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Abstract
Gastric adenocarcinoma has recently been classified into several subtypes on the basis of molecular profiling, which has been 
successfully reproduced by immunohistochemistry (IHC) and in situ hybridization (ISH). A series of 73 gastroesophageal 
dysplastic lesions (37 gastric dysplasia and 36 Barrett dysplasia; 44 low-grade dysplasia and 29 high-grade dysplasia) was 
investigated for mismatch repair proteins, E-cadherin, p53, and EBER status, to reproduce The Cancer Genome Atlas (TCGA) 
and Asian Cancer Research Group (ACRG) molecular clustering. Overall, the dysplastic lesions were classified as follows: 
according to TCGA classification, EBV, 0/73 (0%), MSI, 6/73 (8.2%), GS, 4/73 (5.5%), CIN, 63/73 (86.3%); according to 
ACRG molecular subtyping, MSI, 6/73 (8.2%), MSS/EMT, 4/73 (5.5%), MSS/TP53−, 33/73 (45.2%), MSS/TP53+, 30/73 
(41.1%). A positive association was found between MSS/TP53− and Barrett dysplasia (p = 0.0004), between MSS/TP53+ and 
LG dysplasia (p = 0.001) and between MSS/TP53+ and gastric dysplasia (p = 0.0018). Gastroesophageal dysplastic lesions 
proved to be heterogenous in terms of TCGA/ACRG classes, but with a different distribution from that of cancers, with no 
EBV-positive cases, an increasing presence of mismatch repair deficiency from low grade to high grade lesions, and a preva-
lence of p53 aberrations in Barrett dysplasia. The present study further demonstrated that gastroesophageal dysplastic lesions 
may be characterized by alterations in predictive/prognostic biomarkers, and this should be considered in routine diagnostic.
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Introduction

Gastric and Gastroesophageal Junction (G/GEJ) adenocarci-
nomas represent a major global health burden and are among 
the leading causes of cancer-related deaths [1].

By the histopathological point of view, gastric adenocar-
cinomas have been traditionally divided into intestinal and 

diffuse subtypes according to the Lauren classification [2]. 
In 2019, the World Health Organization has proposed an 
alternative classification system, subdividing G/GEJ adeno-
carcinomas into different histological patterns comprising 
papillary, tubular, mucinous, and poorly cohesive carcino-
mas [3, 4]. However, histology-based classifications provide 
little clinical utility in the era of precision oncology. Great 
efforts have been made to dissect the molecular heterogene-
ity of gastroesophageal tumors and to develop novel classi-
fications to better stratify patients and guide the therapeutic 
decision-making process.

Two landmark molecular classification systems have been 
published by The Cancer Genome Atlas (TCGA) [5] and by 
the Asian Cancer Research Group (ACRG) [6] by analyz-
ing data from multiple platforms. TCGA study identified 
four genomic subtypes: chromosomal instability (CIN), 
microsatellite instability (MSI), genome stable (GS), and 
Epstein-Barr virus (EBV). The ACRG recognized four 
molecular subtypes: MSI, microsatellite stable/epithelial 
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to mesenchymal transition (MSS/EMT), intact p53 activity 
(MSS/TP53+), and inactive p53 (MSS/TP53−) [7].

Comprehensive gene expression profiling has not exten-
sively entered into clinical practice, and most available 
approaches on cancer RNA profiling are constrained by 
FFPE (formalin fixed and paraffin embedded tissue) related 
genetic material qualification issues [8]. On this ground, in 
2016, Ahn and colleagues proposed a molecular classifica-
tion of gastric cancer by using immunohistochemistry (IHC) 
and in in situ hybridization (ISH) and identified 5 clusters 
based on the sequential expression of EBER, MLH1, E-cad-
herin, and p53 [9].

Intestinal-type gastric cancer and Barrett’s adenocarci-
noma develop through a multistep carcinogenetic cascade 
triggered primarily by longstanding inflammatory insults. 
The progressive phenotypic dedifferentiation which entails 
the progression from normal mucosa to intestinal metapla-
sia (Barrett’s esophagus or atrophic gastritis with intestinal-
ized glands) to dysplasia and invasive carcinoma underlies 
a progressive accumulation of genetic alterations [10, 11]. 
Our group has already investigated the dysregulation of 
molecular biomarkers in gastroesophageal dysplastic lesions, 
including HER2 [12], PD-L1 [13], mismatch repair (MMR) 
status [13], and EBER [14].

The present study aimed to investigate the TCGA and 
ACRG subtype distribution across G/GEJ dysplastic lesions 
according to their differentiation profiles (i.e., low- versus 
high-grade lesions) and their anatomical location (i.e., gas-
tric versus gastroesophageal junction).

Materials and methods

Case selection

A mono-institutional series of 73 FFPE tissue samples 
obtained from 73 Caucasian patients (M/F 49/24; mean age 
64.3) were retrospectively selected from the archives of the 
Surgical Pathology Unit at Padua University. All information 
regarding human material was managed using anonymous 
numerical codes, and all samples were handled in compli-
ance with the Declaration of Helsinki (https:// www. wma. net/ 
what- we- do/ medic al- ethics/ decla ration- of- helsi nki/).

