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Y naumeHToB C KonopekTanbHbiM pakoM (KPP) HopManbHasi ToHKas KMLUKa, pacronoXeHHas BHe na-
TOIOTMYECKOro oyara, NpeTepreBaeT M3MEHEHMS, KOTOPbIE MOTYT GbiTb MPUYMHOM MULLEBAPUTENBHOM
AMChYHKLMM NOCNe paguKasibHOM onepauum no yaaneHuo onyxonu.

OueHka MeTaboNMyecknx M MUKPOCTPYKTYPHbIX U3MEHEHWIA B CIM3UCTOM 060M0YKE MOAB3LOLIHOW
KMWKK y naumeHToB ¢ KPP Heobxoanma ang Koppekuumn anropuTMOB NOCIE0NepaLMOHHOM Tepanumu,
3HTepanbHOro nuTaHus. CoBpeMeHHble CpeacTBa ONTUYECKOro GUOUMMUIKMHIA NOTEHLMABHO CNOCO6-
Hbl PELUWTb 3TY CTOXKHYHO IMAarHOCTUYECKYIO 3aa4y.

MccnepoBaTb ocobeHHOCTU MeTabonunsma u Mopdonornyeckoi CTpYKTypbl CTEHKU YCIOBHO HOPMasb-
HOW TOHKOW KMLUKM CO CTOPOHbI CM3MCTON 060104KkM Y naumeHToB ¢ KPP 1-3-ii ctaguii MeTogamu
Makpo-FLIM v onTuyeckoit korepeHTHol Tomorpadum (OKT).

O6bekToM uccnenoBaHNUs SBASNACL CTEHKA NOAB3A0LWHOM KULWKKM (66 06pa3LIOB) CO CTOPOHbI CIM3UC-
TO 060/104KM Y NALMEHTOB C TMCTONOrMYeCcku noaTeepxaeHHbiM KPP 1-3-ii ctanuii ¢ nokanusaumen
Onyxonu B Npa.blX OTAeNax 060404HON KMLWKK. 8 06pa3LLOB NOMyYeHbl Yy NALMeHTOB C 1-i cTaguen
KPP, 38 o6pa3uoB — y naumeHToB co 2-i ctagueit u 20 06pasuoB — C 3-i cTagueit pasBuTus ony-
xonu. O6beM onepaTMBHOIO BMELLATENbCTBA — NPABOCTOPOHHSS FEMUKOIIKTOMMS C TOTAsSIbHOM Me30-
KonoHakTommen — CME (numdopnccekumeii [12). Ceexxne o0bpasupl TKaHW MCCNe[oBanu MeToAamu
(nyopecuUeHTHOro BpeMsi-paspeLleHHOro MakpouMumkuHra (Makpo-FLIM) n OKT ¢ nocnenytowmm
rMCTONOrMYECKMM aHann3oM mMaTepuana.

Mo [aHHBIM TMCTONOMMYECKOro MCCNefoBaHWUS B TOHKOWM KuLKe naumeHtoB ¢ 1-i ctagment KPP caun-
3ucTas 060104Ka NOKPbITa HOPMaNbHLIM OLHOC/IOMHBIM MPU3MATUYECKMM KaeMuyaTbiM 3nuTennem. B
06pasuax KuLWKK nauueHToB co 2-i ctagmeit KPP Habnofanack runepcekpeums Camsm ¢ ydactkamu
$unbpo3a n nonHokposueM cocynos. Mpu 3-i ctagum KPP cnusuctas o6onoyka TOHKOM KULWKKM Bbina
PbIXN10M, C NOKaNbHBIMK YTOLLEHUAMM, y4acTKamm GMBpo3a € BbIpaXKEHHbIM IEMKOCTA30M M OYaramu
atpodumn. Hu B ogHOM 13 06pa3LLoB He 0BHapyXeHbl FMCTONOMMYECcKMe NPU3HAKKM 3/10KaYeCTBEHHOM
OMyXonu.

Mo aaHHbIM OKT B ciM3ncToi 060104Ke TOHKOW KULWIKK Y nauneHTos ¢ 1-i u 2-i ctagnamu KPP xopo-
LIO BM3YaNM3MpOBaNMCh KOHTYPbl BOPCMHOK M, YaCTUUHO, KpUNTbl. CTPYKTYpa BOPCUHOK Bblna rankoin,
Herpyboii, a dopma perynsipHoi. Y naumeHToB ¢ 3-i ctagueit KPP koHTYpbI KpUNT M BOPCUMHOK Bblnn
HeyeTknMU. Paznnunii B kaptuHe OKT Mexay ructonormyecknmm npenapatamu npu 1-i v 2-i ctagmsax
KPP nonyyeHo He 6bin10: CTPyKTypa BOPCMHOK TOHKOM KULLKK Bblna 4eTKoW, popMa HensmMeHeHHO. Mo
[aHHbIM FLIM BbISIBNEeHbI CTAaTUCTUYECKM 3HAUMMbIE OTIMUMS B NOKA3ATENNAX CPEAHEr0 BPEMEHM XKMU3HU
dnyopecueHLMM BOCCTAHOBNIEHHOMO HUKOTMHAMUAAMHYKNeoTnaa (bocdara) HAL(D)H (tm) mexay 2-
1w 3-i (p=0,031), 1-% u 3-i1 (p=0,018) crapnamu KPP.Tpu 1-it ctagum KPP tm cocrasuno 1,61 [1,30;
2,02] Hc, npu 2-i ctapgmmn — 1,50 [1,36; 1,73] Hc, npu 3-i ctagum — 1,37 [1,22; 1,51] Hc. Pe3ynbtathl
FLIM npennonoxuTenbHO CBUAETENBCTBYOT 06 YBENMYEHUM PONU TIMKONM3A B SHEPreTUYECKOM MeTa-
60/1M3Me IHTepOLMTOB BMeCTe C yBennyeHnem ctagmmn KPP.
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3AKJIIOYEHUE

KnioueBble cnoBa:

Ccbinka ans umTn poBaHus

Y naumMeHTOB C pakoM NpaBbix OTAEN0B 060404HOM KULWKM B HE 3aTPOHYTOM 3/10Ka4YE€CTBEHHBIM Nopa-
YXEHWEM MOAB3AOLWHON KULIKe 3aUKCUPOBaHbI HapYLIEHUS MUKPOCTPYKTYPbl CAU3UCTON 060NOYKM.
[pn 3TOM BbIpa)KEHHOCTb HapyLIEHWI MUKPOCTPYKTYPbl B CTEHKE TOHKOW KMLIKM CBSi3aHa CO CTaguen
pa3BMTUS OMYXONM B TONCTOM KuLiKe. TexHonornm 61MoBM3yanmsaumm, a MUMEHHO — METOAbI ONTUYECKOM
KorepeHTHOM TomMorpaduu 1 GpayopecLeHTHOro BpeMs-paspeLeHHOro MakKpoMMUIKMHIA, MO3BOUN
06beKTUBHO 0TOH6PA3UTL HaPYLLEHWS MUKPOCTPYKTYPbl 1 MeTabonn3Ma B CTeHKe NOAB3A0LHOM KULIKK.
[laHHble ONTUYECKOM KONopeKTanbHOM ToMorpadumn NpoAEMOHCTPUPOBANM PA3NNYMS B CTPYKTYPHOM
KapTUHE BOPCMHOK KMLLKM y NaumeHToB 1-2-i u 3-i cTagnit KonopekTanbHoro paka. Pesynbsrathl dny-
OpeCLEeHTHOro BpeMs-pa3peLleHHOro MakpoMMUAXMHIA MeTabonnMyeckoro KohakTopa HUKOTUHAMMA-
OMHyKkneotnaa (pocdara) cBuaeTeNnbCTBOBaANM 00 yBENMYEHUM POAU IUKOM3A B SHEPreTUYECKOM Me-
TabonM3Me 3HTEPOLIMTOB BMECTe C POCTOM CTafMM KOMOPEKTANbHOIO paka. BbisiBneHHble HapyLweHus
B COCTOSIHMM TOHKOW KMLUKWM Pa3BMBAOTCS Y MALMEHTOB C KONOPEKTASIbHbIM PakoM O Oonepauuu 1 ¢
BbICOKOI BEPOSTHOCTHIO IBNSIOTCS BAXHbIM NAaTOreHeTMYeCKMM 3BEHOM Manbabcopbuum B nocneone-
pauuMoHHOM nepuoge. B cnyyae noaTBepXAeHMS rUnoTesbl, pa3paboTaHHbIiA anropuT™M KOMMIEKCHOM
[MArHOCTUKM HapyLIEeHU MUKPOCTPYKTYPbl U MeTabonn3Ma B TKaHAX pacliMpuT BO3MOXXHOCTU peabu-
NUTALMK NALMEHTOB C PakoM MPaBbIX OTAENOB TONCTOM KMULLKK.

