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Epithelial-mesenchymal transition in main types
of gastric carcinoma
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M. Gorky Donetsk National Medical University, Donetsk

Introduction. The rapid development of basic science enabled us to significantly expand our understanding
of various intercellular interactions. Epithelial-mesenchymal transition (EMT) is known to play a key role in
certain tissue formation in the embryonic period. However, recent data show that EMT can also be observed
in some pathological conditions, in particular, in various neoplasm development. This suggests that there are
anumber of alternative and fundamentally new mechanisms for the tumor formation and progression. Thus,
EMT, which occurs in carcinomas, increases the invasiveness, immunoresistance, immunity to therapy, and
the metastatic potential. Knowledge of EMT features and their timely recognition in morphological tumor
diagnosis is of great predictive importance for patients. The aim of the research was to study the morphologi-
cal features of epithelial-mesenchymal transition in the main types of gastric cancer.

Materials and methods. We studied specimens of gastric carcinomas (N=64) including 31 cases of diffuse
type, 19 cases of intestinal type, and 14 cases of mixed type.

Results. All cases of the diffuse carcinoma group showed spread EMT features, which appeared already in
the mucosa and completed with positive vimentin expression in 93.5% of cases. The malignant cell prolifera-
tive activity was low; however, in 29% of cases we detected areas of moderate or even high activity. In the
intestinal type gastric cancer, EMT developed as a result of tumor progression, it arose more often in the
deeper layers and was incomplete and focal. As a rule, the proliferative activity of tumor cells was high and
moderate. Vascular invasion occurred more often in diffuse type (90.3%), less often in mixed type (71.4%),
and even less often in the intestine type (55.8%) gastric carcinoma.

Conclusion. The variety of morphological features of EMT, its frequency, prevalence, completeness, and
sequence in the development of various types of gastric cancer determines the features of their clinical
manifestation and influences their further management.
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InuTennanbHO-Me3eHXMaIbHbII epexo; B OCHOBHBIX TUIIAX PaKa JKeTyaKa
U.B. Bacunenxo, P.b. Konopamiox, H.C. I'pexos, A.M. fpkoe

I'OO BIIO [loHenxuii HaMOHaJIbHBIIA MEeAUIUHCKUH yHUBepcuTeT uMeH:u M. T'opbkoro, Jlonenx

Bseoenue. CtpemurensHoe pa3Butue GyHIaMEHTATHHONW MEAUIIUHBI IO3BOIHIIO 3HAYUTEIHLHO PACIIUPUTH
HAIIIM PEJICTABICHHS O PA3IMYHBIX MEKKIICTOUHBIX B3aUMOJEHCTBUAX. MI3BECTHO, UTO AMIUTEINANBHO-Me-
3eHXHMabHas TpaHchopmanusa (OMT) urpaet kiroueByr0 poib IpH GOPMUPOBAHUH HEKOTOPHIX TKaHEH
B SMOpHOHAJIEHOM IIepuoze. TeM He MeHee, 10 OCIeTHIM JTaHHbIM, Iporieccbl OMT MoryT HabIrODaTHCS U
IIPU HEKOTOPBIX MATOJIOTMYECKUX COCTOSHUSX, B YACTHOCTH IIPU Pa3BUTHH Pa3HBIX HOBOOOPa30BaHUN. DTO
HATaJIKUBAeT Ha MBICIIb, YTO CYIIECTBYET LEbII PSII aIbTEPHATUBHBIX U IPUHIUITHAIBHO HOBBIX MEXaHHU3-
MOB (hOPMHUPOBAHHUS ¥ IIPOTPECCHH OIYXO0JICBBIX 3a00sieBanuil. Tak, DMT, BOZHUKAIOIIAs TP KAPIITHOMAX,
YCUJIMBAET MHBa3UBHOCTH, UMMYHOPE3UCTEHTHOCTh, HEBOCIPUUMUYHBOCTD K TEPANIH U METaCTaTHYECKUH
MTOTEHITMAJ MTOCACIHUX. 3HAHUE 0COOCHHOCTEH MOA00HBIX TpaHCHOPMAIIHiA ¥ CBOCBPEMEHHOE paclo3Ha-
BaHUE TAaKMUX IPOIECCOB MPHU MOPGOIOTHUSCKON AUAarHOCTHUKE OIMYyXOJIel OUeHb NMPEIUKTUBHO 3HAUNMBI
JUTSA TTalMEeHTOB. 1{eNbI0 HaCTOSIIero UCCIeIOBaHUS ABIIETCA H3YUeHHE MOP(HOTIOTHYECKUX 0COOEHHOCTEH
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OPUTMHAIBHBIE MICCITEJOBAHNMA

SMHUTEIHATBHO-ME3MHXIMAJIBHOTO MIEPEX0/a B OCHOBHBIX THUIIAX paka JKeIyaKa.

Mamepuanvt u memoowi. VI3yueHs! 00pasisl 64 ciaydaeB paka skenayaka: 31 ciydait auddys3Horo tuma,
19 cnygaeB kumieqHoro THna u 14 ciydaeB cMemaHHOTO THTIA.

