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Gastric Precancerous Lesions: From Progenitor
Cell and Microsatellite Instability to Clinical
Interpretation of Gastric Cancer Risk
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Sergei I. Mozgovoi, Elena G. Pomorgailo, Marina V. Markelova, Yulia A. Fedotova
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Aim: to evaluate the possibility of the MMR-system status, microsatellite instability (MSI) usage in the differential
diagnosis of gastric mucosa dysplasia, determination of the gastric adenocarcinoma development risk.

Material and methods. The study included gastric mucosa specimens of 75 patients: 25 with high-grade dysplasia,
25 with low-grade dysplasia, 25 were indefinite for dysplasia. Gastrobiopsy specimens were examined histological-
ly, immunohistochemically using mouse monoclonal antibodies (Diagnostic BioSystems, USA) to the MMR system
proteins: MLH-1 (clone G168-15, dilution 1:50), MSH2 (clone DBM15.82, dilution 1:100), MSH6 (clone 44, dilution
1:50), PMS2 (clone A16-4, ready to use). MSI was studied with multiplex PCR evaluation of DNA microsatellites
(NR-21, NR-24, NR-27, BAT-25, BAT-26) from paraffin sections, their analysis with capillary electrophoresis. The ob-
tained data were processed with the Statistica 10.0 (StatSoft, USA), presented using descriptive, analytical statistics.
VOSviewer (1.6.20) was used to visualize the bibliometric analysis.

Results. MMR-deficient cases were found in low (2.8 %) and high-grade (2.8 %) dysplasia with the immunohis-
tochemical evaluation of MMR-system proteins in gastric mucosa specimens. In all indefinite for dysplasia cases
MMR-system proteins remained unaffected. Three MSI-positive cases (6.5 %) were detected by PCR with two low-
grade dysplasia, one high-grade dysplasia cases. All identified cases were also immunohistochemically MSI-positive.
Conclusion. Determination of MSI can be used as an auxiliary study within a panel of biomarkers aimed to support
the decision-making of a pathologist in the alternative of “indefinite for dysplasia” or “definite dysplasia — obligate
precancer”.
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MpenpakoBbie N3MEHEHUS CZIN3UCTON 000/I0UKHN Xenyaka:
OT NPOreHUTOPHOM KNIeTKN U MUKpOocaTeJIJINTHON HecTabUIbHOCTHU
K KJIMHUYECKON MHTepnpeTauum pUucka paka xenyaka

A.B. KoHoHOB, B.A. Py6uos, M.H. MapeirvHa*, A.l. LUumaHckas, C.U. Mosrosoii, E.I. Momopraino,

M.B. Mapkenoga, I0.A. ®egoTtoBa

®Orb0Y BO «OMckuii rocyaapCTBEeHHbI MeANLIMHCKUE yHuBepcuTeT» MuHucTepcTsa 3apaBooxpaHeHus Poccuiickori depepavmm,
Owmick, Poccurickas @enepaumsi

Llenb: oLieHka BO3MOXHOCTM UCMNONb30BaHMS cTatyca 6enkoB cuctembl mismatch repair (MMR), mukpocaTtennnT-
HOW HECTabWIbHOCTY MPY NPEeAPaKOBbIX N3MEHEHUNSAX CIIN3NCTON 000104k Xenyaka B auddepeHumnanbHon yua-
FHOCTUKE Ancnnasnun, onpenesieHn pyucka pa3BuTma paka xenyaka.

MaTtepuan n meTogbl. B nccrnenoBaHue BKIOYEHbI OMONTaThl CIM3UCTON 0O0N0YUKK Xenyaka 75 naumeHTos, y 25
13 KOTOPbIX AMArHOCTUPOBAHA ANCMIA3US CIN3UCTOM 000I0UKM XenyaKa BbICOKOW CTeneHu, y 25 — gucnnasus
HWU3KOW cTeneHu, y 25 — HeonpeneneHHas gucnnasus. factpobuontaTsl UCCNe0BaNM rMMCTOIOMMYECKUM, UMMY-
HOFMCTOXMMUYECKNM METOLAAMN C MCMOJIb30BAHNEM MbILLVHbLIX MOHOKTOHANbHbIX aHTuTen (Diagnostic BioSystems,
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CLUA) k 6enkam cuctembl MMR: MLH-1 (knoH G168-15, pa3seneHue 1:50), MSH2 (knoH DBM15.82, passenexue
1:100), MSH6 (knoH 44, passeneHue 1:50), PMS2 (knoH A16-4, rotoBble K npumMeHeHuto). MSI nccnepoanm me-
TOOOM MynbTUnnekcHoun MNLUP ¢ nonyvyeHnem JHK-pparmeHToB mukpocatennmtoB (NR-21, NR-24, NR-27, BAT-25,
BAT-26) 13 napaduHOBbIX CPE30B U UX aHanM3a MeToA0M KanunnapHoro anektpodopesa. MNony4yeHHble AaHHble
obpaboTaHbl ¢ NnpuMeHeHnem naketa Statistica 10.0 (StatSoft, CLLA), npeactasnieHbl C MICNONb30BaHMEM METO0B
onucaTenbHOM, aHaIMTUYECKON CTaTUCTUKN. Ons BU3yanusauum 6MbIMOMETPUYECKOro aHanm3a MCrnosib3oBaim
VOSviewer (1.6.20).