NoAB3A0LWHAN KMLWKA, HNYyOpecLeHTHbIN BpeMS-pa3peLleHHbli UMUIKUHT FLIM, onTuyeckas Korepex-
THas Tomorpacdus OKT, MmeTabonusm, KonopekTtanbHbli pak, Manbabcopbums

barpsHues M.B., Pabkoe M., begepuHa E.J1., JlornHoBa M.M., basaes A.B., Abenesuy A.N. u ap.
MeTabonu3M U MUKPOCTPYKTYpa CTEHKU TOHKOW KMIUKM Y MALMEHTOB C KONOPEKTaNbHbIM PaKOM.
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KoHdnukr uitepecos

ABTOpbI 3as1BSOT 06 OTCYTCTBMU KOH(INKTA MHTEPECOB

BnaropapHocTb, puHaHcupoBaHue Pabota BbinonHeHa npu nopaepke rpaHta PHO N2 19-75-10096

KPP  — KO/IOpeKTalIbHbIN paK
Makpo-FLIM — ¢noopeclieHTHbI BpeMsi-pa3pelleHHbIi
MaKPOVMMIKVHT

MM OKT — MynbTUMOa/IbHAs YCTAHOBKA 151
ONITUYECKOI KOTepeHTHOI ToMorpadum

BBEAEHUE

Manbabcopbiust ¢pukcupyercs y 91% maieHTOB
Moc/ie TPaBOCTOPOHHEN TeMMUKOJIIKTOMMUM, BBITIOJHEH-
HOJi TI0 TIOBOIy paka, a B TeUueHyue 3 MecsleB Y AAaHHO
IPYIIIbI TALIMEHTOB coXpaHseTcs auapes [1-3]. B mocnen-
Hee BpeMs HaOII0MAeTCsl POCT MOKA3aTess] BbKMBAEMOC-
TU TIOC/Ie OTlepaluii 10 TMOBOJY KOJOPEKTaJIbHOTO paKa
(KPP); sTa mososkuTenbHas TeHOEHLMS MpUBea K poCTy
KJIMHUYECKOTO ¥ COLIMATbHOTO 3HAUEHMST TTO3IHUX OCIOXK-
HEeHUIA, OTNpeneNsIoX MPOAO/DKUTEIBHOCTD M KavecT-
BO JKM3HM YCIIEIIHO MPOONEePUPOBaHHbBIX MMalleHTOoB [4].
YacToTa XpOHMYECKMUX TO3HUX SKETYJOUHO-KUIIETHBIX
OCJIO)KHEHMIT COCTaBJIsIeT OT 6 10 66% U KOppenmupyer C
TIOTIOJTHUTEIbHBIMM (PMHAHCOBBIMM PaCXoaMy JIeue6GHOTO
yupexgenus [5]. Y mauyueHTOB IIOc/ie IPaBOCTOPOHHEN
reMUKOJIOHIKTOMMM 10 TIoBoay KPP ¢ pesekiiueit 6omee
10 cM ITOAB3IOMIHOM KUIIKM HAOIIOAeTCS IIOMUMO K-
KOTO0 CTy/a yactble medexaruu [6]. Maababcopouyst (CUMH-
JIPOM HEeNOCTaTOYHOCTYM KUIIEYHOT'O BCAaChIBaHMSI) IPO-
SIBJISIETCSI HapyIIeHMeM IepeBapMBaHMs U BCAChIBAHUS
MMUTATeTbHbIX BELIECTB M3-3a M3MEHEHUII HOPMaJIbHOI
CTPYKTYpbI U (in) GyHKIMM KuileuHuka [7]. Benkoso-
JHepreTuveckass HeJOCTAaTOYHOCTb, pPa3BUBAIOIIASICS
BCJIENCTBYIE AIMMEHTAPHOTO JeUIINTa, yCYyTyOIsieT COCTO-
sIHMe TIallMeHTa B paHHEM IT0C/IeornepalMiOHHOM Ilepuoe
Y yBeNUUYMBAeT PUCK MO3OHUX OCI0KHeHUH [8]. B cospe-
MEHHBIX OIyOJIMKOBAHHBIX paboTax MeXaHU3M pPa3BUTUS
MababcopOIMM Y TAlMEHTOB C PAKOM TOJICTOV KUIIKU
CBSI3BIBAETCSI TIPEXIE BCErO C IMOUIENCTBUSIMU XUPYPTU-
YyecKkoro ypmaneHusl (PyHKIIMOHAJbHO Ba)KHBIX yUaCTKOB
kuiiku. ITo manubiM D.J. Gracie et al. (2012), maTore-
He3 DPasBUTUSI MaibabCopOIMM TOCTe MPAaBOCTOPOHHEN

240

HAIH — HUKOTMHAMUIIUHYKIEOTU]L,

HAI(®)H — HukotTuHaMuaauuykineotun (hocdar)

OKT — omTuueckasi KorepeHTHasi ToMorpadust

CME (mumbonyccexnyst [12) — IpaBOCTOPOHHSS
TeMMKOIIKTOMMUSI C TOTATbHOI Me30KOJIOHIKTOMMEN

reMMKOJISKTOMMM TI0 TOBOJY paka 3amycKaeTcs Iocie
pe3eKkiuy TePMUHAIBHOTO OTAeNa TIOAB3I0IIHOM KUIIKA
C MJIeOIeKaJIbHBIM ITepexo/loM U BKJIIOYAeT: YMeHbIlIeHe
BCaChIBaHUSI KEMYHBIX KUCIOT B TEPMMUHAAbHOM OTHese
TOHKOW KUILIKM; MOCTe0IepaMoOHHYI0 PAaCKOOPIMHALIIO
MOTOPUKM KUIIEYHMKA; TTOBBIIIEHME CEKpPeLUyu BOIbI C
pe3KMM CHIDKEHMEM ee BCachlBaHUsI; CMHADPOM U36BITOU-
HOro 6akTepuanbHoro pocta [9, 10]. Ponb pesexunn uie-
OIIeKaJbHOTO yIJIa ¥ MTPABbIX OTAEI0B 000A0YHOI KUIIKY B
PpasBUTUM IJIUTEbHOI Maibabcopbiimu omnmcana J. Cosnes
et al. (1978) [11]. locTaTOYHO MIMPOKO OCBEIEeHA IMpobiie-
Ma BJIMSIHMS OTepaluii Ha MpSMOi KUIIKe Ha (YHKINIO
SKeTYIOYHO-KUIIeYHOTO TpaKkTa Moc/ie HU3KOM IMepenHeit
pesekuyy ToNCTOM Kumku [12-14]. Hecmotpst Ha 60ib-
10€e KOJIMYeCTBO MCCIeIOBaHMIA, IO HACTOSIIIETO BpeMeH!
OCTaeTCsl HESICHBIM BOIIPOC: Pa3BMBAETCS JIM MaibabCop-
61usa y nauueHToB ¢ KPP TonbKo rociie (M BCJIEOCTBUE)
pe3ekiuy (PyHKIMOHATBHO 3HAYMMBbIX YYACTKOB KUIIKMU
un MopdodyHKIMOHANbHAS OCHOBA AJISI HapylleHus
BCAChIBAHUSI B TOHKOI KUILKe TOSIBIISIETCS A0 OTepalyin.
B HOpMAaIbHOI CIM3UCTOI 060JIOUKE TOHKOM KUIIKY Y
nauyeHToB ¢ KPP B oTamume OT MauueHToB 6e3 MaToJIorumn
JKeJIYOOYHO-KMIIEYHOI'0 TPaKTa IIPONUCXOAAT MSMEHEHIA B
MeTabonM3Me, B UaCTHOCTH, B 0OMeHe YITIeBOJOB, SKMPOB
U aMUHOKMUCJIOT, & TaKKe MUKPOOUOIOTUYECKUE, TeHETH-
Yyeckyue " SMUTeHeTudecKue m3MeHeHus. VccrmemoBaHus
Matthew L. Silviera et al. (2012) 1moxasbIBalT, YTO acCM-
MWISIMS TIMIIEBBIX KOMIIOHEHTOB B HOPMAabHOM C/IM-
3UCTOI 000JIOUKe TOHKOW KUIIKY y manyeHToB ¢ KPP
MPOMCXOOUT MHAYe BBUJY BBICOKOTO YPOBHSI TOPMOHOB,
peryampyomux MeTaboam3M ITIOKO3bl, M HU3KOTO YPOBHS
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[JIMKOJIUTUYECKUX (EePMEHTOB (K/IIOUEBBIX PETYISITOPOB
MeTaboM3Ma ITI0K03bI) [15]. BeisBiieHMe HapyIIeHNs Bca-
CbIBAaHMSI B CJIM3UCTOM OOOJIOUKE TOJCTOV KUIIKU MOXKET
ObITh MCITOIb30BAHO B paHHel AuarHoctike KPP.

