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Gene Expression Patterns in Distinct Endoscopic
Findings for Eosinophilic Gastritis in Children
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What is already known about this topic? Patients with eosinophilic gastritis (EG), characterized by both gastric
eosinophilia and clinical symptoms, also often show variable endoscopic findings. However, a relationship between
endoscopic findings and the pathophysiological process responsible for EG remains underinvestigated.

What does this article add to our knowledge? Transcriptome from patients with EG from different groups were enriched
in the substantially overlapping genes, despite endoscopic morphological differences such as ulcerative or nodular le-
sions. This suggests that there are shared allergic inflammatory response pathways.

How does this study impact current management guidelines? Our study showed no major differences in distinct
endoscopic findings for EG, from the viewpoint of gene expression patterns. This suggests that these phenotypes may be
variations of a single disease.
BACKGROUND: Eosinophilic gastritis (EG) is
clinicopathologically characterized by both marked gastric
eosinophilia and clinical symptoms. The endoscopic findings in
EG vary among patients, leading to clinical confusion. However,
little is known about the relationship between precise
endoscopic findings and the pathophysiological process
responsible for EG.
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OBJECTIVE: We aimed to elucidate whether the gross
endoscopic findings of EG can be classified into distinct gene
expression profiles.
METHODS: We enrolled pediatric patients who underwent
gastrointestinal endoscopy for clinical symptoms suggestive of
eosinophilic gastrointestinal disorder between 2011 and 2016.
EG was diagnosed when gastric eosinophilia was greater than or
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CCL26- C
-C chemokine ligand 26
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osinophilic gastrointestinal disorder
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astrointestinal

GO-G
ene ontology

IQR- In
terquartile range
equal to 30 eosinophils/hpf. The gene expression profiles of
gastric biopsies were assessed using microarray technology.
RESULTS: Patients with EG and control subjects (n [ 8, each)
were examined. On the microarray, 1,999 genes were
differentially expressed between EG and the controls (‡2-fold
difference, adjusted P value < .05), including significant upre-
gulation of eotaxin-3 (C-C chemokine ligand 26). The endo-
scopic findings of patients with EG fell roughly into 2 types,
namely, ulcerative and nodular lesions. Despite identifying
distinct patterns of gene expression, most differentially regulated
genes overlapped between the 2 endoscopic finding types.
Several gene ontology terms were enriched in the substantially
overlapped genes, but not in each of the distinct genes.
CONCLUSIONS: Our results strongly indicate that ulcerative
and nodular lesions are a single disease, EG, or a variation
thereof, in spite of morphological differences. Our findings may
contribute to a better understanding of the pathogenesis of EG,
as well as to more accurate diagnosis of this disease. � 2017
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol Pract 2017;5:1639-49)

Key words: Children; Endoscopy; Eosinophilic gastritis; Eosin-
ophils; Microarray

Eosinophilic gastritis (EG) is a member of the spectrum of
diseases collectively referred to as eosinophilic gastrointestinal
disorders (EGIDs), characterized by massive eosinophilic infil-
tration into the gastrointestinal (GI) tract.1-5 According to the
recently proposed criteria for EG in 2011,6 diagnosis of EG
requires both clinical symptoms and histological evidence of
significant gastric eosinophilia (�30 eosinophils/hpf), whereas
endoscopic findings are not essential. Indeed, the endoscopic
findings in EG vary among patients, and are known to include
nodularity, erythema, erosion, and ulcerative lesions.7-10 How-
ever, little is known about the relationship between precise
endoscopic findings and the pathophysiological process respon-
sible for EG.

Previously, Caldwell et al11 performed comprehensive mRNA
microarray analysis and demonstrated that gastric biopsy speci-
mens of patients with EG showed markedly increased expression
of mRNA for eotaxin-3/C-C chemokine ligand 26 (CCL26),
which plays a crucial effector role in EG’s pathogenesis. Although
the endoscopic findings of EG are known to be variable, as
described above, 80% of the patients in Caldwell et al’s micro-
array study had EG with nodular lesions.

In this context, to clarify the clinical reason for developing
certain endoscopic findings of EG, we investigated whether the
gross endoscopic findings of EG can be classified into differential
gene expression profiles. In addition, to elucidate the mecha-
nisms involved, we performed microarray analysis under the
grouping of endoscopic findings for EG.
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METHODS

Study design and population
We prospectively enrolled pediatric patients who underwent

upper and/or lower GI endoscopy for clinical symptoms suggestive
of EGID at the National Center for Child Health and Develop-
ment, Tokyo, Japan, between April 2011 and March 2016.
Diagnosis of EG was based on the presence of marked, diffuse,
eosinophilic infiltrates with greater than or equal to 30 eosinophils/
hpf in the gastric antrum and/or body according to the standard-
ized criteria for EG.12-14 Although evaluation of 5 hpfs is advo-
cated, we defined EG as 30 or more eosinophils in at least 1 hpf as
the cutoff point in this study to minimize the number of biopsies
for patients’ safety reason. Other causes of eosinophilic infiltration,
such as Helicobacter pylori infection, parasitic infection, and
inflammatory bowel disease, were excluded on the basis of the
endoscopic, histological, and microbiological findings. Control
subjects were those who underwent upper GI endoscopy for a
suspected functional GI disorder and had no histological findings
consistent with EGID.

