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Abstract

Background: Eosinophilic esophagitis (EOE) involves a chronic immune-mediated response

to dietary antigens. Recent work identifies T-cell clonality in children with EoE, however, it

is unknown whether this is true in adults or whether there is a restricted food-specific T-cell
repertoire. We sought to confirm T-cell receptor (TCR) clonality in EoE and assess for differences
with specific food triggers.

Methods: Bulk TCR sequencing was performed on mRNA isolated from esophageal biopsies
obtained from adults and children with EoE (n = 15) who had food triggers confirmed by
endoscopic evaluation. Non-EoE adult and pediatric controls (n = 10) were included. Differences
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in TCR clonality by disease and treatment status were assessed. Shared and similar V-J-CDR3s
were assessed based on specific food triggers.

Results: Active EoE biopsies from children but not adults displayed decreased unique TCRa/f
clonotypes and increased relative abundance of TCRs comprising >1% of the total compared to
non-EoE controls and paired inactive EoE samples. Among patients in which baseline, post diet
elimination, and food trigger reintroduction samples (n = 6) were obtained, we observed ~1% of
TCRs were shared only between pre-diet elimination and trigger reintroduction. Patients with a
shared EoE trigger (milk) had a greater degree of shared and similar TCRs compared to patients
with differing triggers (seafood, wheat, egg, soy).

Conclusion: We confirmed relative clonality in children but not adults with active EoE and
identified potential food-specific TCRs, particularly for milk-triggered EoE. Further studies are
needed to better identify the broad TCR repertoire relevant to food triggers.
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TCR Sequencing was performed on total RNA from esophageal biopsies from children and adults

with EoE and non-EoE controls. TCR clonality was identified in children but not adults with EoE.

TCRs disappear with food elimination and recur with reintroduction. The relative abundance of
TCR clones occupying more than 1% of total correlated with intraepithelial peak CD4 T-cells/hpf
in pediatric esophageal biopsies.

Abbreviations: EOE, eosinophilic esophagitis; hpf, high power field; TCR, T cell receptor
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1 INTRODUCTION

Eosinophilic esophagitis (E0E) is a chronic food antigen-mediated inflammatory disease. 2
Diet elimination of EoE triggers is effective treatment and systematic food reintroduction
has facilitated identification of specific triggers.l Cow’s milk protein is the most common
trigger of EoE, and between 30% and 60% of patients demonstrate histologic remission with
1-food elimination diets (1FED).3 4 Prior studies of food-specific 19G4 and ex vivo T-cell
proliferation demonstrate promise as biomarkers for food triggers, however, dietary therapy
in EoE is currently empiric since these biomarkers have yet to be validated in larger studies.

Numerous studies have established the role of specific dietary proteins in driving T-helper
cell type 2 (Ty2) mediated recruitment of eosinophils.2 6-8 Prior studies have found
activated T-helper type 2 (TH2) cells with antigen-specific stimulation supporting a role

for food-specific T-cells.8: 8 CD4+ T-cells identify immune targets through direct interaction
of the T-cell receptor (TCR) with antigen-derived peptide presented on the cell surface by
MHC molecules.? The TCR is a heterodimer of a. and B or y and & chains, each encoded
by V, D (B only), J, and C (constant region) genes with random insertion and deletion

in the VDJ junction.1® The complementarity-determining region 3 (CDR3) produced from
the rearrangement of the VV(D)J segment interacts closely with the epitope during antigen
presentation, and reflects diversity, clonality, antigenic recognition, and specificity of the
T-cell response.1! Evidence of T-cell clonality in EoE has been mixed at the single cell level.
Wen et al. found a trend for increased diversity among TCR clonal repertoires in active

EoE and no evidence of clonality. However, Morgan et al. identified evidence of clonality
among GATA3-expressing pathogenic effector Type 2 T-cells (peTw2).8 A limitation of
these studies was the focus on TCRp, and analysis of TCRa is lacking. In addition, no
study has assessed TCR clonality in adults with EoE and single cell sequencing captures a
relatively small number of cells compared to what is present in a biopsy. Thus, we sought
to determine whether bulk RNA TCR sequencing could detect T-cell clonality in EoE and
ask whether a food-specific TCR repertoire is present among children and adults with
endoscopically confirmed food-triggered EoE.