[Tomumo »storo [OHK mnonmomaBupyca (JCV) mun
Fusobacterium nucleatum B VHTaKTHO¥ CTM3UCTOM 0607109-
Ke kumeyHuka npu KPP BcTpevanuch B 60blIemM KOJMU-
yecTBe HAOMIOIEeHNI, YeM B CJIM3UCTOI 000I0UKE TOJICTO
KMIIKM Y 300pOBOro yenoseka [16, 17]. Tak, Hanpumep,
IIHK Fusobacterium nucleatum BcTpeuajach B CIU3UCTOI
TOJCTON KUIIKK y 16-48% 3[0pOBBIX MAlEHTOB, a B
MHTaKTHOI CJIM3UCTOM 060I0UKe TOJICTOM KUIIKM Y TAIU-
eHTOB ¢ KPP — B 63,9% cnyuyaeB. i3MeHeHMs B TUCTOIOT M-
YeCcKM MHTaKTHOM Kulike y nanueHToB ¢ KPP Ha reHeTun-
YeCKOM U 3MUTeHeTUUeCKOM YPOBHSIX XapaKTepu30BalCh
yCUIeHNEeM 9KCIIPecCcuy HeKOTOPbIX reHOB MUKPOPHK: 21,
7,31,92,181, 203, 106a, ERK1; 6enkoB ITGB1, NLK, mtSSB;
yBellMueHeM KOIMYecTBa pelLenTOPOB 3CTPOreHa U ero
nsodopm (ERB) B cpaBHEHMM C HOPMATbHO KUIIKO 3710-
pPOBOTO YeloBeKa.

IIJIsT OLEHKM CTPYKTYPHO-(DYHKUMOHAIbHBIX M3MeEHe-
HMII TIOAB3AO0IIHONM KUIIKY, TPOTHO3MPOBAHUS MalbIy-
recTuy U mMajababcopbuyeii pu pake 060I0UHON KUIIKM
MePCHeKTUBHBIMY MOTYT OKa3aThCsl METOAbI ONITUYECKOTO
6uouMukuHra. CoBpeMeHHbIe MEeTOMbl OMOMMUIKIMHTA
B BUJE OITHYECKOi KorepeHTHO#t Tomorpaduu (OKT)
U (GIyopecieHTHOTO BpeMsI-Pa3pelieHHOr0 MMUIKUHTA
(FLIM) OTKpPBIBAIOT BO3MOXXHOCTb C BBICOKOJ UyBCTBUTEb-
HOCTBIO M TIPOCTPAHCTBEHHBIM Da3pelleHueM, B peab-
HOM BpeMeHU BU3yaau3UpPOBaTh, COOTBETCTBEHHO, MMUK-
POCTPYKTYPHBIE U OMOXMMMUUECKME U3MEHEHUS B TKaHSX,
BbI3BaHHbIE Pa3BUTMEM IMaTONOrUiL. HecMOTpsl Ha TO UTO
JMlaHHbIe METOJbI OVMOVMMM/IKMHTA OObEKTUBHO OrpaHuye-
HbI ITy6MHOM CKaHMPOBAHMSI TKaHM, KOTOpPast COCTABJISIET
o 100 mxm B ciaydae FLIM v 1o 1500 MM B ciydae OKT,
13-3a MPOYHOII B3aMMOCBSI3Y aHATOMUYECKUX (QyTIsIpoB
KUIIKM, HAaHHble 06 OOMEHHBIX HapyIIeHUSX U U3Me-
HEHMSIX MMKPOCTPYKTYPbl Ha IIyOMHE CJIM3UCTOTO CJIOST
06BEKTUBHO OTOOPAsKAIOT COCTOSIHVE TKAHM BCEi KUIIey-
HOJ1 CTeHKM. BO3MOXKHOCTM 3TUX METOAO0B B AUATHOCTUKE
HapylIeHN! B CT€HKe TOHKOV KUIIKKM npu pa3sutunu KPP
Ha CerONHSIIHNI eHb He M3Y4YeHBbI.

Ilens: viccienoBaTh 0COGEHHOCTY MeTaboIM3Ma 1 MOp-
(omornueckoit CTPYKTYpbl CTEHKU YCIOBHO HOPMalib-
HOI TOHKOIM KMIIKU CO CTOPOHBI CIM3UCTOM OGOIOUKU Y
nauyeHToB ¢ KPP 1-3-i1 ctaguii metogamu Makpo-FLIM
n OKT.

MATEPUAN U METOAbl

VccnemoBaHue IpoBedeHO Ha 6ase HUM skcrepu-
MEHTA/IbHO OHKOJIOTMM ¥ OMOMEeIUIIMHCKIX TeXHOIOIMIA
@®Ir'bOY BO «I[TMUMVY» MunsapaBa Poccuu, 06pasiibl MoIy-
YeHbl U3 KOJIOIIPOKTOJIOTMUYECKOTO LIEHTPa U OTAeNeHUs
abmoMuHanbHOI oHKooruu I'BY3 HO «Huskeropopmckast
ob6acTHas KiIMHMYeckas 6onpHMIA MM. H.A. Cemaiiko»
(Hwxumit HoBropom)». O6beKT MCCIeAOBAHNS: CM3UCTAST
060J109YKa TTOB3JONTHOM KUIIKM Yy TMalYeHTOB C pakoM
MpaBbIX OTHOENOB O00JOYHONM KUIIKKM 1-3-i1 cramuii.
Kpurepuu BKIIOUEHMSI B MCCIeOBaHMe: TOOPOBOJIbHOE
MHPOPMIMPOBAHHOE COIIaCHe Ha y4yacTHe B MCCIeI0Ba-
HIM, HEOCTOKHEHHBII paK MpaBbIX OTHEIOB OOOMOUHOI
KUIIKY, OTCYTCTBME OPTaHMUYECKO} MaTONOTUM TOJICTO
KUIIKY 3@ TpefeslaMmy CerMeHTa C Oonmyxonbio. Kpurepun
HEeBKJIIOUEHMSI B MCCIedOBaHMe: OCJIOXXHEHHBI KOJIO-
DeKTa/IbHBIM paK (KUIIeYHasi HelpOXOAVMOCTb, KPOBO-
TeyeHue), 4-g CTaAus KOJIOPeKTAJIbHOrO paka, Apyras
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MaToJOrMS TOJICTOM KUIIKM (TIOJUIBI TOJICTOM KUIIKU,
HecrienuuUUuecKuil SI3BeHHbIN KoauT, 60se3Hb KpoHa),
xupypruuyeckue ocnoxxenus KPP.

