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Eosinophilic esophagitis (EoE) is a chronic allergic disease
associated with marked mucosal eosinophil accumulation.
Multiple studies have reported a strong familial component to
EoE, with the presence of EoE increasing the risk for other family
members with EoE. Epidemiologic studies support an important
role for environmental risk factors as modulators of genetic risk.
In a small percentage of cases, including patients who have
Mendelian diseases with co-occurrent EoE, rare genetic variation
with large effect sizes could mediate EoE and explain
multigenerational incidence in families. Common genetic risk
variants mediate genetic risk for the majority of patients with
EoE. Across the 31 reported independent EoE risk loci (P < 10~°),
most of the EoE risk variants are located in between genes
(36.7%) or within the introns of genes (42.4%). Although some
variants do change the amino acid sequence of genes (2.2%), only
3 of the 31 EoE risk loci harbor an amino acid—changing variant.
Thus most EoE risk loci are outside of the coding regions of genes,
suggesting a key role for gene regulation in patients with EoE,
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which is consistent with most other complex diseases. (J Allergy
Clin Immunol 2020;145:9-15.)
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Eosinophilic esophagitis (EoE) is a chronic allergic disease
associated with marked mucosal eosinophil accumulation.' EoE
usually remits after removal of specific food types, and food
reintroduction causes disease recurrence, including marked
dysregulation of esophageal transcripts. One of the central
questions in the EoE field and allergy in general is to understand
why patients have certain manifestations of allergic disease, such
as EoE. Defining a “typical” EoE case, beyond the presence of
eosinophils in the esophagus, is challenging. Patients often
exhibit marked heterogeneity in their presentation (eg, age of
onset, comorbidities, and symptomology) and response to
treatment. The diversity of presentations makes identification of
etiology challenging.

ETIOLOGY OF EoE: ENVIRONMENTAL AND
GENETIC CONTRIBUTIONS

Multiple studies have reported a strong familial component to
EoE, with the presence of EoE increasing the chance of having the
disease for other family members.”* However, it is important to
recognize that traits shared between family members can be the
result of both genetic and environmental factors.

Any mention of genetics often evokes the pioneering work of
Gregor Mendel using pea plants to elucidate inheritance.
Mendelian inheritance focuses on single variants that completely
explain a phenotype. For some families, single-gene variants can
drive EoE inheritance. Indeed, multiple studies have shown EoE
co-occurring with known Mendelian disorders, supporting a
single genetic cause. However, like many diseases, the familial
patterning in patients with EoE is often not consistent with
Mendelian inheritance. Only approximately 2% of siblings of an
EoE proband also have EoE.” Such a low recurrence risk of
disease is not consistent with Mendelian modes of inheritance.
Furthermore, because there is transmission from fathers to sons,
X-linked inheritance is not supported.

Collectively, these results strongly support that for the most
part, EoE is a disease with a complex genetic cause, and
inheritance is due to the effects of multiple genetic loci that
increase disease risk in the context of environmental disease
risk-modifying factors. As with other complex traits, genetic
loci that increase EoE risk are identified before the modified genes
can be determined.

Comparing dizygotic and monozygotic twins is an excellent
way to measure the contribution of genetic factors for a
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Abbreviations used
EoE: Eosinophilic esophagitis
GWAS: Genome-wide association study
LD: Linkage disequilibrium
PLAU: Plasminogen activator, urokinase

disease. The study by Alexander et al” found that monozygotic
(ie, identical) twins had a 44% disease concordance, a 2-fold
increase compared with dizygotic twins. Although the study
had insufficient power to statistically distinguish the dizygotic
and monozygotic concordance, these data are consistent with a
complex genetic component that acts in the context of
environmental exposures to increase the risk of EoE.

Because families live in the same household, they often share
environmental exposures. Epidemiologic studies seek to identify
those exposures that are shared by patients with EoE but not
subjects without the disease.’ Leveraging the unique information
provided by nuclear families and twins, Alexander et al” sought to
address the total contribution of genetics to the familial
inheritance observed in patients with EoE. Evaluating rates of
EoE from the relatives of EoE probands, they found that dizygotic
twins had a nearly 10-fold increase in EoE rate compared with
siblings. Genetically, siblings and dizygotic twins would be
expected to have similar shared genetic influences; thus the
increased rate of EoE in dizygotic twins can be attributed to
shared early-life environmental factors. The potential role of a
shared environment was also noted by Allen-Brady et al,” who
observed that spouses of EoE probands were also at increased
risk for EoE.