The series included 65 endoscopy biopsies (36 gastric and 
29 Barrett’s esophagus-related dysplasia) and 8 endoscopic 
resections (5 gastric and 3 Barrett’s esophagus-related dys-
plasia). Original slides were jointly re-evaluated by two GI 
pathologists (MF and GP).

Immunohistochemistry

IHC was performed using the Bond Polymer Refine Detec-
tion kit (Leica Biosystems, Newcastle upon Tyne, UK) in the 

BOND-MAX system (Leica Biosystems). Four-micrometer-
thick FFPE sections were incubated with the following pri-
mary antibodies: PMS2 (clone EP51; dilution: 1:50 Dako), 
MSH6 (clone EP49; dilution: 1:50; Dako), E-cadherin 
(clone NCH-38; dilution: 1:50; Dako), and p53 (clone DO-7; 
dilution: 1:150; Dako). IHC slides were jointly evaluated by 
three pathologists (VA, GP, and MF).

Mismatch Repair defective status was assessed by test-
ing PMS2 and MSH6, and samples were defined as dMMR 
when one or both proteins resulted negative [15]. In case of 
protein loss, the dominant component of the heterodimer 
(i.e., MLH1 for PMS2 and MSH2 for MSH6; Dako) was 
tested.

p53 was considered as aberrant in the presence of com-
plete loss or diffuse and strong nuclear immunostaining in 
dysplastic cells [9, 16].

E-cadherin expression was considered altered in the pres-
ence of complete loss or markedly reduced membranous 
staining (> 30%), regardless of nuclear/cytoplasmic stain-
ing [9].

EBER in situ hybridization

The Bond ready-to-use ISH EBER Probe was used in a Leica 
Bond-Max automation system according to the manufactur-
er’s instructions (Leica Biosystems) to detect EBV infection.

Statistical analysis

Chi-square and Fisher’s exact tests were tested, where 
appropriate. p values < 0.05 were considered statistically 
significant.

Results

Histomorphologic characterization of the series

Out of the 73 samples, 37 were gastric dysplastic lesions 
(24 low-grade [LG] and 13 high-grade [HG]), and 36 were 
gastroesophageal Barrett-associated dysplastic lesions (20 
LG and 16 HG). Of the 37 gastric cases, 35 were from antral/
angular zone and 2 from the oxyntic compartment. Of the 
36 Barrett-related cases, 19 were from the distal esophagus 
(Siewert type 1), and 17 were from the GEJ (Siewert type 2).

Among the gastric cases, 30/37 (81.1%) were of intes-
tinal type (two of them cryptic subtype), 6/37 (16.2%) 
were of foveolar type, and 1/37 (2.7%) was of mixed. Of 
note, four out of 37 gastric dysplastic cases were adeno-
mas, three foveolar adenomas, and one intestinal adenoma. 
Among the Barrett-related cases, 33/36 (91.7%) were of 
intestinal type, 2/36 (5.6%) were of foveolar type, and 1/36 
(2.8%) was of mixed type.
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Biomarkers’ alterations distribution 
within dysplastic lesions

The detailed distribution of the obtained results according 
to the single tested biomarker is summarized in (Table 1). 
In this study, we analyzed the expression of PMS2, MSH6, 
E-cadherin, p53, and EBER in 73 gastroesophageal dysplas-
tic lesions (Fig. 1). Out of the 73 samples, 37 were gastric 
dysplastic lesions (24 low-grade [LG] and 13 high-grade 

[HG]), and 36 were gastroesophageal Barrett-associated dys-
plastic lesions (20 LG and 16 HG). Of the 37 gastric cases, 
35 were from antral/angular zone and 2 from the oxyntic 
compartment. Of the 36 Barrett-related cases, 19 were from 
the distal esophagus (Siewert type 1), and 17 were from the 
GEJ (Siewert type 2).

Mismatch repair deficiency, defined by the loss of PMS 
and/or MSH6, was detected in 5/37 (13.5%) of gastric dys-
plasia and 1/36 (2.8%) of Barrett dysplasia; in 2/44 (4.5%) 

Table 1  PMS2, MSH6, 
E-cadherin, p53, and EBER 
expression status in low and 
high-grade gastric and Barrett-
related gastroesophageal 
junction dysplastic lesions

pos positive, neg negative, wt wild type, n number, LG low grade, HG high grade

Gastric
(n = 37)

Gastroesophageal junction
(n = 36)

LG (n = 24) HG (n = 13) Total LG (n = 20) HG (n = 16) Total

PMS2 Retained 23 (95.8%) 9 (69.2%) 32 (86.5%) 19 (95.0%) 16 (100%) 35 (97.2%)
Loss 1 (4.2%) 4 (30.8%) 5 (13.5%) 1 (5.0%) 0 (0.0%) 1 (2.8%)

MSH6 Retained 24 (100%) 13 (100%) 37 (100%) 20 (100%) 16 (100%) 36 (100%)
Loss 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