2 METHODS

2.1 Patient samples

Forty-four esophageal biopsies from 11 pediatric and 4 adult patients with EoE based on
2011 consensus criteria,12 and five pediatric and five adult non-EoE controls undergoing
endoscopy for symptoms of esophageal dysfunction with histologically normal biopsies
were included in this study. Informed consent was obtained from all subjects (=18 years

of age) or their caregiver (<18 years of age) prior to obtaining a research biopsy. All EoE
patients included in the study underwent diet elimination with resulting inactive EoE (<15
eos/hpf) along with identification of one or more food triggers. Biopsies from inactive EoE
patients had a paired active EOE specimen, and six patients had a trio of baseline, post-diet
elimination, and food reintroduction biopsy specimens (in which active EoE recurred). The
biopsies were stored in RNAlater (adult samples) or snap frozen in liquid nitrogen (pediatric
samples). Pediatric samples were obtained as part of a prior longitudinal study to assess
biomarkers,13 and chart review was performed to identify the foods consumed or removed
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at each endoscopy. Adult EoE samples were collected prior to and following Six Food
Elimination Diet and during food reintroduction when a trigger was identified as part of

a longitudinal study to assess genetic phenotype. Diet history was collected at the time of
sample collection for adult patients. The study was approved by IRB #2010-14,155 (Lurie)
and #STU00021171 (Northwestern).

2.2 T-cell immunohistochemistry

Archived unstained slides were obtained from standard-of-care esophageal biopsies of
pediatric EOE and control subjects taken at the time of research biopsy collection. Sections
were stained for CD4 (PA0427, Leica) and CD8 (PA0183, Leica) on a BOND-MAX
machine (Leica, Germany) utilizing Bond Polymer Refine Detection Kit (DS9800, Leica)
following manufacturer’s instructions. Peak CD4 and CD8 cells per high power field (400x
magnification) were assessed in a blinded fashion in the intraepithelial regions in at least
three fields.

2.3 RNA isolation

A single frozen biopsy sample for each timepoint was disrupted with a Biomasher (9790A,
Takara Bio Inc, Kusatsu, Japan). RNA was isolated using the RNeasy Micro Kit (Qiagen)
according to the manufacturer’s protocol. RNA concentration and RNA integrity number
(RIN) was measured using the TapeStation Bioanalyzer. All samples had RIN >8. The eluted
RNA was stored at —80°C until sequencing was performed.

2.4 TCR library preparation/sequencing

De-identified (coded) RNA samples were sent to iRepertoire, Inc. (Huntsville, AL, USA)
for library preparation and sequencing. The CDR3 region was amplified with the iRepertoire
multiplex primer sets in the iR-Processor and iR-Cassette. A separate library was generated
for each TCR chain. TCR sequencing was performed using an Illumina HiSeq Rapid SBS
v2, 500-cycle (250 bp paired-end reads) Reagent Kit (Illumina Inc.), with average read depth
of 2.5 million reads per sample.14 1

2.5 TCR repertoire

The raw sequence files (FASTQ format) were processed with MiXCR v3.0.1216 and aligned
to the reference human V, D, J, and C genes of the T- cell receptors, with no adapters.

The clone sequences containing the CDR3 region were extracted from the aligned reads

and grouped by the assembler to build a, B, ¥, and & full length clonotypes expressed

as amino acid sequences. The non-functional sequences (out of frame sequences or those
containing stop codons) were filtered out. Duplicated clonotypes with identical CDR3 amino
acid sequences along with V and J gene for TCRa and V, D, and J gene for TCRpP were
merged and counts/proportions summed to a single clonotype.

