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Abstract

Background Early Gastric Cancer (EGC) reaches 25% of the gastric cancers surgically treated in some areas of Northeastern
Italy and is usually characterized by a good prognosis. However, among EGCs classified according to Kodama’s criteria, Pen
A subgroup is characterized by extensive submucosal invasion, lymph node metastases and worse prognosis, whereas Pen
B subgroup by better prognosis. The aim of the study was to characterize the differences between Pen A, Pen B and locally
advanced gastric cancer (T3NO) in order to identify biomarkers involved in aggressiveness and clinical outcome.

Methods We selected 33 Pen A, 34 Pen B and 20 T3NO tumors and performed immunohistochemistry of mucins, copy
number variation analysis of a gene panel, microsatellite instability (MSI), TP53 mutation and loss of heterozygosity (LOH)
analyses.

Results Pen A subgroup was characterized by MUC6 overexpression (p =0.021). Otherwise, the Pen B subgroup was signifi-
cantly associated with the amplification of GATA6 gene (p =0.002). The higher percentage of MSI tumors was observed in
T3NO group (p=0.002), but no significant differences between EGC types were found. Finally, TP53 gene analysis showed
that 32.8% of Pen tumors have a mutation in exons 5-8 and 50.0% presented LOH. Co-occurrence of TP53 mutation and
LOH mainly characterized Pen A tumors (p =0.022).

Conclusions Our analyses revealed that clinico-pathological parameters, microsatellite status and frequency of TP53 muta-
tions do not seem to distinguish Pen subgroups. Conversely, the amplification of GATA6 was associated with Pen B, as well
as the overexpression of MUC6 and the TP53™ Lo sjgnificantly characterized Pen A.
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Introduction

Gastric cancer (GC) is one of the most frequent tumors
worldwide, being the fifth for incidence and the third for
mortality, with about 1,033,701 new cases and 782,685
deaths in 2018 [1].

The term “early gastric cancer” (EGC), as explained
by the Japanese Gastric Cancer Association, identifies
carcinomas limited to gastric mucosa and/or submucosa,
regardless of lymph node status [2, 3]. In Romagna, an
area of Northeastern Italy, EGCs account for about 25%
of all GCs surgically treated [4]. This percentage of “early
lesions” is considered very high for Western countries’
standards, but still not comparable with that of Eastern
countries, where EGCs represent more than 50% of all
tumors [5-7].

The definition of EGC has been debated over the years,
given that, despite a generally good prognosis (5-year sur-
vival > 90%), tumors with different outcomes belong to
this group. Numerous studies have focused on key param-
eters that could be associated with adverse prognosis, risk
of lymph node metastases or treatment failure in EGC
[4, 8—12], but no consensus has been reached. Of note,
the number of positive lymph nodes and the infiltrative
growth pattern according to Kodama’s classification [13]
have been shown to be independent prognostic factors in
530 EGC patients [14]. In this classification, tumors lesser
than 4 cm and invading deeply the submucosa are defined
submucosa-penetrating EGCs (Pen) and divided in Pen A,
characterized by elevated lesions, extensive submucosal
invasion and nodular masses, high incidence of vascular
invasion and lymph node metastases, and Pen B, associ-
ated with depressed lesions, fenestrated invasion of sub-
mucosa and low incidence of vascular invasion and lymph
node metastasis [13]. More importantly, Pen A and Pen
B show different prognosis, being Pen A type associated
with worse prognosis and thus a candidate for a surgical
treatment similar to advanced tumors [4, 10, 11, 14-17].

Independently from clinico-pathological characteris-
tics, other parameters could be implicated in the differ-
ent prognosis of EGC subtypes, but to date the molecu-
lar characteristics of each EGC subgroup have not been
deeply explored yet. At the beginning of eighties, Inokuchi
found that a different cell nuclear DNA distribution pat-
tern correlates with malignancy, being Pen A character-
ized by aneuploid and high-ploidy DNA range, similarly
to advanced carcinoma [18]. On the other hand, recent
studies on tumor microenvironment and the genomic fea-
tures suggest that cellular and molecular markers may be
useful in determining the aggressiveness of EGC [19, 20].