E-cadherin Retained 24 (100%) 12 (76.9%) 36 (97.3%) 19 (95.0%) 14 (87.5%) 33 (83.3%)
Loss 0 (0.0%) 1 (23.1%) 1 (2.7%) 1 (5.0%) 2 (12.5%) 3 (16.7%)

p53 Aberrant 3 (12.5%) 6 (46.2%) 9 (24.3%) 13 (65.0%) 12 (75.0%) 25 (69.4%)
wt 21 (87.5%) 7 (53.8%) 28 (75.7%) 7 (35.0%) 4 (25.0%) 11 (30.6%)

EBER pos 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
neg 24 (100%) 13 (100%) 37 (100%) 20 (100%) 16 (100%) 36 (100%)

Fig. 1  Representative samples of biomarkers status in gastric and 
Barrett-related dysplastic lesion. (A) A p53 positive (loss pattern) 
Barrett dysplasia. (B) A p53 positive (clonal pattern) Barrett dyspla-

sia. (C) An E-cadherin negative Barrett dysplasia. (D) A PMS2 nega-
tive gastric dysplasia in a surgical specimen sample. (E) An EBER-
negative gastric dysplasia
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of LG dysplasia and in 4/29 (13.8%) of HG dysplasia; in 
1/25 (4.0%) of LG gastric dysplasia, 4/13 (30.8%) of HG 
gastric dysplasia, 1/20 (5.0%) of LG Barrett dysplasia and 
was absent in HG Barrett dysplasia.

E-cadherin was altered in 1/37 (2.7%) of gastric dysplasia 
and in 3/36 (8.3%) of Barrett dysplasia; in 1/44 (2.3%) of 
LG dysplasia and in 3/29 (10.3%) of HG dysplasia; in 1/13 
(7.7%) of HG gastric dysplasia, 1/20 (5.0%) of LG Barrett 
dysplasia, 2/16 (12.5%) of HG Barrett and was retained in 
all the cases of LG gastric dysplasia.

p53 had an aberrant phenotype in 9/37 (24.3%) of gastric 
dysplasia and in 25/36 (69.4%) of Barrett dysplasia; in 16/44 
(36.3%) of LG dysplasia and in 18/29 (62.1%) of HG dyspla-
sia; in 3/24 (12.5%) of LG gastric dysplasia, 6/13 (46.2%) of 
HG gastric dysplasia, 13/20 (65.0%) of LG Barrett dysplasia 
and 12/16 (75.0%) of HG Barrett dysplasia.

EBV RNA (EBER) was not detected in any of the tested 
dysplastic lesion.

A positive association was found between aberrant 
p53 phenotype and HG gastric dysplasia (p = 0.0425) and 
between aberrant p53 phenotype and Barrett dysplasia 
(0.0002).

Molecular subtypes of gastroesophageal dysplasia

By following the taxonomic sequence proposed by Ahn and 
colleagues [9], we classified the 73 gastroesophageal dys-
plastic lesions into TCGA and ACRG molecular subtypes. 
Additionally, we classified our samples into the five clusters 
identified by Ahn and colleagues [9].

Overall, our samples were classified as follows: according 
to TCGA classification, EBV, 0/73 (0%), MSI, 6/73 (8.2%), 
GS, 4/73 (5.5%), CIN, 63/73 (86.3%); according to ACRG 
molecular subtyping, MSI, 6/73 (8.2%), MSS/EMT, 4/73 
(5.5%), MSS/TP53−, 33/73 (45.2%), MSS/TP53+, 30/73 
(41.1%); according to Ahn’s clustering: C1 (EBV tumors), 
0/73 (0%), C2 (MSI tumors), 6/73 (8.2%), C3 (EMT tumors), 
4/73 (5.5%), C4 (aberrant p53 expression), 33/73 (45.2%), 
and C5 (normal p53 expression), 30/73 (41.1%).

According to TCGA classification, dysplastic lesions 
were subdivided as follows: gastric dysplasia: EBV, 0/37 
(0.0%), MSI, 5/37 (13.5%), GS, 1/37 (2.7%), and CIN, 
31/37 (83.8%); Barrett dysplasia: EBV, 0/36 (0.0%), MSI, 
1/36 (2.8%), GS, 3/36 (8.3%), and CIN, 32/36 (88.9%); LG 
dysplasia: EBV, 0/44 (0.0%), MSI, 2/44 (4.5%), GS, 1/44 
(2.3%), and CIN, 41/44 (93.2%); HG dysplasia. EBV, 0/29 
(0%), MSI, 4/29 (13.8%), GS, 3/29 (10.3%), and CIN, 22/29 
(75.9%).

No statically significant association was observed 
between TCGA subtypes and dysplasia subcategory.

According to ACRG classification, dysplastic lesions 
were categorized as follows: gastric dysplasia: MSI, 5/37 
(13.5%), MSS/EMT, 1/37 (2.7%), MSS/TP53−, 9/37 

(24.3%), MSS/TP53+, 22/37 (59.5%); Barrett dysplasia: 
MSI, 1/36 (2.8%), MSS/EMT, 3/36 (8.3%), MSS/TP53−, 
24/36 (66.7%), MSS/TP53+, 8/36 (22.2%); LG dysplasia: 
MSI, 2/44 (4.5%), MSS/EMT, 1/44 (2.3%), MSS/TP53−, 
16/44 (36.4%), MSS/TP53+, 25/44 (56.8%); HG dysplasia: 
MSI, 4/29 (13.8%), MSS/EMT, 3/29 (10.3%), MSS/TP53−, 
17/29 (58.6%), MSS/TP53+, 5/29 (17.2%).