Pesynomamul. Bo Bcex ciydasx audy3HOro paka HaOIIOIAIKCh TPU3HAKKA PACPOCTpaHeHHOH DMT,
KOTOpasi MOSABIISIETCS yXKE B CIM3UCTOM ciioe U B 93,5% cirydaeB 3aBepiiaeTcs 3KCIpeccuell BAMEHTHHA.
[IpomudepaTnBHast aKTUBHOCTH 3JI0Ka9€CTBEHHBIX KJIETOK ObLIAa HHU3KOM, HO B 29% CilydaeB OTMEYaJNCh
Y4aCcTKH YMEPEHHOH WM Jake BHICOKOM akTUBHOCTH. [Ipu kuimedHoM Ture paka xenynka OMT pa3suBa-
€TCs B pe3yJIbTaTe MPOTPECCHH OIyXOJH, Yalle B 6oee TITyOOKHUX CIIOAX, M HOCHT HENONHBIM U 04aroBbIHA
xapakrep. [IponmdepaTnBHas aKTHBHOCTH OITYXOJIEBBIX KJIETOK OBIJIa, KaK MPABHJIIO, BEICOKOI 1 YMEPEHHOIA.
Cocynucrast MHBa3usl yalle BcTpedanach npu pake qudyssoro tuma (90,3%), pexe — npu pake CMEIaHHOTO
tuna (71,4%) u eme pexke — Ipy KUIIEIHOM THITE paka xeryaka (55,8%).

Buisoowl. Paznoobpasue Mmopdonorndeckux ocobennocrerr OMT, ee yacToTa, paclpoCTPaHEHHOCTb, ITOJTHO-
Ta ¥ IOCJIeIOBATEIFHOCTE B PA3BUTHH IIPH PA3ITHUYHBIX BUJAX paka XKelyIKa ONpeAessiioT 0COOEHHOCTH UX
KIIMHAYECKOTO MPOSIBICHHS.

KiroueBble ci10Ba: pak KenyaKa, THarHOCTHKA, OCHOBHBIC TUCTOIOTHYeckue Tumbl, IMT, Mopdonorus
s xoppecnonaenmuu: WUnes CepreeBuy ['peko. E-mail: ilya.grekov.1998@gmail.com

Jas nutupoBanns: Bacunenko M.B., Konapariok P.b., I'pexos U.C., fpkoB A.M. DnurennanbHo-Me-
3eHXHMMAaJbHBIA IIEPEX0l B OCHOBHBIX THIAX paka kenymaka. KimH. sken. mopdomorus. 2021;10(2):13-20

(arrm.). DOI: 10.31088/CEM2021.10.2.13-20.

®uHancupoBaHue. Vccieno0BaHne BBITOIHEHO B PAMKaX TOCYIAPCTBEHHOTO OIOIKETHOTO (hHHAHCHPOBAHHUS.

KondukTt nHTepecoB. ABTOpBI 3asBIISAIOT 00 OTCYTCTBUU KOH(IMKTA HHTEPECOB.

Crarbs nocrynuia 15.12.2020. [Toxy4yena nocie penensuposanus 25.01.2021. Ilpunsita B nevars 11.02.2021.

Introduction

Epithelial-mesenchymal transition (EMT) occurs dur-
ing embryonic development, organogenesis, regeneration
(wound healing), chronic inflammation with organ fibrosis,
and in neoplasms [1-6]. The basic nature of this process
is the loss of main epithelial features such as cell-cell ad-
hesion, spindle shape acquisition by epithelial cells, di-
minished expression of cytokeratins, emerging capacity
to express vimentin, and a-smooth muscle actin (a-SMA)
with ability to migrate.

EMT drastically enhances carcinoma invasiveness and
its metastatic potential, increases cellular viability prevent-
ing cells from apoptosis and aging, and also provides them
with stem cell features, immunoresistance, and unrespon-
siveness to radiation and chemotherapy, which leads to
aggressive behavior of these tumors [4, 6, 7]. Many routine
cancer treatments may stimulate EMT and enhance inva-
sion and metastasis [8].

Therefore, in tumor morphologic diagnosis, it is im-
portant to establish the EMT presence, its spread, and
completeness. Completeness means that a cell not only
diminishes or loses its epithelial features, but also gains
those of mesenchymal tissues such as vimentin and a-SMA
expression, and cell discohesion and motility [9, 10].

P. Lauren classification (1965) subdivides gastric car-
cinomas into 2 main histological types: diffuse and intesti-
nal [11]. The so-called mixed type carcinoma has features
of both types. These carcinomas differ in their etiology,
pathogenesis, morphology, and presumably EMT specifici-
ties. Initially, gastric carcinoma develops in the mucosa
with subsequent invasion into the submucosa, the muscu-
laris propria, and the subserosa. That allows an investigator
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to monitor the effects of morphological changes, including
EMT features, as the tumor progresses.

Materials and methods

We studied specimens of 64 patients with gastric carci-
nomas, including 31 of diffuse type, 19 of intestinal type,
and 14 of mixed type. Gross examination and sampling
were performed: we excised strips from cardiac to pyloric
margin of the tumors measuring approximately 1 cm in
width and comprising the entire gastric wall thickness. The
strips were consequently cut in pieces and fixed in forma-
lin. The slides were made from paraffin-embedded blocks
with subsequent staining with hematoxylin and eosin and
alcian blue at a pH of 1.0 and 2.5 to detect sulfated and non-
sulfated mucins. The PAS reaction was also performed. We
used single pieces from both the center and the periphery
of the tumors to assay them immunohistochemically. The
specimens were cut into 4-um sections, subsequently de-
paraffinized in xylene, and hydrated. After PBS rinsing, en-
dogenous peroxidase activity was blocked by 3% hydrogen
peroxide in 100% methanol. The slides were incubated with
diluted anti-E-cadherin antibody, AE1/AE3, cytokeratin 18,
vimentin, a-SMA, Ki-67, and then secondary antibody. We
utilized the visualization system EnVision FLEX (Dako,
Copenhagen, Denmark).

