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Beyond Gene Discovery in Inflammatory Bowel Disease: The Emerqging Role of Epigenetics
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Cell 2012; 148: 1258-1270

*Diseases have been traditionally
studied under a paradigm of “one
microbe, one disease.” However, a
new understanding is emerging on
how disease phenotypes are actually
a result of complex interactions
between bacteriq, viruses, and
eukaryotes, as well as their
interactions with the host or with
certain drugs. Virulence of some
eukaryoftes is, forinstance, linked to
the presence of certain bacteriq,
such as in the case of E. histolytfica
and E. coli or S. dysenteriae. The
susceptibility of the host to viral
infections is conditioned by the
particular configuration of the
microbiota, whereas herpesvirus
infection can conferresistance to
certain bacterial infections.
Antibiotics can significantly reshape
the composition of the microbiota. As
a clear correlation has been
observed between many diseases
and dysbiosis, the widespread use of
antibiotics may be linked to the
dramatic increase observed in
autoimmune diseases over the last
years. Conversely, helminthes confer
resistance to autoimmune diseases.


http://www.sciencedirect.com/science/article/pii/S0092867412001043#gr2
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DEVELOPMENT OF THE MICROBIOTA
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The gastrointestinal tfract of the fetus is sterile unfil birth, after which the newborn is inifially colonized.
Depending on delivery mode, the initial communities tend toward a skin-like (caesarean section) or a vaginal-
like (vaginal delivery) configuration. During the first weeks of life, there is a reduced activity of TLRs, potentially
allowing the necessary formation of a stable bacterial community in the gut. As the infant grows, and with the
introduction of solid foods, the microbiota diversity increases, and the community converges toward an adult-
like state. At the same time, the immune system “learns” to differentiate between commensal and pathogenic
bacteria. By adulthood, a relatively stable community composition (but varying between different individuals)
is achieved, dominated mostly by Bacteroidetes and Firmicutes. Different diseases are characterized by
significant changes in the microbiota and associated changes in the production of cytokines.
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Probiotics demonstrating a beneficial effect in clinical studies of eczema.
Type of clinical study Probiotic

Treatment Lactobacillus rhamnosus GG
Lactobacillus rhamnosus HNOOT
Lactobacillus sakei KCTC
Lactobacillus acidophilus La-5
Lactobacillus acidophilus-
Lactobacillus salivarius LSO
Lactobacillus fermentum VR
Bifidobacterium lactis Bb12
Bifidobacterium lactis UABLA-12=
Bifidobacterium bifidum

Prevention Lactobacillus rhamnosus GG
Lactobacillus rhamnosus LC705
Lactobacillus paracasei F19
Bifidobacterium breve Bb99

Propionibacterium freudenreichii—
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The loss of universal helminth infection as occurred in earlier human evolution may alter the numbers or types of
bacterial and fungal commensals and thus affect normal mucosal tissue homeostasis. In susceptible or highly
exposed individuals, such alterations might alter the balance between immunotolerance, immunosurveillance and
nutrient extraction. This imbalance may contribute to the appearance of inflammatory systemic dysregulation at
mucosal surfaces, resulting in increases in asthma and allergic diseases, particularly in the setting of
environmental changes that have increased exposure to indoor allergens and pollutants, and even to increases in
obesity, which can be a risk factor for severe asthma.
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Nutritional Epigenetics

Epigenetic effects of nutrition

Methyl donors  Fatty acids
Vitamin B12 Butyrate
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Choline Docosahexaenoic acid
Betaine Eicosapentaencic acid
Methionine
Serine
Glycine Vitamins
Retinol