A positive association was found between MSS/
TP53− and Barrett dysplasia (p = 0.0004), between MSS/
TP53+ and LG dysplasia (p = 0.001), and between MSS/
TP53+ and gastric dysplasia (p = 0.0018).

According to Ahn’s clustering, dysplastic lesions were 
subdivided as follows: gastric dysplasia, C1, 0/37 (0.0%), 
C2, 5/37 (13.5%), C3, 1/37 (2.7%), C4, 9/37 (24.3%), C5, 
22/37 (59.5%); Barrett dysplasia: C1, 0/36 (0.0%), C2, 
1/36 (2.8%), C3, 3/36 (8.3%), C4, 24/36 (66.7%), C5, 8/36 
(22.2%); LG dysplasia, C1, 0/44 (0.0%), C2, 2/44 (4.5%), 
C3, 1/44 (2.3%), C4, 16/44 (36.4%), C5, 25/44 (56.8%); 
HG dysplasia, C1, 0/29 (0%), C2, 4/29 (13.8%), C3, 3/29 
(10.3%), C4, 17/29 (58.6%), C5, 5/29 (17.2%).

A positive association was found between C4 and Bar-
rett dysplasia (p = 0.0004), between C5 and LG dyspla-
sia (p = 0.001), and between C5 and gastric dysplasia 
(p = 0.0018).

The distribution of the molecular subtypes across gastric 
and Barrett and LG and HG dysplastic lesions is summa-
rized in Fig. 2.

No correlation was found between molecular subtype 
and histological dysplasia type (i.e., intestinal, foveolar, and 
mixed). Among the foveolar cases, 6/8 were MSS/TP53 + /
CIN, 1/8 was MSS/TP53−/CIN, and 1/8 was MSI. The two 
mixed cases were MSS/TP53−/CIN. The two cryptic cases 
were MSS/TP53 + /CIN.

Discussion

Previous works [7, 14, 15] have conducted biomarker expres-
sion-based subtyping of gastric adenocarcinomas based on 
the sequential expression of EBER, MLH1, E-cadherin, 
and p53 and found correspondence with TCGA and ACRG 
molecular classifications. However, there is no available data 
in literature regarding gastroesophageal precursor lesions.

The present study provides a molecular classification of 
gastroesophageal dysplastic lesions accomplished by using 
IHC and ISH.

The first striking difference that emerges when apply-
ing molecular subtyping of gastric adenocarcinoma to 
our cohort is the absence of EBV-associated dysplastic 
lesions. According to TGCA network, EBV-associated 
gastric cancers account for 9% of gastric cancers world-
wide [5]. However, reports of the prevalence of EBV-asso-
ciated gastric carcinoma have ranged from 1.3 to 20.1% 
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in different countries [17]. EBV promotes carcinogenesis 
through DNA methylation of a series of tumor suppressor 
genes, resulting in uncontrolled cell growth and though 
the creation of a pro-inflammatory environment [18]. How 
and when EBV gets into gastric epithelial cells during gas-
tric carcinogenesis remain unclear. In agreement with our 
results, many studies have failed to detect EBV in gastroe-
sophageal precursor lesions, suggesting that EBV infection 
is a late event in gastric carcinogenesis[19, 20]. Of note, an 
EBV-associated gastric dysplasia adjacent to an EBV-posi-
tive gastric adenocarcinoma has been previously described 
by our group as an exceptionally rare finding [14].

MSI/dMMR identifies a subtype of gastroesophageal 
adenocarcinomas with specific clinicopathologic and 
molecular features which can benefit from treatment 
with immune checkpoint inhibitors. According to TCGA 
and ACRG data, MSI gastric cancers represent 22–23% 
of all gastric cancers. Overall, we found a prevalence of 
MSI/dMMR dysplastic lesions of 8.2%. Loss of MLH1 
and PMS2 was the only pattern of dMMR detected in our 
series.

Variability among different ethnicities and inconsistency 
of histological criterial and detection methods render the 

comparison between our results and available data particu-
larly difficult.

Our results point out that MSI/dMMR is part of the pleth-
ora of molecular alterations in gastroesophageal dysplasia 
and may be considered an early event in the carcinogenetic 
process. In our series, the prevalence of dMMR was higher 
in HG than LG-dysplasia overall, supporting the hypothesis 
that more advanced lesions are the result of an increase in 
genetic and molecular alterations [13, 21]. Unsurprisingly, 
the prevalence of dMMR was higher in gastric than Barrett 
dysplasia. According to TCGA genomic characterization, 
GEJ adenocarcinomas have a lower prevalence of MSI, with 
no MSI tumors of clear esophageal origin identified. It is 
well-known that dMMR and clonal p53 can coexist; how-
ever, none of samples had a concomitant altered MMR and 
p53 status.

