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Capsule Summary
Patients with eosinophilic esophagitis (EOE) anttezwely high esophageal eosinophilia have a
distinct endotype defined by more severe atopicdosoopic, histologic, and transcriptomic

features.

To the Editor:

Eosinophilic esophagitis (EOE) is an inflammatorisedse characterized by eosinophil
infiltration into the esophageal mucosa with a pealnt of>15 eosinophils per high-powered

field (eos/hpf) following endoscopic biopsy. Howevihe range of esophageal eosinophilia can
vary markedly from patient to patient. A key questiin the field is to understand the

relationship of eosinophil levels with disease deas$, especially since eosinophil-targeted
therapies are now available. Patients with extrgrhigh levels of esophageal eosinophilia have
not previously been studied. It is unknown whethese patients exhibit different characteristics
compared with EOE patients that have esophageahagdslia that is near the threshold of

disease diagnosis. Given this, we aimed to establisether any significant clinical, endoscopic,

histologic, or transcriptomic features differ beemepatients with extremely high levels of

esophageal eosinophilia and those with levels tieathreshold of disease diagnosis.

Amongst a registry of patients with EoE, we ideatlfa group of patients with the highest
recorded levels of esophageal eosinophilia (eos#pb0), referred to as EoE-Hi. We
subsequently identified a second group that haatively low levels of esophageal eosinophilia
(15-24 eos/hpf), referred to as EoE-Low. There witgatients in the registry with eosinophil

counts of 15-24 eos/hpf on a distal esophagealsgiod random number generator was used to
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select the 14 patients that comprised the EoE-Lamwig Phenotypic and clinical characteristics
were gathered on the basis of electronic medicards and detailed questionnaires as part of a
research registry. Endoscopic characteristics wesessed on the basis of findings from EGD
operative reports. Histologic characteristics waessified on the basis of the histologic scoring
system (HSS).(1) Molecular analysis was performsithigithe 96-gene EoOE Diagnostic Panel
(EDP).(2) Age, demographics, esophageal eosindebdls, absolute eosinophilia, IgE levels,
atopic co-morbidities, and treatment modalitiesevassessed. Study population characteristics

are summarized in Table E1 in this article’s OnlRepository at www.jacionline.org. The EoE-

Low group was younger at the time of biopsy than BoE-Hi group, with mean ages of 6.3 +
3.4 years and 13.4 £ 10.3 years, respectively (@.02). The EoE-Hi group had a disease
duration that was significantly longer than the Halw group, with mean duration of 6.0 £ 3.7
years and 1.9 + 1.8 years, respectively (p = 0.06@jthermore, there were more patients with
atopic co-morbidities (100% vs. 64%) in the EoEgrbup than the EoE-Low group (p = 0.04),
and upon subcategorization there were significantyre patients in the EoE-Hi group with

allergic rhinitis (93% vs. 50%) (p=0.033).

There were trends for more severe symptoms in @te i group, although these did not reach

statistical significance (see Table E2 in thiscéets Online Repository at www.jacionline.org).

Endoscopically, there were significantly more patsewith exudates seen on EGD in the EOE-Hi
group compared with the EoE-Low group (11 [79%]®s> < 0.0001). This significant
difference was also seen with regards to furrowi?g[100%] vs. 4 [29%)], p = 0.0002) and

thickening (12 [86%] vs. 4 [29%], p = 0.006). Howevthere was no significant difference
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between the two groups with regards to erosiongsriand narrowing/strictures, likely due to

the low prevalence of these findings in both groups

The total score for each of the individual histetogarameters was higher (more severe) in the
EoE-Hi than EoE-Low group (p < 0.0001). In addititine average grade and stage of each
histologic subcategory were significantly differé&etween EoE-Hi and EoE-Low, with EOE-Hi
demonstrating more severe disease histologicakyeary category except for dyskeratotic

epithelial cells (Figure 1).

With regards to the molecular signatures betweernwo groups, there were substantial
differences, including 30 upregulated and 13 dogulsted genes (Figure 2A) (see Table E4 in
this article’s Online Repository at www.jacionlingg). The majority of upregulated genes were
associated with inflammation, ion channels, andodgting; whereas, the majority of
downregulated genes were associated with epith®iaier and proliferation (Figure 2B).
Interestingly, 14 of the dysregulated genes arevknto be regulated and/or associated with

interleukin-13 (IL-13) (see Table E3 in this aiel Online Repository at www.jacionline.org).

