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Objective

Barrett's esophagus (BE) is an established precursor to esophageal
adenocarcinoma, which has a poor prognosis unless detected at an early stage.
The progression of BE to adenocarcinoma is slow and unpredictable. Currently, the
best predictor of adenocarcinoma is histological detection of dysplasia.

Accurate grading of dysplasia and especially discriminating low-grade dysplasia
LGD from high-grade dysplasia HGD is important for management. Marked
variability exists when diagnosing dysplasia in BE. This highlights the need for a
diagnostic adjunct, especially in histologically challenging cases.

This study aims at evaluating the role of immunohistochemical expression of (p53,
IMP3, AMCAR and CDx2) in Barrett's oesophagus spectrum, to increase the
diagnostic accuracy of grading dysplasia and predicting progression risk.
Methods

This is a retrospective immunohistochemical study, performed on selected 52
cases of esophageal biopsies.

Results

The p53 was negative in nondysplastic Barrett's esophagus (ND-BE) and LGD
and strong positivity towards HGD/esophageal adenocarcinoma (EAC). CDX2
showed highest expression among ND-BE and decreased towards EAD. IMP3 and
AMCAR were negative in all cases of ND-BE with gradual increase among HGD/
esophageal adenocarcinoma cases.

IMP3, AMCAR, and CDX2 were found to be more sensitive in detecting HGD (80%,
70% & 70%). Meanwhile, p53 is more specific (100%), IMP3 and AMCAR are more
sensitive discriminating LGD from HGD (80%) than p53 and CDX2 (60%, 70%).
Conclusion

This combined panel of p53, CDX2, IMP3, and AMACR could be used in
conjunction with histology as a promising tool to accurately predict progression
form BE to HGD/adenocarcinoma with a great value for early detecting high grade
dysplasia, discriminating it from LGD, improving risk stratification in BE, and
optimizing patient care.
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Introduction

dysplasia-adenocarcinoma sequence is slow and

Esophageal cancer is a global health problem with
more than 572 000 newly diagnosed cases worldwide
in 2018 (International Agency for Research on Cancer,
2018). There are two main histological subtypes of
esophageal cancer, esophageal adenocarcinoma (EAC)
and esophageal squamous cell carcinoma, and there has
been a dramatic shift in its epidemiology. In Egypt,
esophageal carcinoma represents 1.2% of cancers
among the newly diagnosed cases according to Global

cancer statistics 2020 (Malik and colleagues 2021).

Barrett’s esophagus (BE) is the established precursor
to esophageal adenocarcinoma (Frei and colleagues

2021). The progression of BE through a metaplasia-

© 2023 Egyptian Journal of Pathology | Published by Wolters Kluwer - Medknow

unpredictable. Some studies have suggested rate
of progression about (2-28%/year) for low-grade
dysplasia (LGD) and about (6-60%/year) for high-
grade dysplasia (HGD) (Kambhampati and colleagues
2020; Song and colleagues 2020). Currently, in many
institutions, detection of BE with LGD necessitates
periodic endoscopic surveillance, whereas HGD and
EAC warrants more aggressive interventions like

This is an open access journal, and articles are distributed under
the terms of the Creative Commons Attribution-NonCommercial-
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endoscopic resection, ablation and/or esophagectomy

(Badgery and colleagues 2020).

Grading of dysplasiain BE canrepresentareal histologic
challenge. A recent multi-institution international
study has documented over-diagnosing of HGD in BE
of about 40% of the cases, which can lead to possible
unnecessary therapy and mismanagement (Davison and
colleagues 2020). Although, histological examination
of BE biopsies is subjected to interobserver variability
(Srivastava and colleagues 2017). It remains the gold
standard for risk assessment (Sali and colleagues 2020).

Thus, there is a need for adjunct markers that can be
used to support histologic decision for more accurate
diagnosis, especially in diagnostically challenging
cases, and most probably for prediction of cases of
nondysplastic Barrett’s esophagus (ND-BE) and LGD
that have the potential to progress to HGD and EAC,
given the treatment implications. Identifying ancillary
stains was targeted by numerous studies aiming to help
pathologists confirm the presence of BE and dysplasia,
and to better predict the progression to adenocarcinoma

(Werling and colleagues 2003).