- srols
Phytochemicals .. v
Genistein
Soy isoflavones
Curcomin
Resveratrol
Sulphorophane
Polyphenols
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Overview of the mechanisms and consequences of epigenetic regulation by nutritional compounds.
Modulation of different classes of chromatin writers-erasers by phytochemicals (left panel). Genes encoding
absorption, distribution, metabolism, and excretion (ADME) proteins can be epigenetically regulated and
thereby determine individual nutritional responses. Epigenetic modification of disease-related genes can
contribute to diagnosis (biomarker) as well as disease prevention or progression (right panel).
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Pivotal roles of vitamins in the maintenance of immunologic homeostasis in the gut. Vitamin
A-derived retinoic acid promotes the differentiation of naive T cells to Treg cells and
simultaneously inhibits the induction of Th17 cells in the steady state. Like retinoic acid,
Vitamin D (as an active form1a,25-dihydroxyvitamin D;) inhibits the production of pro-
inflammatory cytokines such as IFN-y, IL-17 and IL-21 from T cells together with the promoted
differentiation of Treg cells. It also prevents differentiation and maturation of DCs and
increases the expression of tight junction protein such as claudins in the epithelial cells. Upon
the differentiation of Treg cells, they express high levels of vitamin B9 receptor (folate
receptor 4, FR4), which essential for their survival. a-tocopherol, an isoform of vitamin E, can
inhibit T cell infiltration into intestine through the negative regulation of signal transduction
fromm VCAM-1 and ICAM-1 by antagonizing protein kinase C.
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Vitamin A is converted to retinoic acid by retinal dehydrogenases (RALDH) expressing dendritic cells in the Peyer's
patches, which induces the expression of gut homing molecules (a4f7 integrin and CCR9) on antigenprimed cells (e.g.,
IgA* B cells) and allows them to traffic into the intestinal lamina propria. In the lamina propria, IgA* B cells differentiate
into IgA-producing plasma cells. IgA is then transported into the intestinal lumen, where it binds to pathogens to inhibit
their invasion and function. Vitamin B1 is essential for energy metabolism, especially maintenance of TCA cycle, and
therefore associates with maintenance of naive B cells which utilize predominantly TCA cycle for energy generation.
Vitamin B2 also involves in the energy metabolism of immune cells. In addition, bacterial metabolite of vitamin B2
activates mucosal associated invariant T (MAIT) cells via the presentation by major histocompatibility complex (MHC)
related protein MR1. Vitamin D enhances production of antimicrobial peptides from Paneth cells and macrophages via

vitamin D receptor, which provides an additional immunosurveillance system.
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HLA — MHC-6p21.3

Responsibility for histocompatibility
Immunoftolerance

HLA molecule combination is unique for every human
being

The only fotal HLA compatibility — monozygofic twins

Graft rejection




MHAC

MHC class | and Il classical molecules are cell surface
glycoproteins which mediate presentation of peptides
to T-cell receptors, and play a key role in triggering
adaptive immune responses when the bound pepftide
IS recognized as foreign.

In humans, they are coded by HLA class | (HLA-A, -B,
and -C), and Il (HLA-DR, -DQ, and -DP) classical genes.
The class | and class Il HLA classical genes are the maost
polymorphic in the human genome, and knowledge
about their function in the immune response supports a
role for balancing selection in driving the diversity
patterns at these loci.



MHAC

A number of findings suggest MHC genes have experienced
balancing selection: unusually high level of heterozygosity with
respect to neutral expectations; existence of trans-species
polymorphisms ; high levels of linkage disequilibrium ; site
frequency spectra with excess of common variants; high levels of
identity-by-descent compared to genomic averages ; positive
correlation between HLA polymorphism and pathogen diversity,
and significant associations of HLA alleles with the course of
infectious diseases.

Information on the crystal structure of MHC molecules allowed
the identification of a specific set of amino acids that make up
the antigen recognition site (ARS), which determines the peptides
that the molecule is able to bind. The codons of the ARS were
shown to have increased nonsynonymous substitution rates
consistent with the hypothesis that adaptive evolution at HLA loci
is driven by peptide binding properties.
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LA AND ANTIGENS

Anfigenes originate either from extracellular
compartment  (extrinsic  antigens), or from
infracellular compartment (intrinsic antigenes).

There are great differences betwwen these two
anfigen types. They Iinduce different type of
Immune reaction.

Intrinsic antigenes are presented using HLA class |[;
extrinsic antigenes use HLA class Il



ANTIGENE PRESENTATION

Antigens are able to stimulate immune
response

They are proteins, glycoproteins and/or
polysaccharides.