In this context, the purpose of this study was to investi-
gate the molecular characteristics of ECG. We focused the

analyses on two different types of Pen tumors, Pen A and
Pen B, known to have different prognosis, with the final
aim of finding biomarkers useful in the treatment decision
making for these patients.

Methods
Study design and case series

This was a retrospective multicenter study conducted at the
Istituto Scientifico Romagnolo per lo Studio e la Cura dei
Tumori on cases recruited by three member centers of the
Italian Gastric Cancer Research Group (GIRCG): Morgagni-
Pierantoni Hospital of Forli, University of Verona and Uni-
versity of Siena (Italy). The case series included GC patients
who underwent radical surgery with histological diagnosis
of Pen A (n=33) and Pen B (n=234), characterized by an
invasion depth > 500 pm, according to the definition of sub-
mucosa-penetrating EGCs (Pen) [2]. Patients were selected
from a case series consecutively enrolled from 1990 to 2014,
based on the availability of tissue samples. Patients were
matched for age, gender and lymph nodes status. Moreover,
a group of T3NO tumors (n=20), matched with EGC for
gender and age, was analyzed. All the cases analyzed have
been evaluated blinded by two different pathologists. His-
totypes were defined according to Lauren‘s classification
[21] and the lymphovascular invasion has been evaluated
with hematoxylin and eosin staining, except for doubtful
cases evaluated by immunohistochemistry. The study was
approved by the Local Ethics Committee (C.E.ROM. proto-
col number: IRSTB044) and written informed consent was
obtained from all patients.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on 4-puM-thick
sections of surgical specimens fixed in formalin and
embedded in paraffin (FFPE) using VENTANA Bench-
Mark Ultra platform and Optiview DAB Detection kit
(Ventana Medical Systems Inc, Tucson, AZ, USA). Sec-
tions were stained with prediluted mouse monoclonal
antibodies against MUC6 (Cell Marque Cat# 293 M-95,
RRID:AB_1160664), MUC2 (Cell Marque Cat# 291 M-14,
RRID:AB_1160632) and MUCS5AC (Cell Marque Cat#
292 M-98, RRID:AB_1160659) according to manufacturer’s
instructions. Epidermal Growth Factor Receptor (EGFR)
detections were performed by staining the sections with
mouse monoclonal antibody against EGFR (Genemed Cat#
61-0027, RRID: AB_11204237) diluted 1:100 in Antibody
diluent (Ventana Medical Systems). For all biomarkers,
slides were finally automatically counterstained with Hema-
toxylin II (Ventana Medical Systems). Stained sections were
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evaluated in blind by an expert pathologist. All images were
captured using Axiocam ERc5s digital camera on Axioscope
microscope (Carl Zeiss, Oberkochen, Germany). Expression
values of biomarkers were considered as categorical vari-
ables, using the following cuts off: < 1%: negative; 1-49%:
weak positive; > 50% positive. Only the diffusely positive
cases (=50%) have been considered as positive for the pur-
pose of our study.

DNA extraction

The DNA extraction from FFPE tissues was performed using
QIAamp DNA FFPE Tissue kit (Qiagen, Hilden, Germany).
The DNA was quantified with Qubit® dsDNA BR Assay on
Qubit 3.0 fluorometer (Thermo Fisher Scientific) and diluted
for the subsequent molecular analyses.

Microsatellite instability analysis

The microsatellite instability (MSI) analysis was performed
using 20 ng of DNA and the Genequality CC-MSI kit (AB
Analitica, Padova, Italy), which amplifies 10 microsatellite
markers (Supplementary Table S1). The fragment analysis
was carried out using the automated sequencer 3130 Genetic
Analyzer and (Applied Biosystems, Foster City, CA, USA).
The results were visualized with GeneMapper software
(Applied Biosystems). According to the guidelines [22],
samples with at least four unstable microsatellites were clas-
sified as tumors with high microsatellite instability (MSI-H),
while cases with 1-3 unstable microsatellites as tumors with
low microsatellite instability (MSI-L). The others were clas-
sified as tumors with microsatellite stability (MSS).

