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Background/Aims
The epidemiology and pathogenesis of eosinophilic esophagitis (EoE) remain unclear in Asian countries. We investigated clinicopathological 
characteristics and diagnostic trends of EoE, and evaluated 3 tissue biomarkers for correlation with disease activity and treatment response in Korean 
patients with EoE. 

Methods
We retrospectively reviewed 25 271 esophageal biopsies performed during upper endoscopies between 2006 and 2017. We diagnosed EoE based 
on ≥ 15 eosinophils/high-power field (HPF) and, symptoms of esophageal dysfunction. We performed immunohistochemical analysis for tryptase, 
eosinophilic derived neurotoxin (EDN), and eotaxin-3. 

Results
We diagnosed EoE in 72 patients (53 men and 19 women; mean age, 46.2 years) with presenting symptoms of, dysphagia (15.3%), epigastric pain 
(31.9%), and heartburn (30.6%). The diagnostic rate of EoE considerably increased between 2006 and 2017, from 0.29 diagnoses to 7.99 diagnoses 
per 1000 esophageal biopsies (P < 0.001). The mean peak eosinophil count (PEC) was 56.0 (± 77.8)/HPF. Whereas the EDN (rho = 0.667, P < 
0.001) and eotaxin-3 levels (rho = 0.465, P < 0.001) correlated with PEC, tryptase and PEC were weakly correlated (rho = 0.291, P = 0.013). EDN 
(rho = 0.279, P = 0.017), and tryptase (rho = 0.279, P = 0.033) correlated with the inflammatory score of Eosinophilic Esophagitis Endoscopic 
Reference Score. Immunohistochemical analysis and changes in tryptase, EDN, and eotaxin-3 levels were associated with histologic and endoscopic 
improvements. 

Conclusions
EoE incidence considerably increased during the 12-year period, regardless of endoscopic esophageal biopsy rate. Tryptase, EDN, and eotaxin-3 levels 
in esophageal biopsy specimens could be promising biomarkers for disease activity, symptom, and endoscopic response in Korea. 
(J Neurogastroenterol Motil 2019;25:525-533)
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Introduction  

Eosinophilic esophagitis (EoE) is now one of the most com-
monly diagnosed diseases during the assessment of feeding prob-
lems in children, and in the assessment of dysphagia and food im-
paction in adults in Western countries.1 One study in Korea showed 
an increasing trend in a limited number of patients during a short 
period of observation.2 However, the epidemiology and pathogen-
esis of EoE are not yet clearly defined among Asian populations, 
particularly in Korea.3 

The current criteria for diagnosis of EoE require the presence 
of at least 15 eosinophils per high-power field (HPF) in esophageal 
biopsy, in the correct clinical setting and without comparing causes 
of esophageal eosinophilia.4-6 However, the eosinophil count alone 
is not specific and therefore insufficient as a sole biomarker.7 More-
over, EoE is a patchy disease with variations in both numbers of eo-
sinophils and in histologic findings. Among biopsy specimens taken 
from the same site and even within a given biopsy specimen, the 
number of eosinophils can vary widely.8 The complex pathogenesis 
of EoE provides numerous biomarker candidates. Immunohisto-
chemical (IHC) analysis is a viable option for predicting the disease 
activity and treatment response of EoE, and it has shown promising 
results in a few Western studies.9,10 In a previous study, a combina-
tion of 3 IHC stains (eotxain-3, major basic protein, and tryptase), 
distinguished EoE from control with 100% sensitivity and specific-
ity.7 However, its utility in Korean patients with EoE has neither 
been tested nor validated. A set of predictors that are more specific 
to the disease activity and treatment response of EoE in the Korean 
population would be useful.

The objective of this study is to investigate the clinicopathologic 
characteristics and diagnostic trends of EoE in Korean patients. In 
addition, 3 tissue biomarkers (tryptase, eosinophil-derived neuro-
toxin [EDN], and eotaxin-3) were evaluated for their correlations 
with disease activity and treatment response. 

