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Association of mast cells with clinical, endoscopic, and
histologic findings in adults with eosinophilic esophagitis

To the Editor,

Eosinophilic esophagitis (EoE) presents with diverse features which

can differ between children and adults, as well as among adults,

but eosinophils alone do not account for this heterogeneity.1,2

Mast cells are involved in EoE pathogenesis, are highly increased

in EoE compared to non‐EoE controls, and mast cell‐associated
genes are upregulated in EoE.2-5 Mast cells also produce the profi-

brotic factor TGF‐β1 and promote smooth muscle contraction.6

However, the extent to which mast cell presence correlates with

clinical features of EoE is unknown. We aimed to determine

whether esophageal mast cell levels correlated with clinical symp-

toms, endoscopic findings, and histologic features in newly diag-

nosed adults with EoE.

We performed a secondary analysis of data and biospecimens

collected during a prospective cohort study of EoE cases, details of

which have been previously described.7 The parent study included

TABLE 1 Patient characteristic, and characteristics stratified by the highest and lowest mast cell quartile, and by mast cell to eosinophil
ratios ≤1 and >1

Characteristic

Overall EoE
population
(n = 96)

Lowest mast cell
quartile (n = 24)

Highest mast cell
quartile (n = 24) P

Mast cell to eos
ratio ≤ 1 (n = 72)

Mast cell to eos
ratio > 1 (n = 24) P

Mast cell density

(mean cells/
mm2 ± SD)

266.8 ± 180.0 88.7 ± 32.6 515.3 ± 157.4 ‐ 235.1 ± 142.2 361.6 ± 242.6 0.002

Eosinophil density

(eos/mm2;

mean ± SD)

555.9 ± 478.1 304.2 ± 212.0 717.5 ± 501.1 <0.001 664.6 ± 498.8 229.8 ± 168.8 <0.001

Age at diagnosis

(mean ± SD)

37.2 ± 12.7 38.0 ± 14.2 38.4 ± 13.6 0.91 37.1 ± 12.6 37.6 ± 13.2 0.88

Male (n, %) 54 (56) 10 (42) 15 (63) 0.15 38 (53) 16 (67) 0.24

White (n, %) 91 (95) 23 (96) 24 (100) 0.31 68 (94) 23 (96) 0.79

Symptoms

Dysphagia (n, %) 94 (98) 24 (100) 23 (96) 0.31 71 (99) 23 (96) 0.41

>5 y of dysphagia

(n, %)

53 (60) 13 (56) 12 (55) 0.51 37 (57) 16 (70) 0.67

VASa score

(mean ± SD

3.5 ± 2.7 2.4 ± 1.9 3.6 ± 2.8 0.12 3.5 ± 2.6 3.5 ± 3.0 0.97

Heartburn (n, %) 8 (8) 1 (4) 2 (8) 0.55 7 (10) 1 (4) 0.39

GERD‐Qb

(mean ± SD)

4.7 ± 6.3 2.6 ± 3.9 4.5 ± 5.6 0.19 4.2 ± 6.3 6.2 ± 6.3 0.21

Abdominal pain

(n, %)

7 (7) 0 (0) 1 (4) 0.31 5 (7) 2 (8) 0.82

SODAc score

(mean ± SD)

42.8 ± 12.5 39.1 ± 11.7 42.3 ± 12.8 0.51 43.3 ± 12.1 41.1 ± 13.9 0.58

Nausea/vomiting

(n, %)

0 (0) 0 (0) 0 (0) ‐ 0 (0) 0 (0) ‐

Any atopic disorder

(n, %)

69 (72) 11 (46) 16 (67) 0.31 44 (61) 15 (63) 0.65
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adults (>18) undergoing outpatient endoscopy for symptoms of eso-

phageal dysfunction. EoE was diagnosed by consensus guidelines.8

This study was approved by the UNC Institutional Review Board. No

authors have conflicts related to this study.

