Original articles / OpurnHanbHbIe MCCIEOBAHUS www.gastro-j.ru

https://doi.org,/10.22416,/1382-4376-2025-35-4-48-59 @@@
UDC 616.33-002-018.25-07,/-08 + 616.33-006.6-018.25-07,/-08

Microsatellite Instability in Chronic Gastritis
Associated with Gastric Cancer

Alexei V. Kononov'!, Vyacheslav A. Rubtsov!, Elizaveta V. Demidova?, Maria N. Parygina'*,
Anna G. Shimanskaya!, Sergei I. Mozgovoi!, Elena G. Pomorgailo!, Marina V. Markelova'

" Omsk State Medical University, Omsk, Russian Federation
2 Vector-Best, Novosibirsk Region, Koltsovo, Russian Federation

Aim: to assess the microsatellite instability status in gastric mucosa to determine the possibility of its use as a pre-
dictive marker of carcinogenesis.
Material and methods. The study included two groups of gastric mucosa specimens: Group 1 — 155 mucosa
fragments of the distant tumor growth zone obtained from stomachs resected for malignant neoplasms; Group 2 —
100 fragments with chronic gastritis taken from patients with dyspeptic complaints. Gastrobiopsy specimens were
examined histologically, 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 electro-
phoresis. The obtained data were processed with the Statistica 10.0 (StatSoft Inc., USA), presented using descrip-
tive, analytical statistics.
Results. Immunohistochemical examination revealed 8 microsatellite-unstable cases in gastric mucosa specimens
of Group 1 and 0 cases in Group 2 (statistically significant differences, p = 0.024). All studied gastric tissue samples
were assessed as microsatellite-stable based on PCR results.
Conclusion. Detection of MMR deficiency in gastric mucosa of the distant tumor growth zone and its absence
in morphologically comparable specimens obtained from patients with chronic gastritis may be considered as con-
firmation of the hypothesis of disturbances in the MMR system as an early event in carcinogenesis. This, in turn, may
indicate the potential for studying MMR status as a component of a decision support system for assessing the risk
of developing microsatellite-associated gastric cancer.
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Llenb: ougHka cTatyca MUKPOCATESIUTHOM HECTABUNBHOCTM B CIM3NCTOM 060JI04KE Xenyaka ons onpeneneHus
BO3MOXHOCTU €€ UCMOSb30BaHWS Kak NPeaNKTUBHOrO Mapkepa KaHLeporeHesa.

Martepuan u metoabl. B nccnenosaHue BKIIOYEHO ABE rpynnbl GUONTATOB CAN3MCTON 060I0YKK Xenyaka: rpyn-
na 1 — 155 ¢pparmMeHTOB CNM3NCTOM 0O0NOYKM ANCTAHTHOM 30HbLI OMYXOJIEBOr0 POCTA, MOJIYYEHHBIX U3 XENYAKOB,
pe3eLmMpOoBaHHbIX MO NMOBOAY 3/10KAYECTBEHHOIrO HOBOOBGpasoBaHus; rpynna 2 — 100 ¢pparmMeHToOB ¢ Npu3Hakamm
XPOHNYECKOr0 racTpuTa, B3SiTbIX Y MALWEHTOB C ANCMENTUYECKMMU Xanobamn. facTpobuonTaTtkl uccnenoBanu rm-
CTONOMMYECKUM, UMMYHOIUCTOXMMUYECKUM METOAAMUN C UCMOJIb30BAHNEM MbILLMHBIX MOHOKJIOHAJIbHBIX aHTUTEN
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(Diagnostic BioSystems, CLLA) k 6enkam cuctemel MMR: MLH-1 (knoH G168-15, pa3senenue 1:50), MSH2 (knoH
DBM15.82, passegeHune 1:100), MSH6 (knoH 44, passegeHune 1:50), PMS2 (knoH A16-4, roTOBbIE K NPUMEHEHUIO).
MSI nccneposanu metogom mynstunnekcHoun MNUP ¢ nonyyeHnem OHK-dparmeHtoB mukpocartennutos (NR-21,
NR-24, NR-27, BAT-25, BAT-26) n3 napadu1HOBbIX CPE3OB U NX aHANN3a METOAOM KanwiiaspHOro anekTtpogope-
3a. MNonyyeHHble gaHHble 06paboTaHbl ¢ NpuMeHeHneM nakeTa Statistica 10.0 (StatSoft Inc., CLLA), npeacTtasneHsbi
C MCMNOJIb30BAHNEM METOLOB ONNCATENBHOW, aHANNTUYECKOW CTATUCTUKN.