Materials and Methods  

Study Subjects and Clinical Data
We conducted a retrospective analysis of data obtained from a 

single center in Korea from 2006 to 2017. Adult patients (age > 
18 years) who had undergone an endoscopic esophageal biopsy 
were enrolled in this study. The details of portions of our study 
design were as reported in a previous study.2 The clinical data were 

extracted: demographics, symptoms, endoscopy indications, endo-
scopic and histologic findings, and prescribed treatment. This study 
was approved by the Institutional Review Board of Asan Medical 
Center, University of Ulsan college of Medicine (IRB No. 2017-
1232).

Histologic Analysis
For each case, hematoxylin and eosin stained slides were re-

viewed for eosinophil counts. Eosinophils were counted in all avail-
able fields for each biopsy specimen. The total number of eosino-
phils in all fields was counted and the peak eosinophil count (PEC) 
per HPF was reported (HPF = 0.237 mm2).11

Treatment Outcomes 
The treatment outcomes included symptom response (dichoto-

mous patient-reported subjective improvement [yes/no]), endo-
scopic improvement according to the Eosinophilic Esophagitis En-
doscopic Reference Score (EREFS),12,13 and post-treatment PEC. 
Total EREFS was composed of the sum of the maximal overall 
score for each individual sign. Inflammatory EREFS was derived 
by adding the 3 inflammatory signs (edema, exudate, and furrows), 
but excluding rings and stricture. All endoscopic findings concern-
ing the study patients were reviewed by 3 experienced endoscopists 
(H.Y.J., K.W.J., and G.H.K.). Then the endoscopic findings were 
re-scored using the EREFS. Histologic response was defined as 
the presence of < 15 eosinophils/HPF on follow-up biopsy.14 En-
doscopic response was defined as any improvement in EREFS or 
EREFS < 2.13

The treatment options were a topical steroid (fluticasone from a 
multidose inhaler 250-500 μg twice daily), proton pump inhibitors 
(standard dose once daily), or diet elimination which was consulted 
to an allergic physician for a period of 8 weeks.

Immunohistochemical Staining and Interpretation
Paraffin-embedded tissue specimens were stained with an 

anti-EDN (RNASE2; 1:50 dilution, rabbit polyclonal, PA5-
60882; Thermo Fisher Scientific, Waltham, MA, USA), anti-mast 
cell tryptase (1:100 dilution, clone AA1, GTX22378; GeneTex, 
Irvine, CA, USA), and anti-eotaxin-3 (1:200 dilution, goat, 
#500-P156G; PeproTech, Rocky Hill, NJ, USA) antibodies, by 
using an automatic IHC staining device (Benchmark XT; Ventana 
Medical Systems, Tucson, AZ, USA). Briefly, 4 μm-thick whole 
tissue sections were transferred onto poly-L-lysine-coated adhesive 
slides and dried at 74℃ for 30 minutes, followed by standard heat 
epitope retrieval for 1 hour in EDTA (pH 8.0) in the autostainer. 
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After incubation with primary antibodies, the sections were incu-
bated with the OptiView Universal DAB detection kit (Ventana 
Medical systems, Tucson, AZ, USA) and counterstained with 
Harris hematoxylin. Positive control slides were incubated with 
the primary antibody to confirm that the antibody was working as 
expected. Negative controls were stained with an antibody dilu-
ent and the secondary antibody to assess background staining. For 
these positive and negative controls, tissues expected to stain for 
the targeted antigen was used. Negative control tissue not expected 
to stain for the targeted antigen was used for stain optimization 
and control. Some pilot cases of EoE and normal esophagus were 
used as positive and negative controls. Cytoplasmic staining was 
considered positive. In case of EDN and tryptase, the maximum 
number of positively stained cells in the squamous epithelial layer 
was counted per HPF. Otherwise, eotaxin-3 immunohistochemis-
try results were evaluated semiquantitatively for both the intensity 
of staining and the percentage of stained cells, calculated as the H 
score. We divided the intensity level into 3 levels, namely negative, 
weak, and strong, and assigned scores of 0, 1, and 2 to these levels, 
respectively. H score was obtained through calculating the sum of 
individual multiplications of the staining intensity and the percent-
age of positive cells in each intensity level on a scale from 0 to 200 
(staining intensity × percentage of positive cells). Either cytoplas-
mic or nuclear staining of squamous epithelial cells was considered 
positive.