Outer antigens get to body by GIT tract,
respiratory tract, skin and or artificially
(injection...)

Inner antigens found in cells (proteins coded
by viral genes, proteins coded by mutated
genes in tumor cells)
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da Silva MB et a/. Transplant immunology: Old game, new players
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Figure 1 Major histocompatibility complex class I and II pathways. (1) MHC class I molecules present peptides derived from proteins presented in the cytosol
of endogenous or pathogen origin. The proteasome breaks down these proteins into peptides, which are then translocated to ER by the transporter associated with
antigen processing (TAP) to access the MHC class 1 molecules. In absence of peptides, MHC class 1 molecule is stabilized by ER chaperones (calreticulin, PDIA3,
PDI and tapasin), but when peptides with sufficient affinity bind to class I molecules, these chaperones are released and the peptide: MHC complex leaves the ER
for presentation on cell surface of CD8" T cells; (2) MHC class I molecules present peptides derived from proteins that enter the cell through endocytosis. The chains
o and B are assembled in the endoplasmatic reticulum associated with the invariant-chain (li) to prevent binding of endogenous proteins. This complex (MHC:li) is
translocated to MHC class I compartment (MIIC) where li is degraded to class 1 -associated invariant chain (CLIP). In the MIIC the MHC class II molecules acquire
HLA-DM to facilitate the exchange of CLIP to specific antigen derived from degraded protein on the endosomal pathway, thus the complexes are transported to the
plasma membrane to present the peptide to CD4" T cells; (3) Cross presentation involves dendritic cells with the unique ability to present exogenous antigens via
MHC class I (by a mechanism not completely understood). MHC: Major histocompatibility complex.
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ALLERGY AND ATOPY

Atopy:
Family history
Characteristic reaction on extrinsic allergens
Circulating anfibodies
IgE antibodies (30-40% of population)

Correlation between IgE blood levels and
hyperreactivity of airways.

Genetic and epigenetic factors which modity IgE
levels.

Candidate genes for IL-3, IL-4, IL-5, IL-9, IL-13 and
GM-CSF —cluster on 5g31-33.

Hygienic theory of asthma development
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The heterogeneity of asthma. Asthma is a complex disease caused by multiple factors.
There are several different forms of asthma (allergic, non-allergic and intrinsic), and in
some patients these forms can coexist. Allergic asthma can be induced by allergens and
Is mediated by T,,2 immune responses. Non-allergic asthma can also be caused by
several factors, such as air pollution and infection. Non-T2 cells and various cells of the
Immune system other than T2 cells contribute to non-allergic asthma. Some of the

many genes involved in development of spontaneous asthma are presented here.



ASTHMA TYPES

Exirinsic — clear external cause.
Infrinsic — there is Nno clear cause.

Extrinsic asthma in atopic patients with
positive prick tests for inhalation antigens
(20% of children with persistent asthma, only
50% adult patients). Child asthma often
combined with atopic dermatitis

Intrinsic asthma - delayed onset



Clinical asthma

Requirement

phenotype for T,2 cell Mechanisms or effector cells

Allergen Yes IL-4, IL-5, IL-9, IL-13, TSLP, IL-25, IL-33, IL-17¢2
CD4* cells, DCs, eosinophils, mast cells,
basophils, NKT cells

Viral infection No IL-132 (T 2 cytokinese) alveolar
macrophages, NKT cells (innate immune
cells)

Air pollution, cigarette No IL-17, oxidative stress, small particles,

smoke, diesel particles, neutrophils, NKT cells

smoke

Aspirin No Leukotrienes, loss of prostaglandin E,

Obesity No Oxidative stresse

Severe, steroid resistant No IL-17, neutrophils, NKT cells2

Exercise, cold air No Heat tfransfer, change in mucosal
osmolality, cytokines?

Intrinsic 2 Smooth muscle irritability 2




Antlgen (Allergen)

Epithelium
Basement membrane

Mast cell activation

Antigen (allergen)
MHCII IgE production JgE FceRI - _IgE Histamine, PAF,
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Allergic inflammation

Induction and effector mechanisms in type | hypersensitivity
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APCs in the lung.

