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03996m30bEHMmdodowm®o (THC) sbserobo: IHC dgmgdzs SOX2, Ki67 s p53-obmgol gobbm®mEogeros
LGHObPIOGH0DJIMWO  3OMEHMIMMGdOL  odmyggbgdom.  Jumzowol  SbsMWGIL  BorEoMs
9356583060530, ©9300MGE0S S 56EH0YIBOL 50YIbS 30GOSEHOL d539gGOL (pH 6.0) 56 Tris-
EDTA (pH 9.0) 358m996980m. 359tmgqbgdwaro 0dbs 8990930 306039000 56@0lbgmemgdo:

SOX2: 9mbmzwmby®mo sbGHolbbgmwo (3ewmbo SC101; BioSB, 3s@owmao #BSB-1086) 1:100
2496%s39%00.

Ki67: 9mbm3ermbmto sb@olbgoeo (3aombo MIB-1; Leica Biosystems, Catalog #NCL-L-Ki67-MM1)
1:200 956%s39000.

P53: dmbm3zmby®o sb@olbbgmwo (3armbo DO-7; Leica Biosystems, Catalog #NCL-L-p53-DO7)
1:100 356%s39000.

M35 ©59M)300909dds  3500MWMYdbsBHMITs bsbHg3MOE MOMEIbMdIMO35 Fgogzslis THC-ob
9dudéglos.  SOX2  9dudgbos  FgxoLgdmo  oym  doMm3Mwo  dgngd3ol  0bEgblogmdol
1553999390 DY O EIYMBOWO 0Ym OHMPMOF 5MMLYOMBS (0), LybBo (1+ MxXMIEIOoL <10%),
Lodmoeom (2+; 9xM9900L 10-50%) 56 derog®o (3+; Mx 9900l >50%). Ki67 gdudMgbos 99535Lgs,
OHMAMOG 5M5OBYOMDS (0), LbGo (1+; MYxROIEIOOL <10%), Lodmsem (2+; xMHgEgool 10-30%) b
d09®0 (3+; X M9900L >30%). p53 9dl3dMLos 3 SLORBOEOMIINPO 0YM, OHMAMOF SCMLYGOMDS
(0), bybEo (1+; MYXOIYdOL <10%, dbgdMm030 G030l 9dudMglios), Bmdogmo (2+; M MIIdOL 10-
50%, 39&90H™96w9c0 603m8o) 96 dEogMo (3+; MxMgIOOL >50%, gosFoMdgdeo gdudmgliools
603wdo).

dmbozgdms  sboewobo  Bo@oMs SPSS  (390Los  25.0) 96  (3960Los  4.0.3) 99mygbgdoom.
50f9O0WwMmdomo  BEASGHOLG03ZS x5890  353096G0L  ©YIMYMIGBoME s 3xobogm®
0obol0smMYOWGOL. 353)9MMO0NO (33¢5Yd0 FgsMgds dmbes chi-square GHglEob 96 godgeol
DGO BHIuBHOL godmygbgdom, bmwm MHYy39BH0 (33WsId0 399650 BYdMwo oym ANOVA 56
3OML35E-35¢0boL BHGuEHOL 25dmY9gbgdom. Spearman-ols 3MOHGES300L 30gR03E0I6EGHTS Tgog3slss
LM 30530900 SOX2, Ki67 s p53 9dud6gloslis s olidesBool Loddodgl dmmob. p-860d3zbganmds
<0.05 Bs0m35¢5 bASGOLEGH03MMs LoOdMbm.

8993900

B30  33wg30b  BoOpwgddo  Lyye  Tgbfisgewoos 90 Jgdmbzgzs,  yobsforgdrwo  ggal
30LEHMEWMP0MO X 3B30: bMWY boges3s30L dMOGHYJEo gdomgerowgdo (n=15), GgREwyds-
9Bmxs3030 (n=15), 5M5OL3sHBONMHO  dMYGHOL  bogwsdsgo (n=15), EBso bsGolbol
©OoL3EsH0s (n=15), oo bsMolbol ob3wsbos 15 (n=15), Logwsdsgzol 5©YbMmIsME06MTs
(n=15). 3530963900l LsdMoem sbsgo d60dzbgwrmabs o33wgdm©s XaMBgddo (p <0.001),
9439w 5%Dg 050 1530 IBOJBOMES LYgEs3530L BAMTSE MO g3omgEr0dol xando (34.7 +
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1.3 §owo) s yzgmsbg ds0oo Bogwradsgol sgbmzs®mEobmdol xamando (67.3 + 1.8 {gwo).
Lbgoeol dsbol 0bgduo (BMI) slggg 9608369cm3zbs g9blbgegmgdmms Xxawa9dlL dmeol (p