2.6 Immune repertoire statistics

The immune repertoire was assessed using Immunarch v0.7.0 (https://cloud.r-project.org/
package=immunarch). For each sample, the number of unique clonotypes was determined
based on the specific CDR3 amino acid sequence, V and J genes (D gene included for
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TCRp), excluding ambiguous gene assignments. TCR diversity was estimated by D50
which represents the minimum number of unique clonotypes than constitutes 50% of the
totall” along with Simpson’s diversity index. The relative abundance of clonotypes was
assessed at 10-fold intervals. Mean CDR3 sequence length was calculated and compared.
The overlap in clonotypes among individuals with tri-paired timepoints was determined

by generating a string consisting of the CDR3 amino acid sequence, V/J gene (D gene
included for TCRp). A Venn diagram was plotted for each patient comparing the three
timepoints and the data was summarized for the group. To examine the overlap in clonotypes
between milk-triggered and non-milk-triggered EoE, we identified the clonotypes in which
the CDR3 sequence, V and J-gene combination was shared between at least two of the
patients. The Hamming distance was determined for CDR3 amino acid sequences among
common clonotypes for patients with milk-triggered EoE vs non-milk-triggered active EoE
as previously described, and the relative abundance was compared.®

2.7 Statistics

Descriptive statistics, test for normality, Student’s t-test, unpaired/paired one-way ANOVA
with Bonferroni Post Hoc adjustment, Spearman correlation, and proportions test were used
to determine statistical significance with GraphPad Prism 9.0. The data is presented as mean
+ standard deviation. A p-value <.05 was considered significant.

3 RESULTS

3.1 Patient characteristics/comparisons

Demographic and clinical characteristics of the pediatric and adult cohorts are described in
Table 1. Nine patients had cow’s milk-triggered EoE while six had a different food trigger
(e.g., soy, wheat). The comparisons of TCR repertoires in this study are depicted in Figure 1:
active EoE compared to non-EoE controls (Figure 1A), paired active to inactive EoE (Figure
1B), tri-paired EOE patients with active disease before diet elimination, inactive disease after
diet elimination, then active disease with reintroduction of a food (Figure 1C). Finally, we
compared milk-triggered and non-milk-triggered EoE (Figure 1D).

3.2 Clonality comparison by TCR chain type and age

Initially we examined TCR characteristics between a, 8, y, and 6 TCRs. A greater number
of unique clonotypes and diversity were observed for TCRa and TCRP compared to TCR&
and TCRy (Figure S1IA-C). TCR6 and TCRy had greater relative abundance of clonotypes
comprising >1% of the total (Figure S1D-H). We focused our analysis on TCRa./p as
clonality was found in pathogenic effector Th2 cells, which express TCRa/g.8 We next
examined whether there were clonality differences between children and adults. We found
no differences in the number of unique clonotypes, diversity, nor relative abundance by
clonal proportion between adult and pediatric controls (Figure S2). Pediatric active EoE
had significantly reduced unique clonotypes and increased relative abundance of clonotypes
comprising >1% of the total, however no differences were seen for diversity (Figure S3).
Given these age-specific differences, further analysis was performed separately for children
and adults.
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3.3 Clonality in pediatric but not adult EOE

We next investigated differences between active EoE and controls for children and adults
(Figure 1A). A summary of data is found in Table S1. Among children with active EoE,
we found significantly fewer unique clonotypes than non-EoE controls for TCRa (mean £
SD: 2157 + 2076 vs. 10,583 + 4583, p<.0001) and TCRp (1161 + 1030 vs. 4134 + 2438,
p=.029) (Figure 2A). Similarly, children with active EoE had less diversity than non-EoE
controls (Figure S4A/C). Adults with EoE showed no difference in unique clonotypes

nor diversity compared to controls (Figure 2B, Figure S4B/D). The relative abundance of
clonotypes comprising >1% of the total was significantly increased in pediatric active EoE
compared to controls (Figure 2C). Among clonotypes that were less frequent, pediatric
controls had greater relative abundance than active EoE (Figure S5A,B). No differences
were seen in relative abundance in adults (Figure 2D, Figure S5C,D).