Two criteria were used to evaluate EMT: prevalence
(focal and widespread) and completeness. Incomplete
EMT was accompanied by the loss of cell communica-
tion, change in shape to a fibroblast-like, decrease in or
absence of epithelial marker expression (AE1/AE3, SC18,
and E-cadherin), and complete acquisition of mesenchymal
marker expression (vimentin and/or a-SMA).
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By the presence of tumor emboli in the vessels, we ac-
cessed the tumor invasive potential, based on the work of
T. Mita, T. Shimoda (2001), according to which tumor in-
vasion of the lymphatic vessels in gastric cancer (GC) was
the most significant determinant (OR 8.68) for lymph node
metastases, which dramatically worsens the prognosis [12].
The invasiveness was compared with the EMT presence,
its prevalence, and completeness. The proliferative activity
index (Ki-67 expression) was estimated semi-quantitatively
as weak (up to 15% positively stained cells), moderate (up
to 40%), and high (above 40%).

Statistical processing was performed in the MedStat
package using basic methods of mathematical statistics.
Statistical analysis of the indicators obtained as a result of
processing stabilograms showed that their distribution dif-
fered from normal (at the level of p<0.001), in accordance
with which, when conducting further statistical analysis,
nonparametric criteria were used. The reliability of the re-
lationship or differences in the indicators (p) were deter-
mined, and the nonlinear Kendall correlation coefficient
(Tau) was used to assess the degree and reliability of the
relationship between two related samples.

Results

Patients with main histological types of GC differed in
age: 42% of diffuse type patients were fewer than 50 years
old, but, at the same time, intestinal and mixed type patients
comprised 21.4% and 21% in this age group, respectively.

All cases of diffuse GC showed the spread of EMT fea-
tures. In the gastric mucosa, the tumor diffusely exhibited
detachment of malignant cells from each other. Small areas
where the connection between the cells was preserved in
the deeper layers of the gastric wall were noted in 12 ex-
amined cases; more often they were observed in a form of
short trabeculae, small groups, and, less often, in a form
of solid, gland-like structures. In such areas, membranous
and/or cytoplasmic expression of E-cadherin was preserved
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as well as it was expressed in some malignant cells. In
8 cases, more commonly in the deeper layers of the gas-
tric wall (the muscularis propria and the subserosa), we
discovered malignant cells with a greater degree of atypia
(big nuclei with dispersed chromatin, diminished amount
of cytoplasm, and decreased mucin secretion).

All cases of diffuse GC type displayed changes in the
shape of malignant cells: small signet ring cells became
stellate spindle fibroblast-like cells. In 7 out of 31 cases
(22.6%), elongated fibroblast-like malignant cells were de-
tected in mucosa basal layers adjacent to the muscularis
mucosa; in all other cases, we found them in the submucosa
and deeper layers of the gastric wall. These cells often
expressed cytokeratins, i.e. pancytokeratin AE1/AE3 or
cytokeratin 18. However, in some malignant cells, cyto-
keratin expression was decreased to the point of complete
loss. The loss of cytokeratin expression occurs even in
the mucosa, but it may be selective. For example, it was
absent in big signet ring cells, but still preserved in small
malignant cells (Fig. 1 A). Already in the basal layer of
the gastric mucosa, fibers of extracellular matrix (ECM)
appeared next to fibroblast-like malignant cells in bigger
numbers than in other parts of the gastric mucosa. In the
submucosa, due to enlarged ECM volume, cancer acquired
scirrhous features.

Almost in every case of diffuse GC type (29 out of
31 cases), EMT was complete. In other words, the ex-
pression of mesenchymal markers such as vimentin and
a-SMA was detected in round signet ring cells as well as
in fibroblast-like malignant cells (Fig. 1 B).

The change of cellular form and acquisition of mesen-
chymal phenotype—one of the main EMT features—have
been connected to an increase in tumor invasiveness and
metastatic potential (Fig. 1 C) [9, 10, 13]. We studied tumor
invasiveness by the presence of intravascular malignant
cells. In diffuse cancer cases, they were found in 28 out of
31 cases (90.3%).

Table | Tabnuya

Comparison of the EMT frequency, prevalence, and completeness and tumor cell vascular invasion
in different histological GC types |
ComnocrasieHue YacTOTbI, PACHPOCTPAHEHHOCTH U MOIHOTHI DMT ¢ HHBa3Heil cOCyT10B ONMYX0/IeBBIMH KJIETKAMHU

MPH Pa3HBIX THCTOJOTHYECKHX THIAX PAKa JKeJIyIKa

EMT | OMT Diffuse gastric carcinoma
EMT 31 of 31 |
JuddysHblii pak sxkeayaka

9MT - 31 u3 31

with invasion
| c naBa3meii

no invasion |
0e3 MHBa3HHU

Prevalent EMT | 28 3
Pacnpoctpanennas OMT

Local EMT | OuaroBas OMT - -

Complete EMT | [Tonxas OMT 28 1
Incomplete EMT | Henonnas = 2
OMT
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Intestinal gastric carcinoma
EMT 18 of 19 |
Kumeunslii pak skenyika
OMT - 18 u3 19

with invasion
| ¢ nHBa3uMeit

no invasion |
0e3 HHBa3UHN

11 7

11 7

Mixed gastric carcinoma

EMT 14 of 14 |
CMelIaHHBIH pak xKeJayaKa
OMT - 14 u3 14
with invasion no invasion |
| c uHBa3uell  0e3 HHBa3UMHU
3 _

