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Eosinophil and Mast Cell Counts in the Stomach and Duodenum of Patients with
Functional Dyspepsia without a Helicobacter pylori infection
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Background/Aims: Symptom-based subtyping of functional dyspepsia (FD) is used to segregate patients into groups with homogenous
pathophysiological mechanisms. This study examined whether subtyping could reflect the duodenal and gastric microinflammation
in FD patients.

Methods: Twenty-one FD patients without Helicobacter pylori infection were recruited. An endoscopic biopsy was performed in the
duodenum 2nd portion, stomach antrum, and body. The eosinophil and mast cell counts per high-power field (x40) were investigated
by H&E and c-kit staining, respectively. The degree of inflammatory cell infiltration, atrophy, and intestinal metaplasia was also de-
termined by H&E staining in the stomach. The baseline characteristics and eosinophil and mast cell infiltrations were compared among
the three groups (epigastric pain syndrome, postprandial distress syndrome, and overlap).

Results: According to the symptom assessment, seven subjects were classified into the epigastric pain syndrome group, 10 into the
postprandial syndrome group, and four into the overlap group. The baseline variables were similar in the three groups. Eosinophil
infiltration was more prominent in the duodenum than in the stomach. In contrast, mast cell infiltration was similar in the duodenum
and stomach. The eosinophil counts in the duodenum were similar in the three groups. The eosinophil counts in the stomach and
mast cell counts in the duodenum and stomach were also similar in the three groups.

Conclusions: Duodenal eosinophil infiltration was prominent in FD patients, but the eosinophil counts were similar regardless of the
symptom-based subtypes of FD. Hence, the current symptom-based subtyping of FD does not reflect duodenal eosinophil and mast
cell infiltration. (Korean J Gastroenterol 2022;80:28-33)
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INTRODUCTION

Functional dyspepsia (FD) is a common disorder charac-
terized by the presence of chronic or recurrent symptoms of
upper abdominal pain or discomfort in the absence of known
specific structural causes." Several pathophysiological mecha-
nisms have been suggested to underlie dyspeptic symptoms,
including impaired gastric accommodation, delayed gastric
emptying, impaired mucosal permeability, low-grade in-
flammation, gastric hypersensitivity, Helicobacter pylori (H. py-
lori) infection, altered response to duodenal lipids or acid,
abnormal duodenojejunal motility, and central nervous sys-
tem dysfunction.’

Although targeting the underlying pathophysiological mech-
anisms is ideal for therapeutic strategies, tests for mechanism
evaluation are usually impractical, and single predominant
symptoms cannot predict disease mechanisms accurately.?"6
The Rome IV criteria suggest using symptom-based subtypes,
such as postprandial stress syndrome (PDS) and epigastric
pain syndrome (EPS), based on the assumption that subtyping
could segregate patients with FD into homogenous mecha-
nisms groups.7 Many practice guidelines refer to symp-
tom-based subtypes for choosing the first-line treatment op-
tion, such as proton pump inhibitors for EPS and prokinetics
for PDS.>*°

Over the last decade, emerging data point towards the duo-
denal microinflammation (most notably eosinophilic duodeni-
tis and intestinal mast cell disease) as a crucial underlying

11-14

pathophysiological mechanism of FD. As treatments tar-

geting gastric sensorimotor function are of limited effi-
cacy,"™*" duodenal pathology should be addressed from the
aspect of the therapeutic target. Thus, the present study ex-
amined the differences in eosinophil and mast cell infiltration
in the duodenum and stomach according to the symp-

tom-based subtypes of FD.

SUBJECTS AND METHODS

1.Subjects

This retrospective study included patients with FD who sat-
isfied the Rome IV criteria and underwent upper endoscopy
with gastric and duodenal 2nd portion biopsy for investigating
H. pylori infection and duodenal inflammation. The patients
were excluded if they had H. pylori infection or had undergone
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previous abdominal surgery. The diagnosis of a H. pylori in-
fection was made using Giemsa staining for the endoscopic
biopsy samples from the gastric antrum and body.

This study protocol was conducted in accordance with the
Declaration of Helsinki and approved by the Institutional
Review Board (IRB) at Samsung Medical Center, Seoul, Korea,
on the 15th of April 2013 (IRB No. 2020-12-093). The require-
ment for informed consent was waived because routinely col-
lected de-identified data were used.

2. Data collection

From the chart review, the demographic characteristics
(age and sex), symptoms of FD, and presence of other dis-
eases (gastroesophageal reflux disease, irritable bowel syn-
drome [IBS], hypertension, and diabetes) were obtained.
Subjects were classified into three symptom-based subtypes
of FD (EPS, PDS, and overlap).7 All endoscopic images were
reviewed by an experienced endoscopist (Min YW), and the
status of reflux esophagitis, Hill g,rade,18 and chronic atrophic
gastritis was determined. The chronic atrophic gastritis grade
was diagnosed by evaluating the atrophic border in the endo-
scopic images. The atrophic pattern system described by
Kimura et al.'® was used.