GLOSSARY

EFFECT SIZE: Effect size aims to describe the magnitude of difference
between groups or the magnitude of association between variables and
not just whether a difference/association is statistically significant.
Absolute effect size is the raw difference between groups. Standardized
measures of effect or calculated indices of effect size are used when the
measured differences have no intrinsic meaning or when different
studies under evaluation might be using different scales, such as in a
meta-analysis.

HAPLOTYPES: A set of closely linked genetic markers (alleles) present
on 1 chromosome, which tend to be inherited together.

IL-4: A cytokine released by T2 cells, as well as basophils and mast cells.
IL-4 is critical for Ty2 cell differentiation and promotes B-cell
class-switching toward IgE production.

IL-5: A cytokine that promotes the growth and differentiation of
eosinophils. IL-5 is released by T2 cells, basophils, and eosinophils.

IL-13: A cytokine with essentially the same features as IL-4 (see above).

INSULATORS: A class of DNA sequence elements that have the
common property of shielding genes from counterproductive signals
emanating from their surrounding environment. An insulator might,
through its location between an enhancer and promoter, block the
action of an enhancer on a promoter. Therefore the enhancer activates
the promotor for genes on an unblocked side but is unable to activate
gene expression on the blocked side, where the insulator is located. An
insulator also might prevent advancement of condensed chromatin,
thereby serving as a barrier for a protected gene.

LINKAGE DISEQUILIBRIUM: Where alleles (DNA markers) on different
loci occur together more often than can be accounted for by chance
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Jensen et al’ evaluated the role of early-life factors, finding that
prenatal (maternal fever and preterm labor), intrapartum
(cesarean section), and early-life (antibiotic use and acid
suppressant use) factors were all associated with increased risk
of EoE, whereas having a furry pet in infancy was associated
with decreased risk. However, no one disease risk factor has
been identified as sufficient for the development of EoE. Studies
have identified environmental factors affecting both children and
adults that have been associated with the risk of EoE
(sensitization to galactose-alpha,1,3-galactose) and protection
(Helicobacter pylori infection).” Taken together, these analyses
support a complex genetic cause with contributions from both
genetic and environmental factors.

GENETIC CAUSE OF EoE

To identify the regions of the genome that increase the risk of
having EoE, the DNA of patients with and without EoE is
genotyped on a microarray or sequenced using next-generation
sequencing technology. Common and rare disease genetic
variants that increase disease risk are identified through different
analytic approaches. Variants are typically considered common if
the less frequent minor allele can be found on at least 1% of
chromosomes across a large population of patients; variants are
considered rare when they occur at a frequency of less than 1%.
For common variants, the typical approach is to evaluate a large
number of patients with disease and compare them with subjects
without disease to identify those variants whose minor alleles are
enriched (ie, present at a higher frequency) in patients with the
disease.® These variants typically have modest effect sizes, with
the genetic risk variant increasing disease risk by 30% to

because of their physical proximity on a chromosome. This is a
population-level characteristic that is a property of 2 loci and not their
alleles.

LOCI: Plural for locus. The physical site or location of a specific gene on a
chromosome. When more than 1 DNA sequence can occur at a particular
locus, the sequences are called alleles. Typically, 1 allele is common and
has a “normal” sequence (major allele), and other alleles (mutations) are
rare (minor alleles).

MULTIPLE TESTING CORRECTION: A method to correct for random
events that falsely appear significant. Bonferroni adjustment is the most
common multiple testing correction and involves adjustment of the
P value based on the number of separate tests performed (n). In other
words, the Bonferroni adjustment deems a score significant only if the
corresponding P value is a/n or less. The a value represents the
probability of type | error or the significance level of a test.

SIGNAL TRANSDUCER AND ACTIVATOR OF TRANSCRIPTION 6
(STAT6): A DNA-binding transcription factor that can bind to
phosphorylated cytokine receptors through their SH2 domain. Janus
kinases phosphorylate STATs, which then dimerize and translocate to
the nucleus. IL-4 and IL-13 activate STAT6.

