DR HAMISH PHILPOTT (Orcid ID : 0000-0002-1973-6355)

Article type  : Original Article-Clinical Mechanisms in Allergic Disease

Corresponding author mail id :- lachlanphilpott2003@yahoo.com.au
Introduction

Eosinophilic oesophagitis (EoE) is a chronic inflammatory condition thought to be caused by the ingestion of
food antigens, with the subsequent development of an eosinophil rich inflammatory infiltrate, oesophageal
narrowing, and clinical symptoms of dysphagia and food bolus impaction® 2. Diagnosis requires endoscopy
and biopsy demonstrating =15 eosinophils per HPF2. 3 Dietary therapy with complete avoidance of culprit
food groups (e.g. dairy, wheat, eggs, or others) can result in clinical and histological remission, while food
reintroduction can cause recurrence, providing strong evidence that EoE is food antigen driven® >. What has
not been clearly established however is if food antigens act locally (in the oesophagus) to cause immune
activation and the subsequent inflammatory infiltrate, or if they instead are processed elsewhere (e.g. the

small bowel), with secondary recruitment and trafficking of eosinophils to the oesophagus & 7.

The role of the oesophagus as an immune organ has not been clear. With its short length, squamous mucosa
with a tight epithelial barrier, and rapid transit time for food and liquid boluses (< 10 seconds),® ° the
oesophagus could appear to lack the characteristic physiological properties that facilitate digestion and
interaction between the gastrointestinal immune compartment and food antigens, as is found in the small
intestine®. Prior attempts characterising the inflammatory infiltrate in EoE have uniformly demonstrated
increased numbers of CD3 lymphocytes, in addition to large numbers of eosinophils and mast cells'®!, That
IgG, but not IgE deposition is florid in the oesophageal tissue of patients with active EoE, has led to the

concept of EoE being a unique Th2 mediated condition, distinct from classical food allergy®>. Additionally, the

This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as doi:
10.1111/CEA.13578

This article is protected by copyright. All rights reserved

Check for
updates


https://doi.org/10.1111/CEA.13578
https://doi.org/10.1111/CEA.13578
https://doi.org/10.1111/CEA.13578
mailto:lachlanphilpott2003@yahoo.com.au
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fcea.13578&domain=pdf&date_stamp=2020-02-03

role of langerhans cells (a type of dendritic cell thought to be a major antigen presenting cell the
gastrointestinal tract) is debated, and recent in- vivo studies involving oesophageal food antigen exposure
have not been conclusive!® 1517, Therefore, there is no ‘smoking gun’ that has provided unequivocal evidence

of localised immune activation in the oesophagus.

We hypothesised that antigen presentation occurs locally in the oesophagus in patients with EoE, that
langerhans cells present that antigen, and we therefore aimed to perform a comparative study of the density
of cell surface proteins (specifically those known to be implicated in antigen presentation, and/or early
immune activation in the gastrointestinal tract, or disordered in related conditions such as coeliac disease or
crohn’s disease — see methods and discussion) in oesophageal tissue prior to and after food challenge
induced disease recurrence. A secondary aim was to consider if stains for the identified inflammatory cells
could be used as novel tissue biomarkers to differentiate active EoE, inactive EoE, gastroesophageal reflux

disease (GORD) and healthy controls, thus suggesting utility for diagnosis and disease monitoring.
Methods
Study design and research subjects

We analysed samples from patients seen at University of North Carolina between July 2011, and December
2016, with an established diagnosis of EoE, who participated in a prospective cohort study of EoE diagnosis
and treatment, as described previously®® °. To be eligible for the present study, patients had to be adult (age
18-80) with an established diagnosis of EoE per consensus guidelines at the time of the design of the parent
study, who attained histological remission (<15 eosinophils per high power field [eos/HPF]) using elimination
diet, and who underwent food reintroduction and had histologically proven disease recurrence (= 15
eos/HPF) after at least 6 weeks of daily ingestion of a putative food trigger> 2023, Excluded were patients
previously determined to have proton pump inhibitor responsive EoE (PPI-REE), patients who did not respond
to initial treatment with dietary elimination, who had Gl bleeding, active anticoagulation, known oesophageal
cancer, prior oesophageal surgery, known oesophageal varices or medical instability or comorbidities
precluding enrollment. Also excluded were patients taking systemic or swallowed topical corticosteroids, or
immunosuppressant medications (e.g. azathioprine, methotrexate, or biological therapies) for 6 months prior
to or during the period of dietary elimination and food reintroduction. Subjects with EoE were compared to
patients with gastroesophageal reflux disease (GORD - defined clinically as per Montreal guidelines and with