(a)

(b)

DCs are key APCs in
the lung. After antigen
challenge, lung DCs
process antigen and
induce antigen-specific
T2 cell responses.
TCr, T cell antigen
receptor.

(b) Other cells can also
function as APCs to
initiate T2 responses.
Basophils, eosinophils,
mast cells and natural
helper cells express
MHC class Il and
costimulatory
molecules. Therefore,
these cells of the innate
Immune system can be
the initial sources of
T2 cytokines as well
as potential APCs in
the lung. SCF, stem
cell factor; LTC,,
leukotriene C,; Lin,
lineage.



ACQUIRED IMMUNITY IN PATHOGENESIS OF ASTHMA

The induction of adaptive immunity requires antigen-presenting cells (APCs), and
dendritic cells (DCs) are the main type of APC involved in the induction of T,,2
responses to allergens in asthma. In the lung,

DCs can be found throughout the conducting airways, interstitium, vasculature
and pleura and in bronchial lymph nodes. Lung DCs express many receptors,
including Toll-like receptors, Nod-like receptors and C-type lectin receptors and
upregulate the expression of several costimulatory molecules (such as CD80 and
CD86) and chemokines (such as CCL17 and CCL22) that attract T cells, eosinophils
and basophils info the lungs?. In the OVA-induced asthma model, depletion of
DCs from the airways through the use of mice transgenic for CD11c-diphtheria
toxin receptor? or thymidine kinase-tfransgenic mice treated with the anfiviral drug
ganciclovir?! abolishes the characteristic features of asthma, including eosinophilic
inflammation and T,2 cytokine production. Furthermore, T,,2 cells do not produce
IL-4, IL-5 or IL-13 in the absence of CD11c* DCs, and endogenous lung DCs or
adoptively tfransferred bone marrow—derived DCs loaded with anfigen are
sufficient to induce T,2 immune responses.

In humans, monocyte-derived conventional DCs promote T,2 responses by
secrefing proinflammatory cytokines and upregulating the expression of
costimulatory molecules after antigen stimulation. Together these findings indicate
that lung DCs are the main APCs and are necessary for T2 cell stimulafion during
airway inflammation.
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The IgE-primed mast
cell releases granules
and powerful
chemical mediators,
such as histamine,
cytokines, granulocyte
macrophage colony-
stimulating factor (GM-
CSF), leukotrienes,
heparin, and many
proteases into the
environment. These
chemical mediators
cause the
characteristic
symptoms of allergy.



Immune cells and the inflammatory
co;code in asthma. Initial

CXISO5TTT o dllergen leads to the
activation of allergen-specific Th2
cells and IgE synthesis (sensitization).
Subsequent allergen exposures
cause inflammatory-cell recruitment,
activation and mediator release. IgE-
sensitised mast cells expressing the
high affinity IgE receptor (FceRl)
degranulate, releasing both pre-
formed and newly synthesized
mediators including histamine,
leukotrienes and cytokines, which
promote vascular permeability,
smooth muscle contraction and
mucus production. Chemokines
released by inflammatory and
resident cells direct recruitment of
inflammatory cells characterized
eosinophils and Th2 cells. Eosinophils
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Histamines, eicosanoids, cytokines,

chemokines, enzymes, growth factors release an array of pro-inflammatory
Allergic Asthma mediators, including leukotrienes and
APC, antigen-presenting cell; EpC, epithelial cell; GM-CSF, granulocyte basic proteins and mediators such
monocyte colony stimulating factor; MHC, major histocompatibility; TCR, T cell als 11258
receptor; TSLP, thymic stromal lymphopoietin
Atopic bronchial asthma Mutat Res. 2010 August 7; 690(1-2): 24-39.

doi: 10.1016/j.mrfmmm.2009.09.005
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Schematic representation of asthma pathophysiology. A range of environmental factors interact
with the epithelium and dendritic cells to direct a Th2 inflammatory response, comprising mast cell
activation, and eosinophil, basophil and neutrophil recruitment. Growth factors and cytokines from
these cells also activate fibroblasts for new matrix deposition to remodel the airways and contribute
to increased airway narrowing and asthma symptoms. Damage to the epithelium and the release
of a range of cytokines and growth factors sustains the inflammation and drives remodelling of the
airways in an aberrant ‘wound response’ to injury. Together, these two processes generate the
hyper-responsive airway characteristic of asthma
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CLINICAL SIGNS OF BRONCHIAL ASTHMA

Bronchioles are narrowing.