We next analyzed clonality differences between paired active and inactive EoE samples for
children and adults (Figure 1B). Among children with active EoE, we found significantly
reduced unique clonotypes compared to inactive EOE in TCRa (2155 + 2113 vs. 6754 +
3536, p=.0003) but not TCRp (Figure 2E). Active EoE had reduced D50 diversity in TCRa
but not TCRP compared to inactive EoE (Figure S4E/G). No differences were seen in unique
clonotypes nor diversity in adults with EOE compared to inactive EoE (Figure 2F, Figure
S4F/H). The relative abundance of clonotypes comprising >1% of the total was significantly
greater in active EOE compared to inactive EoE in both TCRs (Figure 2G). For clonotypes
comprising <1% of the total, active EOE had lower relative abundance than inactive EOE in
children (Figure S5E,F). No differences in relative abundance were seen between adults with
active and inactive EoE (Figure 2H, Figure S5G,H). There were no significant differences
between non-EoE controls and inactive EoE (data not shown).

We next examined CDR3 amino acid length and found no differences between active EoE
compared to controls or inactive EOE (Figure S6A-D). TCRp had increased CDR3 length in
control children compared to control adults but no differences were seen for TCRa (Figure
S6E,F). Taken together, this supports disease- and age-specific TCR clonality. In children,
clonality was reversed with elimination of dietary antigens.

3.4 CD4 T-cells and TCR clonality

We next sought to understand the relationship between intraepithelial T-cells and TCR
clonality. We assessed the changes in CD4 and CD8 T-cells between pediatric active EOE
compared to controls and inactive EOE by immunohistochemistry. We found CD4 and CD8
T-cells were increased in active EOE (mean + standard deviation, CD4: 29 + 13, CD8: 45 +
22) compared to inactive EOE (CD4: 8 £ 5, CD8: 13 + 3) and controls (CD4: 4 + 1, CD8:

11 + 2) (Figure 3A,B). We next examined the correlation of unique TCRa/p clonotype count
with CD4 and CD8 T-cell counts in the esophageal epithelium. We found a strong inverse
correlation between CD4 T-cell counts and the number of unique clonotypes for both TCR
chains (Figure 3C,D). No correlation was seen with CD8 T-cell counts (data not shown).
Given the increased relative abundance of clonotypes comprising >1% of the total in active
EoE, we examined the correlation of relative abundance with CD4 T-cell counts. We found a
strong correlation between the relative abundance of clonotypes comprising >1% of the total
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and CD4 cell counts for both TCRs (Figure 3E,F). Thus, CD4 T-cell density correlates with
TCR clonality.

3.5 Effect of diet elimination and food reintroduction on esophageal TCR repertoire

Assuming food antigen promotes the presence of food-specific T-cells in active EoE, we
sought to characterize the extent to which specific TCRs are dependent on food trigger
consumption (Figure 1C) to identify food-specific TCRs. Among patients with tri-paired
samples, we examined the overlap of TCR clonotypes (defined as unique CDR3 (VJ) for
TCRa and unique CDR3 (VDJ) for TCRp) between the pre-diet elimination, post-diet
elimination, and food reintroduction timepoints for each individual patient (Figure S7). We
found ~1% of clonotypes were present in the pre-diet elimination and food reintroduction
timepoints but absent in the post-diet elimination timepoint in both TCRa and TCRp
(Figure 4A,B). We examined the change in unique clonotypes between timepoints and
observed four of six patients with increased unique clonotypes post-diet elimination
compared to the pre-diet elimination or food reintroduction timepoints (Figure 4C). We
assessed the change in abundance for clonotypes shared among all three time points

that were reduced post-diet elimination but increased pre-diet elimination and with food
reintroduction (Figure 4D). For TCRa, all samples had shared TCRs with this pattern,
although this was only seen in three of six patients in TCRB. Thus, we found that during
avoidance of EoE food triggers, some TCRs disappear while others have reduced abundance,
which supports the occurrence of food-specific TCRs in EoE.