24-hour pH studies, and after endoscopy excluded other causes, including EoE), and controls with upper
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gastrointestinal symptoms but a normal oesophagus both endoscopically and histologically. This study was

approved by the UNC Institutional Review Board.
Histologic assessment and characterization of the immunophenotype

Oesophageal sampling was carried out using standard large capacity forceps as per protocol, with biopsies
taken from the proximal (approximately 15 cm above the gastroesophageal junction [GEJ] and distal (3 cm
above the GEJ) oesophagus. Oesophageal biopsies were fixed in formalin and paraffin embedded and stained
with haematoxylin and eosin. Oesophageal eosinophil counts were quantified by expert histopathologists
using our previously established methods to determine the overall peak eosinophil count (eos/hpf area =
0.24mm?).2* 2> Additional processing of samples for immunohistochemistry (IHC) involved retrieval of
archived paraffin embedded tissue blocks, slide mounting, and routine deparaffinisation using the Bond Rx
fully automated research stainer (Leica Biosystems Ince, Norwell, MA). Specifically, slides were dewaxed in
Bond™ Dewax solution (AR9222) and hydrated in Bond Wash solution (AR9590). Epitope retrieval for all
targets were done for 30 min or 20min at 100 C in Bond-epitope retrieval solution 1 pH6.0 (AR9661) or
solution 2 pH9.0 (AR9640) respectively. The epitope retrieval was followed with 5 min endogenous

peroxidase blocking using Bond peroxide blocking solution (DS9800).

Biomarkers were chosen to consider antigen presentation, via Langerhans cells specifically (CD1a) or by
antigen presenting cells more generally (CD40, CD80, HLA-DR), early immune activation of T cells (CD28 and
CD69) and the lymphocyte marker CD3, based on previous research that indicated potential significance0-14,
In addition, two potential markers of intrinsic epithelial immune function were selected, based on prior
studies in inflammatory bowel disease and coeliac disease. Thus, CXCR3 (a chemokine receptor, that may bind
gluten in intestinal epithelial cells in patients with coeliac disease) and CD138 (a heparin sulfate proteoglycan
cell surface receptor, which may be increased in coeliac disease, and demonstrates variable expression
related to disease activity in Crohn’s disease and ulcerative colitis, and is also used as a marker for plasma
cells) were used?® 27, Specifically, to consider antigen presentation, incubation with to CD1a (Mouse,1:100,
Leica Biosystems, PA0235), HLA-DR (Mouse, 1:4000, Santa Cruz Biotechnology, 307602 ), CD40 (Mouse,
1:1000, Atlas Antibodies, AMAb90905) and CD80 (Rabbit, 1:400, Abcam,Ab134120) was performed. To
consider early immune activation of T cells, primary murine anti-human antibodies to CD28 (Mouse, 1:25,
Novus Biologicals, NP2-32817) and CD69 (Mouse, 1:25, Fisher/Invitrogen, 14-0699-82) antibodies were used,

and the general lymphocyte marker primary rabbit anti-human antibodies to CD3 (1:2000 Cell Marque,
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PA0553) was also used. Markers of epithelial immune function were antihuman murine antibodies to CD138
(2:50, Cell Marque,138M-15) and CXCR3 (1:2000, Abcam). To cross validate the eosinophil count from the
haematoxylin and eosin (H and E) preparation, eosinophil basic protein (EBP, Mouse, 1:50, AbD Serotec) All
primary antibodies were incubated for 60 minutes, except for HLA-DR (30 minutes). HLA-DR
immunohistochemistry used the Bond Polyer Refine Detection kit, using a polymer-based horseradish
peroxidase (HRP)-linked secondary antibody (10 min)followed with 15 min TSA (Tyramide Signal
amplification). The secondary antibody was followed with 3,3-Diaminobenzidine (DAB), and then hematoxylin
counterstain. Dual staining of slides for CD1a/CXCR3, CD69/CD3, CD40/CD138 and CD28/CD80 were
counterstained with Hoechst 33258 (# H3569) and mounted with ProLong® Diamond Antifade Mountant
(#P36961) Life Technologies (Carlsbad, CA). Finally, positive and negative controls (no primary antibody) and
single stain controls were done when one primary antibody was omitted to confirm that cross reactivity

between the antibodies did not occur.

