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Abstract
Background and Aim—Eosinophilic esophagitis (EoE) is characterized by medically/surgically-
resistant gastroesophageal reflux symptoms and dense squamous eosinophilia. Studies suggest that
histological assessment of esophageal eosinophilia alone cannot reliably separate patients with EoE
from those with gastroesophageal reflux disease (GERD). Our goal was to develop an assay to
identify EoE patients and perhaps differentiate EoE from other causes of esophageal eosinophilia.

Methods—A monoclonal antibody specific for an eosinophil secondary granule protein (eosinophil
peroxidase (EPX)) was developed and shown to specifically identify intact eosinophils and detect
eosinophil degranulation in formalin-fixed specimens. A histopathological scoring algorithm was
developed to analyze data from patient evaluations; the utility of this algorithm was assessed using
archived esophageal tissues from patients with known diagnoses of EoE and GERD as well as
controls from two tertiary care centers.

Results—Intra/inter-observer blinded evaluations demonstrated a significant difference (P<0.001)
between scores of samples taken from control subjects, from patients with esophageal eosinophilia
who had a diagnosis of EoE, and from patients with GERD (P<0.001). This algorithm also was able
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to identify patients whose clinical course was suggestive of a diagnosis of EoE but that nonetheless
failed to reach the critical threshold number of ≥15 eosinophils in a high-power (40×) microscopy
field.

Conclusions—A novel immunohistochemical scoring system was developed to address an unmet
medical need – to differentiate histological specimens from patients with EoE relative to those with
GERD. The availability of a unique anti-EPX-specific monoclonal antibody, combined with the ease/
rapidity of this staining method and scoring system, will provide a valuable strategy for the
assessment of esophageal eosinophilia.

Keywords
Esophagus; Histopathology; Immunology; Pathology; eosinophil; degranulation

INTRODUCTION
Eosinophilic esophagitis (EoE) is one of the leading causes of dysphagia and food impaction
in adults and is an important cause of vague symptoms previously associated with
gastroesophageal reflux disease (GERD) in children 1. Despite increasing recognition of EoE,
only recently have diagnostic criteria been published 1. Although these criteria set new
standards for clinical care, the established diagnostic histological features focus solely on the
numbers of intact eosinophils present in esophageal biopsies 2. In addition, the diagnosis of
EoE hinges on the fact that GERD has been excluded, thus requiring either pre-treatment with
a proton pump inhibitor or investigation with pH monitoring of the distal esophagus 1, 3, 4.

The underlying mechanisms associated with the pathogenesis in EoE remain largely
unresolved. However, eosinophil granule proteins are thought to play a functional role in the
gastrointestinal (GI) tract by increasing permeability and colonic inflammation 5, 6. In this
regard, it is important to realize that extracellular deposition of eosinophil granule proteins
may be the only evidence of eosinophil activation in esophagitis. Earlier studies of EoE patients
suggested that a subset of patients have extensive eosinophilic degranulation with few intact
eosinophils (see for example 7). However, because no studies have fully characterized
degranulation patterns associated with EoE, the histological diagnosis of EoE is often solely
based on the numbers of eosinophils infiltrating the epithelium. Thus, the aim of our study was
to improve current abilities to identify EoE patients on the basis of additional features of
eosinophilic inflammation, including the use of eosinophil degranulation as an important
diagnostic criterion of EoE.

This retrospective study utilized a novel monoclonal antibody specific for the secondary
granule protein eosinophil peroxidase (EPX) as part of immunohistochemical assessments of
formalin-fixed and paraffin-embedded esophageal biopsies from patients with EoE, GERD, or
controls. The results from these assessments demonstrated the utility of anti-eosinophil
peroxidase monoclonal antibody (EPX-mAb) based immunohistochemistry to support clinical
findings. Specifically, we report a quantitative scoring strategy based on the identification of
infiltrating eosinophils and distinct patterns of degranulation. More importantly, this study
showed that a diagnostic strategy using EPX-mAb led to more expedient assessments of
patients with esophageal diseases. We anticipate that future clinical studies will validate EPX-
mAb based evaluations, allowing distinctions between EoE, GERD, and other esophageal
diseases. In turn, this will lead to more rapid diagnosis and treatment and thus provide a cost
effective and accurate means of achieving a definitive diagnosis.
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MATERIALS AND METHODS
The development of an EPX monoclonal antibody (EPX-mAb) and diagnostic scoring
algorithm to evaluate esophageal patients

See Supplemental On-Line Material.