Atelectasis develops (microscopic, segmental
or lobar) as a result of complete obstruction by
MUCUS or by edema of airways.

Decrease ventilation/ perfusion proportion with
decreased hemoglobin saturation by oxygen.

Hyperinflation and hyperexpansion of thorax
decrease function and abillity of breathing
muscles.
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TSLP provides a link between epithelial injury and the generation of an
allergic-type inflammatory response. TSLP interacts with dendrific cells to
upregulate the co-stimulatory molecules OX40, CD40 and CD80 that
facilitate polarization of helper T lymphocytes to a Th2 phenotype. Th2
cells generate the allergic inflammatory response through induction of
IgE, activation of mast cells and recruitment of eosinophils.

Trends Immunol. 2007 Jun;28(6):248-51. Epub 2007 Apr 27
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TSLP (= THYMIC STROMAL LYMPHOPOIETIN)

TSLP is expressed by structural and immune cells
at the site of allergen entry in the airways.

Stimuli for release of TSLP include common
triggers of asthma symptomes.

ISLP levels correlate with disease severity.

TSLP regulates helper T cell 2 (Th2) humoral
Immunity through upregulating OX40L on
dendrific cells (DCs), which drives Th2
lymphocytes; however, activation of several
other cells by TSLP also supports the
development of Th2 inflammation.
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Figure 1| T cells involved in the induction of the allergic phenotype. Asthmais a heterogeneous disease that is
characterized by airway hyperresponsiveness (AHR), recruitment of inflammatory leukocytes to the lung and tissue
remodelling, including mucus production and airway smooth muscle changes. A number of different T cell subsets are
thought to influence the nature and magnitude of the allergic immune response by the cytokinesthat they secrete.
Thelper 2 (T, 2) cells are thought to promote eosinophil recruitment, in conjunction with nature killer T (NKT) cells and
CD&' T cells. By contrast, T 1 cellsand T 17 cells are thought to be associated with severe, steroid-resistant asthma, which
is often marked by neutrophilic infiltrates. Regulatory T (T, 5 CElls and subtypes of y§ T cells are able to downregulate
pulmonary immune responses and are thought to be important for maintenance of immune homeostasis in the lungs.

The nature and magnitude of allergic inflammation inthe lung is influenced by external environmental stimuli, such as
exposure to allergens and pollution as well as infection with pathogens. IFNy, interferon-y; IL, interleukin.
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Gene environment interactions in asthma. Asthma is an inflammatory
disorder of profound heterogeneity with strong genetic and environmental
components. Local airway susceptibility factors together with allergen-
specific immune polarisation interact both in the induction and subsequent
expression of the disease phenotype. Key: EpC, epithelial cell.

Mutat Res. 2010 August 7; 690(1-2): 24—39.
doi: 10.1016/j.mrfmmm.2009.09.005
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Antigens causing allergic rhinitis and bronchial asthma



Effects of allergic sensitization on antiviral responses—a complex interplay. viruses and allergens first
encounter barrier epidermis or respiratory epithelium, 1 genefic predisposition (polymorphisms
shown in bold italics) as well as allergen-induced impaired barrier function likely increases
susceptibility fo infection. 2 virus infection of either the skin keratinocytes or respiratory epithelial

cells results in secretion of pro-inflammatory cytokines and chemokines which recruit antigen
presenting cells (dcs and monocytes) and have 3 impaired antiviral type i ifn responses. allergen
stimulation of antigen presenting cells impairs anti-viral responses by 4 blocking type i ifn release
from plasmacytoid dcs and 5 inhibiting virus-induced antigen presentation and th1 differentiation
by monocytes, é ige receptor engagement also leads to additional pro-inflammatory cytokine
release and impairs monocyte phagocytosis. 7 th2 cytokines promote b cell class switching to
produce more ige, ehancing allergic effects. 8 this environment recruits additional allergic effector
cells (ilc2, eosinophils. and basophils) further increasing th2 mediated responses and inflammation.
9 culminating in a increase in the th2/th1 balance
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ATOPIC DERMATITIS (AD)