For assessment of completed IHC/IF slides, scanning and conversion to digital photomicrographs using a Leica
Biosystems platform, viewing with Aperio ImageScope, and semi- automated analysis via Definiens architect
platform and tissue Studio FL software for IF, or Aperio Positive Pixel Count algorithm (version 9.1, Aperio
Technologies) for IHC, were performed in order to quantify staining intensity (pixels/mm? and cells/mm?).
Staining of individual biomarkers defined as ‘intense’ according to the analysis were then compared among

patients with EoE (following dietary manipulation) and to controls.
Statistical Analysis

Summary statistics were used to characterise cases and controls, and categorical variables were compared
using chi square. Mean and standard deviations (SD) were calculated for individual biomarkers and a two-
sample t-test was used to compare continuous variables between patients with eosinophilic esophagitis
(before and after diet induced disease recurrence) and controls. Only pairwise comparisons were made.
These initial comparisons served to characterise the inflammatory milieu in cases vs controls and assess for
antigen presenting cells. Then, receiver operating characteristics (ROC) curves were constructed and the area
under the ROC curve (AUC) was calculated to determine diagnostic utility of the different stains. The sample
size was governed by availability of subjects clearly responding to food elimination, and then relapsing with

food reintroduction.

Results
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Characteristics of the study subjects and dietary therapy

In this analysis, we included 14 cases of EoE who achieved histologic remission after dietary elimination and
subsequently had recurrence of EoE following food reintroduction, 6 GORD controls, and 5 healthy controls.
Demographic features and eosinophil count pre and post dietary induced disease recurrence are shown in
Table 1. Compared to patients with EoE (mean age 42), those with GORD were older and less often atopic
(mean age 58 years, atopy in 17 %) whilst the healthy controls were of similar age (mean age 38 years), but
again atopy was less frequent. The duration of food reintroduction prior to endoscopy that demonstrated
disease recurrence varied (range 6 to 10 weeks, median 6 weeks and 5 days), with a minimum of 6 weeks

according to our clinical practice.
Tissue biomarkers of immune activation/antigen presentation

Among patients with EoE, a significant increase in HLA-DR biomarker density and CD40 was observed
following food reintroduction, and there was a trend toward increased CD80, and a decrease in CD1a (Figure
1 and Table 2). Compared to those with GORD, HLA-DR was significantly increased in EoE cases both in
remission and following food reintroduction (whilst CD40, CD80 and CD1a were not significantly increased
(Tables 2). Finally, compared to healthy controls, HLA-DR was significantly increased in EoE cases both in and
following food reintroduction, p=0.047 and p=0.001 respectively. CD40, CD80 and CD1a were not significantly

increased (Table 2)
Tissue biomarkers of T cell activation

Among patients with EoE, a significant increase in CD3 and CD28, was evident following food reintroduction
(Figure 1 and Table 2). Similarly, there was a trend toward an increase in CXCR3, but a trend toward a
decrease in CD69 after food reintroduction (see Table 2). Compared to patients with GORD, patients with EoE
had significantly increased expression of CXCR3 both when in remission and after food reintroduction (see
Table 2). Following food reintroduction, CD3 was significantly increased in patients with EoOE compared to
GORD and CD28 was similarly increased. Finally, compared to healthy controls, patients with EoE in remission
had significantly decreased expression of CD3 and CD69 and following food reintroduction CD3, CD28 and

CD69 were significantly increased (Table 2).

CD 138
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In EoE cases, there was a significant increase in CD138 following food reintroduction (Table 1). Compared to
those with GORD, CD138 was indistinguishable when EoE was in remission, but expression was significantly
elevated post food reintroduction Table 2). Finally, compared to healthy controls, CD138 was
indistinguishable when EoE was in remission but significantly elevated following food reintroduction (Table 2).
Given these prominent differences between CD138 in EoE cases and controls, we also assessed the utility of
this biomarker to distinguish active EoE from both GORD and healthy controls. In this analysis, the AUC was
0.836 (Figure 2).