Statistical Methods
The c2 test or Fisher’s exact test was used to compare categori-

cal variables, whereas continuous variables were assessed using the 
Mann-Whitney U test. Continuous variables were presented as 
mean ± standard deviation or numbers (%), and categorical vari-
ables were presented as numbers with percentages. A P-values of < 
0.05 considered as statistical significance. Cochran-Armitage trend 
test was used for trend analysis according to the period.

All statistical tests were performed using SPSS version 21.0 
(IBM Corp, Armonk, NY, USA).

Results  

Clinical and Endoscopic Characteristics 
A total of 25 271 endoscopic esophageal biopsies had been 

performed at Asan Medical Center in the study period. Among the 
biopsy reports, 602 reports included the term “eosinophil.” Finally, 
72 patients were included our study (Supplementary Fig. 1). The 

baseline characteristics of the patients included in the study are 
summarized in Table 1. The study population consisted of 53 male 
and 19 female (mean age, 46.2 ± 14.4 years).

The clinical symptoms of the patients were dysphagia/food 
impaction (11 cases [15.3%]), epigastric pain (23 cases [31.9%]), 
heartburn (22 cases [30.6%]), and dyspepsia (16 cases [22.2%]). 
Twenty-five patients (34.7%) had a personal history of allergy. 

Table 1. Baseline Characteristics and Endoscopic Findings of the 
Study Patients 

Variable Value (N = 72)

Age (yr) 46.2 ± 14.4
Sex (male) 53 (73.6)
Symptoms
    Dysphagia/food impaction 11 (15.3)
    Epigastric pain 23 (31.9)
    Heartburn 22 (30.6)
    Dyspepsia 16 (22.2)
Any allergic disease
    Asthma 9 (12.5)
    Allergic rhinitis 12 (16.7)
    Food allergy 3 (4.2)
    Atopic dermatitis 1 (1.4)
    None 47 (65.3)
Endoscopic findings based on EREFS
    Fixed rings  
        Grade 0: none 46 (63.9)
        Grade 1: mild 19 (26.4)
        Grade 2: moderate 7 (9.7)
        Grade 3: severe 0 (0.0)
    Exudates
        Grade 0: none 27 (37.5)
        Grade 1: mild 40 (55.6)
        Grade 2: severe 5 (6.9)
    Furrows
        Grade 0: absent 22 (30.6)
        Grade 1: present 50 (69.4)
    Edema
        Grade 0: absent 32 (44.4)
        Grade 1: present 40 (55.6)
    Stricture
        Grade 0: absent 69 (95.8)
        Grade 1: present 3 (4.2)
Dilation 1 (1.48)
Tested for eosinophilia 60 (83.3)
    Eosinophilia (> 500 eosinophils/μL) 9 (12.5)

EREFS, eosinophilic esophagitis endoscopic reference score.
Data are presented as mean ± SD or n (%).
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The typical endoscopic appearance of EoE was observed in 
68 patients (91.8%), including furrows in 50 (69.4%), rings in 26 
(36.1%), white exudates in 45 (62.5%), and stricture in 3 (4.2%). 
The endoscopic features were classified using the EREFS system 
(Table 1).12 

Among the 72 cases included in the study, 56 were treated with 
proton pump inhibitors and 4 were treated with steroids. Five pa-
tients had a spontaneous remission without any medication. Among 
the 27 patients who did not respond to proton pump inhibitors, 17 
were treated with corticosteroids, which led to symptomatic relief 
or improvement of endoscopic findings. Despite treatment, 2 of 
17 patients who underwent upper endoscopy still showed typical 
endoscopic findings and did not have symptomatic improvement 
(Supplementary Fig. 2). Moreover 1 patient underwent balloon 
dilation for stricture. 

Diagnostic Trend 
A comparison of the rate of esophageal biopsy performed dur-

ing the study period with the rate of newly diagnosed EoE cases is 
shown in Figure 1. The number of esophageal biopsies appeared 
to have increased only slightly over the course of the study period. 
However, the number of patients with EoE seemed to have consid-
erably increased over the 12-year period (P < 0.001). 