An experienced pathologist (Ahn S), blinded to the clinical
information, investigated the gastric and duodenal pathology
of previously obtained unstained biopsy samples. The eosino-
phil and mast cell counts per high-power field (HPF, x40) were
investigated by H&E and c-kit staining, respectively. The
counts were determined by the total number of eosinophils
and mast cells in the five non-overlapping HPFs. The degrees
of inflammatory cell infiltration, atrophy, and intestinal meta-
plasia were also determined by H&E staining of two biopsy
sites (gastric antrum and body). Atrophy was defined as a
decrease in the number of appropriate glands. Inflammatory
cell infiltration and metaplastic and non-metaplastic atrophy
were determined using the updated Sydney system scores
(i.e., O=none, 1=mild, 2=moderate, and 3=marked).

3. Statistical analysis

Statistical analyses were conducted using GraphPad Prism
9.2.0 software (GraphPad, San Diego, CA, USA). The baseline
characteristics were compared among groups using one-way
analysis of variance (ANOVA) with multiple comparisons and
the )(2 test. The cell counts were compared among groups
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Table 1. Baseline Characteristics of the Study Participants according to the Symptom-based Subtypes of Functional Dyspepsia

EPS (n=7) PDS (n=10) Overlap (n=4) p-value
Age (years) 62.416.8 51.7+17.2 63.0£11.5 0.213
Male sex 1(14.3) 4 (40.0) 0(0.0) 0.218
Hypertension 0(0.0) 2 (20.0) 0(0.0) 0.296
Diabetes 0(0.0) 0 (0.0) 0(0.0) NS
Irritable bowel syndrome 1(14.3) 1(10.0) 0(0.0) 0.738
Reflux esophagitis 1(14.3) 3(30.0) 0(0.0) 0.402
Hill grade 0.165
1 4(57.1) 3(30.0) 1(25.0)
2 3(42.9) 6 (60.0) 1(25.0)
3 0(0.0) 1(10.0) 2 (50.0)

Values are presented as number (%) or meanzstandard deviation.
EPS, epigastric pain syndrome; PDS, postprandial stress syndrome; NS, not significant.

Table 2. Stomach Pathologic Characteristics of the Study Participants according to Symptom-based Subtypes of Functional Dyspepsia

EPS (n=7) PDS (n=10) Overlap (n=4) p-value
Antrum inflammation 0.552
0 4(57.1) 7 (70.0) 3(75.0)
1 2(28.6) 1(10.0) 1(25.0)
2 0(0.0) 1(10.0) 0(0.0)
3 1(14.3) 1(10.0) 0(0.0)
Antrum atrophy 0.868
0 5(71.4) 7 (70.0) 3(75.0)
1 1(14.3) 1(10.0) 1(25.0)
2 1(14.3) 2(20.0) 0(0.0)
3 0(0.0) 0(0.0) 0(0.0)
Antrum intestinal metaplasia 0.852
0 4(57.1) 7 (70.0) 3(75.0)
1 2(28.6) 1(10.0) 1(25.0)
2 0(0.0) 1(10.0) 0(0.0)
3 1(14.3) 1(10.0) 0(0.0)
Body inflammation 0.146
0 0(0.0) 0(0.0) 0(0.0)
1 7 (100.0) 7 (70.0) 4 (100.0)
2 0(0.0) 3(30.0) 0(0.0)
3 0(0.0) 0(0.0) 0(0.0)
Body atrophy 0.738
0 6 (85.7) 9(90.0) 4 (100)
1 1(14.3) 1(10.0) 0(0.0)
2 0(0.0) 0(0.0) 0(0.0)
3 0(0.0) 0(0.0) 0(0.0)
Body intestinal metaplasia 0.561
0 7 (100.0) 9(90.0) 4 (100.0)
1 0(0.0) 1(10.0) 0(0.0)
2 0(0.0) 0(0.0) 0(0.0)
3 0(0.0) 0(0.0) 0(0.0)

Values are presented as number (%).
EPS, epigastric pain syndrome; PDS, postprandial stress syndrome.
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using the Kruskal-Wallis test and one-way ANOVA with multiple
comparisons. Statistical significance was defined as a two-sid-
ed p-value <0.05.

RESULTS

1. Subject characteristics

Twenty-one subjects were included in this study. According
to the symptom assessment, seven subjects were classified
into the EPS group, 10 into the PDS group, and four into the
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overlap group (Table 1). The baseline characteristics (age, sex,
presence of hypertension, diabetes, IBS, reflux esophagitis,
and Hill grade) were similar in the three groups. The stomach
pathology (inflammation, atrophy, and intestinal metaplasia in
the antrum and body) was similar in the three groups (Table 2).