Endoscopic and histological evaluation
During the GI endoscopies, multiple mucosal biopsies were

obtained from various sections of the upper GI tract (second portion
of the duodenum, duodenal bulb, gastric antrum, gastric body, and
lower esophagus). Biopsied samples were placed into RNA later�

solution (QIAGEN, Valencia, Calif) at room temperature and stored
at �80�C until gene expression profiling. All endoscopic images
were independently reviewed by 2 gastroenterologists (H.S. and
K.A.) and classified as ulcerative or nodular when consensus was
achieved.

Regarding histological evaluation, hematoxylin and eosinestained
biopsy slides from all patients were reviewed by 2 board-certified
pathologists (R.I. and T.Y.) and results were confirmed when both
agreed to them. Biopsy slides were screened with the microscope at
low magnification (�100) for the highest eosinophil concentration,
and then the eosinophils were counted in 1 to 5 hpfs (�400). The
site of eosinophilic infiltration, eosinophilic cryptitis, and architec-
tural distortion were also evaluated as associated findings. In addi-
tion, pathology reports and slides were reviewed for any concurrent
tissue eosinophilia in the esophagus, duodenum, and colon.

Microarray analysis of gene expression

As described previously,15 microarray analysis (Agilent Tech-
nologies, Santa Clara, Calif) was performed according to the
manufacturer’s instructions. Briefly, total RNA was extracted
using an RNeasy Micro kit (Qiagen) and then evaluated with an
Agilent Bioanalyzer and an RNA 6000 Nano kit (Agilent Tech-
nologies). The gene expression profiles were assessed using
microarray technology with Agilent SurePrint G3 Human GE
8 x 60k. Data analyses, including gene ontology (GO) analysis
and gene set enrichment analysis, were performed using Gene-
Spring software version 12.5 (Agilent Technologies). To
normalize variation in the staining intensity between microarrays,
the average difference for all genes on a given microarray was
divided by the median of all measurements on the microarray.
Genes in the EG or control subjects that showed a significant
difference in signal intensity compared with the same genes in the
controls (P < .05, t test with false-discovery rate correction) were
classified as upregulated or downregulated. Benjamini and
Hochberg methods were used for multiple correction tests
throughout the microarray analyses. Hierarchical clustering was



TABLE I. Summary of patients’ characteristics

Patient

no. Diagnosis Sex

Age at

diagnosis (y) Symptoms

History of

allergy

Blood

eosinophil

count (/mL)

Total

IgE

(IU/mL)

Medication at

endoscopy Diet at endoscopy

1 EG M 13 Abdominal pain, vomiting, diarrhea, anemia None 650 141 H2RA Elimination (wheat)

2 EG F 14 Abdominal pain, vomiting, anemia FA 660 279 None None

3 EG M 13 Abdominal pain, vomiting, anemia BA, AD, FA 1,650 10,255 PPI Elimination (peanuts)

4 EG M 10 Abdominal pain, diarrhea, anemia BA, AD, FA 1,620 3,537 None None

5 EG F 8 Abdominal pain, vomiting, diarrhea BA, FA 410 65.7 None None

6 EG F 10 Abdominal pain, vomiting, diarrhea BA 300 1,390 LTRA, H1RA None

7 EG M 8 Abdominal pain, vomiting, diarrhea BA, AD, FA 200 1,010 H1RA Elimination (egg)

8 EG M 1 Vomiting AD, FA 2,550 143 None Elimination (egg, cow’s milk)

9 CTRL M 7 Abdominal pain, diarrhea BA, FA 170 922 LTRA, H1RA, PPI None

10 CTRL M 15 Abdominal pain BA, FA 550 1,498 PPI, H1RA None

11 CTRL M 7 Abdominal pain BA, AD 450 505 H2RA, H1RA None

12 CTRL M 7 Abdominal pain None 230 NA PPI, H2RA None

13 CTRL M 17 Diarrhea None 300 NA None None

14 CTRL M 9 Diarrhea None 450 14.1 None None

15 CTRL M 1 Vomiting AD, FA 100 469 None Elimination (multiple)

16 CTRL M 9 Abdominal pain AD, FA 220 327 H2RA Elimination (multiple)

AD, Atopic dermatitis; CTRL, control; BA, bronchial asthma; F, female; FA, food allergy; H1RA, H1 receptor antagonist; H2RA, H2 receptor antagonist; LTRA, leukotriene receptor antagonist; M, male; NA, not assessed; PPI, proton pump
inhibitor.
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TABLE II. Endoscopic findings and quantitative evaluation of tissue eosinophils in the GI mucosa