THYMIC STROMAL LYMPHOPOIETIN (TSLP): A cytokine secreted by
gastrointestinal, skin, and lung epithelial cells that promotes T2 differ-
entiation through its effect on tissue dendritic cells and innate lymphoid
cells. Its name arises fromits initial identification in thymic stromal cells.

TYPE 1 ERROR: The error of rejecting a null hypothesis when it is
actually true. In other words, a difference is observed when in fact there
is none.

The Editors wish to acknowledge Daniel Searing, MD, for preparing this glossary.



J ALLERGY CLIN IMMUNOL
VOLUME 145, NUMBER 1

TABLE |l. Reported EoE risk loci
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EoE risk locus Tag genetic variant PMID Genes at and near risk variants Risk allele frequency P value Odds ratio
1p13.3 12000260 25017104 SLC25A24 0.57 7 X 1077 1.32
1p36.13 rs28530674 25017104 KIF17 0.04 3% 1077 1.83
rs2296225 25017104 0.08 1 %1077 1.63
1p32.2 rs11206830 25017104 AC119674.2 0.02 8 x 1078 2.16
2p23.1 rs149864795 25407941 CAPNI14 0.052 5% 10710 2.22
1577569859 25017104 0.05 3x 1071 1.98
3q26.32 rs6799767 20208534 0.58 4 %1077 1.49
4q21.1 rs13106227 20208534 SHROOM3 0.62 4x 1076 1.52
11986734 20208534 0.49 1X10°° 1.54
5q22.1 rs3806932 20208534 WDR36, TSLP 0.54 3x107° 1.85
rs3806933 25017104 0.56 2% 1078 1.37
1s252716 25407941 0.447 4 x 107 1.52
5q23.1 152055376 25017104 SEMAGA 0.02 7 X 1078 2.30
5q14.2 rs1032757 20208534 0.07 2X107° 1.96
6pll1.2 rs9500256 20208534 ALA445250.1 0.58 5% 10°° 2.04
8p23.1 152898261 25017104 XKR6 0.58 5% 1078 1.35
8q24.12 rs11989782 20208534 SNTBI1 0.23 7 X 107° 1.53
8q22.2 rs13278732 20208534 ERICHS 0.27 6 X 107° 1.31
10p12.31 rs11819199 25017104 MIR4675 0.06 3% 1077 1.62
10q23.1 1s2224865 20208534 MARK2P15-LINC02650 0.31 9 X 10°° 1.44
11q13.5 161894547 25407941 LRRC32, EMSY, CAPN5 0.043 4 x 107! 2.44
rs2155219 25017104 0.51 4 %1077 1.37
177301713 25017104 0.02 1 x 1077 2.22
11q14.2 rs118086209 25017104 CCDCS81 0.02 2x 1077 2.19
11g21 11939875 20208534 NR 0.26 3%x10°° 1.54
12q13.3 1167769 20208534 STAT6 0.37 2 X 107° 1.36
rs167769 25407941 0.377 2x 1077 1.35
14q12 rs8008716 25407941 NOVAI 0.087 7 % 1078 1.71
15q13.3 rs8041227 25017104 LOC283710, KLF13 0.72 6 x 10710 1.52
16p13 rs12924112 29904099 CLECI6A 0.301 2Xx107° 0.76
16q24.1 rs371915 20208534 MEAK7 0.87 2x 1078 1.90
17q24.3 rs6501384 20208534 CALM2P1-AC011990.1 0.33 6 X 107° 1.41
17q25.3 1$3744790 25017104 TIMP2, CEP295NL 0.8 8 x 1077 1.54
18q12.1 rs7236477 20208534 DSGI, DCC 0.03 7 % 107° 2.22
1s9956738 25017104 0.01 4x 1077 2.47
19q13.11 rs3815700 25407941 ANKRD27 0.14 2X107° 1.62
21g22.3 rs17004598 25017104 HSF2BP 0.01 1x1077 2.57
22ql1.21 1s2075277 25017104 P2RX6 0.09 9 x 1077 1.54

100%.” In the context of EoE, if a male subject with European
ancestry carries a single genetic risk variant, that increases the
risk of EoE by 100% (ie, from 1:1000 to 1:500). Thus effect sizes
of the currently identified EoE genetic risk variants support the
model for genetic risk in which an accumulation of numerous
genetic risk variants increases disease risk in the context of
environmental factors.