We selected proteins involved in signaling pathways
that are independently and difterentially regulated in
the transition from ND-BE to EAC (Denlinger and
Thompson, 2012). The p53 is an important tumor
suppressor gene. Inactivation of p53 seems to be a
fundamental event occurring early and often during
Barrett’s carcinogenesis (Bian and colleagues 2001).

CDX2 is the key regulator of intestinal differentiation
especially normal esophageal squamous epithelium
that transformed into columnar epithelium. (Burdelski
and colleagues 2018) Its expression is high in ND-
BE and progressively decreases in dysplasia and EAC.
(Hayes and colleagues 2011).

Insulin-like growth factor II m-RNA-binding protein
3 (IMP3) is an oncofetal protein that is essential
for cellular proliferation, adhesion, and invasion of
malignant neoplasms. Its high and strong expression
was discovered in a large variety of human types of
cancers but not in adjacent benign tissues (Neal and
colleagues 2020) It is considered a new biomarker being
evaluated in the diagnosis of dysplasia and neoplasia in

BE. (Gadara and colleagues 2017).

AMACR is an enzyme that catalyzes the racemization
of a-methyl branched-chain carboxylic acid coenzyme
(Hasan and colleagues 2020). Its role in cancer biology

explains the frequent OVCI‘CXPI’CSSiOH in prostate cancer

(Elmubrak, 2021). Currently, the probable utility of
AMACR expression in diagnosing dysplasia is widely
studied, especially in gastrointestinal tract pathology
(Snyder and colleagues 2019).

In this study, we analyze the expression of p53,
CDX2, IMP3, and AMACR proteins in the four
studied categories to evaluate their value in accurately
grading dysplasia in BE biopsy and detect their role in
progression of BE into oesphgeal adenocarcinoma.

Materials and methods

Study groups

This is a retrospective study, performed on formalin
fixed paraffin embedded biopsy specimens of selected 52
cases of esophageal lesions subdivided as 11 specimen
of ND-BE, 10 specimens of Barrett’s esophagus with
LGD, 11 specimens of Barrett’s esophagus with HGD,
20 specimens of EAC.

Specimens are collected from archives of Pathology
Department, EARLY CANCER DETECTION
UNIT (ECDU), Faculty of Medicine, Benha
University, during the period from November 2018
to May 2022. The study was approved by the Ethical
Committee of Benha Faculty of Medicine, Benha
University (M.S. 13.5.2023).

10 cases of nonspecific esophagitis considered as
control were included in this study. The specimens were
45 endoscopic biopsies and 7 were esophagectomy.

Exclusion criteria: Cases diagnosed as BE with
epithelial alterations indefinite for dysplasia and cases
with history of chemotherapy or cases with no available
paraffin blocks-were excluded from this study.

All collected blocks were cut at 4 pm and stained
with routine hematoxylin and eosin and re-reviewed
independently by two pathologists to confirm the
diagnosis.

Immunohistochemistry

Immunohistochemical analysis was applied using the
standard streptavidin—biotin technique following the
manufacturer’s instructions. The details of used primary
antibodies are shown in Table 1. For the secondary
developing reagents, a labeled streptavidin—biotin kit
(Neomarker; Labvision, Waltham, USA) was used. The
sections were stained with 0.02% diaminobenzidine
solution used as chromogen, and negative controls for
all markers were obtained by omitting the primary
antibody.
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Table 1 Data for using p53, CDX2, IMP3, and AMCAR antibodies

Markers Vendor Clone Host/isotope State Dilution  Incubation Positive control ~ Antigen retrieval

CDX2 Thermo monoclonal  Rabbit IgG Concentrated  1:100 20min at RT  Colon carcinomas Citrate buffer
Fisher (pH 6.0)
scientific

