we will introduce the basic concepts of chromatin structure and the
processes that control gene expression by modifying chromatin. We will draw upon
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examples from both our own work and the work of others to illustrate the role that
chromatin and DNA modifications play in normal gene regulation and in blood cell
disease. To introduce some of these concepts we will also discuss the consequences of
the reprogramming of the transcriptional regulatory network in leukemic cells that result
in abnormal patterns of epigenetic modifications within chromatin.

THE ROLE OF TRANSCRIPTION FACTORS AND CHROMATIN
STRUCTURE IN ESTABLISHING PATTERNS OF GENE EXPRESSION

Gene expression programs are established during cell differentiation by the concerted
actions of sets of transcription factors specific to each cell type and to their state of
differentiation and activation. Transcription factors perform multiple functions: they
recognize a specific DNA sequence, interact with other transcription factors binding to
neighboring DNA-sequences or even several kilobases away,' respond to extracellular
signals and most importantly, recruit nonDNA-binding factor complexes that cooperate
to either maintain the active state, or initiate the establishment of an inactive state.
These factors, in turn, exert their effects largely at the level of chromatin structure by
creating permissive or nonpermissive states. The genome exists naturally in a repressed
state by virtue of the fact that regulatory and coding DNA sequences are for the most
part occluded by nucleosomes which assemble into highly condensed and inaccessible
structures. Before a gene can be expressed, it is necessary to first create accessible sites
for the binding of transcription factors required for transcription initiation and secondly,
to modify the histones within nucleosomes and reorganize the higher order chromatin
structure to create an environment permissive for the passage of RNA polymerases.

Gene expression programs are typically controlled by transcription factors that are
expressed in atemporal sequence during differentiation. Factors suchas RUNX1, GATA-2
and PU.1 play pivotal roles in enabling early stages in blood cell differentiation, whereas
other factors are responsible for the differentiation of specific hematopoietic lineages.
Regulators of differentiation are exemplified by factors suchas GATA-3, T-bet and FoxP3
which play important roles in maintaining the balance between effector and regulatory T
cells. Other specific classes of transcription factors only become transcriptional activators
as a result of external signals. This is true for inducible factors such as NFAT, AP-1
and NF-kB that play essential roles in mediating responses to immune stimuli. Both the
developmentally regulated and the inducible classes of transcription factors can contribute
to an aberrantly active immune system.

In addition to exerting transient inducible effects, transcription factors can also
introduce stably maintained chromatin alterations. In some cases, transcription factors can
establish an imprint within chromatin, creating a memory of a previous stimulatory event
which persists after inducible transcription has ceased. For example, we and others have
evidence that immune or pro-inflammatory stimuli can induce the formation of modified
chromatin structures that can persist many cell cycles after the stimulus is withdrawn and
which can remain as long-lived imprints in memory T cells for example.>* Alternatively,
specific developmentally regulated transcription factors such as RUNXI1 can initiate a
cascade of events that become self-perpetuating during blood cell differentiation even
after the subsequent removal of the differentiation initiating factor.**
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BASIC FEATURES OF CHROMATIN STRUCTURE

The vast majority of the genome (~99%) exists as nucleosomes comprising ~146 bp
of DNA wrapped around an octamer of histone proteins made up of two molecules each
of histones H2A, H2B, H3 and H4.%7 As depicted in Figure 1, nucleosomes assemble
in a step-wise manner by first loading two histone H3/H4 dimers as a tetramer onto ~80
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Figure 1. Nucleosome structure. Cartoon representation of the structure of the nucleosome based on the
X-Ray crystal structure.” Nucleosomes are assembled in a stepwise manner from 146 bp of DNA which
first recruits two histone H3/H4 dimers to form a tetramer and then two histone H2A/H2B dimers to
form the histone octamer. In a nucleosome, the DNA makes 1.7 turns around the histone octamer. In
the side-view of a nucleosome presented here, we have depicted the nearest 0.85 coil of DNA (73 bp)
in black and the far-side 0.85 coil of DNA in grey. In the exploded view at the bottom, where the
upper and lower faces of the nucleosome are separated, it can be seen that a nucleosome comprises
two symmetrical halves. Each half contains one molecule of each of the four core histones which each
make two major contacts with the DNA. The positively charged lysine-rich histone tails do not adopt a
rigid structure but extend out from the nucleosome and have the potential to wrap around the DNA.
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bp of DNA and then incorporating two histone H2A/H2B dimers to form a nucleosome
particle comprising 146 bp of DNA coiled 1.7 times around the histone octamer core.
This model illustrates the fact that nucleosome stability is maintained by multiple contacts
along the entire length of the nucleosomal DNA, with each of the eight histone molecules
mediating major contacts at two separate sites. It is also significant that this structure
has the histone N-terminal tails protruding from the nucleosome core particle, because
these tails are the sites of numerous covalent modifications that regulate the structure
and function of chromatin.