Patient no. Diagnosis

Endoscopic findings

Histological findings

Gastric tissue eosinophil

count (eosinophils/hpf)*

Other histologic

findings of stomach

Peak tissue eosinophil

count (eosinophils/hpf)* of other GI tract

Esophagus Stomach Duodenum Colon Antrum (1) Antrum (2) Angularis Body Fundus

Eosinophilic

cryptitis

Architectual

distortion Esophagus Duodenum Colon

1 EG NA Nodular lesion Erosion � 40 � � 33 � � � 0 23 �
2 EG NA Nodular lesion NA NA 50 � � � � � � 0 1 1

3 EG NA Erosion, ulcer Ulcer NA 76 � 140 127 135 � � 11 75 35

4 EG NA Nodular lesion NA � 170 � 153 166 90 � � 0 4 �
5 EG NA Ulcer Erosion, ulcer � 105 � � 70 � � � 0 48 �
6 EG NA Ulcer Edema NA 165 � 170 160 � � � 5 0 2

7 EG NA Nodular lesion Erythema NA 40 125 133 179 177 þ � 17 14 15

8 EG Erythema Erosion, ulcer Edema, erythema NA 31 � � � � � � 3 35 22

9 CTRL NA Hiatal hernia Erosion NA 0 � � 5 � � � 0 0 10

10 CTRL NA Hiatal hernia NA � 7 � � 12 � � � 0 0 �
11 CTRL NA NA NA � 0 � � 1 � � � 0 5 �
12 CTRL NA Erythema Erythema � 0 1 � 0 0 � � 0 6 �
13 CTRL NA NA NA � 0 � � 0 � � � 0 0 �
14 CTRL NA NA NA Polyp 2 � � 3 � � � 0 4 0

15 CTRL NA NA NA NA 0 � � 0 � � � 0 3 6

16 CTRL NA Erythema NA � 0 � � 0 � � � 0 0 �
CTRL, Control; NA, normal appearance.
*The areas of the GI biopsy with the densest eosinophil infiltration were identified, and the number of eosinophils in 400� hpf in these areas were counted.
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FIGURE 1. Endoscopic and histological findings in patients with EG. A, Multiple ulcers over gastric angle (patient no. 3). B, Erosive lesions
with polypoid change on gastric antrum (patient no. 5). C, Marked nodular lesion on gastric antrum (patient no. 2). D, Marked nodularity
with diffuse erythema over gastric antrum to body (patient no. 7). E, F, G, and H, Gastric mucosa of patients with EG (Figure 1, E and F;
patient 3, G and H; patient 7). Slides were hematoxylin and eosinestained preparations (E and G; original magnification �200, F and H;
original magnification �400).

FIGURE 2. Microarray analysis of differentially expressed genes in gastric biopsies. A, Unsupervised principal-component analysis
showed complete separation of EG specimens and control specimens. B, Volcano plot analysis showed that the least stringent criteria
identified 1,999 differentially regulated genes (P < .05, �2-fold difference) in patients with EG compared with the controls. C, Heat map
of 1,999 differentially dysregulated genes’ expression profiles (P < .05, �2-fold difference). Clustering analysis within each group was
performed; each column represents an individual patient or control.
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performed using the gene expression data to contrast the EG and
control groups. A gene set enrichment analysis score was estimated
for each individual contrast. Gene sets were collected from the
MSigDB (version 4.1). A gene set was accepted if it contained
between 15 and 1,000 genes. Categories were further filtered on
173
the basis of q value, including only those categories in which at
least 3 comparisons had q values of less than .25. Genes differ-
entially expressed between EG and several gastric diseases were
compared by systematic analysis using the NextBio search engine
(http://www.nextbio.com/b/nextbio.nb).16