Multiplex ligation-dependent probe amplification

The Multiplex Ligation-dependent Probe Amplifica-
tion (MLPA) analysis was performed with the SALSA
MLPA probemix P458-B1 Gastric Cancer (MRC-Holland,
Amsterdam, The Netherlands), starting from 100 ng of
DNA of each sample. This kit analyzes the copy number
variations (CNVs) of 16 genes implicated in GC (CCNEI,
CCNDI1, CDK6, ERBB2, EGFR, MET, FGFR2, KRAS,
MYC, PTP4A3, PIK3CA, KLFS5, TOP2A, FGFRI, GATA4,
GATA®G), through the amplification of multiple probes. The
list of probes and chromosomal locations is reported in Sup-
plementary Table S2. Amplicons were separated by capillary
electrophoresis using the 3130 Genetic Analyzer (Applied
Biosystems), and data analysis was carried out through Cof-
falyser MLPA-DATA version 9.4 software (MRC-Holland)
comparing each tumor tissue with a pool of healthy gas-
tric tissues. To determine the CNVs of all genes, normal-
ized probe ratios that were less than 0.7 were classified as
“loss”, between 0.7 and 1.3 as “normal” and higher than 1.3
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as “gain”, according to the manufacturer’s instructions and
as previously established [23]. Genes with at least one probe
with “gain” were classified as “amplified”.

Sequencing analysis of TP53

TP53 exons 5-8 were amplified, starting from 20 ng of
DNA, with Multiplex PCR kit (Qiagen) and custom prim-
ers (sequences are available upon request) and PCR prod-
ucts were sequenced using BigDye Terminator v.3.1 cycle
sequencing kit (Thermo Fisher Scientific) on an ABI-3130
Genetic analyzer (Applied Biosystems). The mutations
identified have been reported using the Human Genome
Variation Society (HGVS) nomenclature [24], and their
pathogenicity has been assessed in accordance with the
guidelines [25, 26]. In particular, we distinguished the vari-
ants in Pathogenic (class 5), Likely-Pathogenic (class 4),
Variants of Uncertain Significance (class 3), Likely-Benign
(class 2) and Benign (class 1), reporting in the results only
variants of classes 3-5.

Loss of heterozygosity analysis of TP53 gene

Loss of heterozygosity (LOH) analysis of TP53 gene was
performed starting from 20 ng of DNA, through amplifica-
tion and fragment analysis of two microsatellites closed to
TP53 locus: D175796 and D17S1353 [27]. The amplifica-
tion of microsatellite regions was performed using Multi-
plex PCR kit (Qiagen) and custom primers (sequences are
available upon request), with forward ones 5-end labeled
with FAM or HEX fluorescent dies (Integrated DNA Tech-
nologies, Coralville, IA, USA). Subsequently, PCR products
were separated by capillary electrophoresis on an ABI-3130
Genetic analyzer (Applied Biosystems). The LOH analysis
was performed evaluating, for each microsatellite, the height
of the peaks corresponding to the 2 alleles in the tumor sam-
ple compared to the normal counterpart. The microsatel-
lites with homozygous alleles (same number of repetitions)
were excluded from the analysis. The microsatellite was
considered presenting LOH when the ratio of the 2 alleles
in the tumor was reduced by more than 30% with respect to
the healthy counterpart, as previously reported [28]. The
sample was defined as “tumor with LOH” when both the
microsatellites presented LOH and “tumor with no LOH”
when both of them did not present LOH. The samples with
no concordance between the 2 microsatellites were classi-
fied as uninformative, as well as the samples with both the
microsatellites in homozygosity.

Statistical analysis

This was a retrospective multicenter study for the identifica-
tion of phenotypical and molecular characteristics of Pen A
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and Pen B, also in comparison with a series of T3NO GCs.
No sample size calculation was performed due to the explor-
ative nature of the study. Descriptive statistics were reported
as proportions and median values (range). Chi-square test or
Fisher test, as appropriate, were used to evaluate the associa-
tion of clinico-pathological characteristics and gene ampli-
fication between tumor subgroups. Non-parametric ranking
test (Median test) was used to compare continuous data. Due
to the explorative nature of the study, no multiple testing
correction was made. All p values were based on two-sided
testing, and statistical analysis was carried out using SAS
software, version 9.4 (SAS Institute, Cary, NC, USA).

Results

Clinico-pathological features do not distinguish
submucosa-penetrating EGC subgroups

A case series of 87 patients with GC was collected for the
study. In particular, 33 Pen A, 34 Pen B and 20 locally
advanced (T3NO) tumors, matched for age, gender and
lymph node status, were analyzed.