3.6 Food-specific repertoire in EOE cohorts

We next wondered whether a restricted food-specific TCR repertoire exists among EoE
patients with a shared food trigger. We examined differences in TCR repertoires between
patients with a shared food trigger (milk) and compared them to patients with a variety of
food triggers (non-milk). We found no differences in the number of unique clonotypes,
diversity, nor relative abundance of clonotypes comprising >1% of the total between
patients with milk-triggered and non-milk-triggered EoE (Figure SBA-F). To assess for
food specificity among TCRs, we identified clonotypes present in at least two patients
with identical V-J-CDR3 combinations among clonotypes comprising =.001% of the total.
We found multiple V-J-CDR3 combinations that were unique to milk-triggered or non-milk-
triggered EoE in TCRa and TCRp (Figure 5A-D, columns with circles or triangles only)
along with combinations shared by milk-triggered and non-milk-triggered EoE (Figure
5A-D, columns with circles and triangles). We examined the amino acid pattern for
milk-specific and non-milk-specific CDR3s using kmer analysis. We found a trend toward
increased acidic residues in milk-triggered EoE (Odds Ratio: 1.97, 95% CI: 0.97-4.02, p=
.062, Figure S9).

One V-J gene family was shared between both milk-triggered and non-milk-triggered EoE
(Figure 5B, 1st column, circles, and triangles) for TCRa, although none were shared for
TCRP. The three CDR3 amino acid sequences in the TCRa chain shared by both milk-
triggered and non-milk-triggered EOE were CAVRDSNYQLIW, CAVMDSNYQLIW and
CAVLDSNYQLIW representing the TRAV1-2/TRAJ33 gene combination. We searched
the VDJDB public TCR database using these shared CDR3 peptides and found they
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all match with MHC class | molecules comprising HLA-A and B2M that represent the
epitope LLLGIGILV and the gene BS72, which encodes for Tetherin (Figure S10A).

None of the other overlapping CDR3s for either TCR had a match in VDJDB, and non-
overlapping TCRs for BST2 were present in TCRB. We further examined a potential role
for BS72in EoOE using EGIDexpress, an online repository of bulk and single cell RNA-
Sequencing datasets.1® BS72expression was increased among EOE patients compared to
controls and its expression correlated strongly with CD4 and IL-13 (Figure S10B-D) using
previously published RNA-SEQuencing data.1® Among a single cell RNA-SEQ dataset from
esophageal biopsies, BST2was expressed by all cell types (Figure S10E).20 We further
examined BSTZexpression in epithelial cell subsets and found predominant expression

in quiescent, transitioning and proliferating epithelial cells, but lowest in differentiated

cells (Figure S10F).21 Analysis of BSTZexpression from experiments on esophageal
epithelial cells identified increased BST2with loss of SPINK?7 or exposure to I1L-13 (Figure
S10G,H).22 23

Finally, we assessed for CDR3s existed that bore significant similarly to each other by only
1 amino acid among patients with a shared trigger (milk) compared to patients with differing
triggers (non-milk). We compared the TCR clonotypes with a Hamming distance (HD) of

1 for TCRa and B. We report increased abundance of clonotypes with a HD of 1 (p<

.001) among milk-triggered EOE compared to non-milk-triggered EoE patients (Figure 5E,F)
suggesting the presence of recently described TCR meta-clusters.11

