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Capsule Summary:

Blood eosinophil progenitors (EoPs) correlate with tissue pathology during active eosinophilic
esophagitis (EOE), providing additional evidence for blood EoP levels as a biomarker for disease
activity and suggesting a role for EoPs in EoE pathogenesis.
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To the Editor:

Eosinophilic esophagitis (EOE) is a chronic inflammatory disease of the gastrointestinal tract
characterized by esophageal eosinophilia. Current EOE management comprise serial,
invasive endoscopies with esophageal biopsy to diagnose and subsequently monitor
treatment efficacy. A less invasive, blood-based biomarker to monitor EoE disease activity
would substantially advance EOE management; however, such a biomarker has yet to be
identified.
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Peak eosinophil count (PEC) = 15 intraepithelial eosinophils within at least one high-power
field (hpf) of esophageal biopsy remains the consensus threshold for histologically
diagnosing active disease. However, pathologic features other than eosinophilic
inflammation are associated with active EOE. Recently, Collins et a/. described the EoE
histologic scoring system (EoEHSS), which provides a standardized method to objectively
assess the severity and extent of multiple pathologic features of EoE within esophageal
biopsies.! The EOEHSS composite score outperformed the PEC in differentiating patients
with treated and untreated EoE.! Additionally, various EOEHSS elements were associated
with distinct disease endotypes.? These data demonstrate the importance of pathologic
features distinct from eosinophil infiltration in assessing EOE disease activity.

Eosinophil progenitor cells (EoPs) are eosinophil lineage—committed, CD34* progenitor
cells that primarily reside in the bone marrow. Growing evidence demonstrates that EoPs
mobilize into the peripheral blood during allergic responses and accumulate within allergen-
exposed tissues. The functional significance of mobilized EoPs remains unclear, but it has
been postulated that these cells propagate local tissue eosinophilia through /n situ
proliferation and maturation into eosinophils and secretion of IL-5.3-> Moreover, studies
using isolated peripheral blood CD34* hematopoietic stem/progenitor cells have
demonstrated that these cells can be potent produces of T helper type 2 (Th2) cytokines,
particularly 1L-13.8 Consequently, EoPs may be participating in propagating Th2
inflammatory responses.

We previously demonstrated that EoP levels in the peripheral blood were significantly
increased in patients with active EOE.” Notably, a cutoff value of < 15.5 absolute EoPs per
mL was associated with 100% sensitivity for differentiating EOE disease activity, suggesting
that peripheral blood EoP levels may represent a novel disease-monitoring biomarker for
pediatric patients with EoE.” No clinical studies to date have evaluated the relationship
between peripheral blood EoP levels and the pathologic changes assessed by the EOEHSS.
We hypothesized that EoP levels would correlate with the histologic changes observed in the
esophagus during active EoE and would therefore correlate with EOEHSS disease scores.

To test our hypothesis, biopsies from our previously published pediatric EoE cohort’
underwent blinded assessment by a pathologist using the EOEHSS, as previously described.
The EOEHSS evaluates eight pathologic features commonly seen in EOE esophageal biopsies
(Supplemental Table El). The severity (grade) and extent (stage) of these pathologic changes
within the esophageal biopsies were scored and ratios generated by dividing the score
obtained by the maximum possible score. The grade and stage ratios were combined to
generate a total EOEHSS composite ratio. The cohort included subjects 1 to 18 years of age
with an EoE diagnosis and previous failure of proton pump inhibitor therapy to abate their
esophageal eosinophilia.” A total of 31 patients were divided into two groups based on their
PEC: inactive EoE (PEC <15 eosinophils/hpf; n=14) and active EoE (PEC =15/hpf; n=17)
(Supplemental Table EIl). Patient age, sex, and atopic status were not significantly different
between these groups. EoPs were identified within isolated peripheral blood mononuclear
cells by flow cytometry as the live, CD45RA-, CD34High+ CD38+ and CD125+ (IL-5Ra.)
events. Notably, EoPs were significantly increased in the peripheral blood of patients with
active EoE.”

J Allergy Clin Immunol. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Schwartz et al.

Page 3

We previously demonstrated that EoP levels significantly correlated with the maximum
severity of esophageal eosinophilia (i.e., PEC), which remains the gold standard for
assessing disease activity.’” Severity is a principal metric, but the extent of tissue involvement
is also essential to accurately assess disease activity. Indeed, both grade (severity) and stage
(extent) are measures routinely used to evaluate other inflammatory gastrointestinal diseases.
8 There is a distinct advantage to using the EOEHSS, which evaluates grade and stage,
compared to the PEC alone.! To date, however, composite EOEHSS score thresholds have
not been determined for active disease. Consequently, we determined whether EoP levels
correlated with EOEHSS histologic metrics. The EOEHSS composite ratio (combined grade
and stage scores) was significantly higher in active EoE than inactive EoE (P < 0.001;
Mann-Whitney test, Fig. 1A). Next, we evaluated the relationship between EoP levels and
the EOEHSS composite ratio. We observed a significant, positive correlation between the
absolute blood EoP levels and the EOEHSS composite ratio (Spearman p = 0.53; £=0.02;
Fig.1B) and between EoP levels and both grade (Spearman p = 0.54; £=0.002; Fig. 1C)
and stage (Spearman p = 0.50; £=0.005; Fig. 1D) ratio scores.