Previous studies have evaluated the long-termcelimrogression of EOE and have shown
significantly higher rates of dysphagia in patienth more severe esophageal eosinophilia and
endoscopic disease.(3, 4) Another recent study tnardcription profiling to evaluate
relationships between histologic, endoscopic, dimiteal features of patients with EOE with
varying disease activity and severity and discadv@&eseparate EOE endotypes that correlated in

histologic, endoscopic, and clinical charactersstidotably, the classification of these endotypes
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was independent of peak eosinophil counts.(5) Tisetteus an active debate about whether the

degree of esophageal eosinophilia in patients Bath is consequential.

It is known that IL-13 is overexpressed in the émmeal tissue of patients with EOE and that IL-
13 induces expression of the EOE transcriptomieast in part.(6) Previous studies have
demonstrated that IL-13 promotes esophageal edsirpia induction of eotaxins.(7, 8) A
recent phase 2 clinical trial studying the effeaftan anti—IL-13 monoclonal antibody in patients
with EoE demonstrated a decrease in esophagealopbdia, further corroborating previous
findings of the involvement of IL-13 in promoting@phageal eosinophilia.(9) We have found
that IL-13—-related pathways associate with esopdilagesinophil levels in individuals with
extremely high levels of eosinophilia, suggestimg Yalue of agents that interfere with IL-13 in

this EoE subgroup.

There were several limitations to this study. Fitls¢ sample size was small. This limited the
power of the study to detect differences that mapiesent. In addition, this was a retrospective
study, and symptoms reported were based upon alidecumentation and, therefore, were
subject to what was discussed during clinic appeémits. Furthermore, given the average age of
the patients in this cohort, certain symptoms, agbysphagia and food impaction are less
likely to occur. The age differences between the gnoups may have impacted the prevalence
of co-morbid atopic disease as certain atopic dseaanifest later in life. In addition, an
increased incidence of atopic disease may con&itaugenetic differences between patients.
Expansion of RNA analysis may yield interesting aoglel results and can be considered in the

future. Further limitations of the study includéak of evaluation of patient race, ethnicity, or



128 geographical region, all of which can affect thegmalizability of the results. Finally, it is

129 important to note that the EOE-Hi population is ¢imdy one with co-existing EGIDs. When we
130 removed these three patients, the results stivetidhat all previous similarities and differences
131 remained, with two exceptions; there is no longstagistical difference between the histologic
132 characteristic, dilated intercellular spaces, d&®ddinical characteristic, steroid resistance,
133 becomes statistically significant between the twaugs.

134

135 In conclusion, patients with EOE with high esoplagm®sinophilia have distinct clinical,

136 endoscopic, histologic, and transcriptomic featdires those with near-diagnostic levels of
137 esophageal eosinophilia, suggesting that they mjanesent a unique endotype, although we
138 cannot completely exclude the possibility that taeyy a more severe common endotype.

139 Compared with patients with EoE with relatively l@esophageal eosinophilia, patients with
140 extremely high levels of esophageal eosinophilesent with (1) increased incidence of atopic
141 co-morbidities (specifically atopic rhinitis uponlsategorization); (2) older age at the time of
142 esophageal biopsy; (3) longer disease duratiomn@te severe endoscopic effects; (5) more
143 severe histologic disease; and (6) a distinct nuddesignature, especially enriched for IL-13—
144  regulated genes. Molecular analysis revealed thidtipte genes are significantly differentially
145 expressed between the two cohorts, especially ttegsgated by IL-13, indicating that 1L-13
146 likely has a key role in esophageal eosinophilfdtiation in patients with EOE. By examining
147 the subset of patients with this extreme phenotgpefindings support that esophageal

148 eosinophils are causally associated with diseagwlogy and that these patients likely require
149 more aggressive therapeutic intervention, including-IL-13-based agents.

150
151



152

153

154

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

Kelly M. O’Shea, MD
Mark Rochman, PhD
Tetsuo Shoda, MD
Nives Zimmermann, MD
Julie Caldwell, PhD
Marc E. Rothenberg, MD, PhD
From the Division of Allergy and Immunology, Cinaiati Children’s Hospital Medical Center,
Cincinnati, OH 45229-3039, USA

E-mail: Marc.Rothenberg@cchmec.org

This work was supported by the National InstitupédHealth grants R37 Al045898 (M.E.R.),
RO1 AI124355 (M.E.R.), U19 AI070235 (M.E.R.); thear@paign Urging Research for
Eosinophilic Disease (CURED) (M.E.R.); the Buckdyaundation (M.E.R.); and the Sunshine
Charitable Foundation and its supporters, Denis8uxning and David G. Bunning (M.E.R.).
We thank Shawna Hottinger for editorial assistance.