Human Subjects
Adult esophageal patients were identified retrospectively by gastroenterologists at Mayo Clinic
Arizona. These patients were divided into four groups: Group I were patients diagnosed with
EoE by virtue of (i) clinical symptoms at presentation (e.g., dysphagia, vomiting, and/or food
impaction), (ii) GERD was ruled out with either pretreatment with proton pump inhibition, a
normal pH/impedance monitor, and/or response to topical or systemic steroids, (iii) endoscopic
findings (i.e., corrugations and/or furrows) were characteristic of EoE, (iv) histopathologic
assessments of mid/proximal-esophageal biopsies demonstrating sclerosis of the lamina
propria stroma, basal hyperplasia of the squamous epithelium, and/or intercellular epithelia
edema, and, most importantly, (v) at least a single focus of ≥15 eosinophils/40× high power
field (hpf) from mucosal biopsies. Group II patients were diagnosed with gastroesophageal
reflux disease (GERD) based on symptoms which included response to proton pump inhibitors
and epithelial biopsies that revealed <15 eosinophils/40× hpf with no evidence of intercellular
edema, stromal fibrosis, or eosinophilic micro-abscesses. Control subjects (Group III) were
obtained from autopsy and clinical specimens from patients whose esophageal epithelium was
unremarkable and their medical records did not reveal history of either Inflammatory Bowel
Disease (IBD), reflux, Barrett’s esophagus, adenocarcinoma of the esophagus, or eosinophilic
disorders (e.g., hypereosinophilic syndrome (HES)). Group IV subjects were suspected EoE
patients by virtue of displaying a clinical presentation and/or endoscopic observations
compatible with EoE. Moreover, the middle or proximal esophageal biopsies of these patients
revealed at most only two (2) ancillary histopathologies associated with EoE: sclerosis of the
lamina propria stroma, basal hyperplasia of the squamous epithelium, intercellular epithelial
edema, and/or the presence of eosinophilic micro-abscesses. Significantly, despite extensive
reviews at high power (40×) of all sections of all biopsies taken from these patients, no foci of
≥15 eosinophils/40× hpf were identified, preventing an unambiguous diagnosis of EoE. Thus,
these subsets of patients were specifically chosen based on their clinical, endoscopic,
histopathological outcomes as a preliminary means of developing and then utilizing our EPX-
mAb based algorithm.

We also performed a retrospective analysis of the esophageal tissues from children who
received care at The Children’s Hospital, Denver and underwent upper endoscopy during the
year 2006. Well documented clinical features, and in some cases the existence of follow-up
assessments, allowed us to initially identify 48 children for potential study of which 14 were
selected for analysis using EPX-mAb based immunohistochemistry based on the availability
of an unambiguous diagnosis (Group I (EoE) - 7, Group II (GERD) - 3, Group IV (Control)
- 4). Children with EoE (Group I) had symptoms referable to their esophagus, received at least
2 months of proton pump inhibition, ≥15 eosinophils/40× hpf in the esophageal epithelium
with normal gastric and duodenal biopsies and demonstrated a clinical response to EoE
treatment(s). GERD (Group II) was documented either by an abnormal pH/impedance
monitoring of the distal esophagus or responsiveness to proton pump inhibitors, as well as a
pathology report of <15 eosinophils/40× hpf in the esophageal epithelium. Control patients
(Group III) showed no evidence of esophageal inflammation. In addition, 8 Indeterminate
pediatric patients (Group IV) were identified within this cohort of children and subjected to
EPX-mAb based immunohistochemistry.
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Clinical descriptions of all patients included in this study, such as age, medical history/
symptoms, and follow-up assessments (if available), are summarized either in the Results
section and/or in the Supplemental On-Line Material (Supplemental Table 1 (S-Table 1)). This
study was reviewed and performed in accordance with IRB approval at Mayo Clinic Arizona
(IRB protocol number: 06-009236) and Colorado Multiple IRB (approval number 07-0888).

