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Background

Specifically, stomach cancer ranks as the fifth leading cause of cancer morbidity
and mortality worldwide. Early-stage detection significantly improves survival rates,
with over 90% of patients diagnosed at stages | and Il living beyond five years. To
improve the early detection of gastric cancer, it is necessary to complement the
conventional method of endoscopic examination with biomarker analysis. We aimed
to compare biomarkers such as pepsinogen C (PGC), matrix metalloproteinase 2
(MMP2), matrix metalloproteinase 9 (MMP9), and the cell proliferation marker Ki-67
with immunohistochemical analysis.

Purpose

A comparative study and evaluation of biomarkers for the early detection of gastric
cancer.

Materials and Methods

The study was conducted using a retrospective cohort design. Research ethics
issues were discussed at the meeting of the Medical Ethics Control Committee of
the Ministry of Health on October 13, 2023, and permission to start the research
was obtained (Resolution No. 23/051). The information was gathered based on the
criteria for K29.3, K29.4, K31, and C1 diagnoses according to the international ICD-
10 classification, and participants were selected accordingly. Proteins such as PGC,
MMP2, MMP9, and Ki-67 were examined using a tissue microarray kit and evaluated
through immunohistochemical analysis.
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Results

Negative gastric tumor markers PGC, Ki-67, MMP2 and MMP9 were evaluated
by immunohistochemical analysis. The mean PGC protein staining values were
6.20£2.61 for chronic superficial gastritis, 5.45+2.47 for atrophic gastritis, 3.61+£2.0 for
metaplasia, and 3.31+1.75 for gastric cancer, with statistically significant differences
between the groups (P<0.001). The mean Ki-67 protein staining values were 0.1
0.4 for chronic superficial gastritis, 0.33 + 0.55 for atrophic gastritis, 0.09 + 0.39 for
metaplasia, and 2.62 £ 0.78 for gastric cancer, also showing statistically significant
differences (P<0.001). The mean MMP2 and MMP9 protein staining values were
0.240.76 and 1.2+2.04, respectively, for chronic superficial gastritis; 0.28+0.52
and 3.28+2.82 for atrophic gastritis; 0.35+1.04 and 1.12+1.45 for metaplasia; and
1.3842.11 and 5.29+2.51 for gastric cancer, with all differences being statistically
significant (P<0.001).

Conclusion: PGC protein, a negative tumor marker, decreases during the transition
from a gastric cancer precursor to cancer. MMP2 protein, a marker of cell migration
and metastasis, has little diagnostic value, while the expression of MMP9 and the Ki-
67 are highly effective in gastric cancer. Immunohistochemical analysis of endoscopic
biopsy tissue to detect the negative tumor marker PGC, the positive marker Ki-67,
and MMP9 can be used for early detection of gastric cancer.

Key words: Tumor tissue markers, immunohistochemistry, pepsinogen, gastric
cancer precursors
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Opwwun

XopT xaBapaac ypbOyunaH COprumnnax,
XaBapbIr  3PT  OHOLWIMOX, ©BYTOHUM
ambpax YyagBapbIr ypracrax Hb A9nXui
AaxuHg aHaraax yxaaHbl TeaUNryW,
HUUTMUWAH  TynramgcaH acyyasblH Har
x3B33p 6anHa. 2020 oHA Xo04004HbI XOPT
xaBapbiH 1.1 cas opyYnM LLIMH3 TOXMONAO0MN
OypTrargax, 9H3 Hb HUAT XOPT XaBApPbIH
TOXnonasnblH 5.6 xyBunr a3amk 6GanHa.
Xo[oogHbl XOpPT XaBapaap eB4vSfiercanmnH
HUWT WKWH3 Toxuongon, Hac GapanTbiH
75 opunm XyBb Hb A3u TMBLA OYPTraracaH
6anHa [1]. MoHron ync ganxmng HANT XopT
XxaBapblH Hac 6apanT, anar 6a xo4oo4HbI
XOpT XaBApblH esynen, Hac Gapantaap
TIpryymk 6arnHa. MaHan opoHa Xaspap
cygnanblH  yHO3CHUA  TeBunH 2022
OHbl TaWnaHpg TycrargcaHaap LWWUHI3P
OypTraracaH xopT xasapblH 17.2%-uur