http://www.nextbio.com/b/nextbio.nb


TABLE III. Gene set enrichment analysis of all entities in EG vs CTRL

Gene set Total genes Genes found q value NES

POSITIVE_REGULATION_OF_PHOSPHATE_METABOLIC_PROCESS 28 23 0.0 2.0

POSITIVE_REGULATION_OF_PHOSPHORYLATION 26 21 0.1 2.0

POSITIVE_REGULATION_OF_PROTEIN_AMINO_ACID_PHOSPHORYLATION 20 16 0.1 1.9

REGULATION_OF_PHOSPHORYLATION 49 44 0.2 1.9

CYTOKINE_AND_CHEMOKINE_MEDIATED_SIGNALING_PATHWAY 23 22 0.2 1.9

POSITIVE_REGULATION_OF_PROTEIN_MODIFICATION_PROCESS 29 25 0.2 1.8

REGULATION_OF_PROTEIN_AMINO_ACID_PHOSPHORYLATION 30 26 0.2 1.8

OXIDOREDUCTASE_ACTIVITY_ACTING_ON_NADH_OR_NADPH 25 24 0.2 1.8

HOMEOSTASIS_OF_NUMBER_OF_CELLS 20 20 0.2 1.8

PEPTIDYL_TYROSINE_MODIFICATION 29 25 0.3 1.8

REGULATION_OF_PROTEIN_MODIFICATION_PROCESS 44 40 0.3 1.8

OXIDOREDUCTASE_ACTIVITY_GO_0016705 38 31 0.3 1.8

POSITIVE_REGULATION_OF_CELLULAR_PROTEIN_METABOLIC_PROCESS 73 65 0.3 1.7

NES, Normalized enrichment score.

FIGURE 3. Comparison of gene expression profiles in EG as a function of the endoscopic findings. A, Venn diagrams comparing the
number of genes identified as dysregulated in both ulcerative (ulcer/normal) and nodular (nodular/normal) lesions. B, Heat map of 1,891
differentially dysregulated genes’ expression profiles (P < .05, �2-fold difference). Clustering analysis for each EG lesion type was
performed; each column represents an individual patient or control. C, Spearman correlation comparing absolute raw values for the 1,891
differentially dysregulated genes in both ulcerative and nodular lesions. Black symbols, overlapping genes; red symbols, ulcer-distinct
genes; blue symbols, nodule-distinct genes. D and E, Eotaxin-3 (CCL26) mRNA expression and tissue eosinophil counts in controls
and patients with EG with ulcerative and nodular lesions (*P < .05). F, GO analysis of overlapping genes. N.S., Not significant.
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Statistical analysis

Differences between the study groups were determined using the
Kruskal-Wallis test followed by Dunn’s multiple comparison test or
the Mann Whitney U test. Statistical analyses were performed using
GraphPad Prism 6 (GraphPad Software, Inc, San Diego, Calif).
A P value of less than .05 was considered significant.
174
Ethical issues

This study was performed according to a protocol approved by
the Institutional Review Board of National Center for Child Health
and Development, Tokyo, Japan (acceptance no. 725). Written
informed consent was obtained from the legal guardian, and assent
was obtained from each subject when appropriate.



TABLE IV. List of top 20 upregulated and downregulated genes in ulcer-distinct genes and nodule-distinct genes

Probe name

Fold change

ulcerative/nodular

Ulcerative

(raw signal)

Nodular

(raw signal)

CTRL

(raw signal)

Gene

symbol Gene name

Ulcer-distinct genes

A_23_P166408 18.4 2078.7 59.0 41.1 OSM Oncostatin M

A_23_P38537 17.9 563.9 32.6 31.5 KRT16 Keratin 16

A_32_P87013 16.6 218.2 7.7 14.2 IL8 Interleukin 8

A_32_P62963 15.3 534.5 35.9 19.7 KRT16P2 Keratin 16 pseudogene 2

A_23_P124905 11.8 1769.0 141.5 21.5 NPTX1 Neuronal pentraxin I

A_23_P96158 11.1 205.5 13.1 7.0 KRT17 Keratin 17

A_23_P259071 9.4 3192.1 342.7 471.4 AREG Amphiregulin

A_23_P106194 8.5 13229.9 1300.9 2612.1 FOS FBJ murine osteosarcoma viral oncogene
homolog

A_33_P3304065 7.9 576.4 20.9 14.7 AQP2 Aquaporin 2 (collecting duct)

A_23_P429998 7.6 693.9 36.7 49.4 FOSB FBJ murine osteosarcoma viral oncogene
homolog B

A_32_P200238 7.1 1168.4 199.5 74.4 UCA1 Urothelial cancer associated 1 (nonprotein
coding)

A_33_P3531373 6.6 201.7 40.2 12.2 LOC340340 Hypothetical LOC340340

A_33_P3255964 6.4 1212.6 224.2 80.1 CYMP Chymosin pseudogene

A_24_P331704 6.0 377.0 68.6 16.8 KRT80 Keratin 80

A_33_P3388391 5.4 1588.2 220.3 71.1 GJB4 Gap junction protein, beta 4, 30.3 kDa

A_23_P110712 5.2 4359.7 726.1 1169.7 DUSP1 Dual specificity phosphatase 1

A_24_P33895 5.1 663.4 83.6 83.9 ATF3 Activating transcription factor 3

A_23_P121120 4.9 51.4 10.8 6.3 GPR87 G proteinecoupled receptor 87

A_33_P3300916 4.8 433.6 99.8 98.1 LOC201651 Arylacetamide deacetylase (esterase)
pseudogene

A_23_P34915 4.7 16740.4 2194.8 2101.6 ATF3 Activating transcription factor 3

A_24_P11100 �5.3 4.7 22.6 49.1 ZMAT1 Zinc finger, matrin-type 1

A_23_P38735 �5.4 9.9 54.8 100.6 CDH19 Cadherin 19, type 2

A_23_P112982 �5.4 10.9 78.8 348.6 SVOP SV2-related protein homolog (rat)