The cluster identified by the loss of expression of 
E-cadherin corresponds to the GS subtype (~ 20%) or the 
MSS/EMT subtype (~ 15%). It must be noted that GS and 
MSS/EMT subtypes are highly enriched in Lauren diffuse 
gastric adenocarcinoma. In fact, according to Birkman 
and colleagues, 51.0% of diffuse-type tumors had aber-
rant E-cadherin expression versus 1.6% of intestinal-type 

Fig. 2  Graphic representation of the distribution of our samples (gastric LG, gastric HG, gastroesophageal junction LG, and gastroesophageal 
junction HG dysplastic lesions) across TCGA and ACRG classifications
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tumors [22]. Evidence suggests that sporadic diffuse gas-
tric cancer may develop from an “alternative” carcinoge-
netic pathway (i.e., alternative to the dysplasia-invasive 
carcinoma pathway of Lauren intestinal type) in the con-
text of atrophic/metaplastic gastritis triggered by CDH1 
loss of function [23]. However, several CDH1 inactiva-
tion mechanisms (promoter methylation, microRNAs post-
transcriptional regulation, glycosylation) can be associated 
with Lauren intestinal-type gastric adenocarcinoma and 
can also be present in early stages of neoplastic develop-
ment, as shown by our results [24].

The use of E-cadherin to establish the GS and EMT/
GS subtypes in gastroesophageal precursor lesions and 
adenocarcinomas has several limitations. First, the relation 
between E-cadherin altered expression and CDH1 loss of 
function is controversial [25]. Additionally, GS and MSS/
EMT subtypes are enriched in RHOA mutations which 
would not be detected.

In our cohort, most cases formed the cluster with aber-
rant p53 expression, which corresponds to the CIN (~ 50%) 
and MSS/TP53− (~ 36%) subtypes. The rate of aberrant p53 
expression increased from LG to HG dysplasia, further indi-
cating that TP53 alterations are early drivers of carcinogen-
esis and can also contribute to its progression. Furthermore, 
Barrett dysplastic lesions showed a higher prevalence of 
aberrant p53. As previously described, p53 overexpression 
is part of the spectrum of molecular alterations of Barrett’s 
esophagus and is significantly associated with increased risk 
of neoplastic progression [26].

Interestingly, a recent work by Flinner and colleagues 
[27] found by comparison with OncoScan data that the dis-
tinction between GS and CIN based on E-cadherin and p53 
status and Lauren morphology can lead to mislabeling. In 
this context, the use of microsatellite-based multiplex PCR 
assay for the detection of allelic imbalance or loss of het-
erozygosity has proved to be a simple, quantitative, and eas-
ily interpretable surrogate to identify CIN and to enable the 
differentiation of GS and CIN [28].

A growing body of evidence indicates that G/GEJ can-
cers should be considered as a molecular spectrum, with a 
progressive increase of chromosomal instability phenotype 
proximally [29]. A limit of the study is to have considered a 
mixture of Siewert type I and type II among Barrett dyspla-
sia and of antral and corpus dysplasia, to have a relatively 
large number of cases. Further larger series should focus 
on the topographic-related molecular landscape of G/GEJ 
dysplastic lesions.

Overall, our data further pinpointed that gastric and gas-
troesophageal preinvasive lesions may be characterized by 
alterations in predictive/prognostic biomarkers. This should 
be considered when assessing biomarkers’ status in those 
biopsy samples in which both dysplasia and invasive ade-
nocarcinoma are present. Thus, an incorrect morphologic 

distinction between pre-invasive lesion and adenocarcinoma 
may hamper an accurate biomarkers’ status assessment [30].

In conclusion, the present study demonstrated that a sim-
ple IHC/ISH-based classification can be applied to gastroe-
sophageal precursor lesions. Gastroesophageal dysplastic 
lesions have proved to be heterogenous in terms of TCGA/
ACRG classes, but with a different distribution in compari-
son with cancers, shedding light into the biology of tumors 
arising in such district.

Author contribution MF, VA, FF, and CL conceptualized and designed 
the study. VA, FG, SR, AF collected samples and provided clinical 
data. MF, GP, and VA provided histopathology expertise. VA and FG 
performed the data analysis. MF, VA, LM, ES, and CL contributed 
to interpretation of the results. MF and VA wrote the first draft of 
the manuscript, and all authors critically revised the manuscript. All 
authors approved the final version of the manuscript.

Funding Open access funding provided by Università degli Studi di 
Padova within the CRUI-CARE Agreement. Matteo Fassan is sup-
ported by grants from the Italian Health Ministry/Veneto region 
research program NET-2016–02363853 and AIRC 5 per mille 2019 
(ID. 22759 program). The funding agencies had no role in the design 
and performance of the study.

Declarations 

Ethics approval and consent to participate Only material that was not 
required for diagnosis was used, and all patients signed an informed 
consent approved by the University Hospital of Padua Review Board 
which allows researchers to use exceeding material for research pur-
poses. All information regarding human material was managed using 
anonymous numerical codes, and all samples were handled in compli-
ance with the Declaration of Helsinki (https:// www. wma. net/ what- we- 
do/ medic al- ethics/ decla ration- of- helsi nki/).