Individual nucleosomes are organized into highly regular arrays where they are
separated by linker regions of ~50 bp of DNA, to give an overall average repeat length
of ~190-200 bp.*!® Chains of nucleosomes essentially never exist in a completely
decondensed drawn out state, but are arranged in a zig-zag conformation within a highly
complex higher order structure. Despite decades of investigation, the precise details of
this structure remain elusive. At the first level of folding, nucleosomes coil into 30 nm
diameter chromatin fibers (Fig. 2A),* ' which then assemble further as even more compact
structures,'? in which much of the DNA is inaccessible (Fig. 2). This higher order folding
is mediated in part by histone H1 which occupies about 20 bp of the linker region between
nucleosomes and in part by the positively charged histone tails that extend out from the
nucleosome and most likely wrap around the DNA..

Only about 1% of the genome exists in a decondensed accessible state in any one cell.
These accessible regions exist as DNase I hypersensitive sites (DHSs)'? where regulatory
factor complexes have opened up localized regions of the chromatin fiber and in most cases
this probably involves displacement or disruption of nucleosomes that would otherwise
occupy these regions (Fig. 2B). It is also taken for granted that a passing polymerase
must transiently create open regions of chromatin (Fig. 2C). This appears to be driven by
chromatin remodeling factors and histone acetyltransferases (HATs) associated with the
polymerase complex and is reversed by factors such as histone deacetylases (HDACs)
recruited to chromatin that has just been transcribed (Fig. 2C)."*!5 One of the purposes
of this cycle is to maintain transcribed genes in a predominantly condensed state so as
to suppress cryptic promoters."

The histone tails are subject to a bewildering number of posttranslational
modifications. These include lysine acetylation, lysine and arginine methylation, serine
and threonine phosphorylation, lysine ubiquitination, poly-ADP ribosylation, lysine
sumoylation, arginine deimination and proline isomerisation.!* Each modification
is installed by different families of enzymatic activities, such as HATSs, histone
methyltransferases (HMTs), kinases or ubiquitin ligases. Depending on the transcriptional
state, these modifications are removed by opposing enzymatic activities, suchas HDACs
and histone demethylases which, like the “writers” of histone modifications, belong
to extended families of enzymes with different substrate specificity. Each histone
modification serves a distinctive purpose to support either the maintenance of the active
(e.g., histone H3 K9 acetylation and K4 methylation) or the inactive (e.g., histone H3
K9 methylation) transcriptional state.

Inaddition to creating binding sites for various cofactors, the modification of histones
alsohasadirecteffect on overall chromatin structure. For example, histone acetylation leads
to the neutralization of the positively charged lysines in the histone tails and to a reduced
level of compaction, as seen after acetylation of histone H4 K16 (Fig. 2)."” Activation of
enhancers and promoters, and the process of transcription, are also accompanied by the
replacement of canonical histones with variant histones, such as H2AZ or H3.3 which



16 EPIGENETIC CONTRIBUTIONS IN AUTOIMMUNE DISEASE

A Organisation of nucleosomes within chromatin
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Figure 2. Hypothetical view of the organization and remodeling of the chromatin fiber. A) At the simplest
level, nucleosomes are thought to zig-zag backwards and forward within chromatin. The precise details
of chromatin fiber structure remain to be determined, but under physiological salt conditions, chromatin
can be observed in vitro as a 30 nm diameter fiber. Chromatin is believed to be assembled into much
more complex higher-order structures in vivo; B) At active promoters and enhancers it is thought that
nucleosomes are either displaced by transcription factor (TF) complexes, or are so extensively modified
that much of the nucleosomal DNA is rendered accessible. TFs recruits HATs such as CBP that create
a more open chromatin structure and chromatin remodelers such as SWI/SNF that can directly disrupt
and/or relocate nucleosomes; C) Elongating polymerases carry a variety of modifications and factors
that act directly on chromatin. It is likely that these include HATs that can acetylate histone H4 K16,
a modification sufficient to decondense chromatin and other factors such as HMTs that subsequently
trigger the recruitment of HDACs such as Rpd3S that return chromatin to the deacetylated once the
polymerase has passed.'*
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interact with reduced affinity and thus form less stable nucleosomes This facilitates the
displacement of nucleosomes at promoters by the basal transcription machinery.'®

