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Pathomorphological and molecular genetic features of diffuse gastric cancer
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ABSTRACT

Gastric cancer (GC) is the fifth most common type of cancer in the world and the third leading cause of death
from cancer. GC is a multi-factorial and morphologically heterogeneous disease. Currently, several morphological
classifications of GC are used, however, for diagnosis, it is necessary to take into account not only the morphological
type of the tumor, but also its molecular subtype. According to the literature, the intestinal type of GC is most often
associated with effects of environmental factors and is usually found in older age groups in men, while diffuse
gastric cancer (DGC) is a genetically determined disease which is more common in younger patients, with the same
frequency among men and women.

This review covers in detail GC, its classification by P.A. Lauren (1965), and its molecular subtypes characterized
during the Cancer Genome Atlas project and examines the impact of certain risk factors on the pathogenesis of the
disease, such as H. pylori infection or Epstein — Barr virus. A separate section in this analytical work is dedicated
to expression of the PD-L1 marker by tumor cells and the use of this parameter for prognosis and therapy of this
disease. An essential part of the work is discussion of the features of intestinal and diffuse types of gastric cancer,
which reflect not only the differences in classifications used in modern diagnosis, but also the relationship between
the pathological pattern and the molecular subtype of gastric cancer.
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PE3IOME

Pax xemynka (PXK) 3anumaer msitoe MeCcTo B Mupe IO PaclpOCTPAHEHHOCTH CPEAN BCEX 3JI0KAYECTBEHHBIX HO-
BOOOpa30BaHM U ABJSETCS TPEThEH MO 3HAYMMOCTH NMPUYMHOW CMEPTHOCTH OT OHKOJIOTHYECKUX 3a00JIeBaHUM.
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PX sBnstercss MyabTH(hAaKTOpHAIBHBIM, MOP(OJIOTHYECKH HEOJHOPOJHBIM 3a00ieBaHleM. B Hacrosiee Bpems
HCHOJIb3YETCsl HECKOJIbKO Mopdoiornyeckux knaccupuxauuii PXK, oqHako Uit mocTaHOBKY HarHosa Tpedyercs
YUHUTBIBATh HE TOJIBKO MOP(OIOrHYECKHI THII OIYXOJH, HO U €€ MOJEKYJApHbIH noarum. ITo naHHBIM JiuTepa-
Typbl, PXX MHTECTHHAIBHOIO THIA Yalle BCEro acCOLMMPOBAH C JeiicTBUEM (aKTOPOB OKpY’KAIOLIEH Cpenbl H,
Kak TPaBUIIO, BCTPEUACTCs B CTAPIIMX BO3PACTHBIX rpymnmax y Myx4ut. Juddysnsiit tun paka xenynka (JJTPX)
ABJIseTCA B OOJIbIICH CTENEHH TeHETHYECKH JCTCPMHUHUPOBAHHBIM 3a00JICBaHUEM U Hallle BCTpeuyaeTcs y Ooiee
MOJIOJIBIX MAIIUEHTOB, IIPU 3TOM C OJMHAKOBOM YaCTOTOM Cpelu My>KUMH U HKEHIIHH.

B manHOM 0030pe moapo6HO ocentaetcs Tema PIK, ero xnaccudukanus mo P.A. Lauren (1965), ero monexysip-
HBIM TTOJTHUIIBI, OXapaKTepH30BaHHbIe B ATiace pakoBoro reaoMa (The Cancer Genome Atlas), a Takxke paccma-
TpUBaeTCs BIMSHHE ONPE/IeNICHHBIX (JaKTOPOB PHUCKA HA IAaTOreHe3 3a00JIeBaHus, TAKUX KaK HHQUIMpoBaHue H.
pylori nmm BupycoM DmmreiiHa — bapp. OtaenpHyro posib B JaHHOW aHAINTHYECKOH paboTe 3aHMMaeT BOIPOC
9KCIIPECCUH OITyXOJIEBBIMHU KJIeTKaMK Mapkepa PD-L1 u ncronp3oBaHue JaHHOTO MapameTpa JUIsl IPOrHO3HUpOBa-
HUS U Tepanuy 3Toro 3abosieBanns. HemManoBaxHOH 9acTbi0 paboOTHI SIBIsIETCS 00CyKIeHnEe 0COOCHHOCTEH HHTe-
CTHHAJBHOTO U IH((Y3HOTO THIIOB paKa >KellyAKa, KOTOPhIe OTPaXKaloT HE TOJIBKO Pa3iIMUKs HCIOJIB3YEMbIX B CO-
BPEMEHHO ANarHOCTHKE KJIacCU(UKaNnii, HO ¥ B3aUMOCBS3b TaTOMOP(OIOrnIeCcKOi KapTHHBI ¢ MOJIEKYJISIPHBIM
MOATHUIIOM paKa JKeITyKa.