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, 
Bray F (2021) Global Cancer Statistics 2020: GLOBOCAN estimates 
of incidence and mortality worldwide for 36 cancers in 185 countries. 
CA Cancer J Clin 71(3):209–249. https:// doi. org/ 10. 3322/ caac. 21660

550 Virchows Archiv (2022) 481:545–552

https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/
https://www.wma.net/what-we-do/medical-ethics/declaration-of-helsinki/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21660


1 3

 2. Lauren P (1965) The two histological main types of gastric carcinoma: 
diffuse and so-called intestinal-type carcinoma. Acta Pathol Micro-
biol Scand 64:31–49. https:// doi. org/ 10. 1111/ apm. 1965. 64.1. 31

 3. Nagtegaal I, Odze D, Klimstra D, Paradis V, Rugge M, Schirmacher 
P, Washington KM, Carnero F, Cree IA, WHO Classification of 
Tumours Editorial Board (2020) The 2019 WHO classification of 
tumours of the digestive system. Histopathology 76(2):182–188. 
https:// doi. org/ 10. 1111/ his. 13975 

 4. Fiocca R, Mastracci L, Lugaresi M, Grillo F, D’Errico A, Malvi 
D, Spaggiari P, Tomezzoli A, Albarello L, Ristimäki A, Bottiglieri 
L, Bonora E, Krishnadath KK, Raulli GD, Rosati R, Fumagalli 
Romario U, De Manzoni G, Räsänen J, Mattioli S (2021) The 
prognostic impact of histology in esophageal and esophago-gastric 
junction adenocarcinoma. Cancers (Basel) 13(20):5211. https:// 
doi. org/ 10. 3390/ cance rs132 05211

 5. Cancer Genome Atlas Research Network (2014) Comprehensive 
molecular characterization of gastric adenocarcinoma. Nature 
513(7517):202–209. https:// doi. org/ 10. 1038/ natur e13480

 6. Cristescu R, Lee J, Nebozhyn M, Kim KM, Ting JC, Wong SS, 
Liu J, Yue YG, Wang J, Yu K, Ye XS, Do IG, Liu S, Gong L, Fu 
J, Jin JG, Choi MG, Sohn TS, Lee JH, Bae JM, Kim ST, Park SH, 
Sohn I, Jung SH, Tan P, Chen R, Hardwick J, Kang WK, Ayers M, 
Hongyue D, Reinhard C, Loboda A, Kim S, Aggarwal A (2015) 
Molecular analysis of gastric cancer identifies subtypes associated 
with distinct clinical outcomes. Nat Med 21(5):449–456. https:// 
doi. org/ 10. 1038/ nm. 3850

 7. Businello G, Galuppini F, Fassan M (2021) The impact of recent 
next generation sequencing and the need for a new classification in 
gastric cancer. Best Pract Res Clin Gastroenterol 101730:50–51. 
https:// doi. org/ 10. 1016/j. bpg. 2021. 101730

 8. Angerilli V, Galuppini F, Pagni F, Fusco N, Malapelle U, Fassan 
M (2021) The role of the pathologist in the next-generation era of 
tumor molecular characterization. Diagnostics (Basel) 11(2):339. 
https:// doi. org/ 10. 3390/ diagn ostic s1102 0339

 9. Ahn S, Lee SJ, Kim Y, Kim A, Shin N, Choi KU, Lee CH, Huh 
GY, Kim KM, Setia N, Lauwers GY, Park DY (2017) High-
throughput protein and mRNA expression-based classification 
of gastric cancers can identify clinically distinct subtypes, con-
cordant with recent molecular classifications. Am J Surg Pathol 
41(1):106–115. https:// doi. org/ 10. 1097/ PAS. 00000 00000 000756

 10. Grillo F, Mastracci L, Saragoni L, Vanoli A, Limarzi F, Gullo I, 
Ferro J, Paudice M, Parente P, Fassan M (2020) Neoplastic and 
pre-neoplastic lesions of the oesophagus and gastro-oesophageal 
junction. Pathologica 112(3):138–152. https:// doi. org/ 10. 32074/ 
1591- 951X- 164

 11. Gullo I, Grillo F, Mastracci L, Vanoli A, Carneiro F, Saragoni 
L, Limarzi F, Ferro J, Parente P, Fassan M (2020) Precancerous 
lesions of the stomach gastric cancer and hereditary gastric cancer 
syndromes. Pathologica 112(3):166–185

 12. Fassan M, Mastracci L, Grillo F, Zagonel V, Bruno S, Battaglia 
G, Pitto F, Nitti D, Celiento T, Zaninotto G, Fiocca R, Rugge 
M (2012) Early HER2 dysregulation in gastric and oesophageal 
carcinogenesis. Histopathology 61(5):769–776. https:// doi. org/ 10. 
1111/j. 1365- 2559. 2012. 04272.x