XOO00OHbl XOPT XaBaap 93335k OGanraa
ba yyHun 74.3% xoxyy wartaHgaa
OHOLUNOIQK33. X0400AHbI XOPT XaBapbir
[, 1 ye war 6ywy a3pT yen OHOLIMITK
yagean S-aac 433w KU ambapax
yagBap 90% 6arHa rax cypanraadyyg
aypbAacaH 6arHa. XogooaHbl XOpT XxaBaap
YYCOX Hb OfIOH ye waTtram yun 4By
Gereen KoppearwiH aHrunnaap apxar
©HreL, YpaBCan, XxaTaHrapwunT ypaBcarn,
raA3CKMX METannasm yycu, aUaCT Hb XOpT
XaBgapT wwumkaar [2-4].

Mimg Ouma XomoonHbl
6a TyyHuh ypbgan  aMrarvar - apT
WUNPYYNaX, OHOLIMAIOOr  camxpyynax
30pUNTOOP XOA0O04HbI XaBApPbIH ypbAaan

XOpT XxaBaap

amraryya 6onoH xopTxaBgpblH 3434
PGC (pepsinogen C), MMP2 (matrix
metalloproteinase 2), MMP9 (matrix

metalloproteinase 9), Ki-67 mapkepyyabiH
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nnpanumr WMMYHOTMCTOXUMUIH
LWNHXUATO9HUM apraap TOLOPXOWNIOXbIr
30punoo. PGC Buomapkep Hb
acnaparuHbl yypar 3agnard ¢epMmeHT
bereeq nencuH C-unH ypbgan 6oawuc
toMm. PGC Hb ronynoH xoQooAHbl ron
3c3a HMMNaNkaar 6a xog4oo4Hbl XeHaAnnA,
Aanrapy, X00S<T XYHCHUW Yyprunr sagnax
yypartan. MMP2, MMP9 vyypryya Hb
3CUNH HYYH wumkunT, Ki-67 yypar Hb
SCUWH YPXITUAT UNIPXUNNOAr MapKepyyn
oM.

MMMYHOrMCTOXMMUIH apra Hb 94, 3C 43X
©BOpMeL, 3CparTeperyTan Tycraunad
xon6orgox acparbueuniH 3apymbIr
alwmrnaH aHTUreHUnr unpyynax apra 6a
9HOXYY apra Hb XOPT XaBApbIH cyaanraaH
XOPT XaBApbIr OHOWISIOX, Ye LwaTthir
TOAOPXOMNOX0A Yyxan ad xonborgonTtoun
LWNHXUTI3HUI apra oM.

3opunro

XooooaHbl XOpT XaBApbIr 3pT UNPYYax
Guomapkepyyabir  XxapblLyynaH cyganx
YHaMax

MaTepuan, apra 3ym

CygpanraarT.lWargapCcypaHrMnHHIPIMXUT
AHaraax YxaaHbl Xyp33n3HIMnH Opaam

LUNHXWUNT39HUN TeB  nabopaTtopuinr
TYWWUITI3H PETPOCNEKTUB  cydariraaHbl
3arsapaap XUNXK r'YULOTIICOH.

CypanraaHbl éc 3ynMH acyyanbir OMA-
Hbl AHaraax YxaaHbl Ec 3ynH XaHanTblH
XopooHbl 2023 oHbl 10 agyraap capblH
13-Hbl e4pWUNH Xypraap XananuyynaH
cypanraar axnyynax 3eBlUeepesi aBcaH
(Tortoon Ne23/051). CypanraaHg
YnaaH6aatap COHrao aMHINMMNH 3AMrar
cyananbiH nabopaTtopug xagranargax
GaricaH agaac goopx oHowwunH (ICD-10
aHrunang Tynryypnad) garyy 6ynruiH
xapbuaa 1:1:1:1 6anxaap Toouox, 6ynar
Tyc 6yp 30 6ytoy HMT 120 oponuordynimH
SOMNUM  WMHXIArAaXyyH 60nroH a.caH.
YyHA:
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* XopoogHbl cancTbliH eHrew YP3BCaJl