IMP3 Thermo polyclonal Rabbit/ IgG Concentrated 1:50 60min at RT Lung squamous Citrate buffer
Fisher carcinoma (pH 6.0)
scientific

AMACR Thermo monoclonal  Rabbit/ IgG Concentrated ~ 1:100 30min at RT Prostate cancer Citrate buffer
Fisher (pH 6.0)
scientific

p53 Thermo Monoclonal  Mouse/ IgG2a  Concentrated 1:20 1 hour at RT  colon carcinoma Citrate buffer
Fisher (pH 6.0)
scientific

Evaluation of immunohistochemical staining

Positive nuclear staining was examined for p53 and
CDX2. The number of positive cells were interpreted
in adherence to the methodology utilized by
Cetinaslan and colleagues (2012) and Elshafey and
colleagues (2016). The statistical analysis of CDX2
immunohistochemical results were initially made
according to semi quantitative positivity scores of
staining intensity, as O - +3. Since the number of cases
were small in each group, final statistical correlation
was searched from both negative and the positive
groups, regardless of their staining score.

IMP3 and AMACR staining were cytoplasmic, scored
as the methodology followed by Jankowski and Odze
(2009); Sonwalkar and colleagues (2010).

We used SPSS v20 (Statistical Package for Social
Sciences, IBM Corp., NY, and USA for all statistical
analyses. The IHC data were analyzed using Fischer’s
exact test, and P values less than or equal to 0.05
were considered statistically significant. ROC curves
were constructed to assess the performance of p53,
CDX2, IMP3 and AMCAR in detection of patients
with different grades of dysplasia, in addition to those
without dysplasia.

Results

Clinicopathological data

The age of studied cases ranged from 20 to 84 (mean
50.76 +17.5) with 31 case were male and 20 cases of
female. The included cases in this study were classified
into four groups: 11 (21.6%) specimens of ND-BE,
10 (19.9%) specimens of LGD, 10 (19.6%) specimens
of HGD, 20 (39.2%) specimens of EAC, and 10

specimens of nonspecific esophagitis used as control.

Immunohistochemical results

Expression of p53, CDX2, IMP3, and AMCAR among the
studied groups (ND-BE, LGD, HGD and EAC)

All cases of ND-BE were negative Fig. 1a and 70%
of LGD were negative Fig. 1b for p53 while 60% and
45% of HGD Fig. 1c and EAC Fig. 1d were positively

expressing p53 with statistically significant positive
correlation among the four studied groups (P = 0.012)
as shown in Table 2.

CDX2 was negatively expressed in control cases while
positively expressed in ND-BE Fig.2aand LGD Fig. 2b
(90.9 & 80%, respectively) while it was expressed only
in 30% of HGD Fig. 2c and 45% of EAC cases Fig. 2d
with statistically significant correlations (P < 0.001)
illustrated in Table 2.

Up regulation of IMP3 Cytoplasmic staining was
detected among the four groups of the studied cases,
all cases of ND-BE (100%) Fig. 3a and 60% of LGD
cases Fig. 3b showing +1 score of IMP3.While 80%
of HGD Fig. 3¢ and 70% of EAC Fig. 3d cases were
highly expressing IMP3 respectively (score +3) with
highly significant positive correlations (P < 0.001) as
shown in Table 2.

Similarly, cytoplasmic expression of AMCAR was
overexpressed in 50% HGD Fig. 4c and 55% EAC
Fig. 4d respectively. However, 100% of ND-BE
Fig. 4a and 90% of LGD Fig. 4b were lower expressing
AMCAR (score +1 & +2) with highly significant
positive correlations (P < 0.001) as shown in Table 2.

ROC curves analysis

p53,CDX2,IMP3, and AMCAR and have high specificity
but low sensitivity in detection of LGD as shown in Fig.
5a. IMP3, AMCAR, and CDX2 were found to be more
sensitive for detection of Barrett’s with hHGD (80, 70 &
70%, respectively). While p53 is more specific, less sensitive
(100% specificity and 60% sensitivity) as shown in Fig. 5b.
IMP3 and AMCAR are more sensitive in discrimination
of LGD from HGD (80% sensitivity and 90 and 70%
specificity, respectively) while p53 and CDX2 were found to
be less sensitive (60, 70%, respectively) as shown in Fig. Sc.