VcciemoBaHue BBIIIOJHEHO Ha 66 o6pasiiax TOHKOI
KUIIKMA y TIALMEHTOB C PakOM IIPaBbIX OTHEIOB TOJIC-
TOW KUIIKM: 8 06pa3IoB IMMOSyYeHbl Y TMAIMEeHTOB ¢ 1-ii
cragueii KPP, 38 o6pasioB — co 2-ii craaueit, 20 o6pas-
LIOB — Yy MaLMeHTOB C 3-i cTagueit pasBUTUS OITyXOJIU.
Craguu passutus KPP moaTBepXaeHbl TUCTOIOTUYECKNA.
Bcem maiyeHTaM BBITIOTHSIOCH OTIEPAaTVBHOE BMeIlIaTe Ib-
CTBO — MPABOCTOPOHHSISI T€MUKOJIDKTOMMS C TOTAIbHOM
Me30KkojoH3KTOMMen — CME (mumdonuccekiimeii J12) mo
TTOBOAY paka IpaBbIX OTAEI0B 060I0YHO KUIIIKY JIaliapo-
CKOIIMYECKMM CII0COO0M. B COOTBETCTBUM C KIMHMUYECKU-
MM peKOMeHIaluusIMi «370KaueCcTBeHHbIe HOBOOGPa30-
BaHMsI 060JOYHON KUIIKK U PEKTOCUTMOMIHOIO OTHeIax»
(2020), momMMMo Tab6OPATOPHBIX U MHCTPYMEHTATbHbIX
METOJIOB MCC/IeqOBaHusT (06IIMii aHaIU3 KPOBU, OOIIMI
aHaIM3 MOYM, OMOXMMMUYECKUIT aHaIM3 KpPOBM, KOary-
JlorpaMma, 3jeKTpoKapauorpaMma ¥ T.O.) BCeM Talu-
€HTaM BBITIOJTHEHbBI: (MOPOKOTIOHOCKOIIMUSI C TMCTOIOTU-
YyecKoi BepuduKaleil nuMar{Ho3a paka IpaBbIX OTIEJIOB
0000YHO KUIIKM, (GU6POracTPOCKOIINS, KOMITbIOTepPHAsT
TOMOTrpadust OPraHOB GPIOIIHO MOTOCTY U OPTaHOB TPY/I -
HOJi KJIeTKM, 61ioMapKepbl paka — pPakOBO-3MOPMOHAb-
Hbl/i aHTUTeH M oHKoMapkep CA19-9 [18]. Omepauus
3aK/II0Ya/Iach B YyHaJeHUM TIPaBbIX OTHENIOB 000MOYHON
KUIIKK (C1ernast, BOCXOAsIass o600uHast KUIIKa, reve-
HOYHBIN 13rUb U IpaBble OTHEJIbI [I0IIePeYHOoii 060J0UHOI
KUIIKY C TEPMMUHAJIbHBIM OTHE/IOM ITOAB3OOIIHOM KUK
mMHOM 102 ¢M) ¢ HaJOXXeHMeM 3KCTPaKOpIIOPaabHOTO
QHTUTIEPUCTAIBTUYECKOTO aHACTOMO3a C MpUMeHeHUeM
armapaTHoro 1Ba (60K B 60K C MCITOIb30BaHMEM JIMHE -
HOrO ciuBaroiero amnmnapara Endo-Gia-60).

AJITOPUTM 3ABOPA MATEPUANA AN NCCNEOOBAHUSA

Ha cermeHTe IMOAB3HOIIHONM KUIIKM, BKIIOUYEHHOM B
30HY pe3eKIM, MapKUPOBAIM yUacToOK cTeHku 1,5x2,0 cm,
JIOKQJIM30BAaHHBI HAa MPOTUBOOPHDKEEUHOM Kpae CTeH-
K1 Ha paccrosHumu 0,5-1 c¢M OT IIPOKCUMMAJIBHOTO Kpast
(puc. 1 A, crpenka). MapKuMpOBaHHbBIM Y4YaCTOK KUIIKU
BO BCeX CIy4asix paclioyiarajcs Ha pacCTOSHUM He MeHee
10 cm u He 6osiee 35 cM OT OIyXO0Ju, He comepskan nedex-
TOB, KMUPOBBIX TTOBECKOB (puc. 1 B). Cpasy nocie oTceye-
HMSI GPBIKEIKY TOHKOM KUIIKY MapKUPOBAHHbBIN yUaCTOK
MCCeKaITN, CPa3y ke MTOMEIAV €ro B MapJieByIo candeTKy,
CMOUEHHYI0 CTepuIbHBIM 10% pacTBOPOM OGBIYBETO CHIBO-
POTOUHOTO aJbOYMMHA U OCTaBJISIM K MeCTy IpoBefe-
HMSL Makpo-FLIM- n OKT-uccnenoBanuii Ha JibLy, COIJIac-
HO pa3paboTaHHOMY paHee MPOTOKOMY [19].

Maxkpo-FLIM mnpoBoauiayM Ha OPUTMHAIbHOM JIBYX-
KaHaJbHOM KOH(pokanbHoM FLIM/PLIM MaKpocKaHepe
(Becker&Hickl, TepmaHusi) ¢ OmHO(POTOHHBIM BO36YK-
IeHueMm GayopecleHIIMM € MOMOLIbI0 MUKOCEKYHIHBIX
nasepoB. MakpockaHep MO3BOJSIET MOMyYaTh BpeMsi-pas-
pellleHHbIe M300paskeHUsT C TIOST 3PEHMSI pa3sMepoM 0
18x18 MM ¢ mpoCTpaHCTBEHHBIM pa3perreHneM a0 15 Mkm
[20]. Permcrpauusi BpeMeHU >KMU3HM (ayopecmeHInu
OCYIIECTB/ISIIaCh MO0 MPUHLMUIY BPeEMS-KOPpPeIMpOBaH-
Horo cueta (oroHoB TCSPC (Becker&Hickl, TepmaHus).
dnyopecieHIINi0 BO36GY)KIanu B CIEKTpaJbHOM KaHase
HAJI(®)H ¢ nomo1ipio NTMKOCEKYHAHOTO ja3epa Ha OJIMHe
BOJIHBI 375 HM, IeTeKTMPOBAIN B quarna3oHe 435-485 HM.
MOIIHOCTh BO3OYKIAIOIIET0 M3JIy4eHUs] COCTaBJsIIA
12 mBT, Bpemst c6opa poroHoB — 90 c. AHaMMU3 KPUBBIX
3aTyxaHus aBTO(IyopecleHIMM MTPOBOAWIN B MIPOTPaM-
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me SPCImage 8.4 (Becker& Hickl, Tepmanus). 1306 paxkeHNs
VIMITOPTUPOBAJIM B IIPOrPAMMY, alllIPOKCMMUPOBAJIA 3aTy-
XaHue 6MIKCIIOHEHI[MATbHO MOJIe/TbI0, BBIOGMPAIM yUacT-
KU C IOMYyCTUMBIM XK-KBaapaTtoM (ot 0,8 mo 1,2), Beimensi-
JIVi 30HBI MHTepeca (110 2 30HbI Ha KaskKAOM U300 paskeHNUM),
MCKITIOUast 061acTu 6e3 06beKTa 1 cofepskaiiye apredax-
Thbl. BbIT IpoaHanM3MpoBaH napaMeTp tm — CpefHeB3Be-
IIeHHOe BpeMs X13Hu dryopecieHuny (tm=alxtl+a2xt2,
rae tl u 12 — BpemMeHa >XU3HU KOPOTKOI U OJIMHHOM KOM-
TOHEHT, al ¥ a2 — OTHOCUTeNbHbIE BKIAAbl KOPOTKON U
IJIVHHOJ KOMIIOHEHT 3aTyxaHus, al+a2=100%).

TMocne mpoBenenusi makpo-FLIM 6buia mccaemoBaHa
MMKPOCTPYKTypa 06pasuoB metogom OKT. Vcmonb30BaHa
MYJIBTUMO/Ia/IbHAST YCTAHOBKA JJIS1 ONITUYECKOI KOTEPEHT-
Hoit Tomorpadum (MM OKT), paGoTatomias Ha CIIEKTPasb-
HOM TIPUHIIMITIE TIpMeMa 06paTHO PAaCCeSTHHOTO OT TKaHU
curHana (MHCTUTYT nipukaagHoii usuku PAH, Hyskumit
Hosropog, Poccus) [21, 22]. LlenTpanbHasi OMHA BOJHbI
UCTOUYHMKA U3JIydyeHus cocTtasisieT 1310 HM CO CIeKT-
panpHOV 1mMpuHOi 100 HM, MPOJONIBHOE paspelleHye
cocrasisgeT 10 MKM, IonepevyHoe paspelieHue — 15 MKM.
CkopocTp nomyyeHus: gaHHbIX cocrasisieT 20 000 A-cka-
HOB/C. A-CKaH IIpefcTaBisieT co6oit mpoduib pacrpe-
JelleHnsT VHTEeHCUBHOCTU CUTHAJIA C ITTYOMHON B TOYKE
ckaHupoBaHusi. [lorepeuHbie cpe3bl TKaHM (B-CKaHbI)
IIVMHOM 2,4 MM ¥ TTy6uHOI 1,3 MM moy4JaroTcst ipu 2D-
JlaTepajJbHOM CKaHMpoBaHMM. IlocinemoBaTenbHOE MOINY-
yeHne 256 romnepeuyHblx B-CKaHOB ITO3BOJISIET IIPOBEC-
TU PEKOHCTPYKUMIO 3D-u300pakeHMs] B 0O0beMe TKaHU
2,4x2,4x1,3 mm. OKT-ckaHMpOBaHMe MMPOBOAMIOCH B KOH-
TAKTHOM DeXMMe.

i KaueCTBEHHOTO M KOJIMYeCTBEHHOTO aHanau3a U3
MOSy4eHHbIX 06beMHbIX OKT-11306paskeHuit COXpaHsIIICh
HECKOJIbKO B-CKaHOB ¥ M300pakeHMit BuAa CBepxXy Ha
TKaHb (en-face). Ha m300paxkeHMsIX oueHMBaIM Gopmy
M CTPYKTYDPbI KUIIEUHBIX BOPCMHOK, PacCTOSHUE MEXITY
BOPCMHKaMM. AnHanus TTOJTYU€HHBIX OAaHHBIX BbITIOTHSIN
B nporpamme Image] (NIH, CIIA). Ins cpaBHeHus OKT-
n306paskeHNit B 3aBUCUMOCTU OT cTaguiit KPP mpumeHsiin
KPUTEPUIT «CTPYKTYpPa», XapaKTepU3YIOIINIACS KaueCTBeH-
HBIMM TTapaMeTpaMy IJIaJKOCTH, TPYOOCTM U DPEryJsp-
HOCTH.