Discussion

Oesophageal epithelial cells may have inherent immune function that is only beginning to be appreciated in
EoE. In this study, analysing samples from EoE patients and controls that were previously prospectively
obtained and banked, we aimed to assess esophageal antigen presentation and immune activation as well as
to potentially identify novel biomarkers of disease actively. We have several notable findings. Firstly, antigen
presentation was considered following food reintroduction in patients with EoE, with the intent of
determining if local (esophageal) antigen/immune compartment contact was responsible for disease
recurrence. The expression of HLA-DR (a cell surface receptor typically thought to bind peptides and present
these to T -cell receptors) was significantly increased in patients with EoE following food exposure. This is in
keeping with previous studies that have demonstrated increased expression in active compared to treated
disease (albeit in smaller cohorts of patients treated heterogeneously e.g. with corticosteroids or proton
pump inhibitors)'> 13, Even in remission, patients with EoE had significantly greater expression of HLA-DR
than healthy controls or those with GORD. This may indicate that patients with EoE are predisposed to
present relevant food antigens, as previously suggested'> 14 28, Similarly, CD40 (which is typically expressed on
antigen presenting cells and binds to CD154 on T cells) was significantly increased following food exposure. In
contrast, Langerhans cells, which are typically considered to be APC’s and are defined by immunostaining to
CD1a, did not increase following food-induced disease recurrence, and expression was no greater in EoE
compared to controls. Previous research has been contradictory in relation to CD1la expression in EoE.
Lucendo et al demonstrated no difference in EoE compared to control, whilst Teitelbaum et al showed a
decrease with topical corticosteroid treatment!® 1%, Finally, CD80 (typically expressed on antigen presenting
cells) was not significantly increased following food antigen exposure in patients with EoE and was

paradoxically decreased compared to healthy controls (but not those with GORD). Confusingly, the
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corresponding receptor for the CD80 ligand on T cells is CD28, which did significantly increase following food
induced disease recurrence. This strongly suggests that antigen presentation to T cells has occurred (albeit it
cannot be specified if this occurred within the esophagus), and arguably also indicates that an alternative co-
stimulatory receptor may be implicated (for example CD86). Therefore, a reasonable conclusion to draw is
that antigen presentation does not depend on langerhans cells , and may occur either via typical antigen
presentation cells (e.g. CD40 to CD154 on T cells) or via atypical antigen presentation cells, specifically by
eosinophils or epithelial cells'® 2% 30, Previously, Mulder et al similarly demonstrated an absence of CD80
expression in patients with EoE, but increased expression of CD86, whilst Le Carlson et al found increased

CDS8O0 (at odds to our data)®> 14,

We also demonstrated that the cell surface heparin sulfate proteoglycan CD138 (syndecan-1) was similarly
low in EoE patients in remission after dietary elimination, GORD patients, and healthy controls, but increased
significantly in EoE following food reintroduction and resultant disease recurrence. This is a novel finding,
suggesting that this biomarker has promise in tracking disease activity. When considering the test
characteristics of CD138, the ROC analysis shows very good diagnostic utility (AUC=0.84) and supports further
study of this biomarker for diagnosis and monitoring of treatment of EoE. However, our current small sample
size precludes generating definite cut-points for diagnosis. Moreover, given serum syndecan-1 has been
found to be increased in patients with Crohn’s disease, a logical future extension of our research is to assess
the serum of EoE patients before and after dietary induced disease recurrence?’. The observation that
syndecan-1 expression is the same in healthy controls, those with GORD, and patients with quiescent EoE,
may suggest that this cytostructural protein is induced as a consequence of the inflammatory milieu, as
opposed to a cause, although this hypothesis should be more rigorously tested, ideally with upstream assays
of candidate genes or protein expression. Whilst expression of epithelial CD138 is increased in Crohn’s
disease and in lupus nephritis, variable findings have been reported in coeliac disease, and asthma?% 26,
Murine models of asthma suggest an inherent deficiency of CD138 leads to unchecked lymphocyte
recruitment3®. Further research is required to explain the significance of this cell surface protein in EoE. It is
acknowledged that CD138 is also expressed by, and even used as a marker for plasma cells (of immediate
relevance to EoE, in accordance with the prolific IgG deposition in oesophageal tissue), but that in this case
the expression of this biomarker was diffuse and intense on oesophageal epithelial cells, in common with