Discussion

Barrett’sesophagusrepresentsasignificantcomplication
of gastroesophageal reflux disease that primarily
remains asymptomatic in most cases. It is recognized as
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Figure 1

p53 IHC expression in the studied group Negative staining in ND-BE and LGD (A &B). Positive nuclear staining of p53 in HGD and EAC (C

&D), (IHC X400).

Table 2 Expression of p53, CDX2, IMP3, and AMCAR among the studied groups

Clinicopathological Non dysplastic Low grade High grade Adenocarcinoma P value
data Barrett (11) No (%) dysplasia (10) No dysplasia (10) No (20) No (%)
(%) (%)
Sex
Male 7 (63.6) 7 (70.0) 5 (50.0) 12 (60.0) 0.85
Female 4 (36.4) 3(30.0) 5 (50.0) 8 (40.0)
P53
+ve 0 3 (30.0) 6 (60.0) 11 (55.0) 0.012~
-ve 11 (100) 7 (70.0) 4 (40.0) 9 (45.0)
CDX2
+ve 10 (90.9) 8 (80.0) 3(30.0) 9 (45.0) <0.001**
-ve 1(9.1) 2 (20.0) 7 (70.0) 11 (55.0)
IMP3
<10% (+1) 11 (100) 6 (60.0) 1(10.0) 0 <0.001**
10-50(+2) 0 3(30.0) 1(10.0) 6 (30.0)
>50%(+3) 0 1(10.0) 8 (80.0) 14 (70.0)
AMCAR
<10% (+1) 10 (90.9) 3(30.0) 2(20.0) 3 (15.0) <0.001**
10-50(+2) 1(9.1) 6 (60.0) 3(30.0) 6 (30.0)
>50%(+3) 0 1(10.0) 5 (50.0) 11 (55.0)
*significant.
**highly significant.

a risk factor for esophageal adenocarcinoma possessing
an unfavorable prognosis in the absence of timely

detection at an early stage (Jankowski and Odze, 2009).

Histological identification of dysplasia remains the
best predictor of future carcinoma development in
individuals with Barrett’s esophagus, with high grade

intraepithelial neoplasia carrying the highest relative
risk of malignant progression. (Jankowski and Odze,
2009; Kaye and colleagues 2010). Various studies have
been conducted based on the hope that, in future,
specific molecular changes can be used as reliable
markers to identify individuals at risk of developing
cancer.
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Figure 2

CDX2 expression in the studied groups. Diffuse strong nuclear expression in ND-BE and LGD (A&B). Lower nuclear staining of CDX2 in both
HGD and EAC (C&D) (IHC, x400).

Figure 3

IMP3 expression in the studied categories. ND-BE showed negative staining of IMP3 (A). Low cytoplasmic expression in LGD (B). Diffuse
strong cytoplasmic expression of IMP3 in HGD and EAC (C&D), (IHC x400).

In this study, we analysed the expression of four proteins ~ The p53 immunoreactivity has emerged as the most
from different signalling pathways (p53, CDX2,IMP3,  extensively studied and highly encouraging biomarker.
and AMCAR) in assessing the progression from ND-  This is concluded among several supplementary
BE to esophageal adenocarcinoma, with the objective  immunohistochemical stains that have been assessed as
to increase the diagnostic accuracy of grading dysplasia ~ markers for the increased risk of disease progression in

in BE. Barrett’s esophagus (Srivastava and colleagues 2017).
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Figure 4

AMCAR expression in the studied groups. ND-BE showed negative staining (A). Low cytoplasmic expression in LGD (B). Diffuse strong

cytoplasmic expression of AMCAR in HGD and EAC (C&D), (IHC x400).