Disclosure of potential conflict of interest: M.E.R a consultant for Pulm One, Spoon Guru,
ClostraBio, Serpin Pharm, Celgene, Astra Zenedak8s$, Arena Pharmaceuticals, Guidepoint
and Suvretta Capital Management, and has an eiqtetest in the first four listed, and royalties
from reslizumab (Teva Pharmaceuticals), PEESSv2{Rasearch Trust) and UpToDate.
M.E.R. is an inventor of patents owned by Cincin@dtildren’s Hospital. The other authors

have no potential conflicts of interest to disclose



172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201

REFERENCES

1. Collins MH, Martin LJ, Alexander ES, Boyd JT,é8tdan R, He H, et al. Newly
developed and validated eosinophilic esophagi®ligy scoring system and evidence that it
outperforms peak eosinophil count for disease diagrand monitoring. Dis Esophagus.
2017;30(3):1-8.

2. Wen T, Stucke EM, Grotjan TM, Kemme KA, AbonR, Putnam PE, et al. Molecular
diagnosis of eosinophilic esophagitis by gene esgpom profiling. Gastroenterology.
2013;145(6):1289-99.

3. Straumann A, Spichtin HP, Grize L, Bucher KAgBeger C, Simon HU. Natural

history of primary eosinophilic esophagitis: a é@+up of 30 adult patients for up to 11.5 years.
Gastroenterology. 2003;125(6):1660-9.

4. DeBrosse CW, Franciosi JP, King EC, Butz BK,&ateerg AB, Collins MH, et al. Long-
term outcomes in pediatric-onset esophageal edsilieop) Allergy Clin Immunol.
2011;128(1):132-8.

5. Shoda T, Wen T, Aceves SS, Abonia JP, AtkinBanis PA, et al. Eosinophilic
oesophagitis endotype classification by moleculamjcal, and histopathological analyses: a
cross-sectional study. Lancet Gastroenterol Hepa@dl8;3(7):477-88.

6. Blanchard C, Mingler MK, Vicario M, Abonia JP,UNYY, Lu TX, et al. IL-13
involvement in eosinophilic esophagitis: trans@ipé analysis and reversibility with
glucocorticoids. J Allergy Clin Immunol. 2007;12{(292-300.

7. Zuo L, Fulkerson PC, Finkelman FD, Mingler Ms¢hetti CA, Blanchard C, et al. IL-13
induces esophageal remodeling and gene expresgiam &osinophil-independent, IL-13R alpha
2-inhibited pathway. J Immunol. 2010;185(1):660-9.

8. Mishra A, Rothenberg ME. Intratracheal IL-13ueds eosinophilic esophagitis by an IL-
5, eotaxin-1, and STAT6-dependent mechanism. Gasteoology. 2003;125(5):1419-27.

9. Hirano I, Collins MH, Assouline-Dayan Y, EvansGupta S, Schoepfer AM, et al.
RPC4046, a Monoclonal Antibody Against IL13, ReduElstologic and Endoscopic Activity in
Patients With Eosinophilic Esophagitis. Gastroesttayy. 2019;156(3):592-603.



202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

Figure 1. Histologic characteristics assessed by the HSS. In A, average grade (severity) score
and in B, average stage (extent) score comparigHio/s. EOE-Low in each subcategory.
Characteristics were combined and divided by thepmsite score to calculate the relative
grade/stage. P-values were calculated with 2-sigiggkired t-test and Mann-Whitney U test. El,
eosinophilic infiltration; BZH, basal zone hypergi EA, eosinophil abscess; ESL, eosinophil
surface layering; DIS, dilated intercellular spacSA, surface epithelial alteration; DEC,
dyskeratotic epithelial cells; TLP, thickened lamipropria; RG, relative grade; RS, relative

stage****p <0.0001, **p< 0.001, *p< 0.01, *p< 0.05; ns, not significant.

Figure 2. Compar ative gene expression of EOE-Hi and EoE-Low. In A, a volcano plot

reflects a bidirectional fold change ({9@nd negative log p-value (EoE-Hi vs. EoE-Low) for
96 genes. The 14 genes that previously have beented to be regulated by IL-13 are labeled.
FC, fold change. In B, when individual expressiéthe EoE Diagnostic Panel genes was
compared between the 2 groups, there were 43 gétlesignificantly different expression (p <
0.05, fold change >2.0). This graph displays geqpeession by category and negative; lqu

value.