PesynbraTthl. [1py UMMYHOrMCTOXMMMYECKOM MUCCNen0BaHNM BO pparMeHTax Cin3ncToi 060104Kku xenyaka rpyn-
nbl 1 BbIABNEHO 8 MMKpOCATENNT-HECTAOWIIbHBIX Cly4aeB, B rpynne 2 — 0 criy4yaes (OTIMYNS CTaTUCTUYECKM 3HAYN-
Mbl, p = 0,024). Bce nccnenoBaHHbie 06pa3ubl TKaHW XeNyaKa pacLeHuIn Kak MMKpocaTenT-ctabuibHble no pe-
3ynbratam MNuUP.

BoeiBoabl. O6HapyxeHne MMR-gedurumta B CnmancTor 0605104Ke Xenyaka AUCTaHTHOM 30HbI OMyX0NeBOro pocTa
1 €ro oTCyTCTBUE B MOPDONOrn4eCckn CONOCTaBUMbIX dparMeHTax, Noay4eHHbIX OT NALUUEHTOB C XPOHNYECKUM ra-
CTPUTOM, MOXET pacCMaTpmBaTbCs Kak NOATBEPXAEHME rMNOTE3bl O HapyLleHusx B cucteme MMR kak 0 paHHEM
Cco6bITMM B KaHUEporeHe3e. 3TO, B CBOO 0YepPeb, MOXET ykasblBaTb Ha HANM4Me noTeHunana nccneposaHs MMR-
cTaTyca Kak KOMMNOHEHTa CUCTEMbI NOAAEPXKU MPUHATUS PELLIEHMS OLLEHKN PYCKa Pa3BUTUSA paka XXenyaka, acCoum-
VMPOBAHHOIO C MMKPOCATEIMTHOM HECTAOUIIBHOCTHIO.

KniouyeBble cnoea: mMukpocatesyiMTHas HeCTabuibHOCTb, XPOHUYECKUIA racTpuT, NPeapakoBble U3MEHEHUS, K-
LeyHasa MeTannasuvs, atpodus, pak xenyaka, KaHueprnpeBeHums

KoHdnukT MHTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMINKTA UHTEPECOB.

duHaHcupoBaHue: 1cciegoBaHme BbiMOJIHEHO NPV GUHAHCOBOW NMoaAepXXKe rpaHTa POCCUIACKOro Hay4yHoro poH-
na «<MukpocaTennuTHas HecTabuiibHOCTb B CNIM3UCTONM 000JI04KE XenyaKa Mpy PaHHUX U BblpaXXeHHbIX Npeapako-
BbIX MIBMEHEHUAX KaKk MOJIEKYNISIPHO-FEHETMYECKasi OCHOBA NEPCOHNPULNPOBAHHONM OLLEHKN PUCKA PasBUTUS paka
xenyaka», Ne 23-25-10036 ot 20.04.2023, cornawieHme ¢ MMHUCTEPCTBOM MPOMBILLIEHHOCTU Y HAYYHO-TEXHMYE-
ckoro pa3sutusa Omckon obnactu Ne 33-c ot 19.06.2023.

Ana uutuposanusa: KoHoHoB A.B., Pybuos B.A., lemuaosa E.B., MapbirvHa M.H., LLUnumaHckas A.T., Moarosoii C.U., Nomopraii-
no E.I., Mapkenoa M.B. MukpocatennntHasa HecTabWIbHOCTb NMPU XPOHUYECKOM racTpuUTe, aCCOLIMNMPOBAHHOM C PaKOM XenyaKa.
Poccuinckunia xxypHan racTposHTEpOnoruuy, renatonorium, kononpokronoruun. 2025;35(4):48-59. https://doi.org/10.22416/1382-4376-
2025-35-4-48-59