T'ncronornueckoe mccieloBaHNE pe3elpOBaHHOIO
y4acTKa KUIIKY C OITyXOJIbIO BBITIONHSUIM B OTHIEIE€HUU
naromopdonorum I'6Y3 HO «<HOKB nm. H.A. Cemamiko».
TMcToNOrMUecKoe uccaenoBaHue 00pasoB TKaHe, OIy-
YeHHBIX C MPOKCUMATbHOTO U AVCTAJIBHOTO KOHI[OB pe3e-
LUMPOBAHHOTO yyacTKa TOHKOKUIIEYHOI CTeHKMU, BBITION-
Hsuiu Ha 6Gase IIMMY. O6pasusl ¢GukcupoBaau B 10%
dbopmanuue B TeueHue 48 wacos. IIpy MPUTOTOBIIEHUN
TUCTOJIOTUUECKUX CPe30B YUYUThIBaIM TIockocTh OKT-
CKaHMPOBAHMSI: OHA COBIIA[AJ/a C IJIOCKOCTbIO B-CKaHOB.
Vcnonp30Banmy OKpalllMBaHMe reMaTOKCUJIMHOM U 303U-
HoM (T'&D). TTaToMmopdosIor MPOBOANUII CJIETIOE OIKCaHue
TUCTOJIOTMYECKUX TIpernapaToB C 3aHeCeHMeM pesyibTa-
TOB B CIIeLMaIbHYIO0 Tabnuily. OlleHMBaIY HAJIMUME/OTCYT-
CTBME OTeKa, BOCMaJIeHMsI M HeKpo3a, a TaKKe COCTOsIHUe
KPOBEHOCHBIX cocynoB. LInudpossie dororpadnu momyda-
JIM B TIPOXOZSIIIEM CBeTe C MOMOIIbI0 MMUKpOcKoma Leica
DM2500 DFC (Leica Microsystems, Wetzlar, Tepmanus),
ocHaleHHoro uudpoBoii kKamepoii Leica DFC425 C.
Pe3ynbTaThl 11aTOMOPQOJIOTUYECKOTO MCCAeT0BaAHMS
CPaBHMBAIYM C COOTBETCTBYWOIIUMMU CTPYKTypHbIMU OKT-
1300paskeHUsSIMI U SAHHbIMY Makpo-FLIM.
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Puc. 1. Dransl 3a60pa U MOATOTOBKYM K MCCIEJOBAHMIO yUaCTKa
MOAB3IOIIHOM KUIIKM. A — BUJ, Makpolipenapara (Ha mpuMepe
nauyeHTKu B., 80 jieT) mocse onepauyum — nmpaBoCTOPOHHEN
TeMUKOIIKTOMUH (TUCTOMOTUYECKY — aleHOKapLMHOMA CJIeTIoi
KUIIKK), CTPEJIKOI yKazaHa IPOKCUMasIbHasl TpaHulia pe3eKiunu
OITyXONN; B — y4acTOK NOAB3IOLIHOM KMUIIKY [IOATOTOBJIEH K
nccieJOBaHMIO C ITIOMOIIBIO METOo 0B dJJIIOO]I)ECLleHTHOI‘O BpeMsia-
paspelieHHOro MakpOMMMIKMHTA Y ONITUYECKOI KOrepeHTHOM
TOMOrpacdut CO CTOPOHBI CJIM3UCTOM 060TOUKI

Fig. 1. Stages of sampling and preparation for the study of the ileum.

A — macropreparation (on the example of patient V., 80 years old) after
surgery — right-sided hemicolectomy (histologic — adenocarcinoma of the
caecum), the arrow indicates the proximal border of tumor resection; C —
the ileum section was prepared for examination using fluorescent-lifetime
macroimaging and optical coherence tomography on the mucosal side

CTATUCTUYECKAA OBPABOTKA OAHHbIX

CraTuCTHUeCKyi0 06paboTKy pe3yabTaTOB MPOBOAVIIN
C JCIOJIb30BaHMEM I1aKeTa CTaTUCTMUYECKOTO aHaau3a
STATISTICA 10 (StatSoft, Inc., CIIIA). B paGore IpoBoO-
IWUIM pacueT MeAMaHHBIX 3HaueHuit (Me) mM3MepsieMbIX
BenuuuH U BepxHero (Q1) u HmskHero (Q3) KBapTuieii.
JIOCTOBEpPHOCTh pasiInumuii Mexay Tpynnamu IIpu Cpas-
HEeHUM KOMMYeCTBEeHHBIX ITapaMeTPOB MUKPOCTPYKTYPhI U
KPOBOOGOPAIeHMsI CTEHKM KUIIKM IIPOBOIMIIM C UICIIOIb30-
BaHMEM HellapaMeTpu4eckoro Kpurepusi MaHHa—-YUTHMU.
CTaTUCTUYECKM 3HAYMMBIMU CUMTAIM Pas3iuuusl Tpu
ypoBHe 3HaunmocTu p<0,05.

PE3VYJIbTATbI

YcTaHOBJIEHO, YTO MOpdoiornyecke 1 MeTabonuec-
KJe HapyllleHNsI B He3aTPOHYTO OITyXO0JIeBbIM IIPOLIeCCOM
MOAB3IOLIHONM KuuIKe y mnauueHToB ¢ KPP mosiBasioTcs
JIO oTlepaluy pes3eKLUyu KUIIeUHUKa, a UX BbIpaskeHHOCTh
KOppeupyeT co CTafyelt pasBUTHs OMYXOJu (Tabnuiia).

[To ;aHHBIM IYCTOIOTUYECKOTO UCC/IeJOBAaHNS y Mal-
eHTOB C 1-71 cragyueit KPP B TKaHSIX IMOAB3OLIHOM KUIIKA
He OOGHaApyskeHbl MIPU3HAKM BOCIAJIEHUS, BCE CTPYKTYPBI
CIM3UCTOV 060JIOUKYM (OIHOCIOWHBIN TMPU3MaTUUECKUIA
KaeMuaTblii 3MUTeNNnii, COGCTBEHHAsT TUIACTUHKA CIU3UC-
TOI OOGOJIOYKM M MBbIIIEUHAs] TUIACTMHKA), TTOICIU3UCTON
OCHOBBI, MBIIIIEUHO ¥ CePO3HOII 0607I0YEK COOTBETCTBO-
Banu HOpMe (puc. 2 A).