THE ROLE OF EPIGENETIC MECHANISMS IN CELL DIFFERENTIATION

Research investigating the basis of cell differentiation in the hematopoietic system was
instrumental in the development of the concept that stem cells and multipotent precursor
cells activate extended sets of genes at low level prior to differentiation.'® In this context
it is important to note that lineage specification and the restriction of developmental
potential involve not only the upregulation of genes important for the development of
specific blood cell lineages, but that it is just as important to selectively silence lineage
inappropriate genes that exist in an activated state in stem cells. This is a general principle
of pattern formation that is common to all multicellular organisms and it implies that a
regulatory machinery exists which maintains genes in their respective active and silent
states and thus maintains cellular identity. It also follows that during the proliferative
phases of cell differentiation, such “epigenetic” states have to be faithfully copied during
cell division.?” Another important principle of epigenetics is that such regulatory states
can be maintained in the absence of the original initiator.?' In the last years, significant
progress has been made to identify and characterize the components of the epigenetic
regulatory machinery. It is beyond the scope of this chapter to review its full complexity
but the next chapters will review the general principles and discuss the role of the main
players: DNA-methylation and histone modifications.

DNA METHYLATION

DNA methylation represents one of the most stable epigenetic modifications and plays
amajor role during development in maintaining specific patterns of gene expression.??
In mammals, DNA methylation most commonly involves a symmetrical conversion to
5-methylcytosine on both DNA strands at CpG sequences. This modification is introduced
by DNA methyltransferases (DNMTs) that include DNMT3a and DNMT3b which
methylate cytosines de novo and DNMT1 which requires a methylated cytosine at one
strand of newly replicated DN A and functions to maintain previously installed methylation
states during replication.???* DNMT3a contacts chromatin in cooperation with DNMT3L
and the activating histone H3 K4 methylation modification blocks binding of DNMT3L,
and thereby suppresses DNA methylation in active regions.??"#

Most of the CpG elements in the genome are, by default, maintained in the methylated
state if they exist outside of active regions. A side effect of DNA methylation is that CG
sequences are relatively rare in the genome, due to the propensity of 5-methylcytosine to
mutate to thymidine. The genome also includes many promoter regions that are highly
enriched in CpG sequences, termed CpG islands, that are resistant to DNA methylation.
However, these CG islands are themselves significant targets for dysregulation in blood
cell diseases and cancer.?” For example, it is common to find aberrant DNA methylation
within the promoter CpG islands of tumor suppressor genes in myelodysplastic disorders,*
which are now sometimes treated with the “epigenetic” drug 5-Azacytidine to reduce
genome-wide levels of DNA methylation.?!
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Figure 3. Mechanisms that regulate CpG island activation and repression. CG islands are normally
maintained in an active state by specific transcription factors (TFs) and a wide variety of CXXC domain
proteins that bind to non-acetylated CpG elements. The balance can be shifted from the activated state

(top) to the repressed state (bottom) by the self-reinforcing modifications of DNA methylation and
H3K9 methylation.

A recent unbiased genome-wide analysis of sequence patterns characterizing DNA
methylation states identified specific transcription factor motifs at those CG islands that
were resistant to de novo methylation. Furthermore, this resistance correlated with the
fact that these sites were indeed occupied by these specific transcription factors,* strongly
suggesting that the same factors are responsible for the protection of these sequences
from DNA methylation (Fig. 3). How methyl groups are removed from DNA during
normal mammalian cell differentiation is still not completely understood and various
mechanisms have been proposed.*

It was recently shown that the balance between the methylated and nonmethylated
DNA state at CpG islands is controlled in part by proteins containing CXXC motifs that
bind to nonmethylated CG sequences (Fig. 3). CXXC domain proteins include the H3K4
HMT Setl and Cfp1 (also known as CGBP or CXXC1) which associates with the H3K4
HMTs Setl and MLL1.2*37 CXXC proteins also include Tetl which a member of the Tet
family proteins that hydroxylate 5-methylcytosine.’s*