Data collection, biopsy procurement, symptom measures, full

immunohistochemistry details, and statistical analyses are outlined

in the Data S1. In brief, we used a mast cell tryptase antibody

(#M7052, DAKO/Agilent, Santa Clara, CA, USA) at 1:3000 dilution

as previously described.4,5 Glass slides were digitized and the max-

imum density of tryptase‐positive cells was quantified (cells/mm2)

in five nonoverlapping high power fields of esophageal epithelium

using the Aperio Positive Pixel Count Algorithm, version 9.1 (Ape-

rio Technologies Buffalo Grove, IL, USA). For analysis, levels of

mast cells were compared for EoE patients across demographic,

endoscopic, and histologic characteristics, as well as for

fibrostenotic vs inflammatory phenotypes. We also analyzed the

mast cell to eosinophil ratio (a ratio >1 indicates more mast cells

than eosinophils). For positive associations, we used linear regres-

sion to assess whether associations persisted after controlling for

the eosinophil count.

We analyzed 96 EoE cases. Compared to patients with the low-

est quartile of mast cells, patients with the highest quartile had sig-

nificantly more furrows, higher eosinophil counts, and more

eosinophil degranulation (Table 1). Notably, these findings persisted

after regression analysis controlling for eosinophil counts. However,

most of the clinical, endoscopic, and histologic features were similar

regardless of mast cell quartile.

There was not a significant association between mast cells and

clinical symptoms or atopic conditions (Figure 1A). Endoscopically,

the mean level of mast cells was significantly increased in patients

TABLE 1 (Continued)

Characteristic

Overall EoE
population
(n = 96)

Lowest mast cell
quartile (n = 24)

Highest mast cell
quartile (n = 24) P

Mast cell to eos
ratio ≤ 1 (n = 72)

Mast cell to eos
ratio > 1 (n = 24) P

Asthma 30 (32) 6 (25) 8 (33) 0.46 23 (32) 7 (29) 0.86

Atopic dermatitis 10 (11) 2 (8) 2 (8) 0.93 6 (8) 4 (17) 0.24

Allergic rhinitis/
sinusitis

62 (66) 16 (67) 14 (58) 0.68 47 (65) 15 (63) 0.93

Food allergies 35 (37) 7 (29) 9 (38) 0.41 26 (36) 9 (38) 0.84

EGD findings (n, %)