4 DISCUSSION

Here we report bulk TCR sequencing of esophageal biopsies from children and adults

with EoE treated with diet elimination and identified to have milk-triggered and non-milk-
triggered disease. Among children, but not adults with active EoE, we found reduced unique
clonotypes and increased relative abundance of clonotypes comprising >1% of the total
compared to non-EoE controls and inactive EoE. These clonality measures correlated with
intraepithelial CD4 T-cell counts. Taken together, this validates the finding of increased
T-cell clonality in EOE although this appears restricted to children.8 Among patients
consuming food triggers of inflammation, we found specific TCRs that were absent or

had decreased abundance when the food was removed. In addition, we found overlapping
TCRs between patients with milk-triggered EoE that were absent in patients with non-milk-
triggered EoE. Together this raises the prospect of food specificity of the TCR in EoE. We
further found evidence of a common antigen regardless of food trigger, BS72, which was
expressed by differentiating epithelial cells, and induced by IL-13 or loss of SPINK7. Our
study provides important insight into T-cell clonality, food specificity and a potential T-cell
target in EoE that warrants further research.

A key finding of our work are differences in clonality between adults and children. We
uncovered no differences in clonality measures between adults with EOE and controls. This
was starkly different in children and surprising given that all patients in our study were
diet responsive. This was unlikely due to sample processing differences as we found no
difference between pediatric and adult controls. This may be due to the evolving nature of
adult EoE into a more fibrostenotic disease or longer duration of disease giving rise to new
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clones over time. No prior assessment of TCR in adults with EoE has been performed, and
prior studies in children have shown mixed results regarding clonality.8: 24 Morgan et al.
identified clonality of peTH2 cells while Wen et al. found no evidence of clonality from
isolated CD3 cells.8 24 Our study uncovers potential age-specific differences in the T-cell
response to food antigen between children and adults.

Our study raises questions regarding TCR food specificity in EOE. We found TCRs present
in active EoE before diet elimination and with food reintroduction that were absent or

had reduced abundance post-diet elimination. We also observed shared clonotypes among
patients with milk-triggered EoE that were absent in patients with non-milk-triggered EoE.
None of these clonotypes were identifiable in a public database, suggesting they may be
food-specific TCRs, although it is possible these TCRs could target something other than
food (e.g., auto-antigen, microbe). Further investigation is needed to assess this, particularly
whether specific foods drive expansion or activation of these TCRs ex vivo. As food-
associated TCRs were uncommonly shared between patients, we assessed the Hamming
Distance to understand whether similar TCRs exist among patients with a shared food
trigger. We observed an increased number of clonotypes that differed by only one amino
acid among EoE patients with a shared trigger (milk) compared to those with heterogenous
triggers (non-milk). This finding was similarly noted by Morgan et al® and raises questions
regarding the existence of TCR meta-clusters that may define food specificity, and whether
there may be utility for whole biopsy TCR analysis in identifying food triggers.1!

A novel finding of our study is the identification of a potential common antigen, BS72,
which may be a target of CD4 T-cells in EoE. This was identified by the presence of three
clonotypes shared by patients with milk-triggered and non-milk-triggered EoE patients.
BSTZhas described to have a role in epithelial polarization, endocytosis of antigens,

and interferon responses in plasmacytoid dendritic cells, and priming of CD8 T-cells, but
has an unknown role in EoE.25-27 We examined publicly available datasets and found
BST2was increased in EoE and correlated with T-cell genes: CD4 and IL-13. We found
expression of BS72in multiple cell types including non-differentiated epithelial cells. More
importantly, we found increased BS72expression in epithelial cells with 1L-13 exposure
or loss of SPINK?. This supports a potential mechanism whereby loss of SPINK?7 leads to
increased BS72which attracts IL-13-producing T-cells that further drives BS72 expression
and attracts more pathogenic T-cells.