10
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Table E1. Characteristics of subjects

Eoghpf >350 (n=14) Eos/hpf 15-24 (n=14)  P-value
Male sex, no (%) 11 (78.6) 11 (78.6) >0.99
Age at time of Biopsy (y) 13.4+10.3 6.3+34 o0
Age at Diagnosis (y) 7.3+£9.2 (n=12) 4.4 +£2.6 (n=12) 0.33
Duration of Disease* (y) 6.0 £3.7 (n=12) 1.9+ n812) 0.002**
Eosinophils per HPF (mean eos/hpf) 433 + 96.6 120 <0.0001***
Absolute Eosinophilia (mean) 686 £ 353 (n=13) 48268 (n=13) 0.11
IgE (mean) 426 + 451 (n=9) 339 £ 548 (n=5) 0.75
History of other EGIDS, no. (%) 3(23.1) (n=13) 0 0.23
Atopic Co-morbidities, no. (%) 14 (100) 9 (64.3) 0
Atopic Dermatitis 10 (71.4) 6 (42.9) 0.25
Allergic Rhinitis 13 (92.8) 7 (50) 0.033*
Asthma 9 (64.3) 8 (57.1) >0.99
Food Allergy 9 (64.3) 6 (42.9) 0.45
History of Anaphylaxis 5 (35.7) 4 (28.6) 0.99
Treatment at time of Biopsy, no. (%) 14 (100) laq >0.99
Elimination Diet 11 (78.6) 10 (71.4) >0.99
Elemental Diet 0 0 >0.99
PPI 5(35.7) 12 (85.7) 0.018*
Swallowed Glucocorticoids 8 (57.1) 5 (35.7) 49.
More than one treatment modality 10 (71.4) 73.4) >0.99
Swallowed Glucocorticoids + Diet 6 (42.9) 1()7. 0.077
PPI + Diet 4 (28.6) 9 (64.3) 0.13
Swallowed Glucocorticoids + PPI 2 (14.2) 4 @8. 0.65
Swallowed Glucocorticoids + Diet + PPI 1(7.1) 1(7.2) >0.99

HPF, high-power field; SD, standard deviation; E&IBosinophilic gastrointestinal disorders; PRdtqm-pump

inhibitors

*Duration of Disease defined as the time intenatileen Age at Diagnosis and Age at time of Biopsy
4 2 patients have additional diagnoses of eosinmptulitis and 1 patient has a diagnosis of eodiilap

gastroenteritis



Table E2. Clinical char acteristics

EoE-Hi (n =14) EoE-Low (n = 14) P-value
Symptoms at time of Biopsy: no. (%)
Abdominal Pain 8 (57.1) 5 (35.7) 0.45
Vomiting 5(35.7) 1 (7.1) 0.16
Dysphagia/Food Impaction 2 (14.3) 2 (14.3) 90.9
Failure to Thrivé (%) 5 (35.7) 1 (7.1) 0.16
Steroid Resistance%) 11 (78.5) 5 (35.7) 0.054

EoE, eosinophilic esophagitis

*Failure to thrive was defined as a weight decliner® major percentiles or a weight that falls bethe 3rd
percentile for age.

*History of steroid resistance was defined as ewidaf histologic disease (eos/hpf>15) despite pitsesd
steroid treatment.



Table E3. 14 Genes Associated with |L-13

Gene Reference
ANOL1 (anoctamin-1) (1)

CLC (Charcot-Leyden crystal protein) (2)

CPAS (carboxypeptidase A3) (2)
CCL26 (eotaxin-3) 3)
ALOX15 (arachidonate 15-lipoxygenase) (4)
POSTN (periostin) (4, 5)

LRRC31 (leucine-rich repeat—containing 31) (6)
TNFAIP6 (TNF alpha—induced protein 6) (3)
FLG (filaggrin) (7)
SLC24A4 (pendrin) (8)
CXCL1 (chemokine (CXC motif) ligand 1) (2)
CXCL6 (chemokine (CXC motif) ligand 6) (2)

CAZ2 (carbonic anhydrase 2) (2)
CTSC (cathepsin C) (3)

1. Lin J, Jiang Y, Li L, Liu Y, Tang H, Jiang D. TRBM16A mediates the hypersecretion of mucus induced
by Interleukin-13. Exp Cell Res. 2015;334(2):260-9.

2. Zuo L, Fulkerson PC, Finkelman FD, Mingler Msétetti CA, Blanchard C, et al. IL-13 induces
esophageal remodeling and gene expression by aropbg-independent, IL-13R alpha 2-inhibited pa#ywJ
Immunol. 2010;185(1):660-9.

3. Blanchard C, Mingler MK, Vicario M, Abonia JP,UNY, Lu TX, et al. IL-13 involvement in
eosinophilic esophagitis: transcriptome analyst r@versibility with glucocorticoids. J Allergy @liimmunol.
2007;120(6):1292-300.