PesynbraTtbl. [1py UMMYHOMMCTOXMMUYECKOW OLEHKE SKCnpeccumn 6enkoB cncteMbl mismatch repair B Gnontarax
cnuancTom obonodku xenyaoka MMR-geduumTHbIE Cnydan 0OHApPY>KeHbI NPY AUCnIas3num HU3KOM (2,8 %) 1 BbICOKOM
(2,8 %) cTteneHn. Bo Bcex cnyvyasx HeonpeaeneHHom ancnnasnm coxpaHanca npoduumt cuctemsl MMR. MNpu oueH-
ke meToaom MLP o6HapyxeHo Tpy MSI-no3uTmBHbIX ciyyas (6,5 %), N3 KOTOPbIX AiBa COOTBETCTBOBAIM ANCNNA3UNN
HW3KOW CTeneHu, OANH — BbICOKOW CTeneHu. Bce BbIsiIBNEHHbIE Cly4an Takke pacLeHeHbl UMMYHOTMCTOXUMNYECKU
kak MSI-no3uTuBHbIE.

BbiBoabl. OnpeaeneHme ctatyca MMKPOCaTENIMTHON HECTABbUNbHOCTU MOXET ObITb MCMOJIb30BAHO Kak BCIOMOra-
TeNbHOE MCCcefoBaHMe B pamkax naHenm 61MomMapkepoB, HanpaBiEHHOW Ha NOAAEPXKY NPUHATUSA peLleHns Bpa-
4OM-MaTOJIOr0aHAaTOMOM B allbTEPHATUBE «HEOMNpeaeneHHas OUCnasusa anuTenns» Uan «ornpenesieHHo aucnna-
311 — 0bnMraTHbI Npeapaks.

KnioyeBble cnoBa: MUKpocaTeniMTHass HeCTabuiibHOCTb, XPOHUYECKUIA racTpuUT, NPeapakoBble U3MEHEHUS, K-
LeyHasa MeTannaaus, atpodus, pak xenynka, KaHLeprnpeBeHu s

KoHpNUKT HTEepecoB: 1ccenoBaHne BbINOHEHO NP GUHAHCOBOW NOAAEPXKE rpaHTa POCCUIACKOro Hay4HOro
doHpa «MukpocaTennmTtHas HeCTabuNbHOCTb B CIN3UCTOM 006004Ke XesyaKa MNPy PaHHUX U BblIPaKEHHbIX NMpes-
PakoBbIX UBMEHEHUSAX KaK MOJIEKYNISPHO-TreHeTnYeckass OCHOBa NEPCOHUMULMPOBAHHON OLIEHKN pUcka PasBuUTUS
paka xenyaka», Ne 23-25-10036 ot 20.04.2023, cornatlueHne ¢ MMHUCTEPCTBOM NPOMBbILLIIEHHOCTU N HAYYHO-TEX-
Hnyeckoro pa3sutua Omckom obnactn Ne 33-c ot 19.06.2023.

Ana uutupoBaHusa: KoHoHoB A.B., Py6uos B.A., Mapbirvia M.H., LnmaHckas A.T., Moarosoii C.W., NMomopraino E.I., Mapkeno-
Ba M.B., ®epoTtoBa lO.A. NpenpakoBble MU3BMEHEHUS CIM3UCTOM 060/1I0UKM XXenyaka: OT MPOreHUTOPHOM KNETKU 1 MUKPOCaTeNInT-
HOM HECTABUILHOCTU K KIIMHNYECKOW MHTepnpeTaLmm pucka paka xenyaka. POCCUNCKMIA XypHan raCTPOSHTEPONOrMn, renaTono-

rn, kononpokrtonorun. 2024;34(4):50-63. https://doi.org/10.22416/1382-4376-2024-34-4-50-63

It is widely believed that progress in gastric
cancer research was such significant in the last
20 years that it has retreated. However, despite
great attention to this disease, gastric cancer still
occupies the sixth place in the structure of ma-
lignant neoplasms in Russia and is among the ten
most common malignant tumors in the world [1].
The mortality rate from this cancer remains dra-
matically high: about 43 % of patients die within
a year of diagnosis and only 30 % overcome the
five-year survival barrier [1—3]. The reason is the
high level of untimely diagnosis: in 2021 the av-
erage rate of tumor detection at stages III-IV in
Russia was 60.7 % according to the P. Hertsen
Moscow Oncology Research Institute [1, 2].