As shown in Table 1, overall, the patients had a median
age of 70 years, 20.9% presented lymph nodes involvement,
the most frequent site of cancer onset was the antrum of the

Table 1 Clinico-pathological

. R Total Pen A Pen B T3NO )4
characteristics of patients
(n=287) (n=33) (n=34) (n=20)
n (%) n (%) n (%) n (%)

Median age at diagnosis (years): 70 (41-87) 72 (41-87) 68 (44-86) 71 (46-87) 0.460
(range)
Sex

Males 46 (53.5) 17 (51.5) 17 (51.5) 12 (60.0)

Females 40 (46.5) 16 (48.5) 16 (48.5) 8 (40.0)

Unknown/missing 1 0 1 0 0.801
Site

Antrum 51 (58.7) 19 (57.6) 20 (60.6) 12 (60.0)

Body 30 (34.5) 13 (39.4) 12 (36.4) 5(25.0)

Fundus 4 (4.6) 0 1(3.0) 3(15.0)

Cardias 1(1.2) 1(3.0) 0 0

Unknown/missing 1 0 1 0 0.189
Histotype

Intestinal 72 (86.8) 30 (93.8) 26 (78.8) 16 (88.8)

Diffuse 6(7.2) 2(6.2) 30.1) 1(5.6)

Mixed 5(6.0) 0 4(12.1) 1(5.6)

Unknown/missing 4 1 1 2 0.323
Histological grade

1 9 (10.7) 4(12.1) 4 (12.5) 1(5.3)

2 32 (38.1) 12 (36.4) 15 (46.9) 5(26.3)

3 43 (51.2) 17 (51.5) 13 (40.6) 13 (68.4)

Unknown/missing 3 0 2 1 0.427
Lymph nodes

N - (0) 68 (79.1) 24 (72.7) 24 (72.7) 20 (100.0)

N+(>0) 18 (20.9) 9(27.3) 9(27.3) 0
Unknown/missing 1 0 1 0 0.032
Lymphovascular invasion

Absent 63 (74.1) 23 (69.7) 23 (71.9) 17 (85.0)

Present 22 (25.9) 10 (30.3) 9(28.3) 3 (15.0)

Unknown/missing/NA 2 0 2 0 0.437
Median size-cm (range) 3.0(0.6-8.0) 2.0(0.6-6.0) 2.0(1.0-4.0) 4.7(2.5-8.0)

<2 34 (39.5) 17 (51.5) 17 (51.5) 0

>2 52 (60.5) 16 (48.5) 16 (48.5) 20 (100.0)

Unknown/missing 1 0 1 0 0.0002
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stomach and tumors mostly belonged to the intestinal-type
according to Lauren classification [21].

Regarding the histological grade, 51.5%, 40.6% and
68.4% of Pen A, Pen B and T3NO tumors were G3, respec-
tively, whereas 36.4%, 46.9% and 26.3% were G2, respec-
tively. The 72.7% of either Pen A and Pen B did not present
metastatic lymph nodes, even if 30.3% and 27.3% of them,
respectively, showed lymphovascular invasion of the gas-
tric wall, as well as 15.0% of the T3NO tumors. Finally, the
median size of Pen A and Pen B tumors was 2.0 cm, while
for T3NO tumors the median size was 4.7 cm.

Overall, no significant association was found between
clinico-pathological parameters and tumor subgroups,
except for lymph node involvement, due to the specific
T3NO selection, and for the size of the tumor (p =0.0002),
but no differences were observed between Pen A and Pen
B (Table 1).

Pyloric gland-type MUC6 is significantly associated
with Pen A subgroup

Mucins are high molecular weight glycoproteins expressed
in many epithelial tissues, including gastric tissue.
In our study, we performed the evaluation of MUC2

3 ."'7; e
g :("; \
'.'ﬁ'j
Fig. 1 Immunohistochemistry results of MUC6 protein expression
in Pen A and Pen B tumors. a Early Gastric Cancer, Kodama Pen

A (Hematoxylin and Eosin, X 100). Pen A invades the muscularis
mucosae (stars) and penetrates the submucosa layer with a nodular
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(intestinal-type mucin) and MUC6/MUCSAC (gastric-type
mucins) on the complete case series (n=_87; Supplemen-
tary Table S3) by IHC.