VY mnauyeHToB co 2-i cragueir KPP crpykrypa cin-
3JCTO O6GOJOYKM TOHKON KMUIIKM TakKe BbIIVIsHeNna
YCJIOBHO HOPMaJIbHOJA, HO BBICOTA BOPCUH ObIa CHUKEHA
(puc. 2 D). YV 4yacTu MalMeHTOB MMeJIu MeCTO HeKOTOpble
Mopdosornueckre ocobeHHoCTH: B 8 u3 38 06pasiioB
HAOTIONAMNCh TPU3HAKY TUITePCeKPeIs CIU3U, HaTuume
y4acTKOB (h16po3a 1 MOTHOKPOBUS COCYAOB: y 1 maryeHTa
MMEeJIM MeCTO odaru aTpoduy BOPCUH, a TaKKe JIeiikocTas
B OJIMHOYHBIX COCy/ax;y 1 MaluyeHTKY CAU3UCTast 000I04-
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Tabnuya

CoOTHOIIIeHME IMCTOIOTMYEeCKNX, MeTaboImuyeckux (1o JaHHsIM FLIM) i MMKPOCTPYKTYPHBIX (110 JaHHBIM OKT) nsmeHeHwmit
B TKaHSX MOAB3OIIHOM KMIIKM CO CTajyiell pa3BUTHS KOJIOPEKTAJILHOIO paKa

Table

The ratio of histological, metabolic (according to FLIM ) and microstructural (according to OCT) changes in the tissues of the

ileum with the stage of development of colorectal cancer

Crapums KPP Pe3ynbTaT ructonornyeckoro nccnenoBaHus Bpems xu3Hu dnyopecueHumm Pesynbratbl OKT
HAL(P)H (c)
1 (n=8) Be3spne ycnoBHas HopMa 1,61[1,3;2,02] MoBEpPXHOCTb BOPCMHOK TOHKOM KMLLIKM
2 (n=38) 21% — runepcekpeuums Cnsu, Hanuuum yyactkos Gpubpo3a U NoNHOKPOBUS 1,50 [1,36; 1,73] Manka, a GopMa perynapHas
) g »20 L 1 HEM3MeHeHHas

COCyRoB;

2,6% — ouaru aTpoduu CIM3NCTON 060M0UKM, @ TaKKe NIeMKOCTas B

OAMHOYHbIX COCYAAX;

2,6% — yTONLEHUe CIM3UCTON 060104KM, NONHOKPOBUE COCYAOB,

yMepeHHas Anddy3Has MHOUNLTPALMS TKaHW KULWIKK 303MHODUIbHBIMMI

neikouuTammn
3 (n=20) 75% — ycnoBHasi HOpMa B CIU3UCTON; 1,37[1,22; 1,51] Mnoxas auddepeHUMpPOBKA CIU3UCTON

12,5% — BOpPCUHbI HEPAaBHOMEPHO yMeHblUeHbl B pa3Mepe nnMbo
OTCYTCTBYIOT, BOCMANMTENbHA MHOUALTPALIMS MUHUMANbHAS;

12,5% — BblpaxeHHoe aAndPy3HOe XpOHMYEeCcKoe BocnaneHue, Bbicota
YaCTU BOPCUH CHMXKEHA

1 NOACN3UCTOM 060104eK, KOHTYPbI
BOPCUHOK HeueTkue

Mpumeyanus: KPP — konopektanbHbiit pak; HAL(®)H — HukotuHamuaannykneotus, (docdat); OKT — onTuyeckas korepeHTHasi ToMmorpacdus
Notes: KPP — colorectal cancer; HAL(®)H — nicotinamide dinucleotide (phosphate);OKT — optical coherence tomography

Ka ObUIa YTOJIIIEHA, COCYIbI BBIIISIAENN TTOTHOKPOBHBIMY,
3adukcupoBaHa ymepeHHas auddysHas MHOUIbTpaIus
TKaHM KUIIKA 303MHOMDMUIbHBIMY JIEMKOIIVTAMMU.

V 12,5% o6pasioB TkaHu nauyeHToB (1 u3 8) ¢ 3-it
cranueit KPP umenu MmecTo BeIpaskeHHOe aybdy3HOe Xpo-
HMYEeCKOe BOCHajeHue, BbICOTA YacTV BOPCMH CHIKEHA.
Taxke y 12,5% (1 13 8) — BOpCHHBI HEPABHOMEPHO YMEHbB-
IIeHbI B pa3Mepe b0 OTCYTCTBOBAJIN, @ BOCITA/IUTETbHAS
MHGUIbTpauMst 6bUIa MUHUMAIbHOI (puc. 2 G).

TTo marHbIM OKT B c/M31MCTO 060/I0UKe TOHKO KUK
npu 1-1 (puc. 2 B, C) u 2-1 (puc. 2 E, F) cragusix KPP y
BCeX IMalMeHTOB CTPYKTypa TKaHeil cOXpaHeHa: Ha KpocCC-
CeKI[MOHHBIX M300paskeHMsX (puc. 2 B, E Gesbie cTpesikm)
XOPOIIO PasaUYMMbl KOHTYPbl BOPCUMHOK M, YaCTUYHO,
KPUIIThI, BUAHA TPAHULIA CTIU3YUCTO U MOACAN3UCTOI 060-
nouek. CyurectBeHHbIX pa3nuunii B OKT-kapTuHe MeXIy
1-7 u 2-ii cragussmu KPP mony4eHo He 6bUT0, OHAKO TTPU
2-11 cTaguM KOHTYPbl BOPCMHOK Ha KPOCC-CEKIMOHHBIX
1300pakeHMsIX BUAHBI ueTue (puc. 2 E), Ha en-face n306-
pakeHMSIX BOPCMHKY UMEIOT 60/bLinit tuameTp (puc. 2 F)
0 cpaBHEHMIO ¢ 1-it ctaauedt (puc. 2 C), YTO MOXKET GbITh
O0OGDBSICHEHO CHUKEHMEM UX BBICOTHI ¥ HEGOIBIIUM YTOJ-
meHueM. B mpemaparax TOHKOW KMIIKM IAllMEHTOB C
3-i1 cragueri pa3BuTus paka no ganHeiMm OKT-uccienosa-
HMSI KOHTYPbl BOPCUHOK ObUIM HEUETKMMU, B HEKOTOPbIX
CIydasix HepasauuMMbIMM; CAU3UCTAs U TIOACAU3UCTAS
o6onouku nuddepeHpoBanuch mwioxo (puc. 2 H, I).

AHanu3 cpemHero BpeMeHM KM3HU (IyopecueHIUN
HAJI(®)H (tm) mokasaj CTaTUCTUYECKM 3HAUMMOE CHU-
JKeHMe JaHHOTO IMmapaMeTpa y IMalyueHTOB ¢ 3-i craguen
B cpaBHeHuM C 1-1i u 2-1 cragusimu KPP. Ilpu 1-i1 ctagun
KPP Me [Q1; Q3] nokasatenb tm cocraBuia 1,61 [1,3; 2,02]
Hc. Y mauyeHToB co 2-7 cragueit KPP 3HaueHue tm cocra-
Buio 1,5 [1,36; 1,73] He. [Ipu 3-it craguy nokasaresilb tm
cocraBwi 1,37 [1,22; 1,51] Hc. CTaTUCTUUECKM 3HAUMMbIE
pasanuus B 3HaUEHMSIX T 3aPUKCUPOBAHbI ¥ MEXKIY 2-ii
n 3-11 (p=0,031), 1-11 n 3-11 (p=0,018) cragusasmu KPP. Mexxny
1-71 u 2-11 cTaAVIMM CTaTUCTUUECKM 3HAUMMbBIX Pa3INunii
He BbIsIBJeHO. Ha puc. 3 mpeacraBieHbl TUIUYHbIE IS
KakIoi rpynmbl Makpo-FLIM-u306paskeHust mapaMeTpa
tm (HC) 9HIOTeHHO GIIyOpecIeHIINY TKaHEe.

TakuM 06pa3oM, B MCCIeNOBAHMY BIIEPBbIE TTOTYUEHbI
xXapakTepHble mapameTpsl aBTodayopecuer HAI(®)H
B TOHKOJ1 Kullike B HopMe U nipu KPP ¢ rmomoipio TexHo-
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Puc. 2. Tucronornueckas kaptmHa (4, D, G); Kpocc-CeKLMOHHOe
(B-ckanni) (D, E, H) (Bug, cBepxy) u en-face (C, F, I) omtnueckast
KOTepeHTHast ToMmorpadusi 1306paskeHust Py KOJIOPEKTaTbHOM
pake 1-i1, 2-7 ¥ 3-71 cTafinit COOTBETCTBEHHO

Fig. 2. Histologic picture (A, D, G); cross-sectional (B-scans) (B, E, H) (top
view) and en-face (C, F, I) optical coherence tomography of the image in
colorectal cancer of the 1st, 2nd and 3rd stages, respectively

jioruy Makpo-FLIM. BoisiBieHHbIE pasjindus BO BpeMeHU
skusHu dinyopecuenuyu HAJI(®)H B sHTeponuTax IMOf-
B3JOIITHOM KUIIKY MOTYT YKa3bIBaTh Ha Ipeob6ragaHiue
npotecca rmmkonnsa npu ysenuenuu craguu KPP (ot 1-14
K 3-i1 cTagun).