Histologic and Immunohistochemical Staining 
Evaluations

Histopathologic examination revealed eosinophilic infiltra-
tion of the esophageal epithelium (≥ 15 eosinophils/HPF) in all 
patients. The mean PEC was 56.0 ± 77.8. The mean counts of 
tryptase- and EDN-stained cells/HPF were 39.4 ± 27.8 and 53.1 
± 85.3, respectively. The mean score of eotaxin-3 stained cells/

Figure 1. Comparison of esophageal biopsy rate and number of diag-
nosed eosinophilic esophagitis (EoE) cases. P for trend < 0.001.

Table 2. Biomarkers in Atopic and Non-atopic Patients With Eosinophilic Esophagitis at Baseline

Variable Total (n = 72) Atopic (n = 25) Non-atopic (n = 47) P-valuea

Age (yr) 46.2 ± 14.4 41.8 ± 10.0 48.4 ± 15.8 0.106
Sex (male) 53 (73.6) 19 (76.0) 34 (72.3) 0.575
Peak eosinophil countb 56.2 ± 77.8 78.6 ± 124.1 44.3 ± 29.5 0.523
EDN stained cell countb 53.1 ± 85.3 74.6 ± 132.0 41.6 ± 41.9 0.986
Tryptase stained cell countb 39.4 ± 27.8 39.6 ± 30.5 39.4 ± 26.7 0.937
Eotaxin-3 stained score 64.6 ± 43.1 70 ± 48.4 61.7 ± 40.3 0.491
EREFS 1.9 ± 1.2 2.1 ± 1.2 1.9 ± 1.2 0.441
Endoscopic findings
    Normal  8 (11.1) 2 (8.3) 7 (14.6) 0.317
    Rings 26 (36.1) 10 (41.7) 16 (33.3) 0.637
    Exudates 45 (62.5) 16 (66.7) 29 (60.4) 0.712
    Furrows 47 (65.3) 15 (62.5) 32 (66.7) 0.795
    Edema 8 (11.1) 2 (8.3) 6 (12.5) 0.710
    Stricture 2 (2.7) 1 (4.2) 1 (2.7) > 0.999
Symptomatic response 55/59 (93.2) 20/23 (86.9) 35/36 (97.2)
Endoscopic response 26/31 (66.7) 9/11 (81.8) 17/20 (85.0)

aObtained using the chi-square test and analyzed using the Fisher exact test for categorical variables and, whereas were assessed using the Mann-Whitney U test for 
continuous variables.
bPer high-power field.
EDN, eosinophil-derived neurotoxin; EREFS, eosinophilic esophagitis endoscopic reference score.
Data are presented as mean ± SD or n (%).
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HPF was 39.4 ± 27.8 (Table 2). A significant correlation was 
found between the PEC and the levels of EDN (rho = 0.667, P 
< 0.001) and eotaxin-3 (rho = 0.465, P < 0.001; Fig. 2B and 
2C). However, the tryptase levels showed a weak correlation with 
PEC (rho = 0.291, P = 0.013; Fig. 2A). EDN (rho = 0.251, P 
= 0.033), and tryptase (rho = 0.279, P = 0.017) levels correlated 
with the inflammatory score of EREFS in the patients with EoE 
(Fig. 2D and 2E). However, the eotaxin-3 levels did not correlate 

with the inflammatory score of EREFS (rho = 0.149, P = 0.212; 
Fig. 2F). Moreover, the total EREFS did not correlate with any 
biomarker (EDN: rho = 0.227, P = 0.055; tryptase: rho = 0.194, 
P = 0.155; and eotaxin-3: rho = 0.152, P = 0.201). In addition, 
there was no correlation between EREFS and PEC (rho = 0.022, 
P = 0.852; Fig. 2G).