6 5
7 4
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As a rule, the morphology of the intraluminal tumor  with one of them having gland-like structures suggesting
and the tumor outside the vessels was identical. Only in  the presence of EMT.
5 cases of signet ring small-cell cancer, the intraluminal In all cases, the proliferative activity of malignant cells
carcinoma had composition of a solid tumor (Fig. 1 C), was low with a proliferation index below 5%, but in 9 cases

Fig. 1. Immunohistochemical features of Epithelial-mesenchymal transition (EMT) in gastric cancer (GC).
A — selective loss of cytokeratin AE1/AE3 expression in signet cells but its preservation in small malignant cells
(immunohistochemical [IHC] assay with antibodies to pancytokeratin AE1/AE3, x400)]; B — complete EMT in diffuse type GC,
vimentin expression in signet cells and fibroblast-like malignant cells (IHC with vimentin antibodies, x400), C — invasion of
fibroblast-like malignant cells with expression of cytokeratin 18 in the vessel wall. Intravascular malignant cells became round or
signet cells (IHC with vimentin-18 antibodies, X400), D — low proliferative activity in diffuse type GC, increased in the invasion
margin (IHC with Ki-67 antibodies, x200), E — prominent cellular atypia and high proliferative activity in intestinal type GC
(IHC with Ki-67 antibodies, x200), F — fibroblast-like cells of mixed type GC, expressing cytokeratins AE1/AE3 (IHC with
pancytokeratin AE1/AE3 antibodies, x400), G — vimentin expression in the same cells (IHC with vimentin antibodies, x400),
H — a-SMA expression in the same cells (IHC with anti-a-SMA antibody, x400)

Puc. 1. IMMyHOTHCTOXMMHYECKHE 0COOCHHOCTH AMHUTEIHAIbHO-ME3eHXUMaIbHOM Tpanchopmannn (OMT) npu pake xenyaxa (PXK).
A — u3buparenbHast noTeps Fkcrpeccun nurokepatunoB AE1/AE3 B mepcTHEBHIHBIX KIETKAX, HO COXpAaHEHHE ee B HEOOIBIINX
3nokadectBeHHbIX KieTkax (MI'X ¢ antutenamu k manuurokeparuny AE1/AE3, x400), B — nonunas OMT B PXK nuddysHoro
THIIA, SKCIPECCHs BUMEHTHHA B IIEPCTHEBUHBIX U (pUOPOOIAaCTONONO0HBIX 3I0Ka4YECTBEHHBIX KIIETKaX (OKpacka aHTHTeIaMu
k BuMeHTHHY, x400), C — nHBa3ns GpudpoOIacTonogo0HbIX 3I0KaYeCTBEHHBIX KJIETOK C IKCIpecchel nuTokepariuHa 18
B CTEHKE COCY/ia; BHYTPHCOCYANCTHIC 3/I0KAYECTBEHHBIC KIICTKH CTAIIH KPYIJIBIMU HIIH IEPCTHEBUAHBIMH (OKpacKa aHTUTEIIAMH
K BUMEHTHUHY- 18, x400), D — Hu3kas nponudeparuHas aktuBHocTh PXK nuddysHoro Tuna, noBbllIeHHas B Kpae HHBA3HU
(okpacka anturenamu k Ki-67, X200), E — BoIpaykeHHas1 KJICTOUHASI aTHITHSI ¥ BBICOKast IPONU(epaTnBHas aKTHBHOCTD
npu PX xumeunoro tuna (okpacka antutenamu k Ki-67, x200), F — ¢pubpobnacromnonobusie kinetkn PXK cMmemmanHoro tTuna,
akcnpeccupyromue naniurokepatid AE1/AE3 (okpacka anturenamu k nannurokepatnnyAE1/AE3, x400), G — skcnpeccus
BHUMEHTHHA B TEX K€ KJIETKaxX (OKpacka aHTHTeIaMu K BUMeHTUHY, X400), H — akcripeccus 0-aKTHHA [NIaJIKUX MBIIIIL B TEX JKE
KIIeTKaxX (OKpacka aHTUTEIAMH K [JIaJJKOMBIIIEYHOMY 0-aKTHHY, *400)
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there were areas of moderate proliferative activity up to
20% and even high activity up to 46%. Almost in all cases,
the increase in proliferative activity occurred in areas with
small glandular and solid elements in deep layers of the
gastric wall (most often the muscular one), at the margin
of invasion, where cellular atypia was rising (Fig. 1 D).

At the tissue level, intestinal type GC was represented
by well-differentiated adenocarcinoma with preservation
of cell-to-cell connection and positive expression of E-
cadherin. In 14 out of 19 cases, cellular atypia and prolif-
erative activity (Fig. 1 E) were prominent or moderate and
prominent; in 4 cases, moderate; and only in 1 case, mild
and moderate. In the last case, the main features of EMT,
i.e. cell-to-cell connection loss and cellular form change,
were absent. Nevertheless, this tumor had small areas with
high proliferative activity (proliferation index 35-40%)
without decrease in pancytokeratin AE1/AE3 expression.