« XopooaHbl  apxar  XaTaHrapwunT
ypaBcan

« XopoofHbl cancTbliH raA3CKNX
MeTannasu

« XoaooaHbl XOpT XaBaap

Qannr MMMYHOTMCTOXUMUINH
LUWMHXUITA3HA 03NTraxass saaunH buymn
LWNHXMNr33HMM yomor (Tissue Microarray
kit) awwurnan 6ynar Tyc 6ypt 30 HuMT
120 oponuorymnH a3guir 1 napaduH
GnokoHa HArtraH cyynraB. WHraxagsa
axna3g 30 oponuordynnH 3Qunr cyynrax
6nok (Recipient block)-bir agninH 6uumn
LUMHXUITO3HUA  LUOMIMAH 2  MM-UKNH
ronyton 30 Hyx ByxXun X9BMWr alumrnaH
napacuH OnokbIr LyTraH ©G3NTracaH.
OponuorymnH 3g Tyc 6ypaac 2 MM-UIH
X3MXK33TAN LooNTyypaap 34unr TacnaH
aB4, 06anTracsH 3g cyynrax 6GnokoHOoo
GanpwyynaH, 6yrguir Hb 1 6GNOKOHA
cyynras. LWuH39p 63nTracaH 3awnnH
copbl, Oyxurm 6GNOKOOC MUKPOTOMOOP
4 MKM-UWH  3y3aaHTawraap  3YCOH,
MMMYHOTMCTOXMMWUIH LLUMHXWUITTI3HWI
3opuynanTbiH TaBuyp wun (coated slide)
099p OyynraH a4, 580C-4 ToXmpyyncaH

TepmocTaTag B3aXKYYII3H, 3OUNH
3ycnarmir 6anTras.
Spounr  anti-PGC,  (Cusabio, CSB-

MA112991A0m),anti-Ki-67 (Dako,M7240),
MMP-2 (CellSignaling, 4022S), MMP-9
(CellSignaling, 13667S) acparbueyyaumnr
alwmrnadH UMMYHOTUCTOXUMWAH  ByarvniH

apraap ©6ygaB. /IMMYHOrMCTOXUMWIH
LWMHXUITTA3HUA  Yp  OYHT  OHOOroop
YHON9xXa393:

PGC, MMP-2, MMP-9 yyprunH unapuwnnr
YHONax493 acurH membpaH, umMtonnasm
BGONoH 3C X00OPOHA ynaaH XYPaH ©HIrUH
OynanT y3yynCaH 3CUIAH 333X XyBb O0MNOH
OHIeHUN JPYMIIC XamMaapaH ceper, cyn
9€epar, Xy4Tan 9epar raXx yHanase. YrnaaH
XYP3H OHrMMNH OGyganTt y3yyncdH 3CUKH
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33n9x xyBb <5% 6on 0, 5-50% 6on 1,
>50% 60on 2; eHreHu apunm bygargaarym
6on 0, cyn 6on 1, xy4tam 60n 2 OHOO TyC
Tyc ereB. HargcoH yHanraar rapraxgaa
OypargcaH 3CUMWH  93Nn3X  XyBb  ©OONOH
OHIOHUN 3PYMUMAH OHOOr YpPXYYmK, O
oHooTon 6on ceper, 1-4 OHOOr Cyn 3epar,
5-7 pyHO, >8 OHOOr Xy4Tan depar rax
YHOM139.

Ki-67 yypar Hb acuiH 6eem OoTop ynaaH
XYPAH eHre y3yynHa. Ki-67 mapkepuninH
3CUNH TapxanTtblH XyBunr onoxgoo Ki-67
9€epar 9CUMH TOOI, HUAT XaBApbIH 3CUNH
TooHA xyBaaraag 100-p ypXyyimK OfHO
(400x ecrenTuinH 3yprunr ToonHo). Ki-67
TapxanTblH WHOEKCUAH  UN3PXUANANUT
3eBnemxunH paryy 6ara (Ki-67 <15%),
ayHa (Ki-67:16-30%), mnx (Ki-67 > 30%)
r9X YHIN9B.