EPX-mAb based histopathologic scoring
Slides with biopsies (n ≥ 4 per patient) from the mid-proximal esophagus (i.e., >7cm from the
esophageal-gastric junction) were coded by clinical histopathology laboratory personnel and
subsequently stained by research lab-based personnel using EPX-mAb based
immunohistochemistry.

Our assessments of patients using EPX-mAb based staining led to the identification of four
independent diagnostic markers on the basis of their presence vs. absence in EoE relative to
control subjects: (1) Presence or absence of infiltrating tissue eosinophils, (2) Evidence of
eosinophil degranulation, (3) The extent of eosinophil infiltration and/or eosinophil
degranulation in the maximally affected biopsy, and (4) The extent of eosinophil infiltration
and/or eosinophil degranulation among the available patient biopsies. Detailed descriptions of
each marker, including representative photomicrographs are presented in the Supplemental
On-Line.

Statistical Analyses
Data were analyzed and graphed using GraphPad Prism statistics program (GraphPad Prism
Software, San Diego, CA). Results are presented as means ± SEM. Statistical analysis was
performed using ANOVA with Tukey. Differences between means considered significant
when P<0.01.

RESULTS
EPX-mAb based immunohistochemistry: pathology assessments of EoE patients, including
the detection of eosinophil activation (i.e., the release of granule proteins (degranulation))

EPX-mAb based immunohistochemistry provided a strategy for the rapid detection of
infiltrating eosinophils in esophageal biopsies. More importantly, this strategy also provided
a method with which to identify quickly areas of biopsies that are likely to contain the focus
of ≥15 eosinophils/40× hpf needed to meet the histological guidelines for a diagnosis of EoE.
The photomicrographs of Figure 1 demonstrated the ease of identifying eosinophils within
tissue sections using EPX-mAb based immunohistochemistry compared to H&E stained
esophagus sections at low (5×, 20mm2 field of view) power (Figure 1(A, B)).
Immunohistochemistry with EPX-mAb also allowed rapid identification of areas within the
sections with a density of infiltrating eosinophils likely to achieve the ≥15 eosinophil/40×
hpf needed for a guideline-driven EoE diagnosis (Figure 1(C)). More importantly, these
photomicrographs highlighted the ease and utility of locating focal accumulation of eosinophils
at low power prior to more detailed assessments at a higher magnification.

A unique observation from our studies of EoE patients using EPX-mAb based
immunohistochemistry was that degranulation (i.e., extracellular matrix deposition of EPX)
was common (Figure 2). The importance of this observation is hard to overestimate because
EPX-mAb based immunohistochemistry detected not only intact eosinophils but also
eosinophil degranulation in areas with nominal numbers of intact eosinophils. Moreover, our
examination of both adult and pediatric patients showed that extensive degranulation in the
biopsies was nearly always associated with EoE, whereas GERD patients displayed lower
levels of degranulation.
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EPX-mAb based immunohistochemistry and the development of a strategy to evaluate EoE
vs. GERD patients