Microsatellite instability (MSI) is a conse-
quence of an absolute deficiency or defect in the
function of the DNA mismatch repair system
(MMR) genes: MSH2, MSH3, MSH5, MSH6,
MLH1, PMS1 (MLH?2), MLH3 and/or PMS2
(MLH4) [1, 2]. The MMR system proteins are
combined in pairs to detect and eliminate the
DNA structure errors appearing during replica-
tion in tandem stereotypical repeats of nucleo-
tide groups — microsatellites and leading to the
excess chains of unpaired nucleotides formation
[2, 3]. The MMR system defect leads to the ac-
cumulation of mutations in microsatellites and
to a state of genetic instability — hypermutabil-
ity or MSI [1—4]. The most widely used meth-
ods for MSI detection are immunohistochemis-
try (IHC) and polymerase chain reaction (PCR).
Their results may vary due to heterogeneity of
IHC staining within a single tumor, false-posi-
tive reactions due to defects in the preanalytical
stage of THC studies, missense mutations in the
MLHT1 or MSHG6 genes leading to the presence
of translated but non-functional proteins with
normal affinity for antibodies and the difficul-
ty of interpreting MSHG6 expression associated
with focal loss of expression and weak staining
in tumor cells.

Dysfunction of one or more MMR system
genes leading to MMR deficiency (dMMR)
most often occurs in tumors due to sporadic or
inherited mutations [2, 5, 6]. MSI is detected
in a large number of tumors including gastric
cancer [5—7]. Numerous genetic abnormalities
occur during the gastric cancer development
and progression leading to its high molecular
diversity [7]. There is a number of gastric can-
cer molecular classifications. The most common-
ly used are the Asian Cancer Research Group
(ACRG) and the Cancer Genome Atlas (TCGA)
classifications [8, 9]. Interestingly, despite their
differences both of them distinguish a separate
category — gastric cancer with MSI. It is also
distinguished in the first Russian gastric can-
cer molecular classification [10]. This decision
is not accidental and is determined by the pos-
sibility of targeted therapy for microsatellite-
unstable tumors [2, 11].

According to various studies, gastric cancer
with MSI accounts for 8 to 25 % of observations
depending on the studied cohort of patients and
genetic changes detection methods [7, 8]. Along
with the molecular phenotype they are united by
a number of common features: more often asso-
ciated with old age (> 65 years), female gender
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and tumor localization in the middle or lower
third of the stomach corpus. The MSI presence
does not have reliable phenotypic manifestations,
although some researchers report that more of-
ten MSI-positive tumors phenotypically corre-
spond to mucinous adenocarcinoma, have pro-
nounced stromal infiltration with lymphocytes
and characterized by the presence of pronounced
cell polymorphism and expression of mucin 6 [7,
12, 13].

However, a number of studies have demon-
strated MSI can be found not only in cancer,
but also in the gastric mucosa (GM) precancer-
ous lesions. According to published data, the
MSI level in intestinal metaplasia varies from
3.2 to 63.3 %, while in some cases an identical
MSI profile is determined in the foci of intesti-
nal metaplasia near an already established tumor
and tumor tissue [14—18]. All the studies cit-
ed have stated that the MSI level gradually in-
creases as precancerous lesions progress toward
intestinal-type gastric cancer. This observation
naturally raises the question: could MSI be the
cause of tumor transformation of foci of incom-
plete intestinal metaplasia which is often asso-
ciated with adenocarcinoma according to epi-
demiological studies or could genetic instability
present in the GM even in the absence of tumor
growth?

The aim of the study was to assess the micro-
satellite instability status in the gastric mucosa
to determine the possibility of its use as a pre-
dictive marker of carcinogenesis.

Materials and methods

The study was conducted at one stage using
the cross-sectional method. The objects of the
study were GM biopsy samples. Group 1 in-
cluded 155 GM specimens of the distant tumor
growth zone obtained from stomachs resected for
an established gastric cancer. Macroscopically
unchanged GM at a distance of > 1.0 cm from
the visualized tumor edge was considered as a
distant zone. Group 2 consisted of 100 GM speci-
mens with chronic gastritis taken during fibro-
gastroduodenoscopy in patients with dyspeptic
complaints.

In Group 1 the median age of patients
(56 women, 99 men) at the time of surgery was
63 years with the minimum value 34 years, the
maximum — 82 years. In Group 2 (51 women,
49 men) the age of patients at the time of biop-
sy sampling was lower (p = 0.001) compared
to Group 1 with an age median of 38 years, a

minimum age of 23 years and a maximum of
81 years. Men were more common in Group 1
(p = 0.02).

The sampling points for GM biopsy in both
groups complied with the international protocol
of the modified Maastricht VI guidelines [19].
The study included GM samples of sufficient
volume containing at least 10 glands. The gas-
tric biopsy samples were oriented using an ad-
hesive orientation pad made of cellulose acetate
[20]. The correct orientation criterion was sec-
tions perpendicular to the GM surface including
the gastric ridges, the bottom sections of the
glands and the muscularis mucosa. Histological
processing of the material, embedding in paraf-
fin, preparation of paraffin sections and staining
with hematoxylin and eosin were carried out ac-
cording to the generally accepted method.