B wmcciegoBaHMyM TONMy4YeHbI IEpPBble XapaKTepHbIe
rnapaMeTpbl CTPYKTYPbl TOHKOJ KUIIKM B HOpMeE C ITOMO-
b0 TexHonoruu FLIM. Metaboiau3M B CIMU3NUCTOI 060-
JIOUKEe CTaTUCTUYECKM 3HAUMMO Pa3jInyacs y MaiueHTOB
¢ 1-1i un 3-i1, 2-1i u 3-i1 cragusavu KPP. Mexxny 1-11 u 2-1
CTaAMSIMU CTaTUCTUYECKM 3HAUMMBIX Pas/inunii He BbISIB-
JIEHO.

OBCY)XIOEHUE

B maHHO! paboTe BIlepBbl€ BBIMOTHEHO KOMILIEKC-
HOe MCCIeJoOBaHMe OMIOXMMIIECKIX M MUKPOCTPYKTYPHBIX
0COOeHHOCTe TOHKOM KUIIKK y TTaiueHToB ¢ KPP pasnny-
HBIX CTaJIM}1 C TOMOIIIbI0 COBPEMEHHBIX METOL0B OITHYEeC-
KOro 6uonmumskuura — makpo-FLIM u OKT.
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Puc. 3. Makpo-FLIM-u306paxeHusi napameTpa ¢, (HC) SHIOTeHHO (yopeceHM TKaHeli CIM3UCTOl 060/I0YKM TOHKOM KUILKM
MaLMeHTOoB B 3 u3yvyaembIx rpymmnax: ¢ 1 (A), 2 (B) u 3 (C) cragyeil KOMOpeKTaJbHOro paka. Aex=375 Hm, ALim=435-485 um

Fig. 3. Macro-FLIM images of tm (ns) parameter of endogenous fluorescence of the tissues of the mucous membrane of the small intestine of patients in
3 studied groups: with 1 (A), 2 (B) and 3 (C) stage of colorectal cancer. Aex=375 nm, Aim=435-485 nm

B HacTosiee BpeMsi ODHUM U3 TI€PCIIEeKTUBHBIX METO-
TIOB OII€HKY SHEPTeTMYEeCKOro MeTaboau3Ma JKUBBIX Kie-
TOK M TKaHeii sBiseTcs (GayopecieHTHbII BpeMsi-paspe-
IeHHbI UMUIAXKUHT (FLIM) ¢ onipeeneHeM mapaMeTpOB
3aTyxaHus GuyopecieHIn MeTabonueckoro kopakropa
HALI(®)H [23]. HedochopunrposanHas Gopma kodaxTo-
pa B Bune pemokc-napbsl HAII/HAJTH siBisieTcss ogHUM 13
OCHOBHBIX KO(AaKTOPOB, yUaCTBYIOIIMX B KIIETOUHOM JIbIXa-
HUU, OCYLIECTBIISIEMOM Uepe3 IPOLeCChl OKUCIUTETbHOTO
dbochopuampoBaHusi B MUTOXOHIPHUSIX ¥ aHA3IPOOHOTO
[JIMKOM3a B LMTO30je. PochopuinpoBaHHbI aHaIor
HATH, HA(®)H, perynupyeT MyTM OMOCHHTe3a JIUIIHU-
OB, aMUHOKUCIOT U HYKJIEOTUIOB U 3aUIUTY OT aKTUB-
HbIX GOPM KMWIOpoga ¢ momolnbio rmyratnoHa (GSH) 2.
Crextpsl duryopectienuyy HAODH n HA(®)H mpakTu-
YeCcKM WUIEHTUUYHBbI, OOHAKO KOHIeHTpauus HAJ(®)H B
KJIeTKe, KaK IIpaBUJIo, KpaliHe Maja M He PerUCTpUpPyeTCs
¢ noMmoluplo FLIM, Tak 4TO pe3yabTaThl UCCIeJOBaHUS
YacTo MHTepHpeTUpyoT kak HATH.

Monexyna HAJIH cymiecTByeT B CBOGOJHOI U B CBSI-
3aHHOII ¢ 6esikaMy (hopMax, OTIMYAKOIIMXCS 10 BpeMeH !
sku3HM diyopecuennyy [24]. CBo6ogHas dopma HAIIH
HaXOAUTCS B UUTOIJIa3Me KJIeTKU U aCCOLUUPYETCS C [N~
KOJIM30M B OT/INYME OT CBSI3aHHOJ, KOTOpast HaXOOUTCS B
MUTOXOHAPUSIX U aCCOLUMUPYETCS C OKUCTUTETbHBIM (OC-
dopunupoBanmuem. IlokazaHo, UTO yBelMYeHME UHTEH-
CUBHOCTM TIJIMKONM3a WJIM MHIUMOMPOBaHME KIETOYHOTO
IbIXaHUS TIPUBOIST K POCTY BKJIaJa CBOOGOIHOI (HOPMBI
HAJI(®)H B 3aTyxaHue dryopecieHInN 1, KaK CIeiCTBIE,
CHIDKEHMIO CpPeTHET0 BpeMeH! sKU3HM [25].

Metorn FLIM MoskeT GbITh peann30BaH B BUJe Jia3ep-
HOJ CKaHUPYIOLIell MMUKPOCKOIIUU UM MaKpOUMMUIKMHTA
[26]. C omHOIi cTopoHbI, FLIM-MUKpOCKOTINS, 061amast cy6-
KJIETOUHBIM pa3pelieHyneM, II03BoJsIeT IPOBOAUTD aHAIN3
MeTaboIMIYeCcKOro CTaTyca Ha YPOBHE OTHENbHbBIX KIETOK,
HO, C IIpYTOil CTOPOHBI, MaJIblil pasMep M0 3peHus (He
6osee 1 MM) U CJIOKHOE TEXHMUECKOE MCIIOHEeHMe orpa-
HUYMBAIOT ee MpUMeHeHMe B KiuHukKe. [IpeumyiiecTBo
FLIM-MakpoOMMMIKMHTA Tiepe] ABYX(MOTOHHOV Bpems-
pa3pelieHHOoli MUKPOCKOIIMEN COCTOUT B BO3MOKHOCTU
OBICTPOrO 06CIEAOBAHMS AOCTATOYHO KPYITHBIX 06pa3IioB
TKaHel, YTO IMpe[CTaB/sgeT MHTepec IJis JajabHelliero
KJIMHUYECKOT0 UCII0/Ib30BaHMsI JAHHOTO MeToAa. B ocHOB-
HOM, FLIM nipuMeHseTCs B SKCIIepUMeHTax Ha KJIIeTOUHbIX
KyJIbTYypax ¥ MOZEJISX 3a00IeBaHMil Y JKMBOTHBIX. PaGOTHI
¢ ucnonb3oBaunem FLIM pns ucciegoBaHUsI MaTepu-
aja TMauMeHTOB HeMHOrouyucjaeHHbl. Hampumep, ormy6-
JIMKOBAHbI CTaTbM, OMNMCBIBAIOLIVE IepBble De3yabTaThbl
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KIMHUYECKOTO mpuMeHeHust FLIM st oiieHKu MeTabo-
JM3Ma B KJIeTKax NP pake moueBoro myssips [27], KPP
[28], ruobnacTomax [29], HOBoobpa3oBaHUAX Koku [30].
WccnemoBaHmii 1o UCIIOAb30BaHMIO MeTona FLIM B olleH-
Ke MOpPGhObYHKIMOHAIBHOTO COCTOSIHUSI TOHKOM KUIIKU Y
MaIMeHTOB O HACTOSILEero BpeMeH) He TIPOBOAMIOCH.

Tpanchopmaruss CTPYKTYypbl KUIIEUHMKA BeOeT K
HapyleHWI0 ero (yHKUUM B BUIE CUHApPOMAa Majibac-
CUMWISILAY, BKJIIOYAIOIIEro B cebsi MaababCcopoOLuio u
MaJabAUTecTuio. PacuiMpeHHble OlepaTHMBHbIe BMella-
TeJbCTBA HA TOJICTOI KUIIKE TaKXXe OYeHb YacTO COIPO-
BOXKJIAIOTCSI BbIIIIEyKa3aHHBIMM CMHAPOMaMM BBUIY HApy-
LIEeHUI TIPOIeCCOB T'YMOPA/IbHOM ¥ HEPBHOI PEryisiiumn
MUIEeBapUTEIbHOIO KaHaja ¥ M3MeHeHMs] 6MoIeHO3a
KuireyHuka [31]. Manbabcopbiys OTHOCUTCSL K Hapylle-
HMIO BCAaChbIBAaHMS NMUTATENbHBIX BEIIeCTB B KUIIEUHUKE, a
MaJIbJUTECTHSI OTHOCUTCS K HAPYIIEHHOMY MUILEeBaPEHNIO
MUTATeNbHBIX BELIECTB B ITPOCBETE KUIIEYHMKA WU Y
KUIIEYHOV CTeHKM.