KuaroueBble cioBa: pak sxenmyaxa 1uddy3Horo Tuma, SIMAEMHOIOTHS, MOJIEKYJIIPHO-TeHETHYECKas TUAarHOCTHKA,
KIacCU(UKAIMSA, UMMYHOTEPAITHSL.

KOHq).]Il/lKT HHTEPECOB. ABTOpBI JACKIApUPYIOT OTCYTCTBUE SIBHBIX U INOTCHIUAJIBHBIX KOH(I)J'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6JII/IKaHI/Ieﬁ HaCTOS{H.[eﬁ CTaTbHu.

Hcrounuk gpunancuposanusi. MccnenoBanue BBIOJIHEHO B paMKax rocynapctBeHHoro 3amanus HUU
Mopdostorun gesnoBeka (Ne AAAA-A19-119021590053-6).

Ja nurupoBanus: Muxanesa JIL.M., Munu6ep K.1O., Ileunukosa B.B., Baciokoa O.A., I'ymmn M.O. Ilato-
MOP(]OJIOrHYecKue U MOJIEKYJISIPHO-TeHeTHYeCKHe 0cobeHHOCTH aud(dy3HOro THIA paka xeiynxa. bowiemens

cubupcroui meouyunst. 2021; 20 (2): 168—175. https://doi.org/10.20538/1682-0363-2021-2-168-175.

INTRODUCTION

Gastric cancer (GC) is the fifth most common
type of cancer in the world and the third leading
cause of death from cancer. Morbidity and morta-
lity differ depending on the geographical region. In
countries like Japan, China, Korea, and Chile, GC
ranks first in morbidity and mortality [1]. In Russia
in 2018, 21,279 men and 15,662 women were diag-
nosed with GC. The average age of patients upon
diagnosis was 67.5 years, and the incidence rate was
25.4 cases per 100,000 population. In 2017, 16,572
people died from gastric cancer in Russia. The ave-
rage age of patients was 68.7 years, and the mortali-
ty rate per 100,000 population was 18.97 [2].

DEFINITION

In 1965, P.A. Lauren proposed a classification
of GC, which contained intestinal, diffuse, and
mixed histotypes [3]. GC is a multi-factorial and
histologically heterogeneous disease. For example,
intestinal GC is most often associated with envi-
ronmental factors (diet, smoking, obesity, alcohol
consumption) and Helicobacter pylori (H. pylori)

infection [4], which, in turn, leads to development
of chronic gastritis, followed by atrophic gastritis,
intestinal metaplasia, dysplasia, and carcinoma
through the Correa cascade [5].

The intestinal type occurs more frequently in
older men, is usually macroscopically represen-
ted by a tumor with an exophytic type of growth
and a tendency to ulceration, and microscopically
consists of cells that form glands. Diffuse gastric
cancer (DGC) is less associated with environmen-
tal factors and inflammatory diseases: the role of
H. pylori in the pathogenesis of DGC is still de-
batable. However, a number of studies conduct-
ed in the UK and Japan showed the presence of
H. pylori outside the tumor tissue in approximate-
ly 32% of cases in patients younger than 40 years
with morphologically confirmed DGC [6].

DGC is considered to be a more genetically de-
termined disease associated with loss of heterozy-
gosity on pl17 chromosome, p53 mutation or loss of
heterozygosity, and mutation or loss of E-cadherin
[7]. DGC is more common in younger patients with
the same frequency among men and women. 1-3%
of all cases of DGC are related to a proven heredi-
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tary genetic syndrome that causes a mutation in the
E-cadherin gene (CDHI) located on chromosome
16 — hereditary diffuse gastric cancer (HDGC).
For this category of patients, gastrectomy is recom-
mended as a method of preventive treatment [8].