For identification of rare variants, 2 approaches are generally
used. The first involves testing whether a specific gene has an
increased burden of rare mutations in patients with EOE compared
with control subjects.” '’ The second approach is to evaluate
whether a specific rare variant co-occurs with disease in families
in which many members have the disease.'""* For both rare
variant approaches, analytic filtering approaches are used to
narrow down the considered variants.'* Beyond restricting
variants to those that are rare, researchers often restrict to those
considered to have the potential of a functional effect (either
restricting to those that alter an amino acid or through
bioinformatics pipelines are predicted to have a functional effect).
The challenge with rare variants is that any given subject normally
harbors too many rare variants with a predicted functional effect

for biologic follow-up. Focusing on variants present in multiple
cases or located within genes that can be implicated in disease
based on their known function can help reduce the number of
variants considered.'” In addition, genes carrying rare variants
associated with EoE might help elucidate the biologic processes
underlying disease development.

A danger of focusing only on coding variants and genes “of
biological interest” in the analysis of sequencing studies is that these
approaches miss opportunities to identify new biology of noncoding
variants. Similarly, focusing on genes with known function
eliminates the opportunity to find new functions for genes in the
pathoetiology of EoE. Although it is experimentally and logistically
easier to focus on known genes that have been studied for decades in
the context of allergic and epithelial pathways, there are tremendous
opportunities for discovery by following the data and exploring any
gene with rare variants identified in numerous families.

COMMON EoE GENETIC RISK LOCI
As a rare disease with a prevalence of approximately 1:2000

persons,'® EoE genetic studies aimed at identifying common
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genetic risk variants have been limited to relatively small sample
sizes. However, these studies have been informative for
identifying several genome-wide significant susceptibility loci.
Risk loci are identified based on single genetic variant statistical
association that is replicated in 2 independent cohorts. Because
genome-wide association studies (GWASs) assess variants across
the genome, a multiple testing correction is used to reduce type 1
error. Based on a history of false-positive results that did not
replicate in subsequent studies, a conservative Bonferroni
correction is the standard multiple testing correction for GWASs.
For genomes of subjects with European heritage, there are 1
million independently segregating haplotypes, and therefore a
P value of 5 X 10~ % is required to reach genome-wide
significance (5 X 107% = .05/10°%). EoE genetic risk loci are
named based on the chromosomal location and annotated with
candidate genes located near each genetic risk locus (Table I).

In Table I we identify each of the 42 published EoE risk
associations reported to date in which the “tag” single nucleotide
polymorphism has a P value of less than 10~°>. Because EoE is a
relatively rare disease, GWASs to date have been poorly to
modestly powered to identify significant associations that are
robust to a genome-wide multiple testing correction (ie, have a
P value of less than 5 X 1078). Thus it is reasonable to consider
suggestive genetic risk loci while awaiting replication in
subsequent studies. From the published EoE risk loci, we can
identify other genetic variants located near the reported “tag”
variants that are in linkage disequilibrium (LD). Genetic variants
in LD are inherited as a haplotype and therefore cannot be
distinguished from one another through GWASs. Indeed, when
considering LD, there are 543 genetic variants at these 31
independent risk loci across the genome.

As depicted in Fig 1,'” the majority of EoE genetic risk variants
are located between genes (intergenic, 36.7%) or within the
introns of genes (intronic, 42.4%). Although some variants do
change the amino acid sequence of genes (coding, 2.2%), only
3 of the 31 risk loci harbor an amino acid changing variant.
Thus most risk loci that increase the risk for EoE are outside of
the coding regions of genes (Fig 1), suggesting a key role for
genotype-dependent gene regulation in patients with EoE, which
is consistent with most other complex diseases.