Microsatellite instability (MSI) is a conse-
quence of an absolute deficiency or defect in
the DNA mismatch repair system (MMR) gene
function: MSH2, MSH3, MSHS5, MSH6, MLHI1,
PMS1 (MLH2), MLH3 and/or PMS2 (MLH4)
[4]. The role of MSI was first identified in the
molecular pathogenesis of hereditary nonpolyp-
osis colon cancer study [5]. The function of the
MMR system is to eliminate errors in the DNA
structure appearing in tandem stereotypical
repeats of nucleotide groups (microsatellites)
during replication, leading to the formation of

extra chains of unpaired nucleotides [4, 6]. The
MMR system proteins encoded by the epony-
mous genes form dimeric complexes recognizing
DNA defects and remove them, thereby ensuring
the restoration of DNA by its daughter strand.

The MSI presence in some gastric cancer cas-
es is not surprising. Some studies have shown
an association between Helicobacter pylori
(H. pylori) infection and aberrant DNA meth-
ylation of the genes encoding MMR system pro-
teins, which is probably due to the ability of
bacteria to aberrantly methylate host cell DNA
[7]. The MMR system defects inevitably lead
to the accumulation of genetic aberrations, in-
cluding those in the coding regions of the ge-
nome and consequently lead to the emergence
of mutations in oncogenes, tumor suppressor
genes, the cell cycle genes and pro-apoptotic
genes. Moreover, sometimes MSI is a secondary
event in carcinogenesis. For example, the mu-
tant p53 protein, a product of the eponymous
gene (commonly referred to as the «guardian of
the genome») is capable of affecting the MMR
system and causing disruption of its functioning.
This theory is supported by the discovery of cor-
relations between some polymorphisms of the p53
gene and the MSI status [8—10].
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There is a suggestion that MSI can be detected
not only in cancer, but also in the gastric mucosa
(GM) precancerous lesions. This observation nat-
urally raises the question: could it be the cause of
tumor transformation of incomplete intestinal meta-
plasia foci, which is often associated with adenocar-
cinoma according to epidemiological studies?

The aim of this study is to evaluate the possi-
bility of the MMR-system status, microsatellite
instability (MSI) usage in the differential diagno-
sis of gastric mucosa dysplasia and determination
of the gastric adenocarcinoma development risk.

Material and methods

The study included gastric mucosa specimens of
75 patients (41 women, 34 men): 25 — with high-
grade dysplasia, 25 — with low-grade dysplasia,
25 were indefinite for dysplasia. Exclusion criteria
were insufficient volume of diagnostically signif-
icant material in the paraffin block, pronounced
artificial changes and fragmentation of GM spec-
imens. The patients age at the time of biopsy
ranged from 28 to 87 years (median — 66 years).
The biopsy sites localization was antral in 56 cases,
in the gastric corpus in 19 cases.

The study protocol was approved by the Local
Ethics Committee of the Omsk State Medical
University (protocol No. 04 dated March 24, 2023).

Low-grade, high-grade, and indefinite for dys-
plasia diagnosis was carried out based on the his-
tological differential diagnosis criteria (Table).

In high-grade dysplasia, 23 cases were diag-
nosed as intestinal-type adenoma, 1 case as fo-
veolar-type adenoma, and 1 — as pyloric gland
adenoma.

In low-grade dysplasia, 16 cases were diag-
nosed as intestinal-type adenoma, 4 cases as fove-
olar-type adenoma, 4 — as pyloric gland adenoma,
and 1 case had serrated phenotype.

Cases were classified as indefinite for dysplasia
in the absence of histological features required to
reliably differentiate dysplasia from reactive or re-
generative GM changes, in small biopsy specimens
and/or in cases of high inflammation. Intestinal
metaplasia was detected in 13 samples indefinite
for dysplasia: complete (type I) in 9 cases, in-
complete (type II, III) in 4 cases. In 5 samples
hyperproliferative intestinal metaplasia was noted.
H. pylori colonization was detected in 7 of 25 cas-
es. In 5 cases inflammation was weak, in 14 —
moderate, and in 6 cases — severe. Inflammation
was absent in 8 cases, weak — in 12 cases, moder-
ate — in 4 cases, and severe — in 1 case.

Histological processing, embedding in paraffin,
preparation of paraffin sections and staining with
hematoxylin and eosin were carried out according

to the generally accepted method. The severi-
ty of inflammation and atrophy in GM biopsies
was assessed using visual analogue scales of the
Russian revision of the OLGA staging system [12].
Histochemical subtyping of intestinal metaplasia
was carried out using a combined histochemical
technique of brush border staining, typing of mu-
cins (Alcian blue, Periodic acid—Schiff stain (PAS
reaction), iron diamine) [13].