A_32_P41604 �5.4 15.9 61.1 166.1 F5 Coagulation factor V (proaccelerin, labile
factor)

A_23_P157914 �5.6 3.9 27.5 112.7 MAMDC2 MAM domain containing 2

A_24_P349117 �5.8 7.7 53.6 115.2 GPR158 G proteinecoupled receptor 158

A_33_P3363804 �5.9 4.4 25.8 85.8 NCAM1 Neural cell adhesion molecule 1

A_33_P3410351 �6.1 13.4 53.0 58.0 GSTM2 Glutathione S-transferase mu 2 (muscle)

A_33_P3285965 �6.3 20.0 191.5 798.3 NEUROD1 Neurogenic differentiation 1

A_33_P3273684 �6.3 8.6 45.9 100.7 NRXN1 Neurexin 1

A_23_P208030 �6.3 15.4 108.1 462.3 SYT4 Synaptotagmin IV

A_23_P30294 �6.5 7.4 38.4 90.1 CDO1 Cysteine dioxygenase, type I

A_24_P296808 �6.6 25.2 134.0 295.1 PNMAL1 PNMA-like 1

A_23_P252817 �6.7 606.3 6511.9 41574.9 SST Somatostatin

A_23_P168761 �7.1 99.9 212.7 542.3 PTPRZ1 Protein tyrosine phosphatase, receptor-type,
Z polypeptide 1

A_24_P85850 �7.2 4.0 32.6 20.1 BNIPL BCL2/adenovirus E1B 19kD interacting
protein like

A_24_P309521 �7.4 10.1 60.9 42.4 KCNJ5 Potassium inwardly-rectifying channel,
subfamily J, member 5

A_32_P29118 �7.6 5.2 37.5 217.6 SEMA3D Sema domain, immunoglobulin domain (Ig),
short basic domain, secreted,
(semaphorin) 3D

A_24_P31627 �8.3 6.9 71.6 54.6 KCNB1 Potassium voltage-gated channel, Shab-
related subfamily, member 1

A_23_P159952 �11.2 23.5 271.9 1200.9 BEX1 Brain expressed, X-linked 1

(continued)
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TABLE IV. (Continued)

Probe name

Fold change

ulcerative/nodular

Ulcerative

(raw signal)

Nodular

(raw signal)

CTRL

(raw signal)

Gene

symbol Gene name

Nodule-distinct genes

A_23_P37702 9.1 3268.0 637.9 427.8 TPSAB1 Tryptase alpha/beta 1

A_33_P3382324 7.8 2367.1 524.3 274.9 TPSD1 Tryptase delta 1

A_19_P00322339 5.8 103.9 7.6 4.4 XLOC_008374

A_23_P2920 5.5 5952.6 5170.9 68.4 SERPINA3 Serpin peptidase inhibitor, clade A (alpha-1
antiproteinase, antitrypsin), member 3

A_24_P940411 4.5 21.7 4.8 6.6 CXorf36 Chromosome X open reading frame 36

A_33_P3343196 3.8 114.1 26.3 6.1 CP Ceruloplasmin (ferroxidase)

A_32_P75581 3.6 99.6 31.7 12.7 BHLHE22 Basic helix-loop-helix family, member e22

A_23_P139682 3.4 221.6 84.7 67.2 PZP Pregnancy-zone protein

A_33_P3231739 2.9 17.4 9.8 5.2 ELOVL2 ELOVL fatty acid elongase 2

A_33_P3218832 2.6 191.3 79.3 57.1 RIMS1 Regulating synaptic membrane exocytosis 1

A_23_P17821 2.6 71.9 66.4 10.8 PLA2G3 Phospholipase A2, group III

A_33_P3283824 2.6 54.2 50.4 7.3 SLC39A8 Solute carrier family 39 (zinc transporter),
member 8

A_33_P3349912 2.5 172.9 88.3 29.7 RAB44 RAB44, member RAS oncogene family

A_19_P00322058 2.5 152.7 45.1 18.9 XLOC_005465

A_23_P113748 2.2 48.7 31.4 9.8 ZNF385D Zinc finger protein 385D

A_24_P12397 2.2 72.3 35.1 27.5 TREM2 Triggering receptor expressed on myeloid
cells 2

A_32_P160045 2.2 17.3 6.9 3.7 TCTEX1D1 Tctex1 domain containing 1

A_23_P4592 2.0 129.8 66.1 48.3 SIGLEC6 Sialic acid binding Ig-like lectin 6

A_23_P208182 2.0 112.3 75.4 26.3 SIGLEC10 Sialic acid binding Ig-like lectin 10

A_33_P3320159 2.0 13.1 7.7 3.8 GSDMC Gasdermin C

A_33_P3262431 �1.8 3.9 11.6 16.7 KREMEN1 Kringle containing transmembrane protein 1