Among 3 reported GWASs, genetic variants at 4 loci have been
consistently found at genome-wide significance (5q22
[TSLP/WDR36], 2p23 [CAPNI4], 11q13 [LRRC32/C110rf30],
and 12q13 [STAT6])."*?" In single studies genome-wide
significant associations have also been found at 19ql3
(ANKRD?27) and 16p13 (CLEC16A ).>! Furthermore, an interplay
of gene-gene (particularly between [L4 and T7TSLP) and
gene-environment interactions have been shown to be
contributory.”**** In a phenome-wide association study
approach, a set of genetic variants are assessed in the context of
many phenotypes. One such approach using a set of candidate
variants identified PTEN, TGFBRI/TGFBR2/PBN, and
IL5/IL13 EoE genetic risk loci.”*

Only 5 EoE risk loci include a coding variant in the
LD-expanded set of genetic risk variants. Because the majority
of the common genetic risk loci for EoE that have been
discovered to date have a genetic risk mechanism that results
from genotype-dependent transcriptional regulation, further
experimental assessment is needed to identify the biological
mechanism driving EoE risk. Noncoding variants are found in
gene promoters, introns, and regions of the genome with
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FIG 1. Annotation of genetic variants associated with EoE. All genetic
variants in high LD with reported tag single nucleotide polymorphisms at
EoE risk loci (see Table I) were identified by using European and European
American haplotypes in the 1000 Genomes Project.'”” Five hundred
forty-four variants across the 31 independent risk loci were identified. The
variants were annotated based on their position within the genome and
in the context of genes.

regulatory activity (eg, enhancers, silencers, or insulators). These
variants are hypothesized to affect gene expression through
differential transcription factor binding and/or chromatin-based
effects on gene regulation. Expression quantitative trait loci, cases
in which the alleles of a given variant can be connected to
genotype-dependent expression of a particular gene, have been
identified at multiple EoE risk loci.

Sometimes, as in the case of the CAPNI4 EoE genetic risk
locus, the expression quantitative trait locus is found specifically
in patients with disease (Fig 2).'® EoE genetic risk variants in the
promoter of CAPN14 were associated with genotype-dependent
expression of CAPNI4 in the esophageal biopsy specimens of
patients with EoE. Miller et al*> subsequently identified an EoE
genetic risk variant in the CAPNI14 promoter that changed the
promoter activity of CAPNI4 at a variant with genotype-
dependent transcription factor binding.'® Similarly, variants at
the TSLP/WDR36 locus are associated with genotype-dependent
expression of both TSLP and WDR36.”® Taken together, these
results point to an important but largely not understood role for
genotype-dependent gene-regulatory mechanisms in the cause
of EoE.

RARE EoE GENETIC RISK LOCI

The study of rare EoE genetic risk loci is an emerging field.
Rochman et al’’ identified rare variants within 117 genes that
exhibited altered expression in patients with EoE. Of the 33
patients examined, 25 harbored at least 1 rare variant that altered
amino acid sequence. However, this study did not evaluate
whether subjects without EOE would be expected to have similar
variant burden in these genes.

In contrast, Sherrill et al’® used a whole-exome approach to
discovery. In this work Sherrill et al sequenced the coding regions
of the genome (aka the exome) of 25 trios (probands along with
parents without disease) and 12 multiplex families (including
38 patients with EoE and 8 family members without EoE). After
initial filtering to identify high-quality variants that were rare and
predicted to alter protein function, more than 10,000 variants
were identified. Thus Sherrill et al focused on a single family
with a mother and 3 offspring who have each received a diagnosis
of EoE, identifying 90 rare protein coding variants that were
present in the mother and her 3 offspring with the EoE diagnosis.
Among these was a variant that caused a premature termination of
the DHKTD1 protein (ie, a nonsense mutation). Importantly,
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TABLE Ill. Mendelian diseases associated with EoE
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Mendelian disease associated with EoE

Genetic mutation

Plausible etiologic mechanism

Loeys-Dietz syndrome (LDS)
TGFBR2, respectively)
Ehlers-Danlos syndrome, hypermobility

Severe atopy syndrome associated with

metabolic wasting (SAM syndrome)
Netherton syndrome

Kazal-type 5 (SPINKS5)

PTEN hamartoma tumor syndrome (PHTS)

Autosomal dominant hyper-IgE syndrome

Mutations in TGF- receptors 1 and 2 (TGFBRI and
Unknown; other subtypes of Ehlers-Danlos syndrome
type are caused by mutations in collagen genes.
Homozygous mutations in desmoglein 1 (DSGI)

Loss-of-function mutations in skin protease inhibitor,

Mutations in phosphatase and tensin homolog (PTEN)