EPX-mAb based immunohistochemistry of mid-proximal biopsies (>7cm from the
esophageal-gastric junction) from EoE patients (Group I), GERD patients (Group II), and
control subjects (Group III) allowed for the identification of several EPX-mAb based
histopathological markers that correlated with disease pathologies (see Methods and
Supplemental On-Line Material). No observer to observer variations were observed in three
of the four identified EPX-mAb based histopathological markers with only minor variations
in the counting of intact eosinophils (<5%) observed among the four evaluators; in no case did
these variations lead to different EPX-mAb based scores for given patient. However, the
significantly increased sensitivity afforded by EPX-mAb based staining is noteworthy and
represents a significant improvement over existing abilities. Specifically, two board-certified
pathologists each counted eosinophils from serial sections of biopsies, one of which was stained
with H&E to determined an average eosinophil count/40× hpf (average of 10–20 hpfs). The
paired serial section was stained via EPX-mAb based immunohistochemistry and, in a blinded
fashion, the same pathologists determined an average eosinophil count/40× hpf (average of
10–20 hpfs). These assessments showed that EPX-mAb based immunohistochemistry was
able to detect >4 fold more eosinophils relative to inspection of H&E stained slides. The EPX-
mAb based assessments of adult and pediatric patients are shown in S-Table 3 and summations
of these scores are presented in Figure 3. These results showed that with one exception, the
EPX-mAb based assessments were consistent with the previously established
clinicopathological diagnosis based on tissue histopathology. In addition, statistically different
EPX-mAb based scores (P<0.001) were observed between EoE, GERD, and control patients
for each of the markers comprising the numerical algorithm (Figure 3(A, B)). EPX-mAb scores
showed that most control subjects displayed total scores of zero with no control patients
exceeding a score of 4. In contrast, EoE patients were uniformly identified (P<0.001) on the
basis of scores at the other end of the scale within the range of 36–50. The EPX-mAb based
scores also permitted identification of GERD patients (P<0.001) relative to either control or
EoE patients with each of these GERD subjects scoring in the range of 5–35 (S-Table 3 and
Figure 3(B)). Thus, EPX-mAb based histopathologic scoring not only identified EoE patients,
but also provided qualitative measures and a quantitatively significant (P<0.001) means to
distinguish EoE patients from patients with GERD. Significantly, our assessments of a well
characterized cohort of children with histological evidence of EoE, GERD and otherwise
unremarkable control tissues, demonstrated that EPX-mAb based immunohistochemical
staining patterns replicated those observed in adults.

EPX-mAb based immunohistochemistry provides a unique ability to identify Indeterminate
patients who fail to achieve an unambiguous diagnosis using current clinicopathological
guidelines

The utility of these quantitative assessments with difficult to diagnose patients were
demonstrated in subjects with a likely diagnosis of EoE but who nonetheless failed to achieve
the prerequisite guideline of at least a single focus of ≥15 eosinophils/40× hpf (Group IV).
Histological assessment of these patients’ epithelium using EPX-mAb based
immunohistochemistry in some cases revealed scores within the range of subjects with EoE as
identified in Group I (S-Tables 1 and 3) or scores less than 36 (but ≥5) and were thus within
the diagnostic range of GERD patients (Group II (STables 1 and 3)). In particular,
assessments with EPX-mAb based scoring of a cohort of Indeterminate pediatric patients (S-
Tables 1 and 3) demonstrated that most of these patients (75%) achieved scores supporting a
diagnosis of EoE (i.e., an EPX score of 36–50). However, the observations that perhaps as
many as 25% of these children had an EPX-mAb based score consistent of a GERD diagnosis
(i.e., EPX-mAb score of 5–35). Unfortunately, clinical follow-up assessments were not
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available, preventing us from correlating final clinical outcome of these patients with their
initial EPX-mAb based diagnosis.