Tissue matrices (multiblocks) were formed
using the tissue microarray method [21]. Each
multiblock contained 20 GM fragments as well
as an external control (a tissue of microsatel-
lite-unstable colon adenocarcinoma) installed in
an asymmetric position to allow navigation on
the tissue sections. 3—5 um sections were formed
from the multiblocks.

All samples of Groups 1 and 2 stained with
hematoxylin and eosin were examined histolo-
gically according to the visual analogue scale of
the modified Sydney system for chronic gastritis
with a semi-quantitative (from 0 to 3) assessment
of the severity and activity of inflammation, the
presence of atrophy, intestinal metaplasia [22].

Histochemical examination with Alcian blue,
iron diamine and PAS reaction staining was
used for intestinal metaplasia typing. Alcian
blue at pH 2.5 verified the presence of goblet
cells regardless of the metaplasia type staining
their cytoplasm blue due to the accumulation
of mucins. A PAS-positive brush border of tall
bordered cells between the goblet cells indicat-
ed intestinal metaplasia type I (complete small
intestinal-type). Type II intestinal metapla-
sia (complete colonic-type) was characterized
by the blue staining of the apical parts of tall
cylindrical cells between the goblet cells with
Alcian blue (pH 2.5). Type III (incomplete co-
lonic-type) corresponded to the detection of in-
clusions brown stained with iron diamine in the
apical parts of the cytoplasm of epithelial cells
located between goblet cells.

No statistically significant differences were
found comparing the distribution of the studied
groups samples morphological characteristics
(Table 1).
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Table 1. Summary morphological characteristics of the corresponding groups samples

Ta6auua 1. Connasg Mopdosornyeckast XapaKTePUCTHKA 00PA3I0B MCCIeYEMBIX TPy

Group 1 Group 2
(gastric mucosa of distant (gastric ulcer with signs Fisher
F tumor growth zone) of chronic gastritis) Sher's
eatures exact test
Hoxasame.au Uizppsen ] Uiz 2 Tounuviii
(COK ducmanmmnoii 30Hb1 (COJK c npusnaxamu .
onyxo.a1e6020 pocma) XpoHuueckozo eacmpuma) xg)z;r:zuip z:lu
n =155 n =100 i
Inflammation / Bocnaxaenue
0 (no / nem) 302 %) 1 (11 %)
1 (mild / caaboe) 51 (33 %) 54 (54 %) ~0.79
2 (moderate / ymepennoe) 88 (57 %) 32 (32 %) p=2
3 (severe / eupaxennoe) 13 (8 %) 3(3 %)
Activity / Axmuenocmo
0 (no / nem) 118 (76 %) 84 (84 %)
1 (mild / craboe) 33 (21 %) 16 (16 %) p=0.38
2 (moderate / ymepennoe) 4 (3 %) 11 %)
Atrophy / Ampodus
0 (no / nem) 62 (40 %) 58 (58 %)
1 (mild / caaboe) 31 (20 %) 27 (27 %) —0.82
2 (moderate / ymepennoe) 17 (11 %) 10 (10 %) p=*
3 (severe / evipaskennoe) 45 (29 %) 6 (6 %)
Intestinal metaplasia / Kuweunas memanaasus
no / nem 79 (51 %) 83 (83 %)
type I/ mun I 65 (42 %) 12 (12 %) — 0.44
type 11/ mun I1 8 (5 %) 4 (4 %) L
type U1/ mun 111 3(12%) 1 (1 %)

ITHC study was performed on paraffin sections
of all studied samples using mouse monoclonal
antibodies (Diagnostic Bio Systems, 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, 1:50), PMS2
(clone A16-4, ready for use); PolyVuePlus
HRP/DAB detection system (Diagnostic Bio
Systems, USA). Deparaffinization and rehy-
dration, high-temperature unmasking of anti-
gens using EDTA buffer (pH 8.0), incubation
with antibodies were performed according to
the manufacturer’s protocol. The inflammatory
infiltrate lymphocytes were used as an internal
positive control of the reaction.