Deleterious mutations in signal transducer and

Enhanced TGF-B signaling

Increased activity of TGF-@ caused by altered binding
by extracellular matrix
Disrupted epithelial barrier

Unrestricted protease activity of kallikrein (KLK) 5
and KLK7

Inhibited regulation of the phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K) signaling pathway

Dysregulated response to IL-6 and possibly IL-5

activator of transcription 3 (STAT3)

Autosomal recessive form of hyper-IgE

syndrome 8 (DOCKS)

Erbin deficiency
protein (ERBIN)

Loss-of-function mutations in dedicator of cytokinesis

Loss-of-function mutation in ERBB2-interacting

Loss of T-cell homeostasis; lack of durable secondary
antibody response against specific antigens

Increased TGF-f3 pathway activation in T cells with
increased T2 responses

29

Adapted from Kottyan and Rothenberg”

and O’shea et al.*’

Genetic risk variant

Esophageal Epithelial Cell
Physiological and
Structural Changes with
eosinophil accumulation

EoE

Allelic gene transcription

FIG 2. Genetic risk of EoE. Genetic risk variants are polymorphic places in the genome in which a risk allele
is enriched in groups of patients with EOE compared with healthy control subjects. These variants are
largely located in the noncoding region of the genome and do not affect amino acid use in proteins. Often,
the way these noncoding variants increase the risk of EoE is through changing DNA regulatory activity,
leading to genotype-dependent expression of a gene. In some cases these genes with allele-dependent
expression (eg, TSLP) affect the physiology of epithelial cells in the esophagus. These physiologic changes

can lead to EoE in patients.

additional variants inside of DHKTDI were also present in
other families. Analysis at the gene level demonstrated that
there was an enrichment in rare protein-coding variant results in
DHKTDI in patients with EoE to a greater extent than
would have been expected by chance. The results of this
study highlight the large number of rare protein-coding
variants identified by using exome analyses. However, this study
also highlights the value of multiplex families to reduce the
number of variants to a tractable number. Furthermore, although
particular rare variants might not be shared between families, rare
variants identified by using multiplex families can identify
candidate genes for further evaluation by using genetic burden
tests.

MENDELIAN DISEASES ASSOCIATED WITH EoE

For a small percentage of patients, a Mendelian disease that
co-occurs with EoE can be accounted for by a single genetic
“causal” variant (Table 11).>*° As previously reviewed,””* a
larger percentage of patients with a connective tissue disease
diagnosis have EoE than would be expected in a population of
persons without the co-occurring disease. Patients with
codiagnoses of Mendelian diseases and EoE also likely have
additional common, non-Mendelian genetic alleles that modify
the pathoetiology of EoE. These common disease modifiers are
yet to be discovered and might overlap or be distinct to those
genetic disease risk alleles that increase EoE risk in patients
without these co-occurring diseases.
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ONLY THE TIP OF THE ICEBERG: VARIATION
EXPLAINED BY KNOWN EoE GENETIC LOCI IS
ONLY A FRACTION OF WHAT IS EXPECTED

Family-based studies can be used to estimate the heritability of
a disease (ie, the proportion of variation explained by genetics).
The estimated genetic component to disease risk is larger than can
be accounted for by genetic risk loci identified to date. There are
several possible reasons for this.

First, GWASs are only powered to detect moderate-to-modest
effect sizes, and thus they will not be able to detect subtle effects.
The number of variants with subtle effects is likely to be
substantial, perhaps numbering in the thousands. Although the
effect of any one of these variants is miniscule, the cumulative
effect could be substantial.

A second explanation is that GWASs of EoE have been
relatively underpowered to identify and replicate all of the genetic
risk loci with moderate effect sizes.

A third explanation is that genetic variants do not act in
isolation. Rather, genomes, cells, organs, and bodies are intricate
machines, with cross-talk and redundant systems. As a result, a
single genetic risk variant in isolation might tell only a small part
of the story. Thus it is critical to study genes in the proper context.