In the remaining 18 cases of intestinal type GC, EMT
was noted; however, as opposed to diffuse type, it was
focal and incomplete with negative vimentin expression.
The foci of EMT were recognized at the invasion lateral
margin or deeper, at the border with unchanged tissue; in
only 3 cases, they occured in basal layers of mucosa. They
were characterized by changing cell-to-cell connections
with formation of trabeculae, small groups, and separated
cells, commonly round, less often stellate or fibroblast-like.
Uncommonly, weakly expressed ECM was produced in
only one case showing sclerosis in the serosa and tumor, i.e.
concentric growth of connective tissue around malignant
glands with abnormal polar differentiation such as mucin
secretion at the basal pole of malignant cells with preserved
cell-to-cell connection. In two more cases of intestinal type
GC, mucin was produced at the basal pole of malignant
cells and extracted into the stroma within the foci of EMT;
no significant ECM was produced.

Mixed type GC was characterized by diverse histology.
We observed adenocarcinomas of different grades at the
tissue level and solid areas of undifferentiated polymorphic
cancer, with 2 cases demonstrating small foci of signet
ring carcinoma. EMT occurred in all cases and was mostly
focal; only in 3 cases, it was diffuse. In the first case, it
started into the submucosa and in the second one, into the
muscularis propria. In the third case, it was starting into
the subserosa and was complete: prominent fibrosis elon-
gated markedly inside and almost indistinguishable from
fibroblasts cells were expressing pancytokeratin AE1/AE3
(Fig. 1 F), vimentin (Fig. 1 G), and a-SMA (Fig. 1 H).
A few of those cells were even expressing desmin.

In this and two other cases of focal EMT, it was com-
plete, i.e. malignant cells expressed vimentin. It can be con-
cluded that EMT is complete only in those foci where there
is no synchronism between cytokeratin expression loss and
vimentin expression appearance or where vimentin is de-
tected in solid and glandular structures with preserved posi-
tive E-cadherin expression; in other words, with relatively
“incomplete” EMT. When malignant cells change their
form and size to such extent that they look like fibroblasts,
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they produce prominently EMC, lose cytokeratin expres-
sion, while acquiring vimentin and a-SMA expression, so
that these cells become indistinguishable from fibroblasts
and myofibroblasts. The first EMT signs were detected in
the submucosa in 9 out of 14 cases and in the muscularis
propria in 5 out of 14 cases. In all 14 cases, we noted the
cell discohesion with the entire loss of E-cadherin expres-
sion or only its cytoplasmic expression. The pancytokeratin
AE1/AE3 expression was already decreased in trabeculae
of malignant cells up to complete loss, but it could be pre-
served in separated cells or even in elongated fibroblast-like
cells (Fig. 1 F). In all cases, the cellular form inside EMT
foci was changed: they became stellate and fibroblast-like.
In 2 cases, elongated shape of malignant cells was detected
even in glandular walls before their separation. Seven cases
showed fibroblast-like separated cells being surrounded by
a significant number of thin ECM fibers.

In 10 out of 14 cases of mixed type GC (71.4%) we
found vascular invasion.

Discussion

Diffuse and intestinal types GC differ from each other
in their etiology and pathogenesis. Intestinal type develops
through Helicobacter pylori-associated gastritis, intestinal
metaplasia, and dysplasia, but diffuse type is apparently
unrelated to H. pylori arising from morphologically normal
gastric mucosa [14, 15]. Hereditary predisposition to GC
has been established. Thus, the closest relatives of GC pa-
tients have a 2-fold increased risk of developing all forms
of this tumor, whereas the relatives of diffuse type GC
patients have a 7-fold higher risk compared to that of the
control group [16]. Among diffuse type GC cases, there is
a familial (hereditary) subgroup associated with E-cadherin
mutation [17-19] and discohesive growth. In hereditary
and sporadic diffuse type GC, genetic and/or epigenetic
alteration of CDH1 encoding E-cadherin are frequently
detected [20].

All cases of diffuse type GC in our material showed
that such an EMT feature as discohesion of malignant cells
appears already in the mucosa.

Although H. pylori may potentiate EMT by different
pathways in gastric carcinoma [21-23], in intestinal type
GC, EMT develops as a result of tumor progression. Un-
commonly, its features occur already in the mucosa, more
often in the deeper layers.

The cellular form alteration and acquisition of fibro-
blast-like shape in diffuse type GC occurred in the mucosa
near the muscularis mucosa in 22.6% of cases, where, ac-
cording to B. Humar et al. [18], the activation of oncogene
c-Src occurs already after malignant cell discohesion and
this process has been associated with the submucosa inva-
sion. In the intestinal type, the cellular form change ap-
peared in the deeper layers, sometimes even with preserved
cell-to-cell connection in the gland, but, at the same time,
stroma invasion was seen.

In cases of diffuse type GC, malignant cells lost cy-
tokeratin expression already in the mucosa, but the loss
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might be selective: it might be absent in signet ring cells
but preserved in small cells. Surprisingly, in malignant
cells of diffuse type GC, the cytokeratin expression was
often conserved in markedly elongated fibroblast-like cells
in the submucosa and the muscularis propria, and in one
case of the mixed type, even in the subserosa. Simultane-
ously, it often decreased and disappeared in trabeculae
and groups of malignant cells in EMT foci of intestinal
and mixed types.