MOLECULAR CLASSIFICATION
OF GASTRIC CANCER

According to the Cancer Genome Atlas (TCGA)
project, there are four molecular subtypes of GC [9]:

1. Associated with the Epstein — Barr virus
(EBV-associated subtype), which accounts for
about 9% of cancer cases.

2. Caused by microsatellite instability (MSI sub-
type): this subtype accounts for about 22% of can-
cer cases.

3. With genome stability (GS subtype): this sub-
type accounts for about 20% of cancer cases.

4. Caused by chromosomal instability (CIN sub-
type): this subtype accounts for about 50% of can-
cer cases.

EBV-associated molecular subtype of GC (Ep-
stein — Barr Virus-Positive Gastric Cancer). Ep-
stein — Barr virus (EBV) is a human y-herpesvirus
that is characterized by pronounced tropicity to
the lymphatic system and has the ability to per-
sist in the human body. Given the lymphotropi-
city of EBV after penetration into B-lymphocytes,
the virus causes their uncontrolled proliferation.
EBYV also has pronounced tropicity to the gastric
mucosa, which has a developed lymphatic system
[10-12].

The International Agency for Research on Can-
cer (IARC) classifies EBV as a Group 1 carcinogen.
According to a number of researchers, only latent
EBYV infection can be associated with various types
of human neoplasms and hemoblastosis.

EBV-associated gastric adenocarcinoma was
first described by A.P. Burke in 1990. It is known
that about 90,000 people annually develop EBV-as-
sociated gastric carcinoma, which is about 10% of
all cases of gastric cancer [13]. The association
between H. pylori and EBV is not fully understood,
but there is no doubt that in a group of patients
with no history of H. pylori infection or who have
undergone successful eradication of the pathogen,
EBV may be a leading factor in chronic inflam-
mation in the gastric mucosa and cause a risk of
malignant neoplasms [14-16].

GC caused by microsatellite instability (MSI).
Microsatellite instability (MSI) is a phenotype
characterized by an increased probability of muta-
tions occurring as a result of impaired repair system
of incorrectly paired DNA bases. Following the im-
paired repair in cells, errors during DNA replication
accumulate, which leads to emergence of new mi-
crosatellites.

When using a standard panel that includes
BAT26 and BAT27 mononucleotides and D2S123,
D5S346, and D17S250 dinucleotide repeats [17],
microsatellite instability can be divided into 3 le-
vels: high MSI (MSI-H), low MSI (MSI-L), and mi-
crosatellite stability (MSS). According to the lite-
rature, MSI-H-associated carcinoma, depending on
the ethnic group, occurred in 5-50% of cases, and
MSI-L- and MSS-associated carcinomas are known
to be localized in the gastric antrum. According to
the histological classification proposed by Lauren,
they belong to the intestinal type of GC and have a
good prognosis with rare metastasis, compared to
MSI-H [18].

GC with genome stability (Genomically Stable,
GS). GC with a stable genome has a lower mutation
load compared to other molecular subtypes and oc-
curs at a relatively young age. This molecular sub-
group is characterized by a diffuse histological type
according to Lauren, as well as a large number of
mutations in RhoA and CDH1 (as mentioned earli-
er, CDHI1 is associated with inherited DGC).

GC caused by chromosomal instability (CIN).
Chromosomal instability is a type of genome insta-
bility in which non-clonal karyotype changes are
observed in the daughter generations of dividing
cells, namely, loss or acquisition of chromosomes
and their sections. Cancer with chromosomal insta-
bility is characterized by extremely high frequency
of chromosomal abnormalities and their high diver-
sity [19]. In GC, a high CIN level is always associ-
ated with a poor prognosis.

In a study conducted by A. J. Bass et al. [9], the
molecular subtype of GC was correlated with its
localization. Each molecular subtype of GC could
have any localization, but CIN-associated tumors
were more common in the gastrointestinal tract and
gastric cardia (65%); most EBV-associated tumors
were found in the bottom or body of the stomach
(62%); MSI-associated tumors were less often de-
tected in the gastrointestinal tract and cardia, but
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with approximately the same frequency were found
in other parts of the stomach; GS-tumors were
found with approximately the same frequency in all
parts of the stomach, and this subtype was most-
ly presented by DGC (according to Lauren). At the
same time, GS-tumors were diagnosed at an earlier
age (the average age was 59 years), while MSI-as-
sociated tumors were diagnosed at a relatively older
age (the average age was 72 years). Patients with
MSI-associated tumors were usually women (56%),
and most cases of EBV-associated tumors were de-
tected in men (81%).