other gastrointestinal conditions such as Crohn’s disease3?.
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AT cell rich inflammatory infiltrate with an increase in CD3 and CD28, was unequivocally demonstrated in our
study, with a significant increase in these biomarkers with food reintroduction, which is in keeping with
previous research 4 2% 33, Notably, CD69 (thought to indicate very early T cell activation, for example within
days) was not increased, at odds with findings elsewhere!4. CXCR3 expression did not increase measurably
with food reintroduction and was unchanged compared to healthy controls. This is at odds to the hypothesis
that that receptor directly binds gluten or other antigens (at least in the esophagus)3*. Previous consideration
of CXCR3 on eosinophils showed variable expression in response to IL-5, but tissue expression has not to our
knowledge been considered in in-vivo studies®. Interestingly, those with GORD had decreased expression of
CXCR3 (compared to either EoE or healthy control). This could indicate a unique immunophenotype applies to
GORD (which has been considered an ‘immune disorder’ in its own right) and warrants more rigorous enquiry

with a larger patient population3®,

Several limitations in methodology are acknowledged. First, in respect to the primary objective of
demonstrating antigen presentation and inflammation following food reintroduction, we were not able to
directly assess food antigens themselves. Visualisation of food antigens either by utilising a specific antibody
to one or more food proteins (e.g. casein or gluten) was considered but not performed due to a lack of
suitable assays, the diversity of food antigens that induced recurrence and would be required, and because
electron microscopy was not feasible in this study. Future research could address these shortcomings.
Second, automated co-localisation of biomarkers (to then enable analysis and commentary of cellular
function) could not be performed, and the semi-quantitative methodology may introduce additional error.
Third, the study groups were small, so some of the negative findings could be due to type Il error, and the
positive findings need to be confirmed in a large set of subjects. That CD40, for example was not significantly
elevated when EoE was active (compared to controls) may be indicative of a small sample size (see Table 2).
The small bowel is often considered a major site of antigen presentation in the gastrointestinal tract, yet we
did not obtain duodenal biopsies in this study. This represents a conscious decision based on previous
findings elsewhere demonstrating benign duodenal biopsies in patients with EoE, and a pragmatic decision
based on oesophageal biopsies that were taken to guide dietary management*3’. Another limitation was that
pre dietary treatment biopsies were not analysed, preventing analysis of three (instead of two) specimens on
the same patient, and limiting assessment of the degree of treatment effect. However, this concern is
lessened because these patients achieved complete remission defined by the eosinophil count. Finally,

discerning pathogenic cause and effect via immunohistochemistry is difficult, and future studies should
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consider additional methodologies including candidate gene and protein expression assays. However, the
strengths of the study include comprehensive immunophenotyping of well characterized cases and controls
from whom samples were previously prospectively collected, rigorous data collection and analysis, and a set

of EoE patients in both remission and with active disease after food reintroduction.

In conclusion, antigen presentation does not significantly involve langerhans cells in patients with EoE. Future
study would ideally involve visualisation of food antigens following endocytosis and cell surface presentation,
perhaps utilising food antigen specific antibodies and electron microscopy. The cell surface receptor heparin
sulfate proteoglycan CD138 increases in concert with eosinophilic infiltration in patients with EoE following

food induced recurrence and appears to be a promising biomarker of EoE disease activity.
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Figure 1. Photomicrographs of biomarkers from oesophageal tissue, that demonstrated a significant

increase following food reintroduction. (i) remission, (ii) post food trigger induced recurrence
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Figure 2: Area under ROC curve for CD138 in patients with active EoE vs GORD or control
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Table 1: Characteristics of the study population

EoE cases GORD controls Normal controls
(n=14) (n=6) (n=5)

Age (mean years + SD) 35.9+14.4 57.3+7.9 38.4+19.8
male (n, %) 12 (86) 4 (67) 4 (80)
White (n, %) 13 (93) 5(83) 4 (80)
Atopic disease (n, %)

Asthma 1(7) 1(17) 0 (0)

Allergic rhinitis/environmental allergies 7 (50) 1(17) 0(0)

Food allergies 4 (29) 0(0) 1(20)
Baseline symptoms (n, %)

Dysphagia 13 (93) 5(83) 0(0)

Food impaction requiring endoscopy 1(7) 0(0) 0(0)

Heartburn 3(21) 6 (100) 0(0)

Chest pain 2 (14) 1(17) 2 (40)

Abdominal pain 3(21) 1(17) 5(100)
Type of dietary elimination

SFED 5(36) - --

Targeted elimination 4 (29) -- --

SFED + targeted 3(21) -- --

4FED 1(7) - -

2FED 1(7) - -
Total EREFS scores (mean + SD)