The availability of clinical follow-up assessments of many of our adult Indeterminate patients
demonstrated the difficult-to-diagnose character of these esophageal patients based exclusively
on existing clinicopathological criteria. Figure 4 represents serial slides (H&E vs. EPX-
mAb based immunohistochemistry stained slides) from two problematic adult patients (i.e.,
patients #44 and #46 from S-Tables 1 and 3). These data demonstrate that while both
traditional pathological assessment and EPX-mAb based immunohistochemistry each failed
to detect the guideline required focus of ≥15 eosinophils/40× hpf, EPX-mAb based
immunohistochemistry revealed significant areas of eosinophil degranulation. Thus, as noted
earlier the EPX-mAb scoring provided additional histological support for the diagnosis of EoE
(i.e., an EPX-mAb score of 36–50). Indeed, follow-up assessments of these patients revealed
that patient #44 responded to corticosteroid treatment whereas patient #46 has thus far failed
to display symptomatic improvement during an extended period of treatment with proton pump
inhibitors. In contrast, another Indeterminate adult patient (patient #45) was identified as a
GERD patient based on this subject’s EPX-mAb based score and follow-up assessments
demonstrated that this patient became symptom-free following treatment with a proton pump
inhibitor. Moreover, follow-up EPX-mAb based immunohistochemistry on biopsies on
several other GERD patients responding to proton pump inhibitor based therapies demonstrated
that the EPX-mAb scores of these patients were reduced to the control range of <5 (data not
shown). These data highlight both the difficulties associated with identifying some esophageal
patients based solely on existing diagnostic guidelines and the utility of EPX-mAb based
immunohistochemistry as a strategy to resolve difficult and/or ambiguous cases.

DISCUSSION
The EPX-mAb based immunohistochemical assay described in this report represents a novel
tool and systematic method to assess esophageal tissues for evidence of eosinophilic
inflammation in both children and adults. That is, the previously limited availability of
eosinophil-specific antibody-staining options for immunohistochemical assays that are
sensitive, reproducible, and useful in the most commonly available format (i.e., archived
formalin-fixed paraffin-embedded tissues) had prevented the development and use of this
strategy to evaluate patients. However, development of an eosinophil granule protein-specific
monoclonal antibody, together with a novel histological scoring system, allowed for not only
the specific detection of eosinophils and eosinophil degranulation but also provided a sensitive
and cost effective method that specifically identified patients with EoE vs. GERD on the basis
of a single histological evaluation. In addition, it allowed for the differentiation of
“Indeterminate” patients in whom the diagnosis of EoE was not certain.

This study assessed children and adults with previously established diagnoses and not
consecutive patients. In turn, this may have led to a selection bias ultimately leading to either
higher EPX-mAb based scores for patients with EoE or lower EPX-mAb based scores for
GERD and/or control subjects. However, in this rapidly evolving field, the utility of our
retrospective analysis of very well defined patients has proven to be quite valuable, especially
in light of the fact that a number of challenges have led to difficulty in obtaining a true diagnosis
of EoE 4, 8. As a consequence, we propose the current scoring system as an initial effort to
evaluate tissues that can now be used to prospectively study consecutive patients with
esophageal diseases.

These findings address several critical and timely unmet needs in the care of patients which
display eosinophilic esophageal inflammation: (i) The use of this EPX-mAb based scoring
system allowed for the rapid identification of patients with EoE. (ii) Esophageal eosinophilia
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as a pure numerical value of intact eosinophils was improved by the additional sensitivity of
EPX-mAb based immunohistochemical detection of tissue infiltrating eosinophils. This issue
was highlighted in our assessments of Indeterminate pediatric patients where we found that
although traditional H&E histopathological assessments failed to reveal a focus of ≥15
eosinophils/40× hpf, 75% of these cases displayed this guideline prerequisite as determined by
EPX-mAb based immunohistochemistry. The sensitivity of this strategy was further enhanced
by expanding the term “eosinophilia” to include assessment and quantification of eosinophil
degranulation. (iii) Because an increasing body of evidence suggests that tissues from patients
with GERD may have similar number of esophageal eosinophils as with EoE, this system
allowed for differentiation between these two diseases 1, 3. The inclusion of multiple EPX-
mAb based histological scoring parameters provided not only a statistically-significant
quantitative means by which to identify EoE patients but also qualitative measures that appear
to reliably differentiate these subjects from patients with GERD. In particular, a subset of EPX-
mAb based parameters may be sufficient to achieve a quick, but accurate, differential diagnosis
between these esophageal diseases. For example, 24 of 26 EoE patients displayed extensive
degranulation in multiple biopsies compared to only 2 of 7 biopsies from GERD patients
showing a similar level of degranulation. In addition, low power assessments of the fraction
of patient biopsies displaying eosinophil degranulation (Reproducibility) and the fractional
area of the maximally affected tissue fragment that displayed evidence of degranulation
(Patchiness) together were alone sufficient to accurately identify EoE patients relative to
subjects with GERD. (iv) Indeterminate diagnoses were clarified with EPX-mAb based
immunohistochemistry. That is, this strategy allowed for a diagnosis of EoE and GERD in
patients who achieved many, but not all, of the clinical, endoscopic, and histopathologic
features of these diseases. Indeed, our study provides examples of indeterminate EoE patients
who nonetheless failed to achieve the prerequisite ≥15 eosinophils/40× hpf.