PD-L1 AND GASTRIC CANCER

Programmed cell death-1 (PD-1) is a mem-
brane protein of the immunoglobulin superfamily
involved in differentiation of immune cells. PD-1
plays an important role in negative regulation of
the immune system by preventing activation of
T-lymphocytes, which reduces autoimmunity and
increases self-tolerance [20]. The protein has two
ligands: PD-L1 and PD-L2. In tumor cells that ex-
press PD-L1, this ligand is involved in mechanisms
of tumor escape from immune control. Determin-
ing the expression of PD-L1 makes it possible to
identify a group of patients who are most likely to
benefit from therapy by immune checkpoint inhibi-
tors. A fairly good result of anti-PD-L1 therapy was
achieved for non-small cell lung cancer.

A relationship between PD-L1 expression
and prognosis in GC is still the subject of debate.
According to a study by S. Boger et al. [21], patients
with PD-L1-positive tumor cells had improved dise-
ase prognosis. However, according to H. Chang et
al. [22], high PD-L1 expression was an unfavorable
prognostic factor, and A. Kawazoe et al. [23] did
not consider PD-L1 as a prognostic factor at all. It
is important to keep in mind that all of the above-
presented research data were obtained from patients
of the Asian ethnic group, and, therefore, the results
cannot be applied to the general population, since
the response to therapy / drugs in different ethnic
groups may not be the same.

According to the experiments by C. Ma. et al.
[24] and S. Derks et al. [25], EBV- and MSI-as-
sociated GCs most often showed greatly positive
PD-L1 expression or overexpression of PD-L1,
which was a significant adverse prognostic fac-
tor. Another study [9] showed that in the mole-

cular EBV- and MSI-associated subgroups of GC,
pronounced lymphocytic infiltration in the tumor
stroma was found. Therefore, these subtypes can
be classified as GCs with severe lymphoid stroma
(medullary carcinoma). The lymphoid stroma in
these tumors has a large number of CD8+ T cells
that can cause a strong anti-tumor inflammatory
response. In addition, positive PD-L1 expression
was associated with a significant increase in the
number of CD8+ T cells at the edge of the invasive
tumor front.

S. Derks et al. [25] observed a difference in the
nature of infiltration of PD-L1-positive cells de-
pending on the molecular subtype of the tumor.
In EBV- and MSI-associated gastric carcinomas,
PD-L1 positive cells had the ability to penetrate
into the center of the tumor in contrast to MSS-as-
sociated gastric carcinomas, in which PD-L1 posi-
tive cells remained mainly at the edge of the tumor
invasion area. Based on this result, patients with
EBV- and MSI-associated gastric carcinomas may
be the main candidates for therapy with PD-1 in-
hibitors.

According to H. Saito et al. [26], five-year sur-
vival in patients with and without positive PD-L1
expression differed by 48.9% and 80.7%, respec-
tively. In addition, PD-L1 positive expression was
observed in the older age group of patients, and by
the histological type, positive expression was more
often detected in undifferentiated gastric carcino-
mas.

L. Wang et al. [27] studied the correlation bet-
ween HER2 status and PD-L1 expression. Ac-
cording to this research, HER2-positive patients
had positive PD-L1 expression in 24.2% of cases,
while HER2-negative patients had positive PD-L1
expression in 39.0% of cases. Based on the data
obtained, HER2-negative patients may be the best
candidates for targeted anti-PD-1 therapy. How-
ever, the authors drew attention to false negative
results that were associated with the biopsy tech-
nique: prominent PD-L1 expression was detected
at the edge of the invasive front of the tumor and
not in its center.

According to H. Fukamachi et al. [28], following
the study of DGC by gene expression profiling, the
authors distinguished two DGC clusters. The first
cluster is represented by DGC with a stable genome
(GS), which can be interpreted as “primary” DGC.
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The second cluster is represented by DGC with mi-
crosatellite instability (MSI) and chromosomal in-
stability (CIN), which was defined by the authors
as DGC developed from the intestinal type. In ad-
dition, an analysis of the expression of mTOR and
PD-L1 in each individual cluster was performed,
which showed more pronounced expression in the
second cluster (MSI and CIN). Based on these data,
it can be assumed that in a group of patients with
DGC, which has developed from the intestinal type
of GC, it is possible to use mTOR and PD1 inhibi-
tors for treatment.