We compared the tissue biomarker levels between atopic (n = 
24) and non-atopic (n = 48) patients; however, no significant dif-

Figure 2. Scatter plot comparing (A) tryptase levels and peak eosinophil count (PEC), (B) eosinophil-derived neurotoxin (EDN) levels and PEC, 
(C) Eotaxin-3 levels and PEC, (D) tryptase levels and inflammatory scores of eosinophilic esophagitis endoscopic reference score (EREFS), (E) 
EDN levels and inflammatory scores of EREFS, (F) eotaxin-3 levels and inflammatory scores of EREFS, and (G) PEC and inflammatory scores 
of EREFS. Eos, eosinophil; HPF, high-power field. P-values were analyzed by Spearman rank-order correlation.
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ferences were observed for any biomarkers (Table 2). 
Paired esophageal tissue samples before and after treatment of 

18 patients with EoE were available and stained for tryptase and 
EDN (Fig. 3). There were 12 (61.0%) histologic responders with 
< 15 eosinophils/HPF, and 6 (39.0%) nonresponders. The histo-

logic responders did not differ from the non-responders in age, sex, 
EREFS, and baseline eosinophil count, with the exception of the 
post-treatment eosinophil count (2.3 ± 4.6 vs 35.4 ± 12.3; P < 
0.001; Table 3). 

In the IHC staining analysis, the mean changes in tryptase, 

Figure 3. Histologic findings before and after treatment in a patient with eosinophilic esophagitis (EoE). (A) Hematoxylin and eosin staining 
shows an elevated eosinophil counts (×400) and normalization after therapy (×400). (B) The tryptase staining shows elevated number of stained 
cells and normalization after therapy (×400). (C) The eosinophil-derived neurotoxin staining shows an elevated number of stained cells (×400) 
and normalization after therapy (×400). (D) Eotaxin-3 staining shows elevated number of stained cells (×400) and normalization after therapy 
(×400). 

Table 3. Histologic Response After Treatment in 18 Patients With Eosinophilic Esophagitis

Variable Responders (n = 12) Non-responders (n = 6) P-valuea

Age (yr) 46.3 ± 13.3 46.1 ± 11.9 0.972
Sex (male) 0 (0.0) 4 (66.7) 0.137
Peak eosinophil countb 87.9 ± 172.6 42.7 ± 40.6 > 0.999
EDN stained cell countb 83.6 ± 172.7 45.6 ± 56.5 0.084
Tryptase stained cell countb 48.0 ± 31.3 54.4 ± 45.4 0.784
Eotaxin-3 stained score 53.3 ± 35.8 78.3 ± 43.5 0.131
Post eosinophil countb 2.3 ± 4.6 35.4 ± 12.3 < 0.001
Post EDN stained cell countb 6.7 ± 15.2 45.6 ± 56.5 0.047
Post tryptase stained cell countb 21.5 ± 27.1 34.3 ± 31.5 0.219
Post Eotaxin-3 stained score 43.8 ± 26.4 69.2 ± 62.6 0.538
EREFS 1.2 ± 1.3 1.4 ± 1.6 0.441
Symptomatic response 12 (100) 5 (83.3) 0.137
Endoscopic response 9 (75) 5 (83.3) > 0.999

aObtained using the chi-square test and analyzed using the Fisher exact test for categorical variables and, whereas were assessed using the Mann-Whitney U test for 
continuous variables.
bPer high-power field.
EDN, eosinophil-derived neurotoxin; EREFS, eosinophilic esophagitis endoscopic reference score.
Data are presented as mean ± SD or n (%).
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EDN, and eotaxin-3 levels were 34.5, 76.8, and 9.6, respectively, 
in histologic responders. In the case of histologic non-responders, 
the mean changes in tryptase, EDN, and eotaxin-3 levels were 
2.8, 23.5, and 9.2, respectively (Supplementary Fig. 3); however, 
the difference did not reach statistical significance. On the basis 
of the EREF score, the mean changes in the tryptase, EDN, and 
eotaxin-3 levels were 25.7, 71.1, and 15.0 in endoscopic responders. 
In the case of the endoscopic non-responders, the mean changes 
in tryptase, EDN, and eotaxin-3 levels were 17.7, 16.7, and -10.0, 
respectively (Supplementary Fig. 4). 