Samples with diffuse nuclear expression of
all four MMR system proteins (MLH1, PMS2,
MSH2 and MSH6) in epithelial cells and lym-
phocytes of the GM lamina propria inflammato-
ry infiltrate were considered as a case with an
intact MMR system (MMR-positive, pMMR).
In the absence of IHC expression of > 1 MMR
system protein in the epithelial cells nuclei
and the presence of nuclear staining in the in-
flammatory infiltrate lymphocytes the case was
considered as having the MMR system defect

(MMR-deficient, dAMMR). The staining intensi-
ty was not considered.

MSI status was assessed by the multiplex
PCR method on preparations from 5 microtome
sections from paraffin block with a thickness of
4 pm with the prevention of cross-contamina-
tion of the samples. A total of 100 samples from
Group 1 and 25 samples from Group 2 were an-
alyzed. DNA extraction was performed using
manual sample preparation with the ParaMag
nucleic acid extraction kit, followed by multi-
plex amplification of the extracted DNA to ob-
tain DNA fragments of microsatellites tested for
MSI diagnostics (NR-21, NR-24, NR-27, BAT-
25, BAT-26). The resulting mixture of ampli-
cons was analyzed by capillary electrophoresis
on an Applied Biosystems 3500 genetic analyzer
with POP-7 polymer and 50-cm capillaries.

The obtained data were visualized using the
Gene Mapper program; microsatellite markers
were visualized in the blue (NR-24, BAT-26)
and yellow (NR-27, NR-21, BAT-25) detection
channels. In this case, instability in one or more
markers was considered as the presence of MSI.
In the absence of unstable markers the case was
assessed as microsatellite-stable.
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Statistical data processing was performed in
Microsoft Office Excel (Microsoft Corp., USA),
Statistica 10.0 package (StatSoft Inc., USA).
Descriptive statistics were presented as a me-
dian, maximum and minimum values (quanti-
tative data, distribution different from normal)
and percentage (nominal data). To analyze the
obtained data Pearson’s chi-square (), Fisher’s
exact test, Mann — Whitney test, contingency
tables were used.

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

Results

All GM samples of Group 1 (GM of the
distant tumor growth zone) were examined by
IHC to evaluate the MMR system proteins. In
most cases expression of all 4 proteins was pre-
served but in 8 cases focal loss of expression
and accordingly the MMR system deficiency
were determined. In 5 cases loss of expression in
the MSH2/MSHG6 pair was noted, in 1 case —
loss of expression in the MLH1/PMS2 pair,
1 case combined loss of expression in the MLH1/
PMS?2 pair and disappearance of the MSH6 pro-
tein and in 1 case isolated loss of MSHG6 protein
expression was detected in the focus of intesti-
nal metaplasia (Fig. 1).

In Group 1 of the distant zone GM valid re-
sults in the MSI status PCR assessment were
obtained for 95 samples. All distant zone GM
samples were assessed as microsatellite-stable
regardless of the presence of atrophy, presence
and type of intestinal metaplasia and severity
of inflammation according to the results of the
MSI status assessment (Fig. 2).

The distribution of MMR-deficient samples
was assessed depending on clinical and
morphological characteristics.

The ratio of male to female patients was
3:1 (6 men, 2 women) in the MMR-deficient
subgroup, while in the MMR-surplus group it
was 1.7:1 (93 men, 54 women), but this difference
was statistically insignificant (p = 0.43). The
age of patients in the dMMR subgroup was
slightly higher (from 49 to 76 years, median —
58 years) compared to the pMMR subgroup
(minimum value 34 years, maximum
82 years, median — 63 years); the differences
are also statistically insignificant (p = 0.65).

A comparison of the morphological
characteristics of the distant zone GM samples
was carried out. A predominance of cases with
moderate inflammation was noted in both
groups, as well as the presence of activity in
microsatellite-stable cases and the absence
of it in cases with MMR system deficiency;
however, the difference in the distribution is
statistically insignificant (p = 0.37 and p = 0.25,
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Figure 1. A gastric antral mucosa specimen (distant tumor growth zone) with focal loss of MSH6 protein
immunohistochemical expression: a — preserved nuclear expression of MSH2 protein; b — loss of MSH6 protein
expression in the intestinal metaplasia focus; ¢ — preserved nuclear expression of MLH1 protein; d — preserved
nuclear expression of PMS2 protein. Magnification x200 (inserts x400)