Normal 3 (3) 1 (4) 0 (0) 0.31 2 (3) 1 (4) 0.74

Rings 84 (88) 19 (79) 22 (92) 0.22 62 (86) 22 (92) 0.48

Strictures 37 (39) 11 (46) 6 (25) 0.13 30 (42) 7 (29) 0.28

Narrowing 36 (38) 7 (29) 8 (33) 0.76 29 (40) 7 (29) 0.33

Crepe paper

mucosa

7 (7) 1 (4) 2 (8) 0.55 7 (10) 0 (0) 0.11

Furrows 87 (91) 20 (83) 24 (100) 0.04 66 (92) 21 (88) 0.54

White plaques/
exudates

53 (55) 11 (46) 17 (71) 0.08 45 (63) 8 (33) 0.01

Edema/decreased
vascularity

51 (53) 9 (38) 14 (58) 0.15 42 (58) 9 (38) 0.08

Hiatal hernia 12 (13) 2 (8) 0 (0) 0.15 10 (14) 2 (8) 0.48

Dilation performed 34 (35) 9 (38) 6 (25) 0.35 27 (38) 7 (29) 0.46

Other histologic findings (n, %)d

Eosinophil

degranulation

86 (96) 16 (84) 24 (100) 0.04 67 (99) 19 (86) 0.02

Eosinophil

microabscesses

67 (74) 13 (68) 20 (83) 0.25 59 (87) 8 (36) <0.001

Basal layer

hyperplasia

42 (49) 7 (41) 13 (54) 0.41 36 (55) 6 (29) 0.03

Spongiosis 80 (89) 14 (74) 22 (92) 0.11 61 (90) 19 (86) 0.67

Lamina propria

fibrosis

22 (37) 5 (36) 5 (29) 0.71 18 (43) 4 (24) 0.16

aVAS, visual analogue scale for dysphagia severity; data available for n = 79 overall, 42 in the quartile analysis, and 79 in the ratio analysis.
bGERD‐Q, gastroesophageal reflux disease questionnaire; data available for 86 overall, 44 in the quartile analysis, and 86 in the ratio analysis.
cSeverity of Dyspepsia Assessment; data available for n = 54 overall, 27 in the quartile analysis, and 54 in the ratio analysis.
dData available for n = 90 overall, 43 in the quartile analysis, and 90 in the ratio analysis.

2 | LETTER TO THE EDITOR



with the finding of furrows (279.9 ± 182.9 vs 139.6 ± 69.7;

P = 0.03), and there were weak trends toward an increase in

patients with rings and exudates (Figure 1B). There was not as

association between mast cell levels and the fibrostenotic or

inflammatory phenotype. Histologically, eosinophil degranulation

and spongiosis were weakly associated with mast cell density

0

100

200

300

400

500

Dysphagia Heartburn Abd
pain

Any
atopy

Asthma Eczema Allergic 
rhinitis

Food 
allergies

M
as

t c
el

l d
en

sit
y 

(m
ea

n 
ce

lls
/m

m
2 )

Present Absent

0

100

200

300

400

500

Exudate Rings Edema Furrows Stircture Narrowing Crepe-
paper

Dilation 
performed

M
as

t c
el

l d
en

sit
y 

(m
ea

n 
ce

lls
/m

m
2)

Present Absent

*

* P = 0.03

0

100

200

300

400

500

Degranulation Microabscess Basal layer 
hyperplasia

Spongiosis Subepithelial
fibrosis

M
as

t c
el

l d
en

sit
y 

(m
ea

n 
ce

lls
/m

m
2 )

Present Absent

*

* P = 0.06

0

0.5

1

1.5

2

DysphagiaHeartburn Abd pain Any atopy Asthma Eczema Allergic 
rhinitis

Food
allergies

M
as

t c
el

l t
o 

eo
sin

op
hi

l r
at

io
 (m

ea
n)

Present Absent

0

0.5

1

1.5

2

Exudate Rings Edema Furrows Stircture Narrowing Crepe-
paper

Dilation 
performed

M
as

t c
el

l t
o 

eo
sin

op
hi

l r
at

io
 (m

ea
n)

Present Absent

**

* P = 0.03; **P = 0.07

*

0

0.5

1

1.5

2

Degranulation Microabscess Basal layer 
hyperplasia

Spongiosis Subepithelial
fibrosis

M
as

t c
el

l t
o 

eo
sin

op
hi

l r
at

io
 (m

ea
n)

Present Absent

*

* P < 0.001; **P =  0.07

**

(A) (B)

(C) (D)

(E) (F)

F IGURE 1 Mean Mast Cell Density in Association with (A) Clinical Findings (B) Endoscopic Findings, and (C) Histologic Findings of
Eosinophilic Esophagitis (EoE). Black bars indicate the presence of the findings and gray bars indicated the absence of the findings. Mean mast
cell to eosinophil ratio in association with (D) clinical findings (E) endoscopic findings, and (F) histologic findings of EoE. Black bars indicate the
presence of the findings and gray bars indicated the absence of the findings
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(Figure 1C). Eosinophil density was weakly correlated with mast

cell infiltration (R = 0.21, P = 0.04) (Figure S1). There was poor

correlation between symptom severity and mast cells (Figures

S2A-C).

Twenty‐four subjects (25%) had a mast cell to eosinophil ratio

>1 (Table 1). These cases had significantly fewer exudates, eosino-

phil degranulation, microabscesses, and basal layer hyperplasia com-

pared to those with ratio of ≤1. Mast cell to eosinophil ratio weakly

correlated with reflux (R = 0.23, P = 0.03) but not with dysphagia or

abdominal pain (Figures S2D-F). There were no associations between

mast cell to eosinophil ratio and clinical features (Figure 1D). On

endoscopy, EoE cases with exudates had a significantly lower ratio

than cases without exudates (Figure 1E). Mast cell to eosinophil

ratios were significantly lower in patients with microabscesses

(Figure 1F).