In this study, nuclear expression of p53 shows
statistically significant positive correlation during
progression from ND-BE, LGD, HGD to oesophageal
adenocarcinoma (P = 0.012). All cases with ND-BE
were negative. Only 30% of cases with LGD expressed
p53 while 60 and 55% of HGD and EAC, respectively
were positive for p53.

This in agreement with Hardwick and colleagues
1994 who concluded that only 53% oesophageal
adenocarcinoma (ADC) cases overexpressed p53. In
those studied cases, p53 up regulation was identified
in adjacent dysplastic mucosa, mainly in areas of
HGD compared with LGD. In contrast, none of the
dysplastic mucosa adjacent to tumours lacking p53
overexpression showed detectable values of p53 in
some patients with Barrett’s oesophagus. Other studies
demonstrated a significant correlation between the
expression of aberrant p53 and the progression of ND-
BE to LGD and HGD (Younes and colleagues 2017;
Chen and colleagues 2023).

These finding propose the potential involvement of
p53 expression in the advancement of dysplasia to
carcinoma among individuals diagnosed with Barret’s
oesophagus. This can possibly be clarified by the
main function of tp53, known for its role as a tumour
suppressor gene that prevents genomic mutations.
The level of p53 protein in normal cells is low. In
the event of DNA damage or exposure to stressful

stimuli, p53 is up regulated, thereby eliciting growth
arrest, DNA repair, and programmed cell death. It has
been reported that tp53 gene mutations are highly
prevalent in oesophageal adenocarcinoma and HGD
but are infrequent in instances of ND-BE (Kaye and
colleagues 2010).

Moreover, an increase in the turnover rates of p53
oncoprotein is possibly responsible for decreasing
its half-life. This phenomenon consequently poses
a challenge for the successful detection of this
oncoprotein through immunohistochemical methods.
Such complexities could potentially account for the
low levels of p53 positivity observed in cases of HGD
and EAC.

In the present investigation, CDX2 exhibited a negative
expression pattern in the control group. Conversely, a
predominantly nuclear positive staining was observed
in the majority of nondysplastic Barrett’s (90.9%),
LGD (80% of cases) and extent of expression lowered
within the sequential steps to high-grade dysplasia and
invasive adenocarcinoma (60 and 85%, respectively
were +1) with statistically significant correlations (P
< 0.001)

Previous studies have examined the expression of
CDX2 across the metaplastic to dysplastic and
adenocarcinoma progression in the esophagus. These
studies revealed a lack of CDX2 expression within the
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Figure 5
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Log Rank curves regarding. A: Performance of P53, CDX2, IMP3 and AMCAR in detecting low grade dysplasia. B: Performance of P53, CDX2,
IMP3 and AMCAR in detecting High grade dysplasia. C: Performance of p53, CDX2, IMP3 and AMCAR in discrimination of low grade from

High grade dysplasia.

esophageal squamous epithelium but noted a significant
up regulation in intestinal metaplasia. Nevertheless,
they produced conflicting results concerning expression
patterns observed in dysplasia and adenocarcinoma

(Ko and colleagues 2005; Hayes and colleagues 2011).

Supporting our results were the studies of Ko and
colleagues (2005) and Hayes and colleagues (2011)
reached that a reduction in the expression of CDX2
was observed from Barrett’s esophagus to LGD
(35.3%) and HGD (17.14%). Additionally, evidence
of up regulation of CDX2 in ND-BE, followed by
marked decrease in its expression through HGD to
the adenocarcinoma. Also, gradual decline of CDX2
expression was observed during progression in
adenomatous dysplasia, particularly along the intestinal
pathway of the Barrett’s esophageal cancers.

Reduction in CDX2 immunoreactivity in high-grade

dysplastic lesions and adenocarcinomas of the stomach

were reported compared with nondysplastic mucosal
tissue. A possible explanation for this occurrence could
be due to the possibility of neoplastic cells to exhibit less
differentiation throughout their progression, resulting
in the reduction of CDX2 expression. Moreover, in the
context of neoplastic growths, oncogenes are activated,
and it has been observed that the CDX2 gene undergoes
down regulation because of the oncogenic rat sarcoma in

the human colonic cell lines (Ko and colleagues 2005).