Immunohistochemical reactions were per-
formed on paraffin sections using mouse monoclo-
nal antibodies (Diagnostic BioSystems, USA) to
the MMR system proteins: MLH-1 (clone G168-
15, dilution 1:50), MSH2 (clone DBM15.82, di-
lution 1:100), MSH6 (clone 44, dilution 1:50),
PMS2 (clone A16-4, ready to use). The PolyVue
Plus HRP/DAB detection system (Diagnostic
BioSystems, USA) was used. Deparaffinization
and rehydration, high-temperature antigen re-
trieval using EDTA buffer (pH 8.0) and incuba-
tion with antibodies were performed according to
the manufacturer’s protocol. Lymphocytes of the
inflammatory infiltrate, as well as stromal cells,
were used as an internal positive control.

Nuclear immunohistochemical staining of all
four MMR proteins (MLH1, PMS2, MSH2 and
MSH6) in epithelial cells, lymphocytes of the
GM inflammatory infiltrate were considered as an
intact MMR system (MMR-proficient, pMMR).
Absent immunohistochemical staining of one or
more MMR proteins in the nuclei of epitheli-
al cells and the presence of staining in the in-
flammatory infiltrate lymphocytes, GM stromal
cells were considered as a deficient MMR system
(MMR-deficient, IMMR). The intensity of nucle-
ar staining was not considered.

MSI diagnostics were performed by multiplex
PCR in the PCR laboratory of Vector-Best JSC,
Novosibirsk. DNA extraction was performed us-
ing the RbMag automated complex (BRAF-600
protocol). To obtain DNA fragments of microsat-
ellites (NR-21, NR-24, NR-27, BAT-25, BAT-26)
after multiplex amplification, the amplicons mix-
ture was analyzed by capillary electrophoresis on
an Applied Biosystems 3500 genetic analyzer with
POP-7 polymer and 50-cm capillaries.

The obtained data visualization was performed
using the GeneMapper program, microsatellite mark-
ers were visualized in blue (NR-24, BAT-26) and
yellow (NR-27, NR-21, BAT-25) detection channels.
Instability in two or more markers was considered as
the MSI-positive case, instability of one marker or
less was assessed as an MSI-stable case.

Microphotographs were taken with an Axiocam
503 color camera, an Axioscope 40 microscope, and
image processing was performed using the ZEISS
ZEN software package (Carl Zeiss, Germany).
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Table. Histopathology of differential diagnosis of neoplasia/dysplasia of the columnar epithelium
of the digestive tract mucosa [11]

Ta6auua. Tucronarosnorus auddepeHInagbHOl ANATHOCTUKY HEOIUIA3uu,/ ANCTIIA3UH [IHJIMH/PUYe-
CKOTO 3IUTEJUS CJAM3UCTON 000JI0OUKN MHUIeBapuTebHOro Tpakta [11]

Feature
ITpusnax

Neoplasia category / Kamezopusa neonaasuu

Indefinite neoplasia
Heonpedeaennas neonaasus

Atypical foveal
hyperplasia
Amunuueckas
cdhoseonapnas
eunepnaasus

Hyperpro

liferative intestinal

metaplasia /
atrophy

T'unepnpoaudepa-
muenas Kuueunas

Mmemanaasus/
ampodpus

Low grade neoplasia
Heonaa3us nusxoit
cmenenu

High grade
neoplasia
Heonna3us evicokoil
cmenenu

1. Histoarchitecture

Tucmoapxumex-
moHuKa

Pits enlarged,
widened, impres-
sion of an in-
crease in their
number; glands
are not changed
Amku yseauuenol,
pacwupensl,
cKAadvieaemcst
eneuwamienue

006 yeeruuenuu
Ux wucad;
Keesvl

He UIMeHeHbl

Focal or total re-

placement by intesti-

nal epithelium
Ouazosoe

UU MOMAILHOE
3amewenue
KUUEUHBLM
numenuem

The glands are round
in shape, some-

times oval, irregular
in shape, grouped into
distinct foci that differ
from the surrounding
mucosa

sKenesvl oxpyenou
Gopmwl, 6cmpeuaiomest
08aNbHYIE, HENPA-
BUNILHBIX OUEPMANULL,
pynnupyromcs