 13. Fassan M, Brignola S, Pennelli G, Alberti G, Angerilli V, Bres-
san A, Pellino A, Lanza C, Salmaso R, Lonardi S, Pucciarelli S, 
Spolverato G, Scarpa M, Realdon S, Farinati F, Luchini C, Rugge 
M, Loupakis F (2020) PD-L1 expression in gastroesophageal dys-
plastic lesions. Virchows Arch 477(1):151–156. https:// doi. org/ 10. 
1007/ s00428- 019- 02693-8 (Epub 2019 Nov 14)

 14. Angerilli V, Galuppini F, Pennelli G, Fanelli GN, d’Amore ESG, 
Michelotto M, Pilati P, Spolverato G, Pucciarelli S, Scarpa M, 
Farinati F, Savarino E, Realdon S, Lonardi S, Bergamo F, Loupa-
kis F, Dei Tos AP, Vanoli A, Fassan M (2021) Epstein-Barr virus 
associated gastric dysplasia: a new rare entity. Virchows Arch 
4:252. https:// doi. org/ 10. 1007/ s00428- 021- 03206-2

 15. Luchini C, Bibeau F, Ligtenberg MJL, Singh N, Nottegar A, Bosse 
T, Miller R, Riaz N, Douillard JY, Andre F, Scarpa A (2019) 
ESMO recommendations on microsatellite instability testing for 
immunotherapy in cancer, and its relationship with PD-1/PD-L1 
expression and tumour mutational burden: a systematic review-
based approach. Ann Oncol 30(8):1232–1243. https:// doi. org/ 10. 
1093/ annonc/ mdz116

 16. Yemelyanova A, Vang R, Kshirsagar M, Lu D, Marks MA, Shih 
IEM, Kurman RJ (2011) Immunohistochemical staining patterns 
of p53 can serve as a surrogate marker for TP53 mutations in ovar-
ian carcinoma: an immunohistochemical and nucleotide sequenc-
ing analysis. Mod Pathol 24(9):1248–53

 17. Lee JH, Kim SH, Han SH, An JS, Lee ES, Kim YS (2009) Clin-
icopathological and molecular characteristics of Epstein-Barr 
virus-associated gastric carcinoma: a meta-analysis. J Gastroen-
terol Hepatol 24(3):354–365. https:// doi. org/ 10. 1111/j. 1440- 1746. 
2009. 05775.x

 18. Sun K, Jia K, Lv H, Wang SQ, Wu Y, Lei H, Chen X (2020) EBV-
positive gastric cancer: current knowledge and future perspectives. 
Front Oncol 14(10):583463. https:// doi. org/ 10. 3389/ fonc. 2020. 
583463

 19. Zur Hausen A, van Rees BP, van Beek J, Craanen ME, Bloemena 
E, Offerhaus GJ, Meijer CJ, van den Brule AJ (2004) Epstein-
Barr virus in gastric carcinomas and gastric stump carcinomas: a 
late event in gastric carcinogenesis. J Clin Pathol 57(5):487–491. 
https:// doi. org/ 10. 1136/ jcp. 2003. 014068

 20. Ribeiro J, Malta M, Galaghar A, Afonso LP, Libânio D, Medei-
ros R, Dinis-Ribeiro M, Pimentel-Nunes P, Sousa H (2019) 
Epstein-Barr virus is absent in gastric superficial neoplastic 
lesions. Virchows Arch 475(6):757–762. https:// doi. org/ 10. 1007/ 
s00428- 019- 02670-1

 21. Rugge M, Bersani G, Bertorelle R, Pennelli G, Russo VM, Fari-
nati F, Bartolini D, Cassaro M, Alvisi V (2005) Microsatellite 
instability and gastric non-invasive neoplasia in a high risk popu-
lation in Cesena. Italy J Clin Pathol 58(8):805–810. https:// doi. 
org/ 10. 1136/ jcp. 2004. 025676

 22. Birkman EM, Mansuri N, Kurki S, Ålgars A, Lintunen M, Ris-
tamäki R, Sundström J, Carpén O (2018) Gastric cancer: immu-
nohistochemical classification of molecular subtypes and their 
association with clinicopathological characteristics. Virchows 
Arch 472(3):369–382. https:// doi. org/ 10. 1007/ s00428- 017- 2240-x

 23. Businello G, Angerilli V, Parente P, Realdon S, Savarino E, Fari-
nati F, Grillo F, Vanoli A, Galuppini F, Paccagnella S, Pennelli G, 
Mastracci L, Saragoni L, Fassan M (2021) Molecular landscapes 
of gastric pre-neoplastic and pre-invasive lesions. Int J Mol Sci 
22(18):9950. https:// doi. org/ 10. 3390/ ijms2 21899 50

 24. Carneiro P, Fernandes MS, Figueiredo J, Caldeira J, Carvalho 
J, Pinheiro H, Leite M, Melo S, Oliveira P, Simões-Correia J, 
Oliveira MJ, Carneiro F, Figueiredo C, Paredes J, Oliveira C, 
Seruca R (2012) E-cadherin dysfunction in gastric cancer—cellu-
lar consequences, clinical applications and open questions. FEBS 
Lett 586(18):2981–2989. https:// doi. org/ 10. 1016/j. febsl et. 2012. 
07. 045