The CDX2 gene has been previously considered to
be a tumor suppressor gene in both the stomach and
colon (Bonhomme and colleagues 2003). According to
these previous findings, it can be suggested that CDX2
has a tumor suppressor role in the progression from
metaplasia and dysplasia to carcinoma in Barrett’s
esophagus.

The current study has proposed CDX2 to be strongly

expressed by esophageal intestinal metaplasia.
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Furthermore, our study has demonstrated with clear
statistical significance up regulation followed by
linear down regulation of CDX2 expression through
the esophageal metaplasia dysplasia adenocarcinoma
sequence raising the possibility of its role in
carcinogenesis and progression.

A divergence exists between the findings of the current
study and those observed by Weimann and colleagues
(2010) that nuclear positivity for CDX2 in ~70% of
the epithelial cells of the Barrett mucosa, with staining
intensity and expression distribution increasing
progressively from low-grade to high-grade dysplasia.
'This discrepancy can be explained by different scoring
systems, divergent antibodies used and Different
techniques.

'The present study analyzed the expression of IMP3 in
the cytoplasm of the four groups of the studied cases
as follow: All cases of ND-BE and 60% of LGD cases
showing lowered demonstration of IMP3. Conversely,
80% of HGD and 70% of ADC cases displayed high
expression levels of IMP3 with highly significant
positive correlations (P < 0.001). The expression of
IMP3 is found to be diminished in ND-BE owing
to its role as an oncofetal protein. This protein is
physiologically expressed only during the period of
embryogenesis and is either absent or present in low
level in normal adult tissue (Plum and colleagues 2018).

Lu and colleagues (2009) and Madkour and colleagues
(2022) obtained similar outcomes in their studies
on different premalignant lesions of the esophagus.
In each of these studies, IMP3 was strongly and
diftusely expressed in high-grade precursor lesions and
malignancies.

According to this study, the significant correlation
between IMP3 expression and grade of dysplasia to
adenocarcinoma (P < 0.01) could predict a possible role
in development and progression of dysplastic changes
in BE. The phenomenon could be elucidated based on
the findings of numerous iz vitro studies which have
suggested that IMP3 acts as an oncogene and promote
the development of malignancy through modulating
multiple aspects of cellular functions including
morphology, polarization, proliferation, migration, and
differentiation (Mancarella and colleagues 2018).

Regarding AMCAR  expression, overexpressed
cytoplasmic staining was observed in 50% of HGD
and 55% of ADC, respectively in our study. While
all cases of ND-BE and 90% of LGD showed lower

expression of AMCAR (score +1 & +2) with highly
significant positive correlations (P < 0.001).

This is concur with the study conducted by Dorer
and Odze (2006) which found a significant elevation
in AMACR expression in the ND-BE progressed to
LGD, HGD and eventually to EAC. This coincides
with the findings presented by Huang and colleagues
(2008) whose results suggested that AMACR may
play an important role in the intermediate stage
of gastric carcinogenesis with notice of negative
AMACR expression in the groups without dysplasia
and indefinite for dysplasia despite, in the groups of
high-grade dysplasia and invasive intestinal-type
adenocarcinoma (76%) and (52.9%) were positive for
AMACR respectively. This could be explained by the
fact that AMCAR isbeing involved in lipid metabolism.
Its overexpression may lead to alterations in the balance
of cellular oxidants, which in turn may contribute to
the development of neoplasia. The prevalence of this
phenomenon is particularly pronounced in tumors that
have been linked with high fat diet such as prostatic
and colonic cancer (Jiang and colleagues 2003).

In disagreement with these findings, a meta-analysis
reporting infrequent or negative expression of
AMCAR in various cancer types, including those of
the breast, pancreas, bile duct, adrenal, salivary gland,
ovary, thyroid, and endometrium. Additionally, the
authors observed complete absence of AMCAR
expression in melanomas, squamous cell carcinomas,
basal cell carcinomas, thymus tumors, and germ cell
tumors (Jiang and colleagues 2003). This may be
explained by studying different tissue cancers with
different pathogenesis involved in each.