The 33.3% and 20.0% of Pen A and T3NO tumors,
respectively, showed a high expression of MUC6, while
only 2.9% of Pen B tumors showed a strong expression of
the protein. Overall, MUC6 protein levels showed a statis-
tically significant association with the tumor type, being
more frequently overexpressed in Pen A tumors (p=0.021,
Fig. 1). Moreover, smaller Pen B tumors resulted more
frequently negative for MUC6 (p =0.020).

Similarly, MUCS5AC was more expressed in Pen A
tumors (51.5%) than in Pen B (32.3%), being its expres-
sion into T3NO tumors at intermediate values, although
this difference was not statistically significant.

The intestinal-type MUC2 resulted poorly expressed in
all tumor subgroups. In fact, 75.8% of Pen A, 70.6% of Pen
B and 75.0% of T3NO tumors were negative, while only
9.1% of Pen A and 5.9% of Pen B were diffusely positive.
No T3NO tumors positive for MUC2 were observed.

Finally, EGFR protein levels were also evaluated.
EGFR was expressed only in 27.3% of Pen A, 20.6% of
Pen B and 35.0% of T3NO tumors, but no association with
subgroups was found.

pattern (arrow). b MUCS diffusely positive in Pen A (MUC6, x 400).
¢ Early Gastric Cancer, Kodama Pen B (Hematoxylin and Eosin,
X 200). d MUC6 negative in Pen B (MUC6, x 400). The images
shown above are taken from different cases analyzed during the study
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Table2 Results of the MSI analysis on the whole case series (87
tumors)

Table 3 Amplification frequency for each gene in the tumors ana-
lyzed by MLPA (47 tumors)

Total Pen A Pen B T3NO p Gene Pen A Pen B T3NO P
(n=287) (n=33) (n=34) (n=20) (n=15) (n=18) (n=14)
n (%) n (%) n (%) n (%) n. amplified (%) n. amplified (%) n. amplified (%)
Microsatellite status PTP4A3 10 (66.7) 13 (72.2) 6 (42.9) 0.212
MSS 68 (78.2) 28(84.8) 30(88.2) 10(50.0) KLF5 10 (66.7) 7(38.9) 7 (50.0) 0.281
MSI-H 19 (21.8) 5(15.2) 4(11.8) 10(50.0) 0.002 GATA4 10 (66.7) 7(38.9) 6 (42.9) 0.244
MYC 7 (46.7) 9 (50.0) 5(35.7) 0.710
GATA6  5(33.3) 12 (66.7) 1(7.1) 0.002
GATA6.ampIiﬁcation have been predominantly IZ(L;:;D ; j Eig;i jgzéi i SZ;; g:?ig
found in Pen B tumors ERBB2  5(33.3) 6(33.3) 5(35.7) 0.988
. . » FGFRI 6 (40.0) 6(33.3) 3(21.4) 0.555
High-level MSI and chromosomal instability (CIN) char- TOP2A  5(33.3) 6(33.3) 4(28.6) 0.950
acterized by a large amount of CNV are some of the most EGFRI  5(333) 6(33.3) 321.4) 0717
important characteristics that distinguish molecular subtypes FGFR2 4267 1222 4(28.6) 0913
of sporadic GC. The MSI analysis reve.al.ed that 21.8% of the CCNEI 4267 527.8) 321.4) 0913
87 tumors showed MSI-H. The remaining tumors resulted KRAS 5(333) 3(167) 321.4) 0519
to be MSS, since no tumors with MSI-L were found. With CDK6 4267 527.8) 17D 0304
regard to the subgroups, 15.2%, 11.8% and 50.0% of Pen PIK3CA 3 (20.0) 4222 2(143) 0.847

A, Pen B and T3NO tumors, respectively, were classified as
MSI-H (p =0.002, Table 2). No significant differences were
found between EGC subgroups.

The CNV analysis was performed by MLPA on a subset
of 47 tumors (15 Pen A, 18 Pen B and 14 T3NO tumors), due
to the poor availability of tissue for some patients.