Asmodeled in Figure 3, the CXXC and HMT proteins provide potential mechanisms
for maintaining regions ofhigh CpG content in an unmethylated state. After Tetl becomes
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recruited to nonmethylated CpG sequences it can presumably modify and eliminate any
adjacent methylation of CpG sequences. Either MLL1 or the Cfpl/Setl complex can
also bind to nonmethylated CpG sequences**° and introduce the H3K4 trimethylation
mark (H3K4me3) which suppresses recruitment of the DNMT3a/DNMT3L complex.”
The Me3H3K4 mark is normally associated specifically with transcribed regions,*” but
CXXC domains provide amechanism to introduce this modification even in the absence of
transcription. Cfp1 was recently shown to play a major genome-wide role in maintaining
CpG islands in an active state, being required to introduce the H3K4me3 modification at
CpG islands, and it was demonstrated that introduction of an artificial CpG island was
sufficient to recruit Cfp1 and establish an active H3K4me3 domain.**

Conversely, CpG islands can also be repressed and maintained in a repressed state
if they undergo DNA methylation and H3K9 methylation (Fig. 3). These modifications
cooperate to maintain the repressed state by promoting recruitment of the H3K9 HMT
G9a and DNMTs.?? Once methylated, CpG islands bind proteins containing methylated
methyl-CpG binding domains (MBDs) which recruit H3K9 HMTsand HDACs. However,
mechanisms controlling the balance of methylation are highly complex with the same
proteins in some cases involved in both activation and repression. Hence, Cfp1 can also
recruit DNMT1 and loss of Cfpl leads to a decrease, not an increase, in levels of DNA
methylation within both repeat elements and single copy genes.* This may indicate
that the net balance of Cfpl function is different at CpG islands, where it is required to
introduce H3K4me3, as opposed to interspersed CpG elements where it may promote DNA
methylation. MBD1 and DNMTT1 also each have both CXXC domains and methylated
CpG binding domains meaning that they can drive repression of CpG islands if there is
an absence of activating factors.*’

Tet family proteins are also targets for mutations in blood cell diseases*? and this could
account for the aberrant methylation of CpG island promoters in myeloid malignancies.*
The Tet2 gene is frequently mutated in Chronic Myelomonocytic Leukemia (CMML)*##
and the Tet1 gene (previously termed LCX) is involved in chromosomal translocations in
Acute Myeloid Leukemia (AML).* Interestingly, Tet2 lacks a CXXC domain, meaning
that another class of factor is required to direct Tet2 to CpG elements and this represents
another potential point for epigenetic dysregulation.

HISTONE MODIFICATIONS MARKING THE INACTIVE
TRANSCRIPTIONAL STATE

In the absence of transcriptional activators, the chromatin of genes adopts a heritable
silent state by default, or even a heterochromatic state with distinct biochemical features.
DNA of heterochromatic genes is highly methylated and compacted, and harbor inactive
histone marks such as methylated histone H3 K9 or K27 which are deposited by the HMTs
Su(var)3.9 and EZH2 respectively, the latter being a component of the polycomb family of
epigenetic regulators. An important principle is that these DNA and histone modifications
serve as binding sites for “readers” of the epigenetic code.* The best-characterized examples
for such interactions are the recognition of methylated CGs by MBD proteins*’ and the
binding of heterochromatin protein 1 (HP1) family members to trimethylated histone
H3 lysine 9.%%4° All of these proteins associate with highly cooperative macromolecular
complexes that include histone and DNA modification enzymes which either re-install the
inactive mark, or remove active marks and thus sustain an inactive chromatin structure.
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Thisis exemplified by the findings that (i) DNMT 1 and the methyl-binding protein MeCP2
both associate with histone deacetylases (HDACS), (i) DNMT1 interacts with the H3 K9
HMT G92a* and (iii) HP1 interacts with both HDACs and DNMTs.5!%

Similar to DNA methylation, the aberrant deposition of inactive histone marks is a
hallmark of disease processes. Since these modifications are normally highly dynamic
and get rewritten depending on the transcription cycle and the presence and absence of
extracellular signals,* the deposition of an inactive histone mark per se does not lead to
permanent gene silencing. However, as described above, one of the hallmarks of cancer
cells is the permanent silencing of CpG island promoters of important tumour suppressor
genes by aberrant DNA-methylation. It has recently been shown that the binding of such
sequences by polycomb complexes and the concomitant deposition of methylated H3 K27
predisposes associated genes to DNA methylation where they are finally inactivated,’**
again indicating that the gene silencing machinery operates in a highly cooperative fashion.
These experiments also demonstrate that DNA-methylation is the final modification that
locks genes into a permanently inactive state.?