'The proper grading of dysplasia and, more importantly,
discrimination of low-grade from high-grade dysplasia
is of great value because of the aggressive therapeutic
interventions still used for HGD in various institutions.
'There is considerable variability exists when diagnosing
dysplasia in Barrett’s esophagus, even amongst
specialized gastrointestinal pathologists. Therefore,
there is a necessity for diagnostic adjunct, particularly
in cases with diagnostic challenges (Karamchandani

and colleagues 2016).

In this study, p53 demonstrated high specificity in
identifying cases of HGD and LGD (100%) from
nondysplastic Barrett’s esophagus. However, its
sensitivity was comparatively lower at 60 and 30%
for identifying HGD and LGD cases, respectively.
The aforementioned findings demonstrate a degree
of similarity with the conclusions reached by a study
of Kastelein and colleagues (2013) reported 86%
specificity of p53 in detecting malignancy, and a
relatively low sensitivity rate of 47%. Another study
of Krothapalli and colleagues (2018) reached that p53
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exhibited a sensitivity of 90% and a specificity of 89.3%
when distinguishing between nondysplastic Barrett’s
and dysplastic Barrett’s. The difference in reported
sensitivity results may be due to different clone of
antibody used and different staining protocols.

Preston and colleagues (2006) reported that p53
had lower sensitivity towards malignant progression.
Consequently, positive p53 expression is suggested to
be only reported as strong nuclear staining instead of
scattered nuclei.

The p53 protein demonstrates reduced sensitivity
and specificity in differentiating LGD and HGD
(60 and 70%, respectively. This is supported by the
results reached by Kaye and colleagues (2016) in
their study. They reported a significant interobserver
reproducibility for the interpretation of p53.They have
proposed that including p53 can be a useful benefit in
dysplasia diagnosis. However, the effectiveness of p53
in distinguishing between LGD and HGD was poor.

Disaccording with these results was a study done by
Giménez and colleagues (1998) who approved higher
sensitivity and specificity (96.7 and 97.5%, respectively)
of p53. This may be attributed to using alternative
p53 evaluation methods including flow cytometer or
microsatellite primers.

This discrepancy in results can be attributed to different
methods in interpretation of p53 expression. Positive
p53 staining pattern in this study was evaluated as the
strong nuclear staining in more than 10% of glandular
epithelium (Sonwalkar and colleagues 2010). In
another study, clonal expansion of cells with abnormal
p53 expression was represented by aggregates of
p53 positive cells. Dispersed p53 positive cells are
considered negative because it may only represent
physiological accumulation of p53. The study further
reported that in dysplastic conditions, p53 expression
in aggregates of cells and in multiple biopsies within
the oesophagus may serve as an indicator for the
rising risk of malignant transformation (Younes and

colleagues 2017).

It is frequently observed that mutations in tp53 gene
are associated with increased nuclear accumulation
of a defective protein, but in the case of truncating
mutations, p53 can be entirely lost. Thus, weak, and
dispersed p53 immunoreactivity observed within the
nuclei is predominantly associated with a wild-type
gene status, while either intense nuclear positivity or
complete absence of staining is more indicative of tp53
mutations (Kaye and colleagues 2010).

This  work proposed that the wuse of p53
immunohistochemistry may aid in improving the
efficacy of diagnostic reproducibility in the detection
of dysplasia as well as enhance risk stratification in
Barrett’s esophagus.

The current study revealed high specificity of IMP3
in detecting dysplasia (100%) with high sensitivity in
discriminating HGD and ADC from ND-BE more
than LGD (80, 85 and 10%, respectively). It has also
showed (80%) sensitivity in discriminating LGD and
HGD with high specificity (90%) being suitable for
clinical use in the latter condition. Agreeing with our
results were shown in Gadara and colleagues (2017)
study demonstrated that IMP3 has higher sensitivity
in detecting HGD/adenocarcinoma compared with
LGD (62.5 and 93.7% vs. 41.7%) with 100% specificity
tor identifying HGD.