Vimentin expression in malignant cells, which is con-
sidered to be complete EMT, was focally detected in almost
all cases of diffuse type GC (93.5%), only in 3 cases of the
mixed type, and was never observed in the intestinal type.
It was recognized that vimentin expression correlated sig-
nificantly with aggressive tumor behavior and unfavorable
prognosis, but, on the other hand, cytokeratin expression
loss may not correlate with malignant phenotype [9, 10, 24].

Abnormal polar differentiation occurred in all cases of
diffuse type GC and was widespread because anomalous
cellular adhesion and separation of cells lead to the loss of
polarity. In cases of the intestinal type, abnormal polar dif-
ferentiation was focal in a few cells detached from glands,
whereas in 3 cases, the polarity loss was detected through-
out the entire EMT and the mucin spread into the stroma.
The mucin plays a crucial role in EMT development. Thus,
the protein part of transmembrane mucin MUC-1 is con-
sidered to be an oncogene [25]. Hyaluronic acid, which
is the main component of nonsulfated mucin, may induce
EMT in tumors [26].

Therefore, cell discogesia and loss of polarity resulting
from changes in cell contacts may not be the first EMT sign
in cases of intestinal type GC compared to those of diffuse
type GC. They are rather characterized by a decrease in cy-
tokeratin expression, a change in cell shape, and a violation
of polarity with the preservation of glandular morphology.

As we have already stated, many morphologic EMT
features—separation of cells from each other, acquisition
of fibroblast-like shape, and expression of mesenchymal
markers—promote vascular invasion [27]. In our research,
this process occurred more often in diffuse type GC
(in 28 out of 31 cases, or 90.3%), less often in mixed type
GC (in 10 out of 14 cases, or 71.4%), and even less often
in intestinal type (in 11 out of 19 cases, or 57.8%). At the
same time, in diffuse and mixed types, complete EMT (with
vimentin and a-SMA expression) was accompanied by vas-
cular invasion in 96.5% and 100% of cases, respectively.
In our study, EMT completeness correlated with vascular
invasion in the diffuse type (Tau=0.802, p<0.01) and in GC
in general (Tau=0.510, p<0.01).

The relationship between proliferation and EMT is a
difficult issue. The cell transformation from small signet
ring to fibroblast-like shape in diffuse type GC occurs in
basal parts of the mucosa, where, according to B. Humar
et al. [18], oncogene c-Src activates, proliferation increas-
es, and EMT manifests, which is necessary for malignant
cells to invade through the muscularis mucosa [19]. In the
intestinal type, we noted pancytokeratin expression loss
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as an EMT feature, in foci of high proliferative activity.
Consequently, high proliferative activity is required for
EMT development. However, malignant cells after EMT
are noticeable for low proliferative activity, which is typical
for this process. During embryonic development and or-
ganogenesis there is an interchange of processes of cellular
proliferation with an increase in their volume throughout
mesenchymo-epithelial transition (MET) and processes
of proliferative decreasing and elevated cellular mobility
in EMT such as gastrulation [3, 4, 6]. In our cases, diffuse
type GC with spread EMT showed low proliferation index
(Ki-67<5%), but in 9 cases there were areas of moderate
proliferative activity, where cell-to-cell connection and E-
cadherin expression were preserved. Probably, these are
MET foci that may explain tumor growth in the gastric
wall. It is also established that low proliferative index esti-
mated with Ki-67 correlates with invasiveness, metastases,
and worst prognosis GC [28].

Conclusion

A large number of EMT inductors and possible post-
translational gene regulation form the basis for the diver-
sity of morphological EMT features and their consequent
development in different histological types of gastric can-
cer. These inductors activate different pathways and net-
works of signal transduction including many EMT-related
transcription factors and their cooperation whereas post-
translational gene regulation releases programs of structural
and functional changes of malignant cells. EMT spread,
completeness, and speed of development in these types of
gastric cancer define their clinical behavior.

Author contributions

Conceived the study and designed the experiment — I.V. Vasilenko,
R.B. Kondratyk, 1.S. Grekov, A.M. Yarkov.

Collected the data and performed the analysis — R.B. Kondratyk,

L.V. Vasilenko, A.M. Yarkov, L.S. Grekov.

Wrote the paper — R.B. Kondratyk.

Edited the manuscript — I.V. Vasilenko, R.B. Kondratyk, I.S. Grekov,
A M. Yarkov.

BkJiag aBTopoB

Konmernus u qu3aiin uccnenosanus — M.B. Bacunenko,

P.b. Konnpariok, 1.C. I'pexos, A.M. fpkos.

C6op u odpaborka marepuana — P.b. Konapariok, V1.B. Bacunenko,
AM. fpkos, U.C. I'pexos.

Hamnucanue Texcra — P.b. Kongpariok.

Penaxruposanue — 1.B. Bacunenxo, P.b. Konppariok, U.C. I'pexos,
AM. Slpkos.

References/J/Inteparypa

1. Mmuuxoeuy M.B., Bepnucopoockuii C.B., bynvkoe K.B., Muwu-
na E.C. DnnTennanbHO-ME3eHXHUMaIbHBIH MEepexosl, TpaHC-
nu¢depeHUANUA, PEIPOTPAMMUPOBAHNE U METAIUIa3Us:
COBpPEMEHHBIH B3IIAA Ha mpobiaeMy. Bectauk Hannonains-
HOrOo Meauko-xupypruueckoro llentpa um. H.W. ITuporosa.
2018;13(2):145-152.
Mnihovich MV, Vernigorodskij SV, Bunkov KV, Mishina ES.
Epithelially-mesenchimal transition transdifferentiation, repro-
gramming and metaplasia: modern view on the problem. Bulletin

Tom 10 Ne2 2021



10.