<0,001), yg39wsBy Jo05¢0 3609369 mdYd0 5006086 Fomsero batolbols oldwsbosdo (30,7 + 1,0
38/0?) 05 Y439wobg ©od5¢0 Loywsdsgzol bem®mdowrwe g3omgeroddo (24,0 + 1,5 3/02).

Age Distribution Across Groups BMI Distribution Across Groups
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Q0530535 15: A. 553006030 dmbo39dgdols dobsfioegds b33wg3 XaMB9dd0; B. Lbgrmeols dsbols
0b69gdbol (BMI) gobsffoergds bs33wg3 X aw890d0;

3b™36M930L ool Bog@™EOIOL FmMob, Imoz0lL 493039 Gds 439D oo 0gm o0
bs6HoLbol EoL3EIsDBOOLs S 950g6M3sMHE06MACL X A89dT0, brerm sen3m3merols Imbdscmgds
MRO® HBJoMms© ©sx0JLoMmEs IMfobszg OL3WSBOOLs s JoMEF0BMIoL dJmby 353096@9dd0.
3Om@GHMbmwo G§ddml 0630d0@MEOoL (PPI) 853mygbgds Ma3@m bdo®ms© ©sxgodlo®ms dsMg@ol
Boygas3030Ld 5 EoL3EsDool X35390d0, Mo3 F0momgdl Tgboderm 353306MHDg ©o9350gd0L
3OMAMGLOMGILMD.  96mgdol  Loddodg  MIBIMB  OBOHEIOMPS  30LEGHMELMYOWEOO
GObLRMOIs3008 OML,  3dodg  bogdom,  OMIgGog  M30MSGHIVs©  500bodbgds
5©96m35M306mdol 99dmbgqzgddo.

00996 3obGHmgdodom®o 85639600 gudtmglios

SOX2-0b gdu3Mglosd obggbs 360369 mzsb0 FgdE0MmYds 53500l FOIMAMILOMYILM6
90ms (p <0.001). dgrog®o dotmzmwo SOX2 9dud3mglos sx0JLOoM®s Loy sdsgol bmMTorwm®
oM BYge 930mgeomddo (58.3 + 4.8%), bmwrm dsM9EOL bogersdszds sB39bs BmdogMo badolbols
9Ju36glos (60.0 + 7.3%). ©sd5¢0 HsoLbbol EOL3WsB0sd sh39bs Fgladhbgzo dgdizomgds (40.0 +
4.2%), bmeom dopswo bsmobbol obdesbosd shgzgbs dgdpmdo dgdoMgds (7.7 + 2.1%).
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Loygana3s30L  5gbm3sMmE0bmadol sME3gMom dgbfagwow dgdmbggzedo 6 osgodbomos SOX2-ol
9Ju36MgL0o.

Ki67-ob 94bdcglos, 86083690 m3bs go0BsM©s ©5350gd0L Loddodol dobgwzoom (p <0.001).
Loygans3s30L bm®mTsrw® 930m90vdds S dMYEHOL Logwsds3ds godmagzerobs adswo Kib7-ol
9dudeglbos (3.7 + 0.5%), bmwm 5o bsmobbol oldwsH0sd shz9bs BMs (30.0 + 4.2%).
35050 bsmolbol  oL3WsHBoOLy s  50gbM3IsMHE0bMAOL ML  Kib7-0ol ©mby  ogm
Lo ®dbmdWs© dmTsBgdwo (38.3 + 4.8% o 33.3 + 2.4%, dgbodsdobo), Gog 8000mgdL
39909MH GO 3OHMEWOGBIOG0 5JEH03MdsDY 67M3WsBoMEmO 3OHMAMILOMYOOL MU

b0 8: A. Ki67 -ob 97b369b0os 856990 bsyers3sz0l 3069 85630005(98:9¢»
0@9b235030600000 Jgdorbzg35d0 THC, 400X; B. 856990 bsgers3s30 ds@sero bstobbols
@ob3ens booor P53-ob 9/b3Ggbos IHC, 400X C. P53-ob 97b3Ggbos 356990l bsyars3sgol 306y