2. Eosinophilic count

Although the eosinophilic counts were higher in the duode-
num than in the stomach (Table 3, Fig. 1A-C), no significant
differences were found among the three groups in terms of

Table 3. Eosinophil and Mast Cell Counts according to the Symptom-based Subtypes of Functional Dyspepsia

EPS (n=7) PDS (n=10) Overlap (n=4) p-value
Duodenum
Eosinophils (/HPF) 12 (7-21) 11.5 (6.25-17.75) 9.5 (7.5-13) 0.758
Mast cells (/HPF) 22 (20-26) 24 (16.5-26.5) 28.5 (27.25-29.75) 0.076
Stomach antrum
Eosinophils (/HPF) 1(0-5) 1.5 (0.75-5.75) 1.5 (0.25-13.25) 0.856
Mast cells (/HPF) 25 (20-29) 21.5(10.75-23.5) 24.5 (20.75-29) 0.245
Stomach body
Eosinophils (/HPF) 2 (1-4) 2.5(0-3.75) 0.5 (0-1.75) 0.231
Mast cells (/HPF) 16 (15-19) 17.5 (10-19.75) 25.5 (19-29.75) 0.058
Values are presented as median (interquartile range).
EPS, epigastric pain syndrome; PDS, postprandial stress syndrome; HPF, high-power field.
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Fig. 1. Eosinophil and mast cell counts according to symptom-based subtypes of functional dyspepsia. Comparison of the eosinophil counts
in the (A) duodenum, (B) stomach antrum, (C) stomach body and of mast cell counts, in the (D) duodenum, and (E) stomach antrum according
to symptom-based subtypes of functional dyspepsia showed no significant difference among the groups. (F) The stomach body mast cell count
was higher in the overlap group than in the EPS and PDS groups. EPS, epigastric pain syndrome; PDS, postprandial stress syndrome.
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the eosinophilic counts of the duodenum (p=0.758) or the
stomach (antrum, p=0.856; body, p=0.231).

3. Mast cell count

The mast cell counts were similar in the duodenum and
the stomach (Table 3, Fig. 1D-F). Although the three groups
showed similar mast cell counts in the duodenum (p=0.076)
and stomach (antrum, p=0.245; body, p=0.058), the stomach
body mast cell counts were higher in the overlap group than
in the EPS and PDS groups (adjusted p=0.027 and p=0.012,
respectively) (Fig. 1F).

DISCUSSION

Although FD is a common disorder worldwide, the clinical
outcomes are unsatisfactory. One of the reasons might be
the heterogeneous pathophysiological mechanisms in the pa-
tient group. To increase the therapeutic efficacy, physicians
attempt to determine the mechanisms of the disease through
symptom assessment in usual practice and perform physio-
logical tests in selected cases. Symptom-based subtypes,
such as PDS and EPS, are believed to be more homogenous
in terms of symptom-generating mechanism than the entire
group of FD.%° Recently, duodenal pathology, such as eosino-
philic infiltration, has been suggested as an important mecha-

nism for FD.****

Accordingly, it is essential to determine if
the conventional symptom-based subtypes could also reflect
the status of the duodenal pathology. The eosinophils and
mast cell counts in the duodenum and stomach were exam-
ined according to symptom-based subtypes of FD, and no dif-
ferences were found among the subtypes. If the duodenal
pathology is an important symptom-generating mechanism of
FD, it should be utilized in the treatment strategies.
Nevertheless, these findings show that the conventional
symptom-based subtypes used for an FD treatment strategy
do not reflect the duodenal pathology. Although more con-
firmative studies are required, the symptom-based subtypes
will need to be modified.

Duodenal eosinophilic infiltration may induce gastro-
duodenal dysmotility via eosinophil-induced T-cell activation

and subsequent release of leukotrienes.?*

Indeed, several
studies have shown increased duodenal eosinophil counts in
patients with FD compared to healthy controls.”>**°> On the

other hand, some studies reported no significant association

between duodenal eosinophilia and FD. Therefore, the pres-
ence of duodenal eosinophilic degranulation may be more

important.>>°

In an Australian study, increased duodenal mu-
cosal eosinophil counts were not associated with FD but with
postprandial symptoms (postprandial fullness and early sati-
ety).12 By contrast, the present study found no association
between the duodenal eosinophilic count and symptom-based
subtypes of FD. Mast cell infiltration could be involved in the

1327 Duodenal mast

symptom-generating mechanism of FD.
cell infiltration may be linked to IBS.%® In the present study,
an increased tendency of the mast cell count was observed
in the overlap group. A possible explanation is that the over-
lapping group may share IBS characteristics.

This study had some limitations. This study was
retrospective. Thus, the results are limited in terms of
generalization. Eosinophil degranulation was not investigated.
Activated eosinophils may be more important in the FD
pathophysiology. Nevertheless, this study investigated the dif-
ferences in eosinophil and mast cell infiltration in patients
with FD according to symptom-based subtypes. In addition,
the present study has a small sample size and no healthy
control data. Although the differences in eosinophil and mast
cell infiltration in the duodenum and stomach were examined
according to symptom-based subtypes of FD, comparable da-
ta may be obtained using a control group. Subjects with a
H. pylori infection by staining may be excluded to reduce con-
founding effects. Nevertheless, it would be better to consider
the past eradication history together. The small sample size
lowers the power of the results and limits detailed analysis,
but the negative observations could help design future large
prospective studies.

In conclusion, the duodenal eosinophil and mast cell
counts were similar according to the symptom-based subtypes
of FD. This suggests that the currently used subtyping of FD
does not reflect the duodenal eosinophil and mast cell
infiltration. Thus, a new subtyping of FD must include novel
emerging pathophysiology.
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