I1.

12.

13.

14.

15.

KIMHUYECKAA 1 SKCIIEPMMEHTAJTIBHAA MOP®OJIOTNA / CLINICAL AND EXPERIMENTAL MORPHOLOGY

of Pirogov National Medical & Surgical Center. 2018;13(2):145—
152 (In Russ.).

boeyw T A., Kanoocnoiii C.A., Yemvipkuna M.P., Acmpebo-
6a M.A., ]epbaxos A.M., Mamuues H.A. u dp. Dxcupeccus
BUMEHTHHA B KyJIBTYpax KJIETOK JIUTEINaIbHbIX OIyXoJeil ue-
JoBeKa. Ycrmexu MonekyaspHor orkonorud. 2018;5(2):24-30.
DOI: 10.17650/2313-805X-2018-5-2-24-30.

Bogush TA, Kaliuzhny SA, Chetyrkina MR, Yastrebova MA,
Scherbakov AM, Mamichev I4 et al. Vimentin expression in
human cell lines of epithelial tumors. Advances in Molecular
Oncology. 2018;5(2):24-30 (In Russ.). DOI: 10.17650/2313-
805X-2018-5-2-24-30.

Nieto MA. The snail superfamily of zinc—finger transcription
factors. Mol Cell Biol. 2002;3(3):155-66. DOI: 10.1038/nrm757.
Nieto MA. Epithelial-mesenchymal transitions in development
and disease: old views and new perspectives. Int J Dev Biol.
2009;53(8-10):1541-7. DOI: 10.1387/ijdb.072410mn.
Radisky DC. Epithelial-mesenchimal transition. J Cell Sci.
2005;118(Pt. 19):4325-6. DOI: 10.1242/jcs.02552.

Thiery JP, Acloque H, Huang RY, Nieto MA. Epithelial-mesenchy-
mal transition in development of disease. Cell. 2009;139(5):871-90.
DOI: 10.1016/j.¢el1.2009.11.007.

Weinberg RA. Mechanisms of malignant progression. Carcino-
genesis. 2008;29(6):1092-5. DOI: 10.1093/carcin/bgn104.

de Wever O, Pauwels P, Craene B, Sabbah M, Emami S, Redeuilh
G et al. Molecular and pathological signatures of epithelial-mes-
enchymal transitions at the cancer invasion front. Histochem Cell
Biol. 2008;130(3):481-94. DOI: 10.1007/s00418-008-0464-1.
Kato Y, Yashiro M, Noda S, Tendo M, Kashiwagi S, Doi Y
et al. Establishment and characterization of a new hypoxia-
resistant cancer cell line, OCUM-12/Hypo, derived from a scir-
rhous gastric carcinoma. Br J Cancer. 2010;102(5):898-907.
DOI: 10.1038/sj.bjc.6605543.

Kim MA, Lee HS, Lee HE, Kim JH, Yang HK, Kim WH. Prog-
nostic importance of epithelial-mesenchymal transition-relat-
ed protein expression in gastric carcinoma. Histopathology.
2009;54(4):442-51. DOI: 10.1111/j.1365-2559.2009.03247 x.
Lauren P. The two histological main types of gastric carcinoma:
diffuse and so-called intestinal types carcinoma. An attempt at
a histo-clinical classification. Acta Pathol Microbiol Scand.
1965;64:31-49. DOIL: 10.1111/apm.1965.64.1.31.

Mita T, Shimoda T. Risk factors for lymph node metastasis of
submucosal invasive differentiated type gastric carcinoma: clini-
cal significance of histological heterogeneity. J Gastroenterol.
2001;36(10):661-8. DOI: 10.1007/s005350170028.

Dai YH, Tang YP, Zhu HY, Lv L, Chu Y, Zhou YQ et al. ZEB2
promotes the metastasis of gastric cancer and modulates epithe-
lial mesenchymal transition of gastric cancer cells. Dig Dis Sci.
2012;57(5):1253-60. DOI: 10.1007/s10620-012-2042-6.
Hohenberger P, Gretshel S. Gastric cancer. Lancet. 2003;
362(9380):305—-15. DOI: 10.1016/s0140-6736(03)13975-x.
Schier S, Wright NA. Stem cell relationship and the origin of
gastrointestinal cancer. Oncology. 2005;69 (Suppll):9-13.
DOI: 10.1159/000086625.

16.

17.

18.

19.

20.

21.

22.

23

24.

25.

26.

27.

28.

OPUTMHAJIDHBIE UICCITEJOBAHNMA

Lehtola J. Family study of gastric carcinoma with special
reference to histological types. Scand J Gastroenterol Suppl.
1978;50:3-54. PMID: 360367.

Baber ME, Save V, Carneiro F, Dwerryhous S, Lao-Sirieix P,
Hardwick RH et al. Histopathological and molecular analysis
of gastrectomy spesimens from hereditary diffuse gastric cancer
patients has implications for endoscopic surveillance of indi-
viduals at risk. J Pathol. 2008;216(3):286—-94. DOI: 10.1002/
path.2415.

Humar B, Fukuzawa R, Blair V, Dunbier A, More H, Charl-
ton A et al. Destabilized adhesion in the gastric proliferative
zone and c-Src kinase activation mark the development of
early diffuse gastric cancer. Cancer Res. 2007;67(6):2480-9.
DOI: 10.1158/0008-5472.CAN-06-3021.