356300056(9829¢0 509b23563060200 J9dorb3z935 THC, 200X;
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p53-0b 9dudgbool 60dMdgdo d6033b9wMm3zbo 2oblbzs3IdMPS 30LEHMWMYOWE  KAYBJOL
dmOob (p <0.001). 3569&0L 3o )M s 5M5OL3WSBOWE Logers3s3d0, LG o p53-ob 9w0gd3s
©5530JL0MES YR MGJdOL 10%-by b530gddo (2,3 + 0,5% o 3,3 + 1,2%, dgbodsdols), MmdgEos
d99Lod5390s 39690MH030 FH030L gJudMLOSL. B0 BIMOLbOL EOL3WsH0sd sB3965 ™m©bog
239DMHOWOo, Foasd 33WsO P53 3mboGommmds (4.3 + 3.4%), bmwm Joswo bsGolbol
OoL3WsH05d 563965 P53-0l I 0gM0O doOMZYo 9Ju3MLOS YxMgEYdoL 35.0 + 11.2%-80, o3
doomgdl  sMgmer TP53  393s3om6  0m3wgbgdbg.  Loywsdsgol  s@9bm3zstobmdols
9990bg93900s 583965 P53-0b yzgasbg dswseo 9JudMglios (53.3 + 9.7%), Mg dgglsdsdgds bdoe
TP53 399353090l 06350996 530030193056 LodLogbgdo.

kY

)
e
‘d

’

-y
-

g - F
A o
E-PEL T

s vy
L5 8,
Db Sl

- A Dy 2
RPN St S N
L LB i Se A W b

b0 9. A.Ki67-0b 9763659b0s 85639900 bsgers3s30L 0sdsero bs@olbol woliders bools
d9000639396d0 THC, 400X; B. SOX2-0b 97/b3G9b0s 856950l bsyensdsgol Gs@sero bstolbolb
@ob3ens boob dgdorbzgz5d0, IHC, 200X, C. SOX2 ob 99b369b0s bsgersdszol s@9be23560306m80b
d9doob393500, IHC 200X
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50X2 Expression Across Groups Ki67 Expression Across Groups P53 Expression Across Groups

E E E
A - B - C-
g 5 g

Histologic Group Histologic Group Histologic Group

0536535 16: A. SOX2-0l 9Ju36MHglools gobsforgds Lo33wg3 xyMB9gddo; B. K67-0l gdudmgliools
239650 gds Bo3zerg3 X a539ddo; C. P53--0b 9dudMgbool gobsfoargds Bo3zzwrgs xame3q0do;

U ©51336900 bsBL  ML3sAL  BoMYGHOL  Boysdsgzol  3MMAMILOMGIMID  ©s353d0MdM
296Lb35399 IM9399 M (3300 dJOL O 356M5IEMBL, HMA SOX2-0b d39009ds, Ki67-0l
2390053563900 9Ju3MgL0S S P53 WIRMM3JdS BIM3WSBOMMO BHEBLRMO 5300l JoMOMIO
06@035@™6M0s.

PO

B3960 331930l RsMREddo  godmzargbowos SOX2, Ki67 s p53-ob 9Judcglos dsGgEobL
Logasdagol  (BE)  360myMmglo®gdsdo  s00@oldsbommo  8ymds®gmdgdosb  Lbogwsdsgol
5Q96M356M306Mm3599. 890092900 5639690L, HMI SOX2-0l 9gu3Mglos 36083bgwmgbs d30M©Yds
Q553500900 3M1MMHIBOMYGOILMSB gOHo®, beaenm Kib7 s p53-0ol 9dudMHglool mbggdo 0bMogds
OoL3WsHool Loddodols 3MmMgus30sdo. gl 1336900 gdmbggzs sMLYdIM 33¢9g39dL, MMAEOl

76 gddog dglhogeroos BE 3563960ma969Bol dmerg39wmmo 33w00wgdqdo[16].