Our approach utilized bulk RNA Sequencing which allowed for examination of a large
quantity of unique TCRs. Single cell sequencing requires digestion and dissociation for
which there can be cell loss and is significantly more costly. While limited in the ability

to identify a/p chain pairings, bulk TCR sequencing nonetheless can inform single cell
analysis of suspected food-specific clonotypes. It was interesting that differences in unique
clonotypes were seen only in TCRa. This may be due to the development of a TCRa/p pair
as TCRp rearranges first followed by TCRa. Thus, one TCRp has opportunity to be paired
with multiple TCRa.. Furthermore, T-cells only express a single allele for TCRp (allelic
exclusion), two alleles can be expressed by TCRa in 20%-30% of T-cells.28 In addition, we
examined TCR+y and TCR& in a subset of patients. We identified reduced unique clonotypes
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and diversity compared to a/p, and further investigation is warranted into -y/6 TCRs, which
are involved in “innate like” responses.

A key limitation of our study is the lack of patients with three time points, which affects

our ability to identify statistical differences. We were unable to match MHC with specific
TCRs, a key piece of information that would be beneficial. The sample size of adult patients
was small and further analysis of larger cohorts is necessary to validate the age-specific
differences seen in our study. The storage of adult and pediatric samples was different
(RNAlater vs snap freezing in liquid nitrogen). While it is possible this could affect RNA
quality, no differences were seen with RIN nor were there significant differences in unique
clonotypes between pediatric and adult controls.

In conclusion, we validated the finding of clonality in pediatric active EOE and identified
potential TCR markers of milk-triggered EoE. We found evidence that specific TCRs
disappear with food elimination and reappear with food trigger reintroduction along with
limited overlap of TCRs for specific foods. Further studies are needed to establish the full
breadth and restricted nature of the TCR repertoire with regards to EOE triggers. Studies are
warranted of paired whole biopsy bulk versus and single cell TCR sequencing.
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FIGURE 1.

Patient Cohorts. (A) Active EoE (=15 eos/hpf) patient biopsies were compared to non-EoE

controls. (B) Active EOE biopsies were compared to paired inactive EoE (<15 eos/hpf). (C)
Tri-paired EoE biopsies consisting of baseline (active EOE), post-diet elimination (inactive

EoE), and post-food re-introduction (active EoE) were compared. (D) Milk-triggered active
EOE biopsies were compared to non-milk-triggered active EoE.
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Bulk TCR sequencing confirms relative clonality with pediatric but not adult active EoE

in TCRa and TCRp. Children with active EoE biopsies have reduced unique clonotypes
compared to controls (A) and inactive EoE (E). Adults with active EOE have no differences
in unique clonotypes compared to controls (B) or inactive EoE (F). Children with active
EOE have increased abundance of clones comprising >1% of the total compared to controls
(C) or inactive EoE (G). No differences in the abundance of clones comprising >1% of the
total in adults with active EoE compared to controls (D) or inactive EOE (H). Comparison
of mean total unique clonotypes and relative clonotype abundance by 1-way ANOVA with
Bonferroni post hoc.
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CD4 T-cells are increased in active EoE and correlate with measures of TCR clonality.
Increased peak intraepithelial CD4 and CD8 T-cells per (400x) high power field (hpf) in
active EoE compared to control (A) and inactive EoE (B). At least 3 hpfs were assessed per
biopsy. Comparison by one-way ANOVA with Bonferroni post hoc. Spearman correlation
of CD4+ cells per hpf with unique clonotypes for TCRa (C) and TCRp (D) and relative

abundance of TCRs comprising >1% of the total for TCRa (E) and TCRp (F).

Allergy. Author manuscript; available in PMC 2024 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Janarthanam et al.

TCRa
(A) Baseline

19.2%

1.2%
1.7%

463% 1490  29.9%

(©)

Post-Diet Food Reintro
Elimination

CRB

(B) (D)
26.3%

1.0%
0.4%
45.6% 25.1%

0.7%

All Tri-Paired samples
(mean proportion)

FIGURE 4.