Humar B, Guilford P. Hereditary diffuse gastric cancer: a mani-
festation of lost cell polarity. Cancer Sci. 2009;100(7):1151-7.
DOI: 10.1111/j.1349-7006.2009.01163.x.

Shimada S, Mimata A, Sekine M, Mogushi K, Akiyama Y, Fu-
kamachi H et al. Synergistic tumour suppressor activity of
E-cadherin and p53 in a conditional mouse model for meta-
static diffuse-type gastric cancer. Gut. 2012;61(3):344-53.
DOI: 10.1136/gutjnl-2011-300050.

Buti L, Spooner E, Van der Veen AG, Rappuoli R, Covacci A,
Ploegh HL. Helicobacter pylori cytotoxin-assosiated gene A
(CagA) subverts the apoptosis-stimulating protein of p53 (ASPP2)
tumor suppressor pathway of the host. Proc Natl Acad Sci USA.
2011;108(22):9238-43. DOI: 10.1073/pnas.1106200108.

Yin Y, Grabowska AM, Clarke PA, Whelband E, Robin-
son K, Argent RH et al. Helicobacter pylori potentiates
epithelial:mesenchymal transition in gastric cancer: links to
soluble HB-EGF, gastrin and matrix and matrix metalloprotein-
ase-7. Gut. 2010;59(8):1037-45. DOLI: 10.1136/gut.2009.199794.

. Zhu Y, Jiang Q, Lou X, Ji X, Wen Z, Wu J et al. MicroRNAs up-

regulated by CagA of Helicobacter pylori induce intestinal meta-
plasia of gastric epithelial cells. PLoS One. 2012;7(4):e35147.
DOI: 10.1371/journal.pone.0035147.

Iwatsuki M, Mimori K, Fukagawa T, Ishii H, Yokobori T, Sa-
sako M et al. The clinical significance of vimentin-express-
ing gastric cancer cells in bone marrow. Ann Surg Oncol.
2010;17(9):2526-33. DOI: 10.1245/510434-010-1041-0.

Kufe DW. Mucins in cancer: function, prognosis and therapy.
Nat Rev Cancer. 2009;9(12):874-85. DOI: 10.1038/nrc2761.
Chow G, Tauler J, Mulshine JL. Cytokines and grow fac-
tors stimulate hyaluronan production: role of hyaluronan
in epithelial to mesenchymal-like transition in non-small
cell lung cancer. J Biomed Biotechnol. 2010;2010:485468.
DOI: 10.1155/2010/485468.

Christiansen JJ, Rajasekaran AK. Reassessing epithelial to
mesenchymal transition as a prerequisite for carcinoma in-
vasion and metastasis. Cancer Res. 2006;66(17):8319-26.
DOI: 10.1158/0008-5472.CAN-06-0410.

Lee HE, Kim MA, Lee BL, Kim WH. Low Ki-67 proliferation
index is an indicator of poor prognosis in gastric cancer. J Surg
Oncol. 2010;102(3):201-6. DOI: 10.1002/js0.21583.

Tom 10 Ne 2 2021 19



OPUTMHAIBHBIE MICCITEJOBAHNMA

Author information

Inna V. Vasilenko — Dr. Sci. (Med.), Professor, Pathology Department, M. Gorky Donetsk National Medical University.
https://orcid.org/0000-0001-9871-1596

Roman B. Kondratyk — Cand. Sci. (Med.), Assistant Professor, Pathology Department, M. Gorky Donetsk National Medical University.
https://orcid.org/0000-0001-5928-8799

Ilya S. Grekov — 6" year Student, Faculty of General Medicine No.2, M. Gorky Donetsk National Medical University.
https://orcid.org/0000-0002-6140-5760

Anton M. Yarkov — Assistant, Pathology Department, M. Gorky Donetsk National Medical University.
https://orcid.org/0000-0002-3466-7271

Mudopmanus 06 aBTopax

HMuna BacunseBHa Bacuiienko — JOKTOp MEANIIMHCKUX HayK, npoq)eccop Ka(i)ellpbl MaTOJIOTUYECKON aHATOMHUH I[OHeLIKOl"O HallMOHAJIBHOI'O
MCINUIUHCKOTO YHUBEPCUTETA UMCHHU M. FOpLKOFO.

Poman boprcoenu KoHpaTiok — KaHIUIAT MEAUIIMHCKUX HAYK, TOUCHT Ka)elphbl MaTOIOTHUECKOH aHaTOMUH JIOHEIIKOTO HAIMOHAIBHOTO
MEIUIUHCKOTO YHUBepcuTeTa UMeHH M. ['opbKoro.

Wnbs CepreeBuy ['pexoB — cTyaeHT 6-ro Kypca jgeueoHoro ¢akynsrera Ne 2 JIOHEIKOTO HAIHOHATIBHOTO MEAUIIMHCKOTO YHHBEPCUTETA
nmenu M. T'opbkoro.

AnTon MuxaiinoBud SIpkoB — acCHCTEHT Kadeaphl MaTOIOrHIeCKOi aHaTOMKUU JIOHEIIKOTO HAIIMOHAIFHOTO MEUIIMHCKOTO YHUBEPCUTETA
umeHu M. I'opbkoro.

20 KIMHUYECKAS V1 OKCITEPUMEHTAIBHASL MOP®OJIOTVIA / CLINICAL AND EXPERIMENTAL MORPHOLOGY  Tom 10 Ne2 2021