SOX2-0b  9du3eglool  @s356Ma35> BE-0o0 @5 dobo  momddol  sMoMlgdmds  Loywsdszol
5009bm356306Mm35d0 F9glisdsdgds fobs 3ganglsl Watanabe et al. (2018) Gmdgerog sbggg s3agbu,
63 SOX2 950597939305 Boyws3s380 dMEYgeo 930mgeodols 09gbEmdol dglsbs@Bmbgdms
Q5 30L0 593900905 byl Mfigmdls bofensgol 3gEHodsB0sBY 4oILZESL. sbsErMma0Mm, Qiao
et al. (2020) 508msB0bs, ™I SOX2-0b 9dudMglbool d9830MYds H353806MdM0s CDX2 mbols
35%)905Lm5b, 65{s30L O RYMI6E05E300L b53356dM Fo®3gMmsb BE-00[17], [18]. Bggbo sli33b9d0
0593539000 5BEHMHYOL, MM SOX2-0l IMMYB3S 5EMGo dmzgergbss BE-do s 990dgmgds
bgwo dgmhyml 0O GHYIwo oBIMIHE05300L O350, Mo3 OLEWSHBOVIMO (330 gdgd0L
L5059l 0dE3d.

Ki67-ob  9Judcglosd, sh39bs BE-Go  360d3b9gemgzgsbo  BMH@s  ©@obdsBorMosb o
5Q9bM35M306M350g, M3 FboOL MFgML dol GMEL byMm3wsBone® FHOMBLBMOTs3z0sdo. gu
390093900 gdmbggzs Weston et al. 33a09390b. (2017), Gemdgedsa 963965, G0 Ki67-ob gudcmgbios
3095305805 OoL3EsHools Boddodgbmsb @s 86089369 m3zbs  MYYMEOMEIdS  FoMOO
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bsG0olbol  oL3EsDooly s 5©I6M3sMEO6MAOL  OHML. dsMEs sdolbs, Liu et al. (2019)
356059096, MHmd Ki67, p53 0d1bm3olEmdodom® sbserobmsb dgmfydolsl, qdlbobwmemqds BE
361M9L0MYdOL 9539dEHO 3OMYPDbMBU[19]. Bz9bo 33eg3s 5394sMgdl 53 ©s3306039090L Ki67 combols
3539055 > EOL3EsDBoOL Loddodgl ol LBoGoLEGH03MOMs© 860d3bgwmasb60 3mMgwsizool
©99mbLEGHMOMmd0m.

P53 (330090900 3900 900l IILGHMMIdIYwo  BE-©sb  5@9bm3s630b6mdstyg
A6bLRMmMAs30590. B396L 33¢093580 P53-0b dgrogcmo doMm3mwo gjdldMglios Bswswro bstolbol
OL3WsHooLy s 5©g6M33ME0bMAOL MM FoMMoMGIL  353806Bg TP53 349353090095,
M0Igdog bdoMs d9obodbgds BE 3MmyMgbotmgdsdo. Stachle et al. (2018) ssyobgls TP53
913530900, OHMIMOE JOD-9OM0  Y39wsHg SOIMWo  39693H039M0 (330w gds BE-msb
SbME0MdME  390306MYgbgHTo, MmIgwoi bdoMs HBgds INORMEMYONOO OL3WsHool
399m3¢9659009(10], [11], [20], [21]. Bggbo 513336900 5QoLEH¥IMHgdL 53 9 gaqdL s boBL Miszodl
p53-0l 36033690 ™mdsL, MmO 3mGHIBE0MEO doMmdscm3gMl Molgol LEGHMoG0x8035300bm30L BE
353096390d0.

B39b0 33c0930LL  FMs35M0 LodEwogmg 0EYMTsMMdL 03530, MM  33g30LsMZ0L  356IYS®
239BLsBEZOWWO0s 30LEHMELMYOMMHO XFMRBJOO s 03MBM3oLEHMJoTomEo Bs639MHgd0, HMIgdo3
Sbobogl  doMomo  IMWY3MEME (330 gdgdl BE  3Mma®mqloMgdsdo. odi3s,  33arg3ol
99DP0MOMwMmds  9B306OMdYOMos odom MM,  33W935  MYIAOML3YIGHOM0s @
3900055602 gds 9OmM3EIbEHM060 3Mm3mmEGH0om. 1939 Jobgsgzs odols, Gmd THC Lsodgm
39960359, Im9g390MM0 3500030 39693H03IM0 56308 Y3MIMdOL 56 BHEMBLIMO3E™IomGmOo
565¢0Bol  499mygbgdom 300093 MBOM  A5530gMHYOL  oL3Z690L.  FMTozods 3300939000,
6OHmdgoi 3moEsgl BE-bosb 93930060900 (33e00egdgdol 39bmdowmé ©s 930396930396
36OHMBOW0MYOSL, F90dwgds MHBOWB39wYMmb ©99350Jd0L 3MIMAMILOMYGdOL d9dsboBTgdol WRG®
Low®dobgwo bgogs.