YYpruiH nnapummH MMMYHOrMCTOXUMUIMH
OHOOHbl gnraar Mann Whitney t-test-

MOHTOJbIH AHATAAX YXAAH, 2024-3 (209)

99p ToouoB. GraphPad Prism nporpamm
awmrnaH cratuctuk 6GonoBcpyynanTbir
XUNB.

Yp AYH

PGC, MMP-2, MMP-9, Ki-67
MapkepyyablH ©6ygaracaH Gangnbir 1-p
3yparTt xapyynas. 3ypraac xapaxag PGC
YYPIMRH 3CcurH MembpaH, uuTonnasm
BOnoH 3C X00POHA ynaaH XYPaH ©HIrUH
ByoanT y3yyncaH 9C X040O4HbI CarncTbIH
eHrey, YpaBCNUMH 3434 unyy nx darncaH
6a xaTaHrapwunT Yp3BCM33aC raA3CKMUX
MeTannasu uaalwnaag XogoogHbl XopT
XaBAapT Wumkux Tycam ©Oyaaracad
3CMNH ToO 6Garacax 6annaa. XapuH
MMP2, MMP9, Ki-67 yypryyn Xo4oo4Hb!
eHrey, ypaBcnunH agsa Gara GygaracaH
6on xaTaHrapwmnT YpaBCMaaC raaaCckKmX
MeTannasu uaalwnaag XogoogHbl XopT
XaBAapT LWUIMKMX TycaM YyrnaaH XYypaH
eHreep OyparacaH 3CUMAH TOO MX3CC3H
xapargax banHa.

(xdfa)

Figure 1. Immunostaining of PGC, MMP2, MMP9, Ki-67 in different gastric disease
specimens. SG, superficial gastritis; AG, atrophic gastritis; IM, intestinal metaplasia;
GC, gastric cancer. Original magnification, 4400.
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MMMYHOrMCTOXUMUIH LUMHXUITI9HUN
oHooroop (BygargcaH  9CUMWH  93M9X
XyBb OONOH ©HreHWn 3IPUMUNT YPXKBIP
O-ceper, 1-4 cyn 9epar, 5-7 gyHa, >8
oHoor xy4yTtan aepar) PGC yypruinH nnapu
XOOOOAHbl CancTblH ©HreLy YP3BCIUNH
aaunH 40% (12) xyytan aepar, 23.3% (7)
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ayHa, 36.7% (11) cyn aepar 6arnicaH 6on
raO9CKNX MeTannasn, XO4O0OOHbl XOpT
XaBapbIH 3gunH 16.7-26.7% PGC yypar
Oynargaaryn 6ytoy ceper, 63.3-70% cyn
9epar, Xy4Tan 3epar UN3PCIH TOXMOMNAON
Ganxryn 6arHa (XycHarT 1).

Table 1. Proportion of staining expression of PGC in different gastric diseases

specimens

Gastric diseases

Staining expression

SG AG M GC
negative 0 (0%) 1(3.2%) 8 (26.7%) 5(16.7%)
weak 11 (36.7%) 19 (61.3%) 21 (70%) 19 (63.3%)
moderate 7 (23.3%) 2 (6.5%) 1 (3.3%) 6 (20%)
strong 12 (40%) 8 (29%) 0 (0%) 0 (0%)

SG, superficial gastritis; AG, atrophic gastritis; IM, intestinal metaplasia; GC, gastric cancer

PGC yypruiH nnapuminH oHOOHbI AyHOaX
yTra Xo4oOo4Hbl apxar eHrey, Yp3BCIUNH
ven 6.20+£2.61, xataHrapLwmnT YpaBCNNH
ven 5.45+2.47, ragacxux MeTtannasu
ven 3.61+2.0, xogooaHbl XOpPT XaBApblH
vea 3.31+1.75 Gyoy XxoO4o00aHbI CancTbIiH
©HreL YpPaBCNaaC XxaTaHrapLumnT ypaBcan,
uaawnaag rOA3CKMX meTannasu,
XO4OOAHblI  XOPT  XaBgap  u4urnang
CTaTUCTUK a4y xonborgon Gyxmn anraatamn
Byypu 6annaa (p<0.001) (3ypar 2, 3A).