Discussion  

This study evaluated the clinicopathological characteristics and 
diagnostic trends of EoE in Korea, and assessed 3 potential tissue 
biomarkers for diagnosing the disease and monitoring the treatment 
efficacy in patients. EoE is a chronic inflammatory disease, with 
a rapidly increasing incidence reported in Western countries.15-19 

However, this has not been fully investigated in Asian countries. We 
found that, the incidence of EoE considerably increased during the 
12-year period, even after accounting for the endoscopic esophageal 
biopsy rate. The EDN, eotaxin-3, and tryptase levels correlated 
with PEC. Moreover, the EDN and tryptase levels correlated with 
the inflammatory score of EREFS, and post treatment changes in 
tryptase, EDN, and eotaxin-3 levels were associated with histologic 
and endoscopic improvements.

The diagnosis of EoE is based on the correct presentation of 
clinical, endoscopic, and histologic findings.4-6,20 A PEC, of ≥ 15 
intraepithelial eosinophils in at least one HPF, in an esophageal 
biopsy is the gold standard parameter for the histologic aspect of the 
diagnosis. Reduced PEC constitutes an endpoint in clinical trials 
of therapies for EoE and is a common goal in clinical manage-
ment. However, re-review of slides with PECs of 1-14/HPF yields 
counts at or above the diagnostic threshold value in > 20% of such 
biopsies, which is a limitation of using PEC as the sole pathologic 
diagnostic parameter.21 No guidelines have set firm response thresh-
olds for any outcome measures.

IHC analysis is an attractive option because it is commercially 
available, relatively inexpensive, and reproducible between laborato-
ries. While it has been investigated in EoE in Western countries,22,23 
its usefulness has not been validated in Korea. The tissue biomark-
ers evaluated in this study (EDN, eotaxin-3, and tryptase) were 
selected on the basis of their role in the pathogenesis of EoE. Eo-
sinophil granule proteins such as EDN are believed to play a func-
tional role in the gastrointestinal tract by increasing permeability, 

but elevated levels result in chronic inflammation.24 Furthermore, 
plasma EDN level has been proposed as a non-invasive biomarker 
for diagnosing or monitoring EoE.25 Our findings agree with those 
of a previous study,10 as we found a significant correlation between 
EDN and eosinophil counts. Improvements in endoscopic appear-
ance and PEC are associated with changes in EDN levels. Eotax-
ins are chemoattractants that recruit eosinophils.26 Tissue cytokine 
levels and eotaxin-3 expression levels are elevated in EoE.27,28 In a 
previous study, decreased levels of eotaxin-3 at baseline predicted 
which patients would not respond to therapy.29

Mast cells have been implicated in the pathogenesis of EoE in 
several studies, and they have potential as a specific tissue marker 
of EoE.20,30 Mast cell-associated genes are upregulated in EoE,31 
and mast cells produce interleukin-13 and transforming growth 
factor-β, which have been implicated in eosinophil migration and 
fibrosis, respectively; however, the potential role of mast cells in di-
agnosing EoE is unknown, particularly in an Korean cohort. In this 
study, by comparing tryptase-positive mast cells between before and 
after treatment, we found that tryptase levels correlated with endo-
scopic and symptomatic responses, but not with tissue eosinophil 
counts. This result suggests that analysis of mast cells could add 
diagnostic information not gained from simple eosinophil counts. 

This study has several potential limitations. First, as this study 
was conducted at a single center, the results may not be generaliz-
able. However, as our data are focused on the Korean population, 
they are novel, and some findings related to the IHC are similar 
to those previously described in non-Asian populations. Second, 
as this was a retrospective study, not all outcomes are available in 
all patients. Third, esophageal biopsy specimens were not obtained 
from each upper and lower levels of the esophagus.

Despite these limitations, the study has multiple strengths. This 
is the first study to investigate tissue biomarkers of EoE in Korea. 
Moreover, we analyzed multiple treatment response definitions to 
demonstrate the meaning of tissue biomarkers. The findings of this 
study may provide useful information on the epidemiology and 
pathogenesis of EoE in Asian countries

Our findings suggest that the number of patients with EoE 
considerably increased over the 12-year study period, regardless of 
the endoscopic esophageal biopsy rate. The tryptase, EDN, and 
eotaxin-3 levels in esophageal biopsy specimens could be promising 
biomarkers of disease activity, symptom and endoscopic response in 
Korea, and EDN level is correlated most with PEC and treatment 
response. Large-scale, prospective studies are required for these 
biomarkers to be adopted in the diagnosis and treatment of EoE.
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