A_33_P3361891 �1.8 40.0 85.5 174.1 TMPRSS7 Transmembrane protease, serine 7

A_33_P3342802 �1.8 6.4 14.4 22.4 LOC649294 Hypothetical LOC649294

A_33_P3888568 �1.8 4.6 10.2 13.9 SNORA70B Small nucleolar RNA, H/ACA box 70B
(retrotransposed)

A_33_P3356696 �1.9 4.6 10.0 16.0 LOC100134409 Double homeobox protein 4-like

A_23_P151975 �1.9 9.9 21.9 33.0 RHCG Rh family, C glycoprotein

A_32_P110472 �1.9 72.0 137.9 399.4 IYD Iodotyrosine deiodinase

A_23_P359588 �1.9 15.3 28.9 49.8 PCDHGB4 Protocadherin gamma subfamily B, 4

A_33_P3244574 �1.9 4.5 10.3 14.1 LOC100128675 Hypothetical LOC100128675

A_33_P3255664 �1.9 6.1 15.2 25.5 PBX1 PreeB-cell leukemia homeobox 1

A_23_P255876 �2.0 5.5 15.4 20.1 DNAI1 Dynein, axonemal, intermediate chain 1

A_24_P49427 �2.1 3.2 8.7 9.2 KIAA1486 KIAA1486

A_23_P122134 �2.1 9.1 21.9 42.1 NMUR2 Neuromedin U receptor 2

A_33_P3257013 �2.5 3.1 11.1 13.5 LOC100132024 Hypothetical protein LOC100132024

A_23_P11644 �2.7 11.5 37.5 96.8 SPRR2D Small proline-rich protein 2D

A_23_P89587 �2.8 8.8 30.1 21.0 WNT9B Wingless-type MMTV integration site
family, member 9B

A_24_P160696 �3.2 6.0 26.2 45.1 C3orf15 Chromosome 3 open reading frame 15

A_33_P3217357 �3.5 7.7 39.2 110.3 LOC100132501 Hypothetical LOC100132501

A_33_P3239614 �4.1 9.3 40.2 49.5 IYD Iodotyrosine deiodinase

A_23_P1575 �6.0 7.4 72.2 249.4 TRIM49 Tripartite motif containing 49

CTRL, Control.
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RESULTS

Clinical characteristics
Eight children with EG and 8 control subjects were included in

this study, and Table I summarizes their clinical characteristics.
Their median ages were similar (10 [interquartile range (IQR),
8-13] vs 8 [IQR, 7-10.5] years for control subjects; P¼ .53). The
male/female ratio of EGwas 5:3, whereas the control subjects were
all male. Many of the patients with EG had a history of allergic
176
diseases, including asthma, food allergy, and atopic dermatitis
(62.5%, 62.5%, and 50.0%, respectively). The results of labora-
tory tests are also presented in Table I. The peripheral eosinophil
count was increased in all the patients with EG and was signifi-
cantly higher than in the control subjects (median 655/mL
[IQR, 650-1627/mL] vs median 265/mL [IQR, 230-450/mL];
P ¼ .04). The total IgE concentration was also higher in the EG
group. All patients with EGwere positive for multiple serum food-
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specific IgEs; however, no offending food(s) was detected by
specific food challenge and/or elimination tests.

Endoscopic findings and histological signs
All the patients with EG had endoscopic abnormalities,

including gastric mucosal erythema, erosion, and ulcerative or
nodular lesions (Table II). Notably, the gross endoscopic find-
ings could be roughly divided into 2 patterns, namely, ulcerative
and nodular lesions, and these findings were considered charac-
teristic of patients with EG (Figure 1). All control subjects had
unremarkable endoscopic findings.

Table II also shows the highest number of infiltrating
eosinophils per hpf in the different GI sections (esophagus,
stomach, duodenum, and colon). These eosinophilic infiltrations
were noted predominantly in lamina propria. The peak infiltrating
eosinophil counts were significantly higher in patients with EG
compared with the control subjects (stomach; median 122 [IQR,
47.5-170/hpf] vs median 1 [IQR, 0-3.5/hpf]; P < .001).