6 omuemausvle
Goxycul,
OMmAUNAIOUUECSL

om oKpyKaouweu
CAUUCNOU 060J0UKU

Dense arrangement

of glands “back

to back”, false and true
papillae, only

a few unchanged glands
are found

I romnoe pacnonoxenue
KeJe3 <«Cnuna

K Cnume», J0XHble

U UCMUHHBLE COCOUKU,
ecmpeuaomcs

AU eOUHUYHbLE
HeU3MEHEHHbLE Kelle3bl

2. Localization
of atypical cells
Jlokaruzavus
aAMUNULHBLY
KAEeMOK

Foveal zone
Doseorapnas
3014

Only the deep parts

of the glands
Toavko zaybokue
omaoenvl Kenes

Foveal zone, superfi-
cial and deep glands
Doseorapnas 301d,
n0BEPXHOCHBLE

u 2ayboxue omaoevl
JKees

Foveal zone, superficial
and deep glands
Doseossapnas 301d,
NOBEPXHOCHDLE

u 2ayboxue omoevl
JKenes

3. Zone of location
of differentiated
cells

3ona
PACNONI0KEeHUsL

Below the glands
and at the top

of the ridges
Buusy xenes

u na eepxyuire

Only at the top

of the rollers
Toavko Ha
BepxyuKe 6AIUKOE

May be present

in the superficial parts
of the mucous mem-
brane

Mosxem 6oimo
npedcmaesaend

6 NOGEPXHOCINHBIX

Usually absent
Ob6vruno omcymemeyem

6AUKOB omoeaax causucmot
0bon0uKU
4. Shape and size
of cells Any type Elongated Elongated Polymorphic
Dopma u pasmepvl | Awbas Yorunennas Yorunennas Honumopghnas
KJEMOK
5. Mucus secretion | Retained Retained léeduced buGipresent Usually absent
c C C Huxend, 06
expeyust cau3u oxpanena oxpanena bIYHO OMCYMCmeyem

HO npucymcmeyem

6. Size of the

Moderately en-
larged, large ones
oceur

Moderately en-
larged, large ones
occur

Moderately
enlarged, large ones
oceur

Marked increase

nucleus Y mepenno Y mepenno Buipaxennoe
Ymepenno yeenruueno,
Pasmepul s0pa yeenuuenol, yeeauuenvl, yeenuuenue
6CMPEUaomcest
6CMPeUanmes. 6CMPEUames.
KpynmovLe
Kpynuole KpynHwle
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End of table. Histopathology of differential diagnosis of neoplasia/dysplasia of the columnar
epithelium of the digestive tract mucosa [11]

Oxonuanus mabauyst. Tucromaronorus auddepeHnmagIbHON AMarHOCTUKY HEOTLTa3UH,/ TUCTLIA3TH
LMJINH/PUYECKOTO IUTEIUsI CAUUCTON 0O0JOYKH MUIeBAPUTEIbHOTO TpakTa [11]

7. Shape of the

Round or elongated

nucleus Round Round Oxpyenas Polymorphic
Dopua sdpa Oxpyznas Oxpyeras N —— Honumnopghnas
%%ﬁgzles Absent Occur Occur Occur frequently
Hem Bcempeuaromces Bcempeuaiomes Bcmpeuaromces uacmo
Rarely Rarely encountered, Rargly encountered, Occurs frequently, more
encountered, T distinct, no more ; :
] o ng indistinct than two can be encoun-
9. Nucleoli indistinct Bempeuaiomes. than two tered
Adpvruru Bcmpeuaromes P Bcempeuaromes pedko,
peoxo, Bcempeuaromes uacmo,
pedxo, omuemauguvle,
HeomuemauGvle OvLeaem boaee 06yx
HEOMUCMAUBCHLE ne 6onee 06yx

Present: basal Present: basal

10. Nucleus polarity

Loss of polarity: middle
and/or apical part
of the cell

Typically present: basal
(pseudostratification)

Kax npasuno,

T'unepxpomus sdpa

Moasprocms 2dpa Ipucymcmesyem: | [pucymcmeyem: npucymemeyem: Ympama nonsprocmu:
Gasanvhas bazanvias bazanvias cpedusis u/unu anu-
KaJIbHAS YaACb KIeMKU
(ncesdocmpamu-
puxayus)
Often irregular in struc-
Regular structure |Regular structure Usually of regular ture, there . .
11. Nuclear membrane p structure are areas of thickening
e2y.1pH020 Pezyasprozo
Hoepnas membpana Cmpoes emboenus Obwviuno pezynspnozo | Yacmo nepezyanpiozo
P P cmpoenus cmpoenus, ecmv 30Hbl
YMOAUeHUSL
}112. Nuclear Expressed Moderate Moderate Severe or hypochromia
yperchromia B Buipaxennas
bIPAKEHHAS Ymepennas Vmepennas

UJU 2UNOXPOMUSL

The obtained data were processed with the
Statistica 10.0 (StatSoft, USA). Descriptive sta-
tistics were presented as median, interquartile
range, maximum and minimum values, per-
centage ratio (nominal data). Analytical statis-
tics were performed using Fisher’s exact test,
Mann — Whitney test and contingency tables.
VOSviewer (1.6.20) was used to visualize the
bibliometric analysis.