 25. Corso G, Carvalho J, Marrelli D, Vindigni C, Carvalho B, Seruca 
R, Roviello F, Oliveira C (2013) Somatic mutations and deletions 
of the E-cadherin gene predict poor survival of patients with gas-
tric cancer. J Clin Oncol 31(7):868–875. https:// doi. org/ 10. 1200/ 
JCO. 2012. 44. 4612

 26. Kastelein F, Biermann K, Steyerberg EW, Verheij J, Kalisvaart 
M, Looijenga LH, Stoop HA, Walter L, Kuipers EJ, Spaander 
MC, Bruno MJ, ProBar-study group (2013) Aberrant p53 pro-
tein expression is associated with an increased risk of neo-
plastic progression in patients with Barrett’s oesophagus. Gut 
62(12):1676–83

 27. Flinner N, Gretser S, Quaas A, Bankov K, Stoll A, Heckmann 
LE, Mayer RS, Doering C, Demes MC, Buettner R, Rueschoff J, 

551Virchows Archiv (2022) 481:545–552

https://doi.org/10.1111/apm.1965.64.1.31
https://doi.org/10.1111/his.13975
https://doi.org/10.3390/cancers13205211
https://doi.org/10.3390/cancers13205211
https://doi.org/10.1038/nature13480
https://doi.org/10.1038/nm.3850
https://doi.org/10.1038/nm.3850
https://doi.org/10.1016/j.bpg.2021.101730
https://doi.org/10.3390/diagnostics11020339
https://doi.org/10.1097/PAS.0000000000000756
https://doi.org/10.32074/1591-951X-164
https://doi.org/10.32074/1591-951X-164
https://doi.org/10.1111/j.1365-2559.2012.04272.x
https://doi.org/10.1111/j.1365-2559.2012.04272.x
https://doi.org/10.1007/s00428-019-02693-8
https://doi.org/10.1007/s00428-019-02693-8
https://doi.org/10.1007/s00428-021-03206-2
https://doi.org/10.1093/annonc/mdz116
https://doi.org/10.1093/annonc/mdz116
https://doi.org/10.1111/j.1440-1746.2009.05775.x
https://doi.org/10.1111/j.1440-1746.2009.05775.x
https://doi.org/10.3389/fonc.2020.583463
https://doi.org/10.3389/fonc.2020.583463
https://doi.org/10.1136/jcp.2003.014068
https://doi.org/10.1007/s00428-019-02670-1
https://doi.org/10.1007/s00428-019-02670-1
https://doi.org/10.1136/jcp.2004.025676
https://doi.org/10.1136/jcp.2004.025676
https://doi.org/10.1007/s00428-017-2240-x
https://doi.org/10.3390/ijms22189950
https://doi.org/10.1016/j.febslet.2012.07.045
https://doi.org/10.1016/j.febslet.2012.07.045
https://doi.org/10.1200/JCO.2012.44.4612
https://doi.org/10.1200/JCO.2012.44.4612


1 3

Wild PJ (2022) Deep Learning based on hematoxylin-eosin stain-
ing outperforms immunohistochemistry in predicting molecular 
subtypes of gastric adenocarcinoma. J Pathol. https:// doi. org/ 10. 
1002/ path. 5879

 28. Kohlruss M, Reiche M, Jesinghaus M, Grosser B, Slotta-Hus-
penina J, Hapfelmeier A, Bauer L, Novotny A, Weichert W, Keller 
G (2018) A microsatellite based multiplex PCR method for the 
detection of chromosomal instability in gastric cancer. Sci Rep 
8(1):12551. https:// doi. org/ 10. 1038/ s41598- 018- 30971-z

 29. Cancer Genome Atlas Research Network, Analysis Work-
ing Group: Asan University, BC Cancer Agency et al (2017) 

Integrated genomic characterization of oesophageal carcinoma. 
Nature 541(7636):169–175. https:// doi. org/ 10. 1038/ natur e20805

 30. Angerilli V, Lonardi S, Farinati F, Savarino E, Bergamo F, Fassan 
M (2022) Mismatch repair status and gastro-oesophageal dyspla-
sia: need for a dedicated gastrointestinal pathologist? Histopathol-
ogy 80(7):1138–1140. https:// doi. org/ 10. 1111/ his. 14647

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

552 Virchows Archiv (2022) 481:545–552

https://doi.org/10.1002/path.5879
https://doi.org/10.1002/path.5879
https://doi.org/10.1038/s41598-018-30971-z
https://doi.org/10.1038/nature20805
https://doi.org/10.1111/his.14647

	Molecular subtyping of gastroesophageal dysplasia heterogeneity according to TCGAACRG classes
	Abstract
	Introduction
	Materials and methods
	Case selection
	Immunohistochemistry
	EBER in situ hybridization
	Statistical analysis

	Results
	Histomorphologic characterization of the series
	Biomarkers’ alterations distribution within dysplastic lesions
	Molecular subtypes of gastroesophageal dysplasia

	Discussion
	References