All the 16 genes present in the panel (Supplementary
Table S2) were amplified in at least one sample; on the oppo-
site, no deletions were found. The genes more frequently
amplified were PTP4A3 (29/47 tumors, 61.7%), KLF5
(24/47 tumors, 51.1%), GATA4 (23/47 tumors, 48.9%) and
MYC (21/47, 44.7%), whereas the less frequently amplified
were PIK3CA (9/47 tumors, 19.1%), CDK6 (10/47 tumors,
21.3%) and KRAS (11/47 tumors, 23.4%) (Table 3). Overall,
Pen A tumors resulted amplified at similar, or even higher,
frequency with respect to Pen B tumors. Interestingly, the
only gene with an opposite trend is GATA6 (GATA binding
protein 6), which is also the only gene with a copy number
significantly different in the 3 subgroups of tumors. In our 47
analyzed samples, GATAG6 resulted amplified mainly in Pen
B (66.7%) than in Pen A (33.3%) and T3NO tumors (7.1%)
(»=0.002). A significant association was found between
tumor dimensions and GATA6 amplification (p =0.003),
with smaller tumors more frequently amplified.

TP53 gene alterations in early gastric cancer

TP53 is the most recurrent mutated gene in gastric adeno-
carcinomas, and its alteration has been found early in the
progression of this malignancy. In the present study, muta-
tion analysis of TP53 gene hotspot regions (exons 5—8) was
performed on 30 Pen A and 31 Pen B tumors of the case

series, whereas the LOH analysis was performed on 26 Pen
A and 26 Pen B samples (tumor tissues and healthy coun-
terparts), due to the lack of material.

We detected 21 TP53 mutations of classes 3-5 in 20/61
(32.8%) of our EGCs. Only one patient showed 2 different
variants. Mutations most frequently involved exon 5 with
11/21 mutations (52.4%), followed by exon 8 with 4/21
mutations (19.0%), while exons 6 and 7 presented both 3/21
mutations (14.3%). Regarding mutation type, 12/21 (57.1%)
were missense variants, 5/21 (23.8%) were deletions, 2/21
(9.5%) were splicing variants, 1/21 (4.8%) was a synony-
mous variant and 1/21 (4.8%) was a duplication. Regarding
the pathological significance, 8/21 (38.1%) of the mutations
identified in the case series were classified as pathogenic
variants (class 5), while 3/21 (14.3%) as likely pathogenic
variants (class 4) and 10/21 (47.6%) as variants of uncertain
significance (class 3) (Supplementary Table S4).

No significant differences emerged between the two EGC
subpopulations, being 9/30 (30.0%) of Pen A and 11/31
(36.7%) of Pen B mutated in 7P53 gene, with a Pen B tumor
with 2 different mutations. No statistically significant dif-
ferences in terms of exon, mutation type and pathological
significance were identified in the 7P53 mutations of the two
subgroups (Supplementary Fig. Sla, b and c).

The correlation analysis between TP53 mutation status
and the other parameters showed a significant association
between TP53 mutation and MSS, indeed the 95.0% of
TP53-mutated tumors showed MSS (p=0.030). A trend
was also observed regarding the association between TP53
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mutation and lymph nodes involvement (p =0.0548), as well
as lymphovascular invasion (p =0.0685), being mutations
mainly observed in Pen A tumors.

The LOH analysis was performed by using two micro-
satellite loci, D17S1353 and D17S796, located upstream
and downstream of TP53 gene, respectively. In 10 out of
52 samples, both microsatellites were homozygous and in 2
samples they were discordant. Consequently, the 7P53 LOH
analysis was informative for 40 samples (18 Pen A and 22
Pen B). Among the informative tumors, 20 samples showed
LOH (6 Pen A and 14 Pen B). In particular, 66.7% of Pen
A with TP53 LOH had also a TP53 mutation and 33.3%
did not. On the opposite, 35.7% of Pen B with TP53 LOH
had also a TP53 mutation and 64.3% did not. All the LOH
analysis results are summarized in Table 4.

Discussion

EGC:s are defined as "adenocarcinomas limited to the gas-
tric mucosa and/or submucosa, regardless of lymph node
status" [2]. Even by definition EGCs have good prognosis,
a percentage of them is characterized by a survival of 70%
at 5 years. The only independent prognostic factors so far
identified are the presence of lymph node metastases and
Pen A subtype, according to Kodama classification, whereas
no useful molecular markers have been pinpointed in this
regard [2, 15, 29].