'The variation in sensitivity reported between the two
studies could be explained by different samples size
and the use of distinct antibody clones. However, both
studies yield good results regarding the expression of
IMP3 in dysplasia and highlight its significance as a
reliable predictor of cases with increased susceptibility
to malignant transformation.

The current study revealed high specificity of AMCAR
in detecting dysplasia (90.9%) in cases of BE with high
sensitivity in detecting HGD and carcinoma from ND-
BE more than LGD (70, 80, and 20%, respectively).
Also, in discriminating LGD from HGD (90 and
80%, respectively). The remarkable specificity exhibited
by AMACR towards dysplasia in Barrett’s Esophagus

qualifies it for clinical use in these conditions.

Agreeing with these findings is a study conducted by
Rasha and colleagues (2021) which found significant
up regulation of AMACR in high-grade dysplasia and
carcinoma indicates its potential as a valuable biomarker
for accurately distinguishing high-grade dysplasia
and carcinoma from low-grade dysplasia (Jiang and
colleagues 2003). In another study, comparable results
were reached. They stated 100% specificity detecting
dysplasia in Barret’s oesophagus.

In the present study, CDX2 was more sensitive in
determining HGD from ND-BE rather than LGD
(70 and 20%) and more specific in detecting Barret’s
with dysplasia. Also, CDX2 can discriminate LGD
from HGD (80% specificity and 90% sensitivity).
This in partial agreement with results of Krothapalli
and colleagues (2018) that reports that CDX2 acts as

a highly sensitive and specific diagnostic marker for
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distinguishing between subsets of ND-BE/LGD and
HGD/EAC. However, CDX2 does not possess the
capability to difterentiate between ND-BE and LGD.
In contrast to our study, Plum and colleagues (2018)
which reported.a discrepancy in the findings regarding
CDX2 expression as a dependable marker for various
degrees of dysplasia were reported.

Comparing the performance of p53, IMP3, AMCAR,
and CDX2 in predicting dysplasia associated with
Barrett’s esophagus, this study revealed that IMP3,
AMCAR, and CDX2 are more sensitive in detection
of cases of Barrett’s with HGD (85, 80, and 70%,
respectively) rather than p53 which considered more
specific (100%). This agrees with Rasha and colleagues
(2021) who concluded in their study on Barrett’s
oesophagus cases that concomitant IMP3 and p53
immuno-staining could effectively detect HGD
because of high sensitivity of IMP3 in combination
with the significant specificity of p53 towards these
cases. 'This agreed also with Strehl and colleagues
(2014) who suggested that the co-expression of P53
and IMP3 may aid in distinguishing between neoplastic
and reactive alterations in the gastric mucosa. Thus,
combining of p53, CDX2, IMP3, and AMCAR is of
great value in early detection of HGD and increased
risk of progression to carcinoma.

Conclusion

To that end, a panel of four biomarkers (p53, CDX2,
IMP3, and AMCR) assessed in this study could be a
vital tool for accurately predicting progression from
ND-BE to EAC. Furthermore, this panel is suggested
to have high value for early detection of high-grade
dysplasia and distinguishing it from LGD. This may
contribute to enhancing diagnostic consistency in
dysplasia identification and risk stratification in BE
cases. Finally, the combined morphologic/IHC method
successfully stratified patients into ND-BE/LGD and
HGD/EAC groups, optimising patient management.

Limitation

One of the primary limitations of this study belong
to the inability of the studied panel of biomarkers to
effectively distinguish between ND-BE and LGD.
Consequently, this panel may not be considered a
reliable diagnostic tool, particularly in challenging
cases where discrimination between ND-BE and
LGD is required.

Recommendation

To predict a potential role for these markers in the
onset and progression of dysplastic alterations in BE,
more molecular research should be conducted. Even

though p53 IHC is currently used widely, we think

that more research is necessary to establish and validate
exact criteria and demonstrate how incorporating p53
testing into standard practice could improve patient
care.
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