Martin et al*® found that the strength of association between
TSLP genetic variation and EoE was highly dependent on genetic
variation at an additional locus, IL4. When subjects carried EoE
genetic risk variants at both the TSLP and /L4 loci, the odds ratio
of EoE increased to 3.7 compared with 1.3 and 1.6 when either the
EoE genetic risk variants at TSLP or IL4 were carried in isolation,
respectively. Because the /L4 locus carries increased risk for
multiple allergic diseases,”’ " it was speculated that an
underlying atopic phenotype might magnify the effects of
TSLP. Likewise, Azouz et al’> searched for interactions between
EoE genetic risk variants at 7SLP and those near other
atopy-related genes, identifying a novel interaction between
genetic variants near TSLP and PLAU. Having both risk variants
resulted in a 2.7 odds for EoE compared with 1.6 for TSLP
variants in the absence of PLAU variants and 1.3 odds for
PLAU variants in the absence of TLSP variants. However, it is
important to note that the context that might modify the
association strength is likely not strictly genetic because
environmental factors will likely also be critical for the disease
association of many genetic risk loci.

The increased risk of EoE associated with some genetic loci
might change as a function of specific environmental factors.
Jensen et al*® explored whether the effects of EoE GWAS loci
were conditional on early-life factors. Although the sample size
on this study was small, an interaction between variants at
CAPNI4 and breast-feeding was identified; the minor allele of
the strongest CAPN14 genetic risk variant increased the risk of
EoE (odds ratio = 5.4) when the child had not been breast-fed
compared with a decreased risk associated with that variant
when the child had been breast-fed (odds ratio = 0.43).

GENETIC STUDIES OF OTHER EOSINOPHILIC
GASTROINTESTINAL DISEASES AND NON-
EUROPEAN COHORTS

To date, studies seeking to identify genetic risk variants for
eosinophilic gastrointestinal diseases have been limited to
patients with EoE who are of European ancestry.’® Other
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eosinophilic gastrointestinal diseases, including eosinophilic
gastritis, eosinophilic duodenitis, and eosinophilic enterocolitis,
are rarer than EoE. Thus identifying sufficient patients for
genome-wide studies is challenging. Likewise, most of the
patients that have been included in research-based tissue
repositories have been of European ancestry. National Institutes
of Health—funded studies are currently focused on increasing
the number of patients in both of these categories, and
forthcoming studies of the genetics in these important populations
of patients will be critical for the understanding of disease cause.

CLINICAL APPLICATIONS OF EoE GENETIC RISK
LOCI

With completion of the human genome, it was predicted that
genomics would transform medicine. Although technological
revolutions have enabled research to move forward much more
rapidly, we are not yet positioned to use genetics for early
detection or selection of optimal treatments for the vast majority
of patients with an EoE diagnosis. As noted, most identified
variants explain only a modest portion of disease risk. Genetic
risk loci have already increased our understanding of the
molecular pathophysiology of EoE through identification of
critical genes and pathways. For example, identification of the
CAPNI4 locus highlighted the role of this and other proteases in
esophageal epithelial remodeling in patients with EoE.'%>>-7%"
In addition to a clear disease role for esophageal epithelial cells,
data support a role for immune cells, including T cells,
eosinophils, and mast cells 0374044

The cumulative genetic burden of identified EoE risk variants can
be assessed by summing a person’s risk alleles weighted by effect
size to translate the genetic risk at individual loci into a patient-
based assessment of genetic risk.”** These “polygenic risk scores”
present an attractive opportunity to use genetic risk variants to
identify those patients at the highest chance for the development
of EoE. To date, these types of studies are of limited clinical
usefulness for EoE, a disease with few genetic loci and a strong
environmental component. Future studies will focus on the
combination of genetic, transcriptomic, and environmental factors
to predict those at the greatest probability for development of EoE.

CONCLUSIONS

Since the initial studies of EoE genetics nearly a decade ago,
much progress has been made in the identification and
understanding of genetic loci that increase the risk of EoE, as
previously reviewed.””"" To date, the data support a model in
which genetic risk variants affect gene expression, leading to
structural and physiologic changes in epithelial and immune
cell function; these changes are hypothesized to lead to EoE in
the context of other environment-mediated molecular and
physiologic changes. In some cases rare genetic variation
with large effect sizes could mediate EoE and explain
multigenerational incidence in families. Future studies will focus
on larger cohorts, patients of non-European ancestry, and the
biological mechanisms that drive genotype-dependent changes
in the development of EoE.
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