It is interesting that some EoE and GERD patients had biopsies with many intact eosinophils
but minimal levels of degranulation (e.g., patient #6 and #10 and patient #27 vs. #29 (S-Table
3), respectively), whereas other patients displayed widespread degranulation in the presence
of very few intact eosinophils (e.g., patient #44, #46, and #47). These observations suggest
that the degranulation detected in the tissue sections of this study was specific/unique to
individual patient biopsies and unlikely to be a consequence of artefactual events associated
with tissue processing and/or handling 9. Thus, while current guidelines propose that
identification of ≥15 eosinophils/40× hpf (in the proper clinical/endoscopic context) is required
for the diagnosis of EoE, the EPX-mAb based scoring system’s utilization of multiple
parameters such as eosinophil degranulation, provides an alternative diagnostic strategy for
pathologists/clinicians.

EPX-mAb based immunohistochemical evaluations address long held technical issues related
to assessment of eosinophil degranulation. Previous studies of a limited number of subjects
identified that the mucosa affected by EoE displayed enhanced eosinophil degranulation (i.e.,
deposition of eosinophil derived neurotoxin (EDN 10) or major basic protein (MBP 9) relative
to GERD patients. However, issues arise with the use of antibodies reactive to each of these
granule protein constituents. For example, although EDN is a prominent eosinophil secondary
granule protein, several studies have demonstrated that unlike eosinophil peroxidase, EDN is
not eosinophil specific and is expressed in both other leukocytes (e.g., neutrophils 11) and
tissue/organs (e.g., liver 12). In addition, the cationic character of MBP, together with its
propensity to “stick” to virtually any substratum as well as its near insolubility in environments
at neutral pH, have been problematic issues that may have biased earlier studies by artefactually
limiting the extent of observable areas of degranulation. Moreover, these intensely staining
local aggregates may also have been responsible for the perception that tissue handling/
processing in earlier studies led to eosinophil degranulation 9. In contrast, the nominal cationic
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character of eosinophil peroxidase (pI ~8.9 13) together with its greater solubility at neutral
pH would prevent aggregation and allow this granule protein to disperse to a greater extent.