Is a chronic or chronically relapsing, eczematous, severely pruritic
skin disorder mostly associated with IgE elevation and skin barrier
dysfunction due to decreased filaggrin expression. The lesional
skin of AD exhibits Th2- and Th22-deviated immune reactions that
are progressive during disease chronicity. Th2 and Th22 cytokines
further deteriorate the skin barrier by inhibiting filaggrin expression.
Some IgEs are reactive to self-antigens. The IgE autoreactivity may
precipitate the chronicity of AD. Upon activation of the ORAI1
calcium channel, atopic epidermis releases large amounts of
thymic stromal lymphopoietin (TSLP), which initiates the Th2 and
Th22 immune response. Th2-derived interleukin-31 and TSLP induce
an itch sensation. Taken together, TSLP/Th2/Th22 pathway is @
promising target for developing new therapeutics for AD.
Enhancing filaggrin expression using ligands for the aryl
hydrocarbon receptor may also be an adjunctive measure to
restore the disrupted barrier function specifically for AD.
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Skin barrier dysfunction and Th2/Th22-deviated immune reactions are the fundamental abnormality
in AD. Genetic mutations in filaggrin (FLG) cause barrier disruption and dehydration, which make
the external allergens permeable. The barrier-disrupted epidermis abundantly releases thymic
stromal lymphopoietin (TSLP), which triggers the Th2/Th22 immune response. The Th2/Th22 deviation
is further accelerated during disease progression, for example, from acute to chronic or childhood
to adult AD. In addition, Th1 but not Th17 cells tend to participate in the chronic phase of AD. Th2
cytokines (IL-4 and IL-13) stimulate B cells to produce IgE antibodies to allergens. Some IgEs react to
self-antigens. IgE autoreactivity also contributes to disease activity. In addition, IL-4, IL-13 and [L-22
are strong suppressors of FLG expression. Pruritus is evoked by TSLP and Th2-derived IL-31, and the
subsequent scratching further worsens skin barrier dysfunction. The release of TSLP from
keratinocytes is dependent on calcium influx regulated by the ORAIT channel. Targeting
TSLP/Th2/Th22 as well as ORAIT pathways is a promising strategy to overcome atopic inflammation.
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The schematic illustration of AD etiology. Genetic and epigenetic reasons lead to
the alteration of gene expression and function of AD associated genes. AD
associated genes majorly belong to two pathways: skin barrier and
innate/adaptive immunity. Dysregulation of innate/adaptive immune responses
and impaired skin barrier reciprocally affect each other to drive AD development.
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AUTOIMMUNE DISEASES

The checkpoints and mechanisms that confribute to autoantibody-driven
disease are as yet incompletely understood.

The axis of inferleukin 23 (IL-23) and the T,17 subset of helper T cells as @
decisive factor that controlled the intrinsic inflammatory activity of
autoantibodies and friggered the clinical onset of autoimmune arthritis.
By instructing B cells in an IL-22- and IL-21-dependent manner, T,17 cells
regulated the expression of B-galactoside a2,6-sialyltransferase 1 in newly
differentiating antibody-producing cells and determined the
glycosylation profile and activity of immunoglobulin G (IgG) produced by
the plasma cells that subsequently emerged.

Asymptomatic humans with rheumatoid arthritis (RA)-specific
autoantibodies showed identical changes in the activity and
glycosylation of autoreactive IgG antibodies before shifting to the
inflammatory phase of RA; thus, our results identify an IL-23-T,17 cell-
dependent pathway that controls autoantibody activity and unmasks

preexisting breach in immunotolerance.
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