Two classes of submucosa-penetrating EGC with differ-
ent prognosis, Pen A and Pen B, were analyzed and com-
pared with locally advanced tumors (T3NO), to identify
new markers capable of discriminating the different tumor
classes.

Our study revealed that analyzed tumors expressed mainly
gastric-type mucins, with the pyloric gland-type mucin
MUCE6 significantly more expressed in Pen A (p=0.021).
Mucins are the major components of gastric mucus involved
in the protection of gastric mucosa against infection and
inflammation and secreted gastric-type mucins are normally
expressed in non-neoplastic gastric tissue [30]. Neverthe-
less, despite their tumor suppressor role in the intestinal
tract, their overexpression has been associated with various
cancers, as a result of decreased activation of innate and

adaptive immune responses [31]. During neoplastic trans-
formation, mucin levels may be altered and reflect the histo-
logical origin of the tumor, being MUCS5AC mainly secreted
by foveolar cells of the stomach antrum and body, while
MUCS6 by pyloric glands [32—-34]. Although published data
are often discordant, the expression of gastric-type mucins
seems to be associated with adverse clinico-pathological
parameters and decreased survival [35-37]. In our study,
the overexpression of MUC6 found in Pen A tumors could
be an index of a pseudopyloric origin of this specific EGC
subtype. Moreover, even if MUC6 levels have not been
found to be associated with lymph nodes metastasis, its role
in the aggressiveness of this EGC subtype could be further
investigated in a larger case series.

The assessment of microsatellite instability in our case
series revealed a percentage of MSI tumors similar to other
studies [38], with locally advanced tumors having a more
frequently unstable profile, probably due to the selection of
tumors without nodal involvement [39]. Nevertheless, MSI
phenotype could be established in cancer cells even at early
stages of tumorigenesis, despite MSI seems to not have a
prognostic role in EGC [40, 41]. In our study, we found
13% of MSI-H tumors among EGCs, but no differences were
observed between Pen A and Pen B.

GCs belonging to the molecular CIN subtype harbor
many CNVs [38], some of which found early in gastric car-
cinogenesis [42]. We analyzed a panel of 16 genes suggested
to be of diagnostic and/or clinical relevance in GC and found
that amplification was the most frequent alteration, mainly
involving KLF5 (13q21.1), GATA4 (8p23.1), MYC (8q24.21)
and PTP4A3 (8q24.3) genes. Moreover, CCND1, and to a
lesser extent also CCNE1, were confirmed to be amplified
since the early stages, as shown by Ooi et al. [43].

Interestingly, even if the largest number of alterations
was observed in Pen A tumors, the only gene more fre-
quently amplified in Pen B, GATA6, was also the only one
able to significantly distinguish Pen A and Pen B tumors
(p=0.002). This gene is located on chromosome 18q11.2
and encodes a transcription factor mainly involved in
embryogenesis and development of tissues, including
those of the gastrointestinal tract. Its oncogenic role has
been demonstrated in many neoplasms [44, 45], including
gastric, esophageal and pancreatic adenocarcinomas, in

Table 4 Frequency of TP53 mutations in relation to TP53 LOH status in informative EGC samples