CHROMATIN MODIFICATIONS ACCOMPANYING GENE ACTIVATION

Recent genome-wide analyses confirmed that histone modifications are deposited
in a combinatorial fashion at the cis-regulatory elements of specific genes, reflecting
their differential activities.’®>” The fact that such patterns are not random, and change in
response to extracellular stimuli,™ already hints at the fact that the epigenetic regulatory
machinery is directed to specific DNA sequences by sequence specific DNA binding
proteins, and their cell type specific combinatorial action directs the differential deposition
of histone modifications.

The architecture of the chromatin fiber is modified in many fundamental ways during
the process of gene activation. In the first instance, the regulatory machinery gains entry
to the ~1% of the genome that comprises the regulatory elements active in any one cell
type by creating highly accessible nucleosome-free regions that exist as DHSs.!* In
most cases this involves the cooperative action of different transcription factors, but in
some cases the creation of these DHSs is initiated by specialized pioneer factors that
have the intrinsic ability to bind to chromatin compacted by histone H1.*° Other specific
factors, such as the transcription factors NFAT and NF-«xB, are intimately associated
with the induction of DHSs within promoter and enhancer elements in response to
activation by immune and pro-inflammatory stimuli.®*®! NFAT is a key mediator of T
cell receptor (TCR) signaling, whereas NF-xB is a key mediator of pro-inflammatory
signals such as bacterial lipopolysaccharide (LPS). These types of factors play a key
role in creating access for and assisting the recruitment of other factors and represent a
pivotal point at which the normal tight control over gene expression can be overridden
in a disease context.

Once bound to DNA, transcription factors recruit a host of chromatin modifying
activities. Besides the histone modification machinery described above, they also recruit
ATP dependent nucleosome remodeling complexes such as SWI/SNF and ISWI that either
disrupt or reposition nucleosomes and mobilize arrays of nucleosomes.> Remodelers
can serve both to create nucleosome-free sites for regulatory factors and polymerases
and to render nucleosome organization highly dynamic. Remodeling activities play
essential roles in mediating inducible responses within the immune system and we have
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observed that NFAT-dependent enhancers function in part by mediating long-range
mobilization of nucleosomes, creating a highly disorganized and dynamic nucleosome
array.®*” In addition, we showed that transcription factors induced by inflammatory
stimuli can activate promoters driving the expression of noncoding RNAs which alter
the nucleosomal architecture of cis-regulatory elements by the process of transcription
itself.®® Many inducible transcription factors, including for example AP-1 and CREB,
which mediate responses within the immune system, have the ability to recruit HATs
such as CBP and p300. This typically leads to the creation of a hyperacetylated and more
open state at promoters and enhancers.%*%

Similar to mechanisms maintaining the inactive state, histone modifications
characteristic foractive genes reinforce the active state by providing interaction modules for
the transcription machinery. For example, HATs such as GCNS5 and subunits of chromatin
remodelers such as Brgl possess bromodomains that recognize H3 K9 acetylation.®7
Similarly, H3 K4 trimethylation is recognized by PHD-finger domains as exemplified
by that of TFIID which is part of the basal transcription machinery.” Moreover, it has
recently been shown that this histone modification is required for the maintenance of an
active transcriptional state during cell division.”” However, for normal development it is
of vital importance that complexes reinforcing the activated state are tightly regulated.
One of the major causes of leukemia is the generation of aberrant epigenetic regulatory
proteins as a result of chromosomal translocations. Fusing heterologous domains can
lead to the aberrant targeting of activating complexes, as exemplified by a recent study
investigating the fusion of the PHD finger of the histone demethylase JARID1A and
Nup98.” The expression of such a dominant-negative fusion protein leads to a targeting
of a nonfunctional complex to H3 lysine di/trimethylated sites where it blocks the
demethylation of histones. This causes the maintenance of the active state and eventually,
a block in cell differentiation and leukemia.