4. Cai Y, Kumar RK, Zhou J, Foster PS, Webb DC. ¥2r@romotes Th2 cytokine expression by
inhibiting 12/15(S)-lipoxygenase: identification @hovel pathway for regulating allergic inflamnaati J
Immunol. 2009;182(9):5393-9.

5. Takayama G, Arima K, Kanaji T, Toda S, Tanak&Hoji S, et al. Periostin: a novel component of
subepithelial fibrosis of bronchial asthma dowrestneof IL-4 and IL-13 signals. J Allergy Clin Immuno
2006;118(1):98-104.

6. D'Mello RJ, Caldwell JM, Azouz NP, Wen T, ShiéitD, Hogan SP, et al. LRRC31 is induced by IL-13
and regulates kallikrein expression and barriection in the esophageal epithelium. Mucosal Immunol
2016;9(3):744-56.

7. Blanchard C, Stucke EM, Burwinkel K, Caldwell J&bllins MH, Ahrens A, et al. Coordinate
interaction between IL-13 and epithelial differatiton cluster genes in eosinophilic esophagitima@unol.
2010;184(7):4033-41.

8. Nakagami Y, Favoreto S, Zhen G, Park SW, Nguydriy, Kuperman DA, et al. The epithelial anion
transporter pendrin is induced by allergy and ming infection, regulates airway surface liquidgdancreases
airway reactivity and inflammation in an asthma lod Immunol. 2008;181(3):2203-10.



Table E4. Genes Differentially Expressed Between EoE-Hi and EoE-L ow

. Fold
Gene Regulation P-value Change
ALOX15 (arachidonate 15-lipoxygenase) Up 0.0033 76
ANOL1 (anoctamin 1) Up 0.023 5.6
CAZ2 (carbonic anhydrase 2) Up 0.0035 4.9
CD200R1 (CD200 receptor 1) Up 0.036 3.9
CCL26 (exotaxin 3) Up 0.0055 14
CDH26 (cadherin 26) Up 0.016 3.2
CFB (complement factor B) Up 0.039 3.3
CFI (complement factor 1) Up 0.023 2.8
CHLZ1 (cell adhesion molecule L1-like protein) Up 0?1 3.9
CLC (Charcot-Leyden crystal protein) Up 0.0033 32
CPA3 (carboxypeptidase A3) Up 0.021 4.9
CTSC (cathepsin C) Up 0.0035 5.1
CXCL1 (chemokine (CXC motif) ligand 1) Up 0.0087 20
CXCL6 (chemokine (CXC motif) ligand 6) Up 0.0087 15
GCNTS3 (glucosaminyl (N-acetyl) transferase 3, mugpe) Up 0.022 2.4
HPGDS (hematopoietic prostaglandin D synthase) Up .03D 3.2
IL5 (interleukin 5) Up 0.043 5.5
ILSRA (interleukin 5 receptor subunit alpha) Up ()r) 4.8
KCNJ2 (potassium inwardly re;)tifying channel subilggrd member Up 0.013 59
LRRC31 (leucine-rich repeat-containing 31) Up 0.001 80
NEFL (neurofilament light) Up 0.039 7.7
PHLDB2 (pleckstrin homology-like domain family B méer 2) Up 0.014 9.1
PMCH (pro-melanin concentrating hormone) Up 0.0080 16
POSTN (periostin) Up 0.0035 25
RTP4 (receptor transporter protein 4) Up 0.0052 4.1
SAMSN1 (SAM domain-containing protein) Up 0.010 3.9
SLC26A4 (pendrin) Up 0.0036 26
TNFAIP6 (TNF alpha-induced protein) Up 0.0033 140
UBD (ubiquitin D) Up 0.021 5.3
ALOX12 (arachidonate 12-lipoxygenase) Down 0.0087 87
CDA (cytidine deaminase) Down 0.0061 11
CLDN10 (claudin 10) Down 0.0055 21
CRISP2 (cysteine rich secretory protein 2) Down 086 31
CRISP3 (cysteine rich secretory protein 3) Down 080 32
CRYM (crystallin mu) Down 0.022 6.7
EML1 (echinoderm microtubule-associated proteie-i} Down 0.013 7.3
ENDOU (poly(U)-specific endoribonuclease) Down ®00 11
FLG (filaggrin) Down 0.032 3.9
GYS2 (glycogen synthase 2) Down 0.0033 17
PNLIPRP3 (pancreatic lipase related protein 3) Down 0.019 4.8
TSPAN12 (tetraspanin 12) Down 0.032 3.5
UPKZ1A (uroplakin 1A) Down 0.0056 17
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