Several findings from our study were notable. First, we found

that elevated levels of mast cells were associated with esophageal

furrows and eosinophil degranulation independent of eosinophil

counts. While little is known about the development of furrows in

EoE, the same association between mast cells and furrows has been

preliminarily reported in a pediatric EoE cohort.9 Furrows may repre-

sent areas of increased mucosal swelling, and mast cells could con-

tribute by enhancing tissue contraction or edema.

Second, there was poor correlation between the degree of eso-

phageal epithelial mast cell infiltration and dysphagia, heartburn, or

abdominal pain symptom severity. One possible explanation could be

that mast cell infiltration of deeper layers of the esophageal wall is

more important to pathogenesis, and therefore would not be seen

on our epithelial analysis.

Third, approximately a quarter of EoE cases who had higher

levels of mast cells than eosinophils (mast cell to eosinophil ratio

>1). Interestingly, this group did not have more allergic disease but

had fewer exudates endoscopically and microabscesses histologi-

cally. This novel metric may suggest a subset of EoE patients with

a less severe phenotype in which mast cell‐directed therapies may

be useful, but this is speculative and the hypothesis must be

tested.

There are several limitations to note. We performed a sec-

ondary analysis of baseline samples from adult EoE patients, so fur-

ther investigation in a primary study with correction for multiple

testing is needed to confirm findings, evaluate children, or post‐
treatment changes, although prior work shows mast cells decrease

in EoE after successful treatment.5 Differences in mast cell sub-

types could not be distinguished with tryptase staining alone. We

did not analyze extracellular tryptase or histamine deposition, were

not able to assess cell‐surface markers (KIT or IgE receptor) for

information on mast cell activation, and our analysis was limited to

the esophageal epithelium. However, the strengths of this study

include the following: utilization of prospectively collected data and

biospecimens linked to well‐characterized clinical, endoscopic, and

histologic data; use of an autostainer and image analysis software

to provide consistence in samples; and use of quantitative symp-

tom scores.

In conclusion, the presence of furrows was significantly corre-

lated with higher mast cell levels in patients with EoE. Despite this

interesting finding, mast cell density did not seem to directly corre-

late with clinical symptoms or most endoscopic or histologic findings

in patients with EoE. However, our study clearly identifies a subset

of EoE cases with more mast cells than eosinophils, with differences

in endoscopic and histologic features, potentially suggesting a role

for mast cell‐directed therapies.
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Supplemental methods

Only cases of EoE, who had a baseline archived biopsy sample and baseline questionnaire

data (see below), were included in the present study. We did not include patients with PPI-

responsive esophageal eosinophilia, as during the time period of the conduct of this study, that

entity was considered to be separate from EoE.  We did not include non-EoE controls in this study

as we have previously demonstrated that this group has very low levels of epithelial mast cells.(1,

2) Data on age, demographics, clinical symptoms, comorbidities, endoscopic features, and

histologic findings were prospectively obtained using standardized case report forms.  For

symptom assessment, dysphagia severity was measured using a visual analogue scale (VAS) as

previously reported,(3) heartburn severity was measured using the GERD-HRQL,(4, 5) and

abdominal pain severity was measured using the Severity of Dyspepsia Assessment (SODA)

scale.(6, 7) For endoscopic findings, at the time of the study initiation there were no validated

systems for measuring severity of features, so individual findings were recorded as present or

absent.  These features included white plaques/exudates, rings, decreased vascularity/edema, linear

furrows, strictures (defines a short/focal area of esophageal constriction), narrowing (an area

where there was a small caliber to the esophagus lumen, but more diffuse than for a focal

stricture), and crepe-paper mucosa (splitting of the esophageal wall with passage of the endoscope

or with air insufflation of the esophagus); we also recorded if esophageal dilation was performed.