Results

Assessment results of immunohistochemical ex-
pression of MMR system proteins in gastric mu-
cosa specimens with low-grade, high-grade and
indefinite for dysplasia

Immunohistochemical evaluation of MMR sys-
tem proteins expression in GM biopsies revealed
MMR-deficient cases in both high- and low-grade
dysplasia. MMR system deficiency was detected
in only 4 of 50 samples (8 %) with low- and high-
grade dysplasia (Fig. 1).

Comparing the incidence of MMR system de-
ficiency in high-grade (2 cases) and low-grade (2

cases) dysplasia, the incidence was the same, no
significant differences were found. All MMR-
deficient cases had the intestinal dysplasia pheno-
type according to the WHO-2019 criteria.

Immunohistochemical expression of the MLHT1,
MSH2, MSH6 and PMS2 proteins was preserved
in all GM specimens, indefinite for dysplasia re-
gardless of the inflammation severity, activity,
presence or absence of intestinal metaplasia. This
allowed us to conclude that all cases indefinite for
dysplasia was MMR-proficient (Fig. 2).

PCR assessment of microsatellite instability in
gastric mucosa specimens with low-grade, high-
grade and indefinite for dysplasia

There were 23 indefinite for dysplasia (intraep-
ithelial neoplasia) cases with valid results in the
PCR MSI status assessment. All cases were micro-
satellite-stable (MSS) regardless of the presence
of atrophy, the presence and type of intestinal
metaplasia, and the severity of the GM lamina
propria inflammation.

In GM specimens with pronounced precancer-
ous lesions (low- and high-grade dysplasia) val-
id PCR results were obtained for 46 cases. There

94
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Figure 1. Immunohistochemical expression of MMR system proteins in gastric mucosa specimen with low-grade
dysplasia (a—d) and gastric mucosa specimen with high-grade dysplasia (e—h): a — preserved nuclear expression
of the MSH2 protein, x400; b — loss of MSH6 protein expression, x400; ¢ — loss of MLH1 protein expression,
x400; d — loss of PMS2 protein expression, x400; e — preserved nuclear expression of the MSH2 protein, x400;
f — preserved nuclear expression of the MSHG6 protein, x400; ¢ — preserved nuclear expression of the MLH1
protein, x400; h — preserved nuclear expression of the PMS2 protein, x400

Pucynox 1. lmmynorucroxumuveckasi akcnpeccusi 6enkos cucreMbl MMR B o6pasiie COJK ¢ aucriiasueii HU3Koi
crenenu (a—r) u o6pasie COXK ¢ auciinasueil Bbicokoii crenenn (1—3): a — coxpaHHas s/epHas sKcIIpeccust Geska
MSH?2, x400; 6 — yrpara akcipeccun 6eaka MSH6, x400; 8 — yrpara axcupeccuu 6eika MLH1, x400; r — yTpa-
ta akcmpeccun Geaka PMS2, x400; 1 — coxpanHas spepHas axcipeccusi 6enmka MSH2 |, x400; e — coxpaHHas
saepHast arcipeccust 6eka MSH6, x400; )k — coxpanHas simepHast akcmpeccust 6enka MLH1, x400; 3 — coxpamn-

Has sepHas akcmpeccust 6enka PMS2, x400

were three MSI cases (6.5 % of the group speci-
mens). Two MSI cases were detected in GM spec-
imens with low-grade dysplasia, and one in GM
specimens with high-grade dysplasia. All MSI
cases were classified as intestinal-type adenomas
according to the phenotype. The distribution of
MSTI and MSS cases in the subgroups of low- and
high-grade dysplasia had no significant differences
(p = 0.56).

When compared, three of the four cases of dys-
plasia with MMR deficiency according to the im-
munohistochemical examination were also micro-
satellite instable by PCR. One case of high-grade
dysplasia with loss of MMR expression detected
by immunohistochemistry was microsatellite sta-
ble (MSS) by PCR.

When assessing the distribution depending
on the patients’ gender, all cases with MST and
dMMR were found in women. Microsatellite
unstable and dMMR cases were statistically sig-
nificantly found in older patients (median — 78
years) compared to MSS and pMMR cases (medi-
an — 66 years), p = 0.027 (Fig. 3).