HELICOBACTER PYLORI AND DIFFUSE
GASTRIC CANCER

The International Agency for Research on Can-
cer (IARC) classified H. pylori as a Group I carcin-
ogen (strong carcinogen) in 1994 [29, 30]. Initially,
H. pylori infection was thought to be associated
mainly with the intestinal type of GC, while for
DGC, the underlying factors in the pathogenesis
were genetic abnormalities. However, if we do not
consider cases of inherited DGC, numerous studies
report a significant role of H. pylori and Epstein —
Barr virus in the occurrence of sporadic DGC [31—
33]. Serological studies also confirmed that H. pylo-
ri is associated with both histological types of GC.

A number of studies showed that patients with
a low H. pylori 1gG titer are more likely to deve-
lop an intestinal type of GC, while patients with a
high H. pylori 1gG titer have a high risk of deve-
loping DGC [34-36]. There is evidence that H. py-
lori is able to inhibit factors responsible for cell
adhesion and, thus, participate in the pathogene-
sis of DGC. Y. Yang et al. demonstrated disinte-
gration of E-cadherin by H. pylori SS1 and 26695
strains. It was found that the SS1 strain more ef-
fectively disintegrated E-cadherin after 12 and 24
hours [37]. After penetration of H. pylori into the
gastric epithelium, nonphosphorylated binding of
CagA to E-cadherin occurs, which leads to sepa-
ration of the E-cadherin / B-catenin complex and
causes accumulation of B-catenin in the cytoplasm
and nucleus, ultimately activating a -catenin-de-
pendent gene involved in cancer progression [38].
Aberrant activation of B-catenin disrupts normal
apical junctional complexes, which leads to loss of
cell polarity [39].

MORPHOLOGY OF DIFFUSE GASTRIC
CANCER

In a study by H.E. Lee et al., the differences in
the morphology of hereditary and sporadic DGC
were identified. Based on the material presented by
11 cases of gastrectomy in patients with inherited
DGC and a genetically confirmed mutation in the
CDHI1 gene, the tumor cells were morphologically
divided into three groups.

Group 1 included well-differentiated, large sig-
net ring cells with a large amount of cytoplasm, a
small nuclear-cytoplasmic ratio, and flattened and
eccentrically located nuclei with moderate atypia.
They were located under the surface epithelium and
had positive expression to mucicarmine and pCEA
and negative expression to p16 and CDX2.

Group 2 contained well-differentiated, small sig-
net ring cells with a smaller amount of cytoplasm,
with more rounded and hyperchromic nuclei with
pronounced signs of atypia, and a high nuclear-cy-
toplasmic ratio. These cells were located in their
own mucosa and had negative expression to muci-
carmine, pCEA, p16, and CDX2.

Group 3 included poorly differentiated, small
signet ring cells with positive expression to p16 and
negative expression to CDX2. As a control group,
material from 20 cases of gastrectomy in spora-
dic DGC was used. No morphological features were
identified for them, but positive expression to pl6
and CDX2 was noted [40].

In the work by H.H. Wong and P. Chu [41], the
authors considered the features of immunohisto-
chemical diagnosis in the group of gastrointestinal
cancers. For DGC, positive expression to CDX-2,
CK7, and HepPar-1 in approximately 70% of cases
was reported. About half of the cases had positive
expression to CK20, MUC2, and MUC5AC. More-
over, negative expression to MUC1 and E-cadherin
was detected. According to the authors, morpho-
logical cases of low-grade adenocarcinoma with
pronounced lymphoplasmacytic infiltration may be
positive for EBV.

CONCLUSION

Currently, it is important not only to timely di-
agnose GC, but also to find a personalized approach
to each patient. An extremely important aspect of
diagnosis  (verification) is a comprehensive
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approach to the study of surgical material using tra-
ditional optical research methods with mandatory
periodic acid Schiff (PAS) and Alcian Blue staining
of the material and counting of the number of sig-
net ring cells, expressed as a percentage, as well as
detection of H. pylori, and immunohistochemistry
using a panel of antibodies (CDX-2, CK7, CK20,
HepPar-1, MUC1, MUC2, MUCSAC, HER2,
mTOR, PD-L1, and E-cadherin).

A molecular genetic study of the material is
required to determine the molecular subtype of
GC and correlate the data obtained with the ex-
pression of such antibodies as HER2, PD-L1, and
mTOR for more accurate determination of the
cohort of patients who can benefit from therapy
with mTOR and PDI inhibitors. Only this com-
prehensive approach to diagnosis of GC can give
specialists more clear understanding of the disease
and help in choosing a treatment strategy for such
patients.
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