For histologic assessment to quantify esophageal eosinophil counts, five research protocol

esophageal biopsies were obtained (two from the proximal, one from the middle, and two from the

distal esophagus) to maximize EoE diagnostic sensitivity.(8, 9) We also collected research-

protocol gastric and duodenal biopsies to exclude concomitant eosinophilic gastroenteritis. We

used our previously validated methodology to determine peak esophageal eosinophil counts

(reported here as a density, eos/mm2), as well as associated histologic findings (eosinophil
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degranulation, eosinophil microabscesses, basal layer hyperplasia, spongiosis, and lamina propria

fibrosis).(10, 11) As with the endoscopic findings, at the time of the study design and conduct,

there were no validated histologic scoring systems available.

To quantify mast cell levels, archived blocks of formalin fixed paraffin embedded

esophageal biopsies were sectioned and immunohistochemistry was performed using the Bond

Autostainer (Leica Microsystems Inc, Norwell,MA) as previously described.(1, 2) In brief, slides

were dewaxed in Bond Dewax solution (AR9222) and hydrated in Bond Wash solution

(AR9590). Antigen retrieval for Mast Cell Tryptase (MCT) was performed for 30 minutes at

100°C in Bond-Epitope Retrieval solution 1 (pH6.0, AR9961). Slides were incubated with the

MCT antibody (#M7052, DAKO/Agilent, Santa Clara, CA) at 1:3000 dilution for 30 minutes.

Antibody detection was performed using the Bond Polymer Refine Detection System (DS9800).

Stained slides were dehydrated and cover-slipped. Positive and negative controls (no primary

antibody) were included for each staining run. Next, the glass slides were scanned and converted

to digital images to be viewed on Aperio ImageScope.(1, 2) Five non-overlapping high power

fields of esophageal epithelium were selected to analyze the maximum density of tryptase-positive

cells using the Aperio Positive Pixel Count Algorithm, version 9.1 (Aperio Technologies), and cell

counts were quantified (cells/mm2). Lamina propria was excluded from this analysis.

This study was a secondary analysis of a prospective cohort, so the analysis performed

were not prespecified in the original study design. We used descriptive statistics to summarize the

demographic, endoscopic, and histologic characteristics of the EoE cases.  The mean level of mast

cells (cells/mm2) was calculated and we compared EoE patients in the highest quartile of mast

cells to those in the lowest quartile, across demographic, endoscopic, and histologic

characteristics.  Means were compared with a 2 sample t-tests and proportions were compared

with chi-squared. We also compared the mean level of mast cells in patients with and without
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specific clinical, endoscopic, and histologic findings, again using a 2 sample t-test. For positive

associations, we used linear regression analysis to assess whether associations persisted after

controlling for the eosinophil count. Mast cell levels were also examined in patients with a

primarily fibrostenotic phenotype (rings, strictures, or narrowing) compared to those with an

inflammatory phenotype (exudates, furrows, edema, without rings, strictures, or narrowing).

Next, the level of mast cells was correlated with the eosinophil density, as well as each symptom

measure (VAS, GERD-HRQL, SODA) using Pearson’s correlation.  Finally, we repeated the

above analyses using the mast cell to eosinophil ratio, with a ratio >1 indicating more mast cells

than eosinophils. Multiple testing adjustments were not made.

Supplemental Figure 1: Correlation between mast cell and eosinophil density



4

Supplemental Figure 2: Correlation between mast cell density and (A) dysphagia measured by
the visual analog scale, (B) gastroesophageal reflux measured by GERD-HRQL, and (C)
abdominal pain measured by the SODA score. Correlation between mast cell to eosinophil ratio
and (D) dysphagia measured by the visual analogue scale, (E), gastroesophageal reflux measured
by GERD-HRQL, (F) abdominal pain measured by SODA.
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