The absence of MMR-deficiency detected
among the indefinite for dysplasia (intraepitheli-
al neoplasia) cases both by immunohistochemis-
try and by PCR supports the initial hypothesis
of the MMR system defect occurrence specificity
only in “definite” dysplasia, so it may be useful in
the complex differential diagnostics approach of
GM regenerative, reactive changes (specimens in-
definite for dysplasia) and low-grade/high-grade
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Figure 2. Inmunohistochemical expression of MMR system proteins in gastric mucosa specimen with indeterminate
dysplasia: a — hematoxylin and eosin staining, x200; b — hematoxylin and eosin staining, x400; ¢ — preserved
nuclear expression of the MSH2 protein; d — preserved nuclear expression of the MSH6 protein; e — preserved
nuclear expression of the MLH1 protein; f — preserved nuclear expression of the PMS2 protein, x200 (x400

insertion)

Pucynox 2. VmmyHorucroxumuueckasi akcipeccusi 6enkos cucrembl MMR B o6pasiie COK ¢ Heornpe/eneHHOI
JIUCILTa3Kel: a — OKpacKa reMaTOKCUJIMHOM U 303uHOM, X200; 6 — OKpacKa reMaTOKCUJINHOM U 203uHOM, %X400; B —
coxpanHas sijiepHas axcrpeccust 6eka MSH2; 1 — coxpannas sijiepHas axcipeccust 6enka MSH6; 1 — coxpanHas
agepHas skcnpeccus 6enka MLH1; e — coxpannas ajgepHas skcrpeccus 6enka PMS2, x200 (speska x400)
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dysplasia. However, the detection of MSI in both
high-grade and low-grade GM dysplasia indicates
the fair guess of its occurrence at the early stages
of gastric carcinogenesis and may also be import-
ant for the MSI-associated gastric cancer develop-
ment prognosis.

Discussion

The professional community of gastroenter-
ologists, oncologists and pathologists pays close
attention to GM early precancerous lesions. The
ideas about them are based on the research of the
American pathologist of Portuguese origin Pelayo
Correa, who in 1988 suggested that the develop-
ment of intestinal-type gastric cancer is preceded
by a cascade of changes including chronic gastri-
tis, GM intestinal metaplasia, atrophy and, final-
ly, dysplasia (intraepithelial neoplasia) [14, 15].
Ideas about the GM cascade precancerous lesions
have changed little over the past 35 years, having
undergone only editorial revision. However, in re-
cent decades, the emphasis has shifted from severe
to early precancerous lesions (GM atrophy and in-
testinal metaplasia) as a “launch pad” for carcino-
genesis, the most significant from the standpoint
of cancer prediction [16—19].

While the role of absolute atrophy (absolute
deficiency of the GM glands) in carcinogenesis
has been repeatedly proven and recognized, the

role of intestinal metaplasia (metaplastic atrophy)
is more complex and is still being discussed [12,
20, 21]. Even the very essence of the process has
repeatedly changed. Currently, metaplasia is un-
derstood as a process when a stem or progenitor
cell of one tissue becomes a precursor of another
progenitor cell.

What influenced the viewpoint of researchers
on the problem of gastric cancer and why did the
idea of intestinal metaplasia as an event signifi-
cant for carcinogenesis arise again?

Gastric cancer is an extremely heterogeneous
group of tumors (Fig. 4). There was a number of
attempts to classify it in terms of its molecular
profile. The most notable are the classifications
of the Asian Cancer Research Group (ACRG)
and the Cancer Genome Atlas (TCGA) [22, 23].
Interestingly, despite the differences between
these classifications, both distinguish a separate
category — gastric cancer with MSI [22—24].
Even the first ever Russian molecular classifica-
tion of gastric cancer identifies cancer with MSI
as a separate group [25].

Initially, attempts to attribute intestinal meta-
plasia as a possible direct precursor of adenocarci-
noma were made, based on phenotypic similarity
among other things. However, ideas about the role
of metaplasia in the gastric cancer development
quickly underwent significant changes. Leading
researchers agreed that intestinal metaplasia does
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Figure 3. Age distribution of patients with MSS and MSI in the gastric mucosa with low- and high-grade dysplasia

Pucynox 3. Pacnpenenenne manueHToB mo Bodpacty npu MSS u MSI B causuctoit 060I09Ke KeqyaKa MpH JIHc-

IJIa3WN HU3KOI 1 BBICOKOH CTeleHn
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not act as a direct precursor of cancer, but only
serves as a marker of persistent inflammation re-
gardless of its etiology [27]. Long-term existence
of inflammatory infiltrate is accompanied by dam-
age to the genetic apparatus of gastric epithelial
cells by cytokines and the development of genom-
ic changes [28—30]. Accordingly, detection of in-
testinal metaplasia in gastric biopsy specimens is
advisable only from the standpoint of determining
the gradation of atrophy, and typing of metapla-
sia is meaningless [31, 32].

According to WHO experts the further investi-
gations in the field of the gastric cancer risk assess-
ment is in the study of molecular markers: “The
clinical usefulness of ancillary markers is still un-
der investigation ... predictive biomarkers include
immunohistochemistry for p33; target sequencing of
TP53, ARID1A, APC, ARID2, and RNF43; MSI;
and promoter methylation of p16...” [24].