[ 1

104

PGC expression

5G

Figure 2. Mean immunohistochemistry
score of PGC in different gastric diseases
specimens. SG, superficial gastritis;
AG, atrophic gastritis; IM, intestinal
metaplasia; GC, gastric cancer. Mann-

Whitney tests (**p<0.01, ***p=0.001,
****n<0.0001).

MMP2 6onoH MMP9 yyprumiH unapummH
OHOOHBbI AyHOaX yTra XO040oO4Hbl CancTbliH
eHrey ypascnuinH yepq 0.2+0.76, 1.2+2.04,
xaTaHrapwunT ypascnunnH yen 0.28+0.52,
3.28+2.82, ragackux Metannasm yeq
0.35+1.04, 1.12+1.45, XoQo0OAHbLI XOpPT
xaBapbiH yen 1.38+2.11, 5.29+2.51 T1yC
Tyc Bancan 6ytoy MMP9 yypruiiH nnapu
XOO0O0OHbl CaniCTblH ©Hrey, YpPaBCNaac
XaTaHrapwunTt  ypaBCcan,  Uaawnaag
raO3CXKUX MeTansasv, XoOooAHbl XOpT
XaBgap 4vrnang ctatmcTuk ad xonbéorgon
Byxui anraatam nxcax dannaa (3ypar 3B,
3C).

TyyHunaH Ki-67 yyprumH uvnapumnH
OHOOHbI  OyHAaX  yTra  XO4OOA4HbI
apxar eHrey ypascnumH yen 0.110.4,
XaTaHrapwunT ypascnuinH yeg 0.3310.55,
rogacxkux wmetannasn yen 0.09+0.39,
X04004HbI XOPT XaBapblH yen 2.62+0.78
unpantanm Oyly Xo4oo4Hbl CancTblH
OHreL YP3BCII33C XaTaHrapLwmnT YpaBcan,
Laawnaag rOA3CKNX MeTannasm,
X04OO4HblI  XOpPT  XaBgap  uurnang
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CTaTUCTUK a4 xonborgon 6yxun anraatan
nxacy 6annaa (3ypar 3D).
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Figure 3. Immunohistochemistry score of
A) PGC, B) MMP2, C) MMP9, D) Ki-67 in
different gastric diseases specimens. SG,
superficial gastritis; AG, atrophic gastritis;
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IM, intestinal metaplasia; GC, gastric
cancer. Mann-Whitney tests (*p<0.05,
**p<0.01, ***p=0.001, ****p<0.0001).