Pen A+Pen B Pen A Pen B

Total TP53 mut TP53 wt Total TP53 mut TP53 wt Total TP53 mut TP53 wt

(n=40) (n=11) (n=29) (n=18) (n=5) (n=13) (n=22) (n=6) (n=16)
TP53 LOH (%) 20 (100) 9 (45.0) 11 (55.0) 6 (30.0) 4 (66.7) 2(33.3) 14 (70.0) 5(@35.7) 9 (64.3)
No TP53 LOH (%) 20 (100) 2 (10.0) 18 (90.0) 12 (60.0) 1(8.3) 11 (91.7) 8 (40.0) 1(12.5) 7 (87.5)
P 0.031 0.022 0.351
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which GATAG6 is frequently amplified or overexpressed.
However, in recent years, conflicting results on the func-
tion of this gene have also been published and a dual role
of GATAG is emerging, albeit largely to be clarified. In
ductal pancreatic cancer, the amplification and overexpres-
sion of GATA6 were related to an increased tumor prolif-
eration in a group of patients, whereas in other patients the
high expression of GATAG6 seemed to be associated with
better prognosis, supporting its context-dependent role
into inflammatory and cancer-related pathways [45-47].
GATAG6 overexpression is observed already from the earli-
est phases of gastroesophageal tumorigenesis and reflects
the presence of intestinal differentiation, acting on targets
involved in cell replication and self-renewal, differentia-
tion and transcriptional control [48]. Moreover, KLF5/
GATA4/GATAG6 collaborate to maintain a pro-oncogenic
transcriptional regulatory network in GC cells, thus pro-
moting GC development [49]. On the opposite, Liu et al.
have recently demonstrated that GATAG is significantly
downregulated in metastatic tumors and its overexpres-
sion, in cellular models, suppresses migration, invasion
and metastasization of gastric cancer cells [50]. In the pre-
sent study, we showed that the amplification of GATA6 sig-
nificantly correlated with reduced tumor size (p =0.003)
and was associated with Pen B tumors, an EGC subtype
that is known to be characterized by better prognosis
compared to Pen A tumors [17]. It is also interesting to
note that in Pen B subgroup, GATA6 was amplified more
frequently in NO and low-grade tumors, although no sta-
tistical significance was reached, supporting the possible
role of this gene in preventing tumor dissemination and in
maintaining epithelial cells in a differentiated state.

TP53 is the most commonly altered gene in GC [38, 51].
It has an important role in many fundamental cellular pro-
cesses such as cell cycle arrest, DNA repair, apoptosis and
senescence [52], and alterations in this gene at early tumor
stages seem to engage environmental exposures to promote
gastric premalignancy [53].

The genetic analysis of the TP53 gene performed on Pen
A and Pen B tumors of our case series revealed an overall
mutation frequency of 32.8%, consolidating the idea that
alterations in this gene are a driver event detectable in the
early stages of gastric carcinogenesis. The TP53 mutations
were significantly associated with MSS (p =0.03), suggest-
ing the presence of different molecular subgroups of GC in
our case series, in particular CIN, mainly associated with
TP53 mutations, and MSI, characterized by microsatellite
instability.

No significant differences between Pen A and Pen B were
observed in TP53 mutations. According to the literature,
most of the identified mutations affect exon 5 of the T7P53
gene and consist of missense variants, followed by deletions
and duplications [54]. Furthermore, it has been confirmed

that most of the 7P53 variants are transitions G:C> A:T
(approximately 61.9%).

Interestingly, it has been shown that TP53 hotspot muta-
tions co-occurring with LOH (TP53™LOH) result in protein
stabilization and oncogenic gain of function that contribute
to acceleration of metastasization, increased drug resist-
ance and worse survival [55]. In the present study, we found
50.0% of Pen tumors presenting 7P53 LOH, mainly belong-
ing to Pen B subtype. Moreover, 27% of EGCs showed only
allelic loss at TP53 gene-level without mutations in hotspot
regions with 41% of Pen B and 11% of Pen A having this
characteristic. On the other hand, despite the low number
of cases, TP53™LOH ¢o_occurrence was significantly asso-
ciated with Pen A subtype (p=0.022). This is of particu-
lar interest, since data recently published highlighted that
TP53™VLOH was more frequently observed in EGC with
poor prognosis, but not in advanced tumors, demonstrating
its prognostic significance especially in patients with early
disease [20].

The present study has several limitations. First, this is a
retrospective study. Second, the small number of cases ana-
lyzed, due to the low frequency of Pen B lesions. Further-
more, given the number of analyses performed in this study
and the consequent necessity of a considerable quantity of
biological material, the number of cases analyzed for some
markers was reduced.

Conclusions

Our results highlighted for the first time some molecular
and cellular markers capable of distinguishing early-stage
stomach tumors, Pen A and Pen B. Despite the small number
of cases, the copy number of GATA6 and the expression of
MUC6 significantly distinguished the two tumor subtypes.
Moreover, even if further investigations are needed, the co-
occurrence of 7P53 mutations and LOH could be a marker
of the more aggressive Pen A subtype. It will be interesting
to confirm the data obtained in a wider case series of EGCs
and to correlate them with prognosis of patients affected by
submucosa-penetrating gastric lesions, with the final aim of
finding suitable biomarkers to be used in the pre-surgical
phase, able to distinguish patients with different prognosis
and usable to decide the best therapeutic strategy.
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