Pucynox 1. @parMeHT CAM3UCTOH 0GONOUKK aHTPATBLHOTO OT/ea sKesryAKa (JIMCTaHTHAsT 30Ha Oy XOJIEBOro Po-
cTa) C 04aroBOH yTpaToil MMMYHOTMCTOXMMUYECKON skcrpeccun Genka MSH6: a — coxpaHHast saepHast SKCIIpec-
cus 6esqka MSH2; 6 — yrpata akcnipeccun 6esika MSHG B ouare KuIieyHoli MeTaILIasny; B — COXPaHHAA s/iepHast
sxcrpeccus 6enxa MLH1; 1 — coxpannas simepHast sxcipeccus 6enxa PMS2. Veemmuenne x200 (spesku x400)
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Figure 2. Absence of microsatellite instability (MSS) in a gastric mucosa specimen of the distant zone with
the presence of severe atrophy, complete (type I) intestinal metaplasia

Pucynox 2. OrcyTtcTBie MUKpocaTe/IUTHON HecTabuabHocT (MSS) B o6pasiie CIM3uCTOR 060I0UKH JKeMyAKa
JINCTaHTHOI 30HBI C HAJIMYKMEM BBIPAXKEHHON arpodun »keses, nosroit (tun 1) Kuieunoit Metaniasun

respectively). Of interest is the statistically
significantly higher frequency of incomplete
intestinal metaplasia (type II and type III) in
samples with MMR deficiency (p = 0.012). At
the same time the total distribution of atrophy
(absolute and relative (metaplastic)) between
the subgroups demonstrates comparable values
(p = 0.64) (Table 2).

Preserved THC expression of MLH1, MSH2,
MSH6, PMS2 proteins and accordingly an
MMR excess was noted in all 100 GM samples
of the second group regardless of the severity
and activity of the inflammation, the presence
and severity of absolute atrophy, the presence
and type of intestinal metaplasia in chronic non-
atrophic and atrophic gastritis (Fig. 3).

The MSI status in GM biopsies in chronic
gastritis was assessed using the PCR method
in 25 biopsies. Valid results were obtained
for 23 biopsies, two cases were excluded from
further stages of the study. Based on the
results of the analysis, all cases were assessed
as microsatellite-stable regardless of the severity
and activity of the inflammation, presence and
severity of absolute atrophy, presence and type
of intestinal metaplasia (Fig. 4).

Thus, pMMR and MSS were noted in all the
studied cases of the second group (GM biopsy
specimens with chronic gastritis) regardless
of the severity of the morphological features

of chronic gastritis, including the presence of
intestinal metaplasia.

The next step was a comparative assessment
of the MMR system status distribution between
Group 1 (GM of the distant tumor growth
zone) and Group 2 (GM biopsies with chronic
gastritis). According to the analysis results,
statistically significant differences in the MSI
distribution in the GM distant zone group
were revealed compared to the chronic gastritis
group, where such cases were absent (p = 0.024)
(Table 3).

Discussion

When comparing the study groups by the
main clinical and morphological characteristics,
the only indicator with reliable differences was
the age and gender distribution: an older age
and a predominance of men were noted in the
distant tumor growth zone group compared
to the chronic gastritis group. No significant
differences were found in the chronic gastritis
presence and severity including atrophy and/or
intestinal metaplasia.

Thus, it can be concluded that the samples of
Groups 1 and 2 demonstrate comparable clinical
and morphological characteristics that do not
allow to divide them into groups of high and
low risk of gastric cancer development based on
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Table 2. Comparison of microsatellite status with morphological characteristics of the distant
tumor growth zone specimens
Tab6auua 2. ComnocraBieHne MEKPOCATETUTHOTO CTATYCa ¢ MOP(MOTOTUIECKUMHI XapAKTEPUCTHKAMHE
00PA3IOB TPYTIbI JUCTAHTHOW 30HBI