Xanuamx

bug 9sHaxyy cymanraaraap XoOoOOA4HbI
XOpT xaBgap 60noH Xo4oo4Hbl YP3IBCan,
XaTaHrapwunTt 9OMrarMnH  YeunH 3434
X04004Hbl ron acag Humnankpar PGC
yypar, 9CUNH HYYH WWIDKUITUNH yypar
MMP2, MMP9 60n0OH 3CUWH YPXITUIAH
mMapkep  6ornox  Ki-67  yypryyablH
UNP3NUINT UMMYHOTMCTOXUMUIAH apraap
TOLOPXOWITX, XapbuyynaH cygannaa.
bugHnn cypanraansl yp ayHg PGC
YYPrUMH  UN3pUMWUH  OyHOax  yTra
XOOOOAHbI CancTblH ©Hrey, YP3BCNUMH
Ykl 6.20+2.61, XaTaHrapwunT
YPIBCNUNH 3434 5.45+2.47, ragacxkux
metannasn yen 3.61+2.0, xomoofdHsbl
XOpT xaBapbiH yen 3.31+1.75 unpantan
GancaH 6Ga  O6ynryyauMmH  XOOpPOHA,
cTatTUcTuk a4 xonborgon 6yxun anraatan
rapcaH Hb Shixuan Shen HapbiH 2017
OHA XVMWTAC3H XOO400AHbI XaBApPbIH YEUNH
PGC yyprunH wvnpanuir TOLOPXOWSCOH
cypanraaHbl yp OYHTAM aymxk GanHa [5-
9]. 2004 ong Ning PF Hap xomoofHbl
AH3 OypurH amraruH yead 3a3g PGC
YYPrumur - UMMYHOTMCTOXUMUWIWH  apraap
TOOOPXOWSICOH Bereen apyyn XOO40O4HbI
canctag PGC wnpan 100% ©6awncaH
6on  xomoogHbl xaBapbiH yen 2-4%
XYPTan magargaxyny OyypcaH 6amxas
[10]. TyyHunan 6ugHun cypanraaraap
MMP2 ©6onoH MMP9 YYPrUiH
OygarganTblH gyHOaX yTra apxar eHrew
ractputtam oynart 0.210.76, 1.2+2.04,
XaTtaHrapwunT racTput 0.28+0.52,
3.284£2.82, metannasu vyen 0.35+1.04,
1.12+1.45, xopmoodHbl XaBAapbiH Yyen
1.38+£2.11, 5.29+2.51 unpantan 6ancaH
6a aarasp mapkepyyn Hb Xo4o04Hbl XOpT
XaBApbIH yed sanrapan Hb HAIMIrgax
G6anraa Hb 2006 oHg Huachuan Zheng
HapblH XUAC3H XOA0OOHbI XaBApblH yen
MMP2 6onoH MMP9 yypryyablH vnpan
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NXACC3H cydanraaHbl yp OYHTAUW OYyWXK
6anHa [11]. Clara Luz Sampieri HapbIH
xnncaH MMP2 6onoH MMP9Y yyprunH
NNP3NUIT XO40OAHbI IH3 BYPUIAH ©BYHUIA
yen TOOOPXOWMCOH cydanraaHbl yp
AYHA X3BUWH XO40OAHbI cancTt 60noH
XOOO0O4HbI XaBApblH YEeUWH WNpan Hb
XOOPOHOOO 3pC sAnraatanm rapcaH 6a
XapuH X3BUKH canct 6050H XOO40O4HbI
eHrey, YPOBCIUWH yed WIP3rnvnH anraa
rapaarym ©6anHa [12]. Ki-67 yypar Hb
3CUWH XyBaargnblH MeunermnH  (G1,
S, G2, mMuTo3) ye wartag HUWNaPKAar
Gereea xaBApPbIH 3CUNH ONLLPOMbIH YEUAT
TOOOPXOMNOX Yyxan ad xonboraonTtoun
Ganpar. bugHui cyganraaHbl yp AYHA
Ki-67 yyprumiH nnapu XxoqooaHbl casncTbIH
eHrey, YP3BCIaac xaTaHrapwumnT
YP3BCaf, roaackux metannasu ynmaap
X0O00OHbl XOpT XaBgap wuxacd OGauraa
Hb Bycan Xxo4oOAHbl SiH3 BYPUNH ©BYHUI
yeunH PGC 6onoH 6ycag mapkepyyabiH
WUNpanyyaunir cygancad cygnaadgbiH yp
AYHTaNn aymx 6anHa [13-16]. Tunmaac
O14 OHOLUMITTOOHBI 30PUNTOOP XUIMK ByK
AYPaAHTMAH  BUONCUAH  LUMHXUITI3HUN
a3y PGC, Ki-67, MMP9 yypryyabir
NIpyynax UMMYHOTMCTOXUMUWNH
WNHXUMS XUWXK, YP AYHM XapbuyynaH
XOOOOAHblI  XaBApblH  OHOLUMNTOOHA
awmrnax 601o0MXTON rax y33x 6anHa.

OyrHant:

1. CypanraaHbl yp [AyHraac xapaxag
XO40OAHbl XaBApbIH ypbAan 3aMrarasc
XopT xaBgaptT wumkux vyen PGC
yyprunH unapuy 6yypy 6arnHa.

2. OCUNH HYYH WWIDKUNT, YCIPXUANIUIAH
mapkep 6onox MMP2  yypruiiH
XyBbZlT OHOLUMATOOHbLI av Xxonborgon
Garatan Gaiviraa ©0n 3CUNH YPXMIUAH
mapkep Ki-67, 3CUNH HYYH LUWIDKUMT,
YCOPXUNNSTUNH Mapkep MMP9
YYPryyablH UNpan XO40O4Hbl XaBapbIH
yea nnapu xamrunH engep GanHa.

2. Kiyohira K, Yoshihara M,
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