533360

B3960 330930l 999900 0deg35 BEAHSGHOLEBH03MSE LoMHIMbM 33303900, T doGgE oL
Boyga3530L 3MMMgLoMmIds LogeEs3530L 59bMm35ME0bMB®Y ©s353806M9gdYos SOX2, Ki67 s

p53-0ob  9Judcmglools  83580Mm  FMEYINWNYE  (33X0gdJOMsb.  SOX2-0l 360369 mgzsbo
05930000995 EOL3EsBOME s LodLogbmE Jumzowgddo J0M0mYOL 0By, HMAd oo I3>MY3S
00053560 ML 058503l dMEBHYIYIXOHJOM356006 bsHersgm® g3omgworddyg gowolizarsdo.
Ki67-0b gobMHoowo gdudcglbos bobL mligedls godwrog®mgdme 3MMEO0RIME0MWw 5gE03MmAsL
OL3WsHooLy s 39ME306MAOL Ms6J0TY3MMDdJdIOL MM, boem p53-ol gdudMgbos dswswro
bs6olbol  ©sB0sbYdgdLY s 5IbM3SME0bMTsdo FBSOL MFgOL Tol, GmymeE 39bmdowm®o
3BV MOHMOOL  oM39M0L  GMEl. gl ©ol33bgdo  bobL  MLgsdl 83  BdoMTsMI3GMHGOOL
3m3H9bEoswl, Omym®mE dosswo Golgol ddmby BE 353096(3)9gd0L 0©09b@onogo®gdolimaol.
905350 3393900, MMIWGdO3  959MHM0569dL Mg IMEME  EsB0s6gdGOOL  25dM3egbsls
239059093940 0gbgds  M0olgol  LEMsBH0B03s300L  sbggholmzol s BE-U  530030L930560
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Immunohistochemical Analysis of SOX2, Ki67, and p53 Expression in the Progression
of Barrett’s Esophagus to Esophageal Adenocarcinoma

P. Meshveliani; G.Didava; G.Tomadze; Sh.Kepuladze; G.Burkadze
Thilisi State Medical University
Abstract

Background: Barrett’s esophagus (BE) is a premalignant condition that progresses to esophageal
adenocarcinoma (EAC) through a sequence of dysplastic changes. The molecular alterations involved
in this transition remain incompletely understood. This study evaluates the expression of SOX2, Ki67,
and p53 across different stages of BE progression using immunohistochemistry.
Methods: A retrospective analysis was performed on 90 formalin-fixed paraffin-embedded (FFPE)
tissue samples from patients categorized into six groups: normal esophageal squamous epithelium
(n=15), reflux disease (n=15), non-dysplastic BE (n=15), low-grade dysplasia (LGD, n=15), high-grade
dysplasia (HGD, n=15), and esophageal adenocarcinoma (EAC, n=15). Immunohistochemical staining
for SOX2, Ki67, and p53 was conducted. Staining intensity and percentage of positive cells were
assessed semi-quantitatively. Statistical analysis was performed using ANOVA and Spearman’s

correlation tests.

Results: SOX2 expression was significantly reduced with disease progression (p < 0.001), with strong
expression in normal esophageal epithelium (58.3 + 4.8%) and near-total loss in EAC. Ki67 expression
increased significantly in dysplastic and neoplastic tissues (p < 0.001), with the highest levels observed
in HGD (38.3 + 4.8%). p53 nuclear accumulation was minimal in normal and non-dysplastic BE, but
increased significantly in HGD (35.0 + 11.2%) and peaked in EAC (53.3 + 9.7%) (p < 0.001), suggesting

TP53 mutation involvement in malignant transformation.

Conclusion: The findings suggest that SOX2 downregulation is an early event in BE, facilitating
intestinal metaplasia, while Ki67 and p53 overexpression are associated with dysplasia progression.
These biomarkers may serve as useful indicators for identifying high-risk BE patients requiring closer

surveillance and early intervention strategies.

Keywords: Barrett’s esophagus, SOX2, Ki67, p53, esophageal adenocarcinoma, dysplasia,

immunohistochemistry, tumor progression
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