Microarray analysis of differentially expressed genes

in gastric biopsies
Gastric biopsy specimens obtained from each patient with

EG (n ¼ 8) were compared with control specimens (n ¼ 8) by
whole-genome-wide transcript expression profile analysis
(see Table E1 in this article’s Online Repository at www.jaci-
inpractice.org). Unsupervised principal-component analysis of
EG and control samples showed complete separation (Figure 2, A).
Of the 42,545 transcripts represented on the microarrays, volcano
plot analysis showed that the least stringent criteria identified 1,999
differentially regulated genes (�2-fold difference, adjusted
P < .05) in the patients with EG compared with the controls
(Figure 2, B). Although a subset of the patients with EG has
associated duodenal or colonic eosinophilia (patient nos. 1, 3, 5,
and 8), there were no significant expression differences in these
patients compared with patients with EG alone (patient nos. 2, 4,
6, and 7) when we performed a comparison using the same criteria
(�2-fold difference, adjusted P < .05). Hierarchical clustering of
the signal intensities of the individual genes in each group showed
highly similar gene expression patterns among the patients with
EG. Of those 1,999 genes, 744 were expressed more abundantly
while 1,255 were expressed less abundantly in the patients with
EG compared with the control group (Figure 2, C; see Table E2 in
this article’s Online Repository at www.jaci-inpractice.org). In
agreement with a previous study on patients with EG in the
United States, eotaxin-3 (CCL26) was the most upregulated
(>4,000 fold) gene. In the EG-related gene signature that we
identified, approximately 97% of the genes, including eotaxin-3
(CCL26), were distinct from the previously identified gene signa-
tures for eosinophilic esophagitis (see Figure E1 in this article’s
Online Repository at www.jaci-inpractice.org).15,17 Moreover, we
analyzed all the data at a general level by gene set enrichment
analysis for the GO categories, potentially identifying the funda-
mental processes underpinning EG. This revealed that significantly
enriched normalized enrichment scoreerelated GO terms included
“cytokine and chemokine mediated signaling pathway” (Table III).

Comparison of gene expression profiles in EG based

on the endoscopic findings

We compared the biopsy specimens of patients with EG with
ulcerative lesions (n ¼ 4) with those of patients with EG with
nodular lesions (n ¼ 4). The comparisons were performed at
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both the gene expression and GO category levels. As illustrated
in the Venn diagram, we identified 1,780 (red circles) and 885
(blue circles) ulcerative and nodular lesions in patients with EG,
respectively, that were differentially dysregulated compared with
the controls (�2-fold difference, adjusted P < .05) (Figure 3, A).
The top 20 upregulated and downregulated genes in each group
(ulcer- and nodule-distinct genes) are listed in Table IV, and the
overlapping genes are listed in Table E3 in this article’s Online
Repository at www.jaci-inpractice.org. Cluster analysis showed
clear separation between the ulcerative, nodular, and control
specimens (Figure 3, B).

To further discriminate between the groups, the selected
1,891 genes were highlighted in scatter plots, comparing the
ulcerative and nodular transcriptomes (Figure 3, C). These dys-
regulated genes showed no major differences, but were slightly
shifted to ulcerative lesions, indicating minor differential mo-
lecular reactions. Our data also showed that both the eotaxin-3
(CCL26) level (Figure 3, D) and tissue eosinophil count
(Figure 3, E) were similar in ulcerative and nodular lesions.

Moreover, GO analysis on the overlapping genes revealed
significant enrichment of GO terms, including several ontologies
of “basic metabolic processes” and also “inflammatory processes,”
whereas analysis of each distinct gene revealed no GO terms
(Figure 3, F; see Table E4 in this article’s Online Repository at
www.jaci-inpractice.org).

We also compared the overlapping genes that we found in EG
to previously published data sets describing gene expression
changes in EG in the United States as well as various gastric
diseases such as Helicobacter pylori gastritis, gastrointestinal
stromal tumor, and stomach cancer (see Figure E2 in this article’s
Online Repository at www.jaci-inpractice.org). When we
compared our overlapping genes to the data from the EG study
in the United States, we found significantly more numbers of
overlaping genes than comparisons with any other gastric
diseases.
DISCUSSION

In the present study, we assessed whether the gross endoscopic
findings for EG can be classified into distinct gene expression
profiles. In cases with gastric eosinophilia, the gross endoscopic
findings can be roughly divided into 2 patterns, namely, ulcer-
ative and nodular lesions. Several GO terms, including “in-
flammatory response,” were enriched in the substantially
overlapping genes only but not found in each of the distinct
genes. This indicates that there are shared allergic inflammatory
response pathways between these 2 groups of patients.

Previous studies showed that the endoscopic findings for EG
were variable, and were subtle or even normal in some pa-
tients.6,9 The clinical characteristics and histologic findings
have shown no significant differences as a function of the
endoscopic findings, leading to potential confusion over the
clinical diagnosis. In a recent study, the gastric endoscopic
findings for 17 patients with EG were classified as follows:
normal appearance (3 of 17), nodular lesions (2 of 17), and
erythema and erosion (12 of 17).9 Another study also reported
that the most common endoscopic findings were a normal
stomach or erythema and gastritis, with or without erosion.6

Unlike those previous studies, our present study found 2 pat-
terns of gross endoscopic findings for EG, namely, ulcerative
and nodular lesions. Several factors may account for this