The practical utility of this method lies in its simplicity, durability and cost-saving features.
Immunohistochemical staining with EPX-mAb is straightforward, can be performed on
archived formalin-fixed paraffin-embedded tissues and requires no unique technology. The
assessment and scoring evaluations of the EPX-mAb based staining patterns in children and
adults were reproducible as evidenced by negligible inter-observer variability. The added time
and cost for this assessment will be minimal when taken in the context of achieving the correct
diagnosis in a rapid time frame. For example, current diagnostic guidelines support the strategy
that a diagnosis of GERD must be ruled out as a cause for esophageal eosinophilia before
assigning a diagnosis of EoE. In this light, a patient would need to undergo either two (2)
months of proton pump inhibition or a pH/impedance monitoring of the distal esophagus both
of which can be time consuming, costly and potentially uncomfortable. However, in the context
of a preponderance of clinical symptoms, endoscopic results, and evaluations of
histopathology, the EPX-mAb based scoring algorithm could provide a quantitatively
definitive evaluation of initial biopsies permitting an immediate diagnosis of EoE, including
potentially the differentiation between difficult to diagnose EoE vs. GERD patients (i.e.,
Indeterminate cases). That is, despite guideline driven diagnoses that had been unclear, EPX-
mAb based immunohistochemistry appears capable of identifying subsets of patients as either
EoE or GERD. These observations suggest either an overlap between these two types of
esophageal patients based on clinicopathologic findings or that a unique subset of EoE patients
are instead simply difficult to diagnose GERD patients. In summary, we anticipate that
validation and future use of this system will improve care of children and adults and allow for
greater understanding of esophageal inflammatory diseases.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. EPX-mAb based immunohistochemistry provides an efficient and rapid strategy to
identify intact eosinophils infiltrating biopsies from eosinophil esophagitis patients
A comparison of low (5×, 20mm2 field of view) power microscopy of (A) hematoxylin-eosin
stained sections and (B) serial sections of the same patient following EPX-mAb based
immunohistochemistry demonstrated that this immunohistochemical strategy easily permits
the identification of infiltrating eosinophils in multiple biopsies within the field. (C) EPX-
mAb based immunohistochemistry permits a rapid evaluation for the presence of intact
infiltrating eosinophils of entire esophageal biopsies and the location of focal areas of
eosinophil accumulation. The insert photograph in this panel is a high (40×, 0.29mm2 field of
view) power field that was quickly/efficiently identified as a focal area of eosinophil
accumulation (identified eosinophils are numbered 1–18) without the need of laborious time-
consuming cell differential analyses. Scale bar = 100 μm.
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Figure 2. EPX-mAb based immunohistochemistry represents a novel strategy to detect eosinophil
degranulation and the presence of released eosinophil peroxidase bound to tissue extracellular
matrix
(A) Low (5×, 20mm2 field of view), (B) medium (16×, 1.8mm2 field of view), and (C) high
(40×, 0.29mm2 field of view) microscopic fields of a proximal esophageal biopsy from an EoE
patient demonstrate the utility of EPX-mAb based immunohistochemistry to detect eosinophil
degranulation (i.e., EPX bound to extracellular matrix) in these biopsies. The results with this
biopsy are representative of EoE patients which often display significant eosinophil
degranulation. Scale bar = 100 μm.
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Figure 3.
EPX-mAb based immunohistochemistry provides a quantitatively significant strategy
(Supplemental Table 2 (S-Table 2)) to distinguish EoE vs. GERD patients. (A) Examination
of the scores for individual EPX-mAb based parameters associated with the EoE (Group I),
GERD (Group II), and control patients (Group III) found in Supplemental Table 3 (S-Table
3) demonstrated statistical differences (*P<0.001) for each of the parameters comprising the
EPX-mAb based algorithm. (B) Statistical assessments (ANOVA with Tukey) of the average
total EPX-mAb based staining scores (means ± SEM) for the EoE, GERD, and control patients
from Supplemental Table 3 (S-Table 3) demonstrated the utility of this algorithm to distinguish
between these patient populations (*P<0.001).
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Figure 4.
EPX-mAb based immunohistochemistry permits a diagnosis of eosinophilic esophagitis
among patients with appropriate clinical symptoms and borderline endoscopic/histological
results but who fail to achieve the current guideline recommendations of at least a single focus
of ≥15 eosinophils/40× hpf among the available biopsies. Serial sections of proximal
esophageal biopsies from (A) patient #44 and (B) patient #46 (see Supplemental Tables 1 and
3 (S-Tables 1 and 3)) were either stained with hematoxylin/eosin (left panels) or subjected to
EPX-mAb based immunohistochemistry (right panels) and photographed at high (40×,
0.29mm2 field of view) power. Although both patients had failed to meet traditional pathology
guidelines for a diagnosis of EoE, EPX-mAb based immunohistochemistry detected the
presence of extensive eosinophil degranulation in the absence of ≥15 intact eosinophils/40×
hpf (0.29mm2 field of view), elevating their EPX-mAb based total score within the range
indicating an EoE diagnosis. Scale bar = 50 μm.
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