Unique Clonotypes

Page 16
All clonotypes
15000 WP
® Pediatric
10000 e Adult
- %
0 1

T T
Pre Diet Post Diet Food

T |
Pre Diet Post Diet Food

Elimination Elimination Reintro Elimination Elimination Reintro

Alpha Beta
Tri-Shared clonotypes with lowest abundance post-treatment
p=0.0078
p=0.0418

102
= .\”4:
$ 103+
E
§ 1074 ‘\o/.
1]
T
c
3 105+
<

106

T T T
Pre Diet Post Diet Food

Elimination Elimination Reintro

Alpha

T T T
Pre Diet Post Diet Food
Elimination Elimination Reintro

Beta

Pathogenic clonotypes recur with food reintroduction and show evidence of food specificity.
Venn diagrams showing mean proportion of unique clonotypes for tri-paired patients (7=

6) for TCRa (A) and TCRp (B). Change in total number of unique clonotypes over time

for tri-paired patients for TCRa/p (C). Change in abundance for unique clonotypes shared
between all timepoints that were lowest post-diet elimination for TCRa/g (D). Comparison
by one-way ANOVA with Bonferroni post hoc.
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FIGURE 5.

Food-specific and food-indifferent TCRs exist between patients with milk-triggered and
non-milk-triggered EoE. Food-specific and food-indifferent CDR3 amino acid sequences
were identified for TCRa (A) and TCRp (C) between patient with milk-triggered and non-
milk-triggered EoE. Corresponding V/J family pairs for TCRa (B) and TCRp (D). Increased
unique clonotypes with a Hamming distance of 1 for TCRa (E) and TCRp (F) among TCRs
with greater than .01% abundance from milk-triggered EOE compared to non-milk-triggered
EoE. Comparison by proportions test.
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Patient cohort characteristics.

TABLE 1.

Pediatric cohort (n = 16)

Adult cohort (n = 9)

EoE (11) Controls(5) EoE (4) Controls(5)

Gender (11, % female) 3(27) 2 (40) 0(0) 4 (80)
Age (mean + SD) 9+5 115 37+14 40+16
Multiple atopic diseases (17, %) 3 (27) 4 (80) 2 (50) 0 (0)
IgE-mediated food allergy 3(27) 0(0) 2 (50) 0(0)
Asthma 4(36) 2 (40) 0 (0) 0(0)
Eczema 4 (36) 2 (40) 0 (0) 0 (0)
Rhinitis 6 (55) 4(80) 3(75) 0(0)
PPI use (77, %) 9(82) 3 (60) 4(100) 4 (80)
Endoscopic phenotype (1, %)

Normal appearance 4 (36) 5 (100) 0(0) 5 (100)

Inflammatory 5 (45) 0 (0) 1(25) 0 (0)

Fibrostenotic 2 (18) 0 (0) 3(75) 0 (0)

Milk-triggered 7 NA 2 NA

EOE (1)

Non-milk-triggered EOE () 4 NA 2 NA

Allergy. Author manuscript; available in PMC 2024 September 01.

Page 18



	Abstract
	Graphical Abstract
	INTRODUCTION
	METHODS
	Patient samples
	T-cell immunohistochemistry
	RNA isolation
	TCR library preparation/sequencing
	TCR repertoire
	Immune repertoire statistics
	Statistics

	RESULTS
	Patient characteristics/comparisons
	Clonality comparison by TCR chain type and age
	Clonality in pediatric but not adult EoE
	CD4 T-cells and TCR clonality
	Effect of diet elimination and food reintroduction on esophageal TCR repertoire
	Food-specific repertoire in EoE cohorts

	DISCUSSION
	References
	FIGURE 1
	FIGURE 2
	FIGURE 3
	FIGURE 4
	FIGURE 5
	TABLE 1.