EPIGENETICS MEETS CHRONIC INFLAMMATION IN LEUKEMIA

One of the hallmarks of many cancers is their aberrant growth, which is based on the
fact that many tightly regulated growth-controlling signaling processes are dysregulated
and constitutively active in these cells. This is achieved by either autocrine/paracrine
stimulation of growth factor receptors or the mutation of other molecules involved
in transmitting such signals into the nucleus. In blood cells, this involves signaling
molecules such as cytokines, cytokine receptors and kinases, as well as transcription
factors integrating immune responses. For example, the direct activation of Ras pathways
and/or the suppression or mutation of negative regulators of cytokine signaling pathways
can lead to activation of genes such as GM-CSF and hypersensitivity to GM-CSF in
myeloid malignancies.’*7

The consequence ofthe chronic activation of inflammatory signals is that transcription
factors linking such signals to gene expression control are constitutively active, with the
mostimportant factor being NF-xB.” In human Hodgkin’s lymphoma (HL), the constitutive
activation of this transcription factor is required for the survival of leukemic cells.* In
the majority of cases, HL cells originate from germinal center B cells, but have lost
much of their B cell specific gene expression program.®*? Interestingly, these cells also
express lineage inappropriate genes, including the receptor for colony-stimulating-factor
1 (CSFIR or c-FMS) which is the main growth factor receptor for the macrophage
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lineage.?** Moreover, it was recently shown that these cells also express CSF-1 itself
and this autocrine/paracrine stimulation is required for HL cell survival 3 However, the
most intriguing result from the same study was that aberrant expression of the CSF IR
gene was not driven by its normal promoter, but originated from an aberrantly activated
long terminal repeat (LTR) promoter of the THE1B family of repeats located 6.5 kb
upstream of the normal transcription start site. LTRs are remnants of retroviral insertions
thathave remained in the germline. These elements are normally efficiently epigenetically
silenced during embryonic development and this silencing is strictly maintained by
DNA methylation and the action of corepressors recruiting HDACs that maintain the
presence of inactive histone marks. Moreover, the activation of THE 1B elements in HL
cells was not restricted to one genomic location, but was a widespread phenomenon.
As it turned out, HL cells have lost expression of the corepressor MTG8/CBFA2T3
(otherwise known as ETO2). In addition, THE B elements contain functional binding
sites for inducible transcription factors, including NF-xB, which are required to activate
LTR-driven promoter activity. The artificial recreation of this situation in non HL cells
is sufficient to activate LTR-driven expression, indicating that the loss of epigenetic
control combined with constitutive activation of otherwise inducible transcription factors
is sufficient to override the safeguards that normally protect cells from the activation of
LTR promoters. The consequences of these events are cells of B cell origin that have
hijacked myeloid-specific survival signals.

THE ROLE OF EPIGENETIC MECHANISMS IN AUTOIMMUNITY

Therole of this chapter has up until now been to introduce basic concepts of chromatin
structure and the epigenetic mechanisms that control the function of the genome in normal
cells and in disease. However, we also need to at least touch on the role of epigenetics in
autoimmunity, as this is the main theme of this volume, and many specific examples will
be discussed in the following chapters. There is now abundant evidence that disturbance
of epigenetic mechanisms in the immune system can lead to autoimmune disease,
with perhaps the best example being Systemic Lupus Erythematosus (SLE),**#” which
will be discussed in depth in this volume in Chapter 9. This is a disease where there
is a prevalence of global DNA hypomethylation and demethylation of the regulatory
elements of pro-inflammatory genes such as IL-4 and IL-6 in T cells.®>* Furthermore,
DNA demethylating agents are able to induce lupus-like symptoms.* Abnormal patterns
of histone acetylation are also found in T cells from lupus patients. Atopy is another
condition where DNA demethylation of genes such as interferon gamma can contribute
to autoimmunity.®

CONCLUSION

The few examples described in this chapter graphically demonstrate that the interplay
of transcription factors with the epigenetic regulatory machinery is at the heart of many
disease processes. They also demonstrate that the defects of this interplay are specific
for each individual disease. The major challenge for the future will be to delineate the
mechanisms common to aberrant gene regulation involved in individual disease processes
and identify targets for their correction. A tall order.
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