Quiescent endoscopy 1.0+0.9 -- --

This article is protected by copyright. All rights reserved




Flare endoscopy 22+1.9 -- --
Peak eosinophil counts (mean eos/hpf + SD) 0.2+04 00

Quiescent endoscopy 1.6+2.0

Flare endoscopy 62.6 +38.1

Abbreviations: SFED = six food elimination diet (dairy, wheat, egg, soy, nuts, seafood); 4FED = four food elimination diet

(dairy, wheat, egg, soy); 2FED = two food elimination diet (dairy, wheat); ‘Targeted’ diet refers to the use of allergy tests

such as IgE or IgG or cytokine release assays to guide treatment; SD = standard deviation; EREFS = EoE endoscopy

reference score, of exudates, rings, edema, furrows, and stricture; eos/hpf = eosinophils per high-power field

Table 2: Imnmunohistochemical biomarkers from oesophageal tissue in patients with EoE and control

Biomarker EoE EoE post P value | Healthy P value | GORD P value
(density mm?2)/(sd) remission | food [EOE (r) | Control [EoE (f) [EoE (f)
(r) introduction | vs (HC) vs HC] Vs
(f) Eok (f)] GORD]
CD1la 203 (140) | 128(117) .1361 110 (9) 0.497 | 30(17) 0.055
NS NS NS
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CXCR3 7060 7643 (2536) P=0.465 | 7429 (715) 0.719 3728 (1987) | 0.002
(2145)
NS NS
cD3 176 (123) | 1012 (501) | P=.0021 | 349 (305) | 0.001 | 249 (145) | 0.001
CD28 5225 8056 (1980) P=.008 6138 (2021) | 0.049 5520 (2930) | 0.021
(1168)
CD40 3228 5725(3026) P =.008 | 3227(1738) | 0.068 3872(1543) | 0.165
(1304)
NS
CD69 921 (680) | 643 (1314) | P=.488 | 2395(1613) | 0.012 | 1487 (1013) | 0.162
NS NS
CD80 3037 3630 (1679) P=0.218 | 5994 (2119) | 0.009 5287 (3428) | 0.038
(1680)
NS
CD138 5794 9036 (1997) P=.001 5842 (1520) | 0.001 5842 (2028) | 0.002
(1219)
HLA-DR 1122 (542) | 2766 (1074) P=.038 552 (408) 0.001 640 (521) 0.001
EBP 1028 10458 (2690) | P=.008 | 346 (221) | 0.001 | 365(270) | 0.001
(1716)
Eosinophil/HPF{ranee) | 3 (0-10) 41 (15-120) 0 0
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Table A. Correlations between percent change in peak eosinophil count and change in biomarkers,
from active EoE to inactive EoE

Biomarker Median percent change Spearman’s R* p value*
from active to inactive
(IQR)

Peak eosinophil count -90 (-100 — -88) -- --
CD1 96 (-2 —297) 0.34 0.25
CXCR3 -18 (-40 —39) 0.46 0.11
CD28 -42 (-51--31) -0.08 0.81
CDh80 -32 (-63 - 142) 0.63 0.02
CD69 472 (-47 — 1488) 0.11 0.73
CD3 -81 (-95 —-75) 0.12 0.70
CDb40 -46 (-63 -5) 0.26 0.40
CD138 -35 (-44 —-24) 0.15 0.63
HLADR -67 (-75 —-55) 0.13 0.67
EMBP -99 (-100 —-98) 0.67 0.01

*for correlation between change in peak eosinophil count from active EoE to inactive EoE, and change in
biomarker of interest from active EoE to inactive EoE

Table B. Correlations between inactive eosinophil counts and biomarkers, and correlations between
active eosinophil counts and biomarkers

Correlations for inactive eosinophil Correlations for active eosinophil
counts counts
Biomarker Spearman’s R p value Spearman’s R p value
CD1 -0.06 0.86 -0.46 0.11
CXCR3 0.52 0.07 -0.09 0.77
CD28 -0.06 0.85 -0.31 0.30
CD80 0.05 0.86 -0.32 0.29
CD69 0.04 0.90 -0.11 0.73
CD3 -0.02 0.70 -0.06 0.84
CD40 0.68 0.01 0.09 0.77
CD138 0.07 0.81 -0.03 0.93
HLADR 0.20 0.52 -0.16 0.59
EMBP 0.36 0.23 0.27 0.40
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