A search in the PubMed yielded 1214 publi-
cations devoted to MSI gastric cancer. However,
after specifying the search parameters to study the

MSI status in GM precancerous lesions we ob-
tained only 39 publications (Fig. 5).

According to published data, the MSI level in
intestinal metaplasia varied from 3.2 to 63.3 %
[33—35]. Tt is especially interesting that in a num-
ber of studies an identical MSI profile in foci of
intestinal metaplasia located near an already es-
tablished microsatellite-unstable tumor was found
[36]. It should be noted that from the standpoint
of the MSI status assessment the stages of the
carcinogenesis cascade have been studied extreme-
ly unevenly: not a single group of authors has
focused their attention on assessing such an early
precancerous lesion as absolute (non-metaplastic)
GM atrophy.

Does this mean that immunohistochemical
study of MMR system proteins supplemented by
PCR can be used as an additional predictive mark-
er of gastric cancer? This is hardly true. Despite
of the fact that intestinal metaplasia is well recog-
nized by pathologists even with routine histolog-
ical sections staining with hematoxylin and eosin,

Intestinal type gastric cancer (Lauren, 1965)
WHO-2019 Adenocarcinoma

>

Norm'al Chronic Mucosal Intestinal Dysplasia Carcinoma
gastrie inflammation atrophy metaplasia (adenocarcinoma
mucosa | | | variants)
EBV-positive
. TP53
Gastric cancer
mutant
molecular 1
classification, TP5; wild-
pe
2015
microsatellite
instable
\ E-cadherin aberrant
expression
Normal Carcinoma (signet-ring cell
gastric Age carcinoma / poorly cohesive
mucosa <50 component)

Diffuse type gastric cancer (Lauren, 1965)
WHO-2019 Gastric carcinoma: signet-ring cell/poorly cohesive component

v

Figure 4. Classification of gastric cancer. Molecular genetic definitions are correlated with classical histological
forms: intestinal type gastric cancer and diffuse type gastric cancer (according to P.A. Lauren, 1965) [26]

Pucynox 4. Knaccuduranus paxa skesryika. MoJieky/sipHO-TeHeTHYecKue Je(UHUIINT COOTHECEHDI C KJIACCHYEeCKHU-
MU TUCTOJIOTHIeCKUMU (hOPMaMU: PaK JKeJTy/Ka KUIIETHOTO TUTIA U pak skenyjka puddysnoro tuna (o P.A. Lauren,

1965 1.) [26]
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Figure 6. Model of a decision support system in the diagnosis of dysplasia (intraepithelial neoplasia) of the
gastric mucosa

Pucynox 6. Mopgenpb cuCTeMbI HOAJAEPKKN IPUHATUS PEIeHUil B AUATHOCTHKE AMCILIazuy (MHTpasmuTeInantbHOR

HEOILTa3MN) CAUBUCTOH OGOTOUKY JKETy KA

as well as nuclear immunohistochemical label in
the GM epithelium, there is insufficient informa-
tion on the predictive value of such a finding.

But what about the role of pronounced GM
precancerous lesions in the gastric mucosa, name-
ly dysplasia (intraepithelial neoplasia)? After all,
it would be natural to assume that the further
we move along the cascade of precancerous chang-
es, the higher the level of genomic instability be-
comes and the more likely MST can be detected —
and therefore, the more likely it can be used as a
predictor of gastric cancer development risk.

The situation is complicated by the diffi-
culty of detecting the GM dysplasia (intraepi-
thelial neoplasia) morphological phenomenon.
Histological criteria for its diagnosis are cum-
bersome and difficult to apply for everyday
diagnostics (Table). Additional confusion is
caused by the presence of a diagnostic catego-
ry «indefinite for dysplasias which is actual-
ly a reflection of the epithelium regenerative

transformation due to the persistent inflam-
mation.

In these terms the use of an additional
marker may be appropriate not even from the
point of view of gastric cancer prediction, but
from a diagnostic standpoint. After all, the
probability of the MSI presence in specimens
indefinite for dysplasia is minimal because of
its biological meaning whereas in truly neo-
plastic processes (low and high-grade dyspla-
sia) a high level of MSI is expected.

However, in our pilot study the percentage
of MMR-deficient cases among diagnostic ob-
servations was low, which does not allow us
to consider MSI as a predictive marker that
could be used by itself. However, the study
of MMR system proteins along with other
markers included in the general panel may
potentially have high sensitivity and specific-
ity and be applicable (Fig. 6).

60
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Conclusion

Microsatellite instability is a common phe-

nomenon registered in gastric cancer. At the
same time, the detection of MMR deficiency
and microsatellite instability in the gastric mu-
cosa severe precancerous lesions indicates that
its detection has possible diagnostic and pre-
dictive role. The detection of microsatellite in-
stability in dysplasia (intraepithelial neoplasia)
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