Microsatellite stable Microsatellite unstable cases Fisher’s
Features cases (MSS) (MSI) exact teswt
oxazamen Muxpocameaarum-cmabuavhote Muxpocameanum- Tounwiii_
cayuau (MSS) Hecmaobuavtvte cayuau (MSI) | kpumepuii
n = 147 n=_§ Duwepa
Inflammation / Bocnaxaenue
0 (no / nem) 3(2%) 0
1 (mild / craboe) 50 (34 %) 1(12.5 %)
2 (moderate / ymepennoe) 81 (55 %) 7 (87.5 %) p =037
3 (severe / guipaxennoe) 13 (9 %) 0
Activity / Axmuenocmo
0 (no / nem) 110 (75 %) 8 (100 %)
1 (mild / craboe) 33 (22 %) 0
2 (moderate / ymepennoe) 4 (3 %) 0 p=02
3 (severe / gvipaxenroe) 0 0
Atrophy / Ampodpus
0 (no / nem) 60 (41 %) 2 (25 %)
1 (mild / craboe) 30 (20 %) 1(12.5 %)
2 (moderate / ymepenroe) 16 (11 %) 1(12.5 %) p =064
3 (severe / vipaxennoe) 41 (28 %) 4 (50 %)
Intestinal metaplasia / Kuweunaa memanaasus
no / nem 76 (52 %) 3(37.5 %)
type I/ mun I 62 (42 %) 3(37.5 %)
type 11/ mun 11 7G %) 1(12.5 %) p = 0012
type 1/ mun 111 2(1 %) 1(12.5 %)
msH2 % MSHE 1 MILH1T PAMSI 5 ey
e 1 ¥ ; .t | 4 ™

Figure 3. A gastric antral mucosa specimen with complete (type I) intestinal metaplasia: a — preserved nu-
clear expression of MSH2 protein; b — preserved nuclear expression of MSH6 protein; ¢ — preserved nuclear ex-
pression of MLH1 protein; d — preserved nuclear expression of PMS2 protein. Magnification x200 (inserts x400)

Pucynox 3. dparMeHT CIU3UCTON OGOJIOYKHM aHTPAJbHOrO OT/ena skelyaka ¢ moaHoi (tum 1) xuuredHoi
MeTarsiasneil: a — COXpaHHas sifiepHas skcrpeccust 6eska MSH2; 6 — coxpanHas siiepHast akcipeccusi 6eska
MSHG6; B — coxpanHast siiepHasi skcrpeccust 6eqka MLH1; 1 — coxpanHas siiepHast akcipeccusi 6eka PMS2.
Veemmuenne x200 (spesku x400)

54 Poc xypH racTposuTepoJ rematon koaonpokros 2025; 35(4) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(4)



www.gastro-j.ru

Original articles / OpurnHasbHbIe HCCIEOBAHNS

Figure 4. Absence of microsatellite instability (MSS) in a chronic gastritis mucosa specimen with mild
inflammation without activity, with the presence of mild atrophy without intestinal metaplasia

Pucynox 4. Orcyrcreue Mukpocate/urnTHON Hectabuibroctn (MSS) B 6uonTare cu3uctoil 060J09KN JKemy -
Ka IIPU XPOHUYIECKOM TacTpUTe CO CIaGbiM BOCHa/ieHeM 6e3 MPU3HAKOB aKTUBHOCTHU, C HAJMYNEM CJ1aboil aTrpodun

sKeste3 6e3 KUIIeYHON MeTallIa3un

Table 3. Comparison of MMR status of distant zone samples and chronic gastritis mucosa specimens
Ta6.auua 3. ConocraBienne MMR-craTyca o6pasiioB AUCTAHTHON 30HBI U GHOITATOB CJAU3UCTOM 060-

JIOUKH JKeJIy/JIKa I[IPpU XPOHUYECKOM TraCTpuUTte

Group 1 Group 2
(gastric mucosa of distant (gastric ulcer with signs Fisher’s exact
tumor growth zone) of chronic gastritis) test
I'pynna 1 I'pynna 2 Tounwiit
(COJK oucmanmmoii 30Hvt (COsK c npusnakamu Kpumepuil
0nYx0.1€6020 pocma) XPOHUUECKO?20 2acmpuma) Duwepa
dMMR 8 0
p = 0.024
pMMR 147 100

the atrophy and intestinal metaplasia assessment.
This, in turn, allows us to state that the MMR
status difference may be due to the association
of distant zone samples with adenocarcinoma,
which a priori marks a higher risk of gastric
cancer development.

The absence of MSI cases in the chronic
gastritis group to some extent diverges from
the available publications indicating MSI in
intestinal metaplasia in the absence of tumor
growth. However, along with such studies there
are also publications indicating the absence
of MSI in GM precancerous lesions even in
the presence of an established tumor, which
demonstrates the inconsistency and ambiguity
of existing data [14, 15].