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
http://www.jaci-inpractice.org
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difference between the studies. One explanation might be a
difference in genetic backgrounds, because eosinophilic
esophagitis was shown to have different endoscopic findings
between racially distinct populations.18,19

Our microarray data showed different gene expression profiles
between patients with distinct endoscopic findings. We observed
a number of genes to be differentially dysregulated between the
groups. The top 20 upregulated and downregulated genes in
each group (ulcer-distinct genes and nodule-distinct genes)
revealed some aspects of this disease. For ulcerative lesions, the
genes included oncostatin M, keratin 16, 17, 80, chemokine (C-
X-C motif) ligand 8/interleukin 8, and amphiregulin. Oncostatin
M and chemokine (C-X-C motif) ligand 8 expression levels were
reported to be significantly increased in hypertensive leg ulcer
lesions compared with healthy sections from the same donors.20

Also, upregulated keratin 16 and keratin 17 expression levels
were reported in wounds, in both the acute and chronic stages.21

In addition, amphiregulin is known to be a major growth factor
whose expression level increases during wound healing.22 Simi-
larly, for nodular lesions, distinct dysregulated genes included
tryptase alpha/beta 1 and delta 1, also previously identified as a
“mast cell transcriptome” in patients with eosinophilic esopha-
gitis.23 Increased expression levels of tryptases can be seen in
other types of polyps.24,25 In addition, mast cells are present in
some eosinophilic inflammations.24,26 Although the exact roles
of these genes in EG are not clear, their expression levels
increased specifically in either the ulcerative or nodule lesion
group. They were found not to be EG-specific, but rather his-
tological feature-related genes.

Our study revealed that substantially overlapping genes
demonstrated large alterations in gene ontologies involved in
inflammatory processes. Importantly, the expression profiles of
shared genes showed significant increases in eotaxin-3 (CCL26),
cadherin 26, and Charcot-Leyden crystals, and a significant
decrease in interleukin 33, in close agreement with Caldwell
et al’s report.11 Moreover, both IL13 and IL13RA1 expression
levels were increased in both ulcerative (66.5, 2.0-fold increase)
and nodular (32.2, 1.5-fold increase) lesions compared with
controls (data not shown). However, the common genes showed
no similarities with the profiles for Helicobacter pylori gastritis,27

gastrointestinal stromal tumor, or stomach cancer,28,29 suggest-
ing that these EG transcriptomes are different from the tran-
scriptomes of other diseases.

Despite identifying distinct patterns of gene expression be-
tween the 2 EG subtypes, most genes that were differentially
regulated compared with the controls were found to overlap in
the 2 subtypes of EG. The existence of genes that are differen-
tially regulated between the 2 EG groups might be due, at least
in part, to the presence of distinctly different structural cells in
the biopsy tissues. Interestingly, GO analysis of the common
genes resulted in an enrichment with inflammatory processes,
while analyses of the distinct genes from each of the groups led to
no specific gene ontology group.

This study has several limitations. First, the small sample size
is a major limitation, although we enrolled all patients with
gastric eosinophilia treated at our institution over the past
5 years. Racial disparities in symptoms and eosinophil-
infiltrated tissues were observed in EGID between whites and
Asians.30 However, EGID is considered to be a rare disease in
Japan31 as well as in the United States, where the estimated
prevalence is 6.3/100,000.32 Thus, to overcome this sample
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size drawback, a larger multicenter prospective study may be
necessary to obtain conclusive results, in future. The second
limitation is incomplete or missing clinical information, which
lacks uniformity somehow in the laboratory data among pa-
tients. Also, data from lower endoscopic findings were not
available because of the high risk of the procedure in child
patients. Patchy eosinophil distributions in gastric specimens
may also have influenced the obtained results. Finally, although
experienced gastroenterologists performed endoscopies and bi-
opsies, the number of biopsy samples was limited because of
ethical reason in this vulnerable patient population. Further
assessment of biopsy samples may strengthen this study
conclusion. A recent report documented substantial variability
in the numbers and locations of biopsies performed on patients
with suspected EG.33 Formal diagnostic guidelines that include
the detailed characteristics of biopsy may be necessary for
future studies.

In conclusion, these results strongly indicate that the ulcerative
and nodular forms of EG are the same, or at least variations of a
single disease, in spite of their morphological differences. Our
findings may contribute to a better understanding of the patho-
genesis of EG, as well as to more accurate diagnosis of this disease.
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FIGURE E1. Comparison of differentially expressed genes in EG with previously identified gene signature for eosinophilic esophagitis.
Upregulated and downregulated genes in patients with EG were extracted and compared with data from esophageal biopsy specimens
determined in previous studies in the United States and Japan using the NextBio search engine.
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FIGURE E2. Comparison of our overlapping genes to the data for EG with previously published data sets in various gastric diseases.
Overlapping genes between ulcerative and nodular lesions were extracted and compared with data from gastric biopsy specimens
determined in previous studies using the NextBio search engine.
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