Given that the EOEHSS evaluates both eosinophil inflammation (i.e., El, EA, SL, SEA) and
pathologic features independent of tissue eosinophilia (i.e., BZH, DIS, DEC and LPF), we
investigated the relationship between blood EoP levels and each pathologic feature assessed
by the EOEHSS (Fig. 1E). EoP levels correlated most significantly with measures of
eosinophil tissue infiltration (EI composite [Spearman p = 0.54, =0.002] and SL
composite [Spearman p = 0.48, £=0.007]), but were also significantly correlated with
pathologic features separate from tissue eosinophils (BZH composite [Spearman p = 0.53, P
= 0.002] and DIS composite [Spearman p = 0.40, = 0.03]). Combined with the finding that
the levels of esophageal eosinophilia correlate most strongly with BZH and E12, these data
suggest a potential role for EoPs in contributing to tissue pathologic changes and disease
pathogenesis.

Peripheral blood absolute eosinophil counts (AEC) positively correlate with tissue
eosinophilia in patients with EoE.® Consequently, we compared blood EoP and AEC levels
to EOEHSS scores in a subset of patients that had a documented AEC at the time of biopsy
(n = 10; inactive = 4, active = 6; Fig. 2). The peripheral blood EoP levels were significantly
increased in patients with active disease and correlated with the EOEHSS composite ratio
(Fig.2A and 2B, respectively). In contrast, although there was a trend towards increased
AECs in patients with active disease and increased EOEHSS ratios in patients with higher
AECs, no statistical significance was observed (Fig.2C-D). These findings suggest that
peripheral blood EoP levels may outperform the AEC in association with histologic changes
observed in active EoE, although the small sample size makes definitive conclusions
difficult.

Invasive endoscopy with esophageal biopsy remains the gold-standard for disease
monitoring in EoE. The development of the EOEHSS has improved the ability of
pathologists to evaluate disease activity in biopsies, but the development of less-invasive
biomarkers remains a priority in EOE management. Our data suggest that peripheral blood
EoP levels correlate sufficiently with the histologic changes observed in active EoE and
provide additional evidence of their utility as a relevant biomarker for monitoring disease
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activity and suggest a potential role for EoPs in EOE pathogenesis. However, future studies
with larger patient cohorts and longitudinal assessments of EoP levels within individuals are
needed before this potential biomarker is ready for clinical application.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Cohort analysis of patients with inactive EoE (PEC < 15 eosinophils/hpf; n = 14) and active
EoE (PEC < 15/hpf; n = 17). A. Median EOEHSS composite ratio scores in patients with
inactive versus active EOE. Boxes indicate the 25-75! percentile, whiskers indicate the
minimum to maximum values, and each point represents an individual patient. Correlation
between the absolute EoP level in the peripheral blood and the EOEHSS composite ratio (B),
grade score (C), and stage score (D). Significance was determined using nonparametric
Spearman analysis, and all points are shown with each point representing an individual
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patient. E. Heat map demonstrating the Spearman correlation values for each pathologic
feature between peripheral EoP levels and the EOEHSS composite, grade, and stage scores.
Red indicates a higher degree of positive correlation (Spearman p closer to 1.0) and blue
represents an inverse correlation (Spearman p closer to —1.0). Significance is demonstrated
by an asterisk (*/~ < 0.05). EoE, eosinophilic esophagitis; PEC, peak eosinophil count; hpf,
high-power field; EOEHSS, eosinophilic esophagitis histologic scoring system; EoP,
eosinophil progenitor cell.
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Figure 2.

Subgroup analysis of patients with EOE and a documented AEC at time of biopsy (total n =
10; inactive = 4, active = 6). A. Median EoP levels in patients with inactive versus active
EoE. Boxes indicate the 25-75™ percentile, whiskers indicate the minimum to maximum
values, and each point represents an individual patient. B. Correlation between the absolute
EoP level in the peripheral blood and the EOEHSS composite ratio. Significance was
determined using nonparametric Spearman analysis, and each point represents an individual
patient. C. Median AEC in patients with inactive versus active EoE. D. Correlation between
the AEC in the peripheral blood and the EOEHSS composite ratio. EoE, eosinophilic
esophagitis; AEC, absolute eosinophil count; EoP, eosinophil progenitor cell; EOEHSS,
eosinophilic esophagitis histologic scoring system.
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