In the distant tumor growth zone GM samples
with MSI detected both with THC and PCR an

additional IHC assessment of protein expression
and MSI status was performed using PCR in
tumor tissue. The result was the MMR system
deficiency detection in 7 of 8 samples and MSI
detection in 6 cases, respectively. All detected
dMMR and MSI cases were histologically
consistent with well- or poorly differentiated
tubular adenocarcinoma. In the only case that
demonstrated microsatellite stability in the PCR
study and pMMR on the THC assessment of
the tumor tissue was signet ring cell carcinoma.
This case of the MMR system deficiency in the
distant zone GM and stability in the tumor tissue
should probably be interpreted as an example
of parallel development of different gastric
carcinogenesis molecular cascades considering
the existing information on the differences in the
molecular events underlying the development
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Figure 5. Poorly differentiated tubular adenocarcinoma. Loss of MSH6 protein expression. Magnification
x200 (insert x400). Case corresponding to distant zone gastric mucosa specimen with focal loss of MSH6 protein

expression

Pucynox 5. HuskonuddepennmpoBantas TyOyIsgpHas aJleHOKapIimHoMa. YTpara akcipeccun 6enka MSH6.
Veeanuenne x200 (Bpeska x400). Coydaii, cooTBeTCTBYIOIMiA 06pasily CIM3MCTON OOOJOYKM AMCTAHTHOW 30HBI

€ 0uaroBoil yrpatoii akcipeccuu 6enxka MSH6

of gastric discohesive carcinomas and MSI-
associated cancer.

The second case characterized by a microsatellite-
stable status with a deficiency of the MMR system
was due to an isolated disappearance of MSH6
protein expression corresponded to a poorly
differentiated tubular adenocarcinoma (Fig. 3).

The MSI absence according to the PCR in
this and other samples that showed a deficiency
of the MMR system, but microsatellite
stability, can probably be partly explained by
the replacement of their functions by other
proteins of the MMR system and accordingly
the prevention of the microsatellite repeats
formation. Thus, a number of publications
reflect the discrepancy between MMR and MSI
status associated with mutations in the MSH6
gene leading accordingly to the loss of its protein
IHC expression [23—25]. At the same time the
absence of microsatellite instability in the PCR
study was noted comparable with our results.

The distribution of the MMR-deficient cases
significantly differs in the distant zone GM
group from the results obtained in the chronic

gastritis group with comparable morphological
changes. The MMR system deficiency in
distant zone GM according to the tumor field
theory associated with adenocarcinoma can be
considered as a confirmation of the hypothesis
that the MMR system disturbances are an early
event in carcinogenesis and indicate a high risk
of developing MSI-associated gastric cancer.

Of interest is the polymorphism of the NR-
21 marker, detected in one sample of distant
zone tumor growth with chronic gastritis (mild
inflammation and activity, moderate atrophy of
glands with the presence of complete intestinal
metaplasia) (Fig. 6).

This finding is consistent with the data available
in a comparable study on the predominant detection
of NR-21 marker polymorphism in GM samples
in chronic gastritis in the absence of MSI [26].
The tumor fragment corresponding to this sample
was histologically assessed as poorly differentiated
tubular adenocarcinoma and also turned out to be
microsatellite-stable. Both samples had preserved
expression of all 4 proteins in the IHC study and
accordingly were assessed as pMMR.
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Figure 6. A gastric mucosa specimen of the distant tumor growth zone with moderate atrophy, complete
(type D) intestinal metaplasia. MSS in the presence of NR-21 marker polymorphism

Pucynox 6. O6pasel] JUCTAHTHOW 30HbI OITyXOJIEBOTO POCTA C HAJTMYMEM yMEPeHHO! arpoduu xeses, MoJTHON
(tun 1) kmmeunoit Metamasun. MSS pu Hagmann nosmmMopdusma Mapkepa NR-21

Cases of marker polymorphism can graphically
simulate MSI which in some cases can be
mistakenly recognized as the presence of MSI
and thus be the basis for the false-positive cases
occurrence if interpreted incorrectly.

Thus, the obtained results suggest that high
accuracy and specificity make the determination
of microsatellite status by PCR the optimal
choice for diagnosing MSI in tumor tissue for
the purpose of targeted therapy. At the same
time, the possibility of using PCR method for
screening assessment of the gastric cancer risk
development at early, possibly reversible stages
of the carcinogenesis cascade, is excluded,
whereas IHC allows to identify the MMR
system deficiency in early precancerous lesions
such as chronic atrophic gastritis. It indicates
the possible potential of ITHC assessment of the
MMR system as a component of a decision support
system for assessing the risk of developing MSI-
associated gastric cancer.
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