,[[}IH KOMIIJIEKCHOT'O pellleHMs aKTyaJIbHbIX KIMHU4YeC-
Kux 3agaud y nanueHToB ¢ KPP B mocieomnepalyOHHOM
nepuose B KauecTBe MepBOro dTana UCcaeqoBaHus HaMU
TpeaioXkeHo n3ydyeHre MophodyHKIMOHATBHOTO COCTOSI-
HMSI TOHKOJ KMIIKY C IToMoIbio TexHonoruii FLIM n OKT.
Opnako OKT B maHHOI paboTe BBICTYyIIAeT B KauyecTBe
MeTO/Ia BbISIBJIEHMSI IPYObIX HapYIIeHUI CTPYKTYPbI, KOTIa
TMCTOJIOTMYECKY BOPCUHKM HepaBHOMEPHO yMeHbIIIeHbI
B pasmepax MO0 OTCYTCTBYIOT. [Ipy 3TOM JIOKaJIbHbIE
M3MEHEeHUSI BOPCUMHOK, Takyue KakK aTpodusi eAMHUYHBIX
YYacTKOB BOPCUMHOK, 30HbI (pubpo3a M T.O., OTCIEOUTD
He yfiaeTcs B CBsI3U C AedopMaiyieii BOPCMHOK OT 30H[A
IIpy UCCIeNOBaHMM M MX HePaBHOMEPHBIM ITOJKaTU-
eM, a Takke HeBO3MOKHOCTbIO paclpaBUTh BCe CKIAAKM,
YCTaHOBUTDb 30H[ U YBUIIETh UCTUHHYIO BBICOTY U (hopmMy
BOPCUHOK.

[Ipo6aema IOMCKAa OITMMAJIbHOIO CIIOCOOA OLEHKMU
MeTabomM3Ma SMUTENUS TOHKOW KUIIKM Y TAI[MEeHTOB C
Pa3JIMYHOM IaTOJIOTMEN OPraHOB JKeJIYLOUHO-KUIIEYHOTO
TpaKkTa akTyajJbHa. BBMIY OCOGEHHOCTel aHaTOMMUeC-
KOTO pacHoIOKeHMs TOHKOM KUIIKM CYyIIecTBYeT IpO-
671eMa OTPAaHUYEHHOCTY TIPUMEHEHMsT S9HIOCKOITMYECKOTO
MeTO[a; U3 CyIeCTBYIIMX MeTON0B 3HI0CKOINYECKOTO
MCC/IeN0OBaHMST BO3MOXKHO ITpMMeEHEeHMe JUIIb KarlCyib-
HOJ S5HAOCKOIINM, OFHAKO BbIIIEYKa3aHHbBI MeETOH He
MO3BOJISIET U3YUUTh CTPYKTYPY KUIIKY Ha BCeli ee TOIIN-
He. MarHUTHO-pe30HaHCHAs TOMOTrpadus U MO3UTPOHHO-
3MMCCHOHHAsT TOMOrpadus He MO3BOJISIOT OLIEHUTh MUK-
POCTPYKTYPY KUIIKM M3-32 HEBGOJBINON paspeniaronieii
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crioco6HocTH. Vicrionb3oBanue metopa SDFM (Sidestream
dark field imaging method) orpaHuM4eHO 13-3a HeIOCTa-
TOYHOJ [yOMHBI CCIeNOBAHMST CTEHKM KUIIeYHUKA. [IJis
OLIEHKM CTPYKTYpbl ¥ (YHKIUM TOHKOM KMIIKM MCIIONb-
sytorcst Metopsl OKT u diryopecuieHTHOM aHrmMorpadmn,
OHAKO OHM IIO3BOJISIIOT JIMIIb BM3YalIM3MPOBATh MOP-
donoruio TkaHU, HO He ee (QYHKIMOHAIbHOE COCTOSTHME.
TakuM 06pa3oM, JOCTOMHCTBA TEXHOJIOIMY MeTabonnyec-
KOro Makpo-FLIM B olleHKe CTPYKTYpbl U (QYHKIMU TOH-
Koii xumky npu KPP He BbI3bIBaloT comHeHus. Cnenmyer
OTMETUTh, YTO JAHHBII METOH MOXKET OBbITh MPUMeEHeH
IUTIS OLIeHKM MeTaboaMJeckuxX M3MeHeHMI B KHUIIKe IPu
Pa3IMYHBIX MTATOIOTNYECKMX COCTOSTHUSIX.
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RELEVANCE In patients with colorectal cancer (CRC), the normal small intestine, located outside the pathological focus, undergoes changes that may be the cause
of digestive dysfunction after radical surgery to remove the tumor.

The assessment of metabolic and microstructural changes in the ileum mucosa in patients with colorectal cancer is necessary to correct the algorithms of
postoperative therapy and enteral nutrition. Modern means of optical bioimaging are potentially capable of solving this complex diagnostic problem.

AIM OF STUDY To study the features of metabolism and morphological structure of the wall of a conditionally normal small intestine in the mucosa in patients
with stage 1-3 CRC using macro- FLIM and optical coherence tomography (OCT).

MATERIAL AND METHODS The object of the study was the wall of the ileum (66 samples) from the mucosal side of patients with histologically confirmed CRC
stages 1-3 with tumor location in the right sections of the colon. Eight samples were obtained from patients with stage 1 CRC, 38 samples were obtained from
patients with stage 2 and 20 samples were obtained from patients with stage 3 tumor. The volume of surgical intervention is right-sided hemicolectomy with
total mesocolonectomy, CME (D2 lymph node dissection). Fresh tissue samples were examined using fluorescent lifetime macroimaging (macro-FLIM ) and OCT,
followed by histological analysis of the material.

RESULTS According to a histological study in the small intestine of patients with stage 1 CRC, the mucosa is covered with a normal single-layer prismatic border
epithelium. In the intestine samples of patients with stage 2 CRC, mucus hypersecretion with areas of fibrosis and vascular congestion was observed. At the 3rd
stage of CRC, the mucous membrane of the small intestine was loose, with local thickenings, areas of fibrosis with severe leukostasis, and foci of atrophy. None of
the samples showed histological signs of a malignant tumor.

According to OCT data, in the mucous membrane of the small intestine in patients with the 1st and 2nd stages of CRC, the contours of the villi and, partially, the
crypts were well visualized. The structure of the villi was smooth, not coarse, and the shape was regular. In patients with stage 3 CRC, the contours of the crypts
and villi were indistinct. There were no differences in the OCT picture between histologic preparations in the 1st and 2nd stages of CRC: the structure of the villi
of the small intestine was clear, the shape was unchanged. According to FLIM data, statistically significant differences were revealed in the mean fluorescence
lifetime values of reduced nicotinamide dinucleotide (phosphate) NAD(P)H (t,) between 2nd and 3rd (p=0.031), 1st and 3rd (p=0.018) by CRC stages. At the 1st
stage of CRC ¢ was 1.61 [1.30; 2.02] ns, at the 2nd stage 1.50 [1.36; 1.73] ns, at the 3rd stage 1.37 [1.22; 1.51] ns. The FLIM results suggest an increase in the
role of glycolysis in enterocyte energy metabolism along with progression of the CRC stage.

CONCLUSION In patients with cancer of the right colon, lesions of the microstructure of the mucous membrane were revealed in the ileum not affected by the
malignancy. At the same time, the severity of microstructural disorders in the wall of the small intestine is associated with the stage of tumor development in
the colon. Bioimaging technologies, namely, methods of optical coherence tomography and fluorescence lifetime macroimaging, made it possible to objectively
display microstructural and metabolic disorders in the ileum wall. The data of optical colorectal tomography demonstrated differences in the structural picture of
the intestinal villi in patients with stages 1-2 and 3 of colorectal cancer. Results of fluorescence lifetime macroimaging of the metabolic cofactor nicotinamide
dinucleotide (phosphate) confirmed an increase in the role of glycolysis in the energy metabolism of enterocytes along with an increase in the stage of colorectal
cancer. The identified disorders in the state of the small intestine develop in patients with colorectal cancer before surgery and are highly likely to be an
important pathogenetic link of malabsorption in the postoperative period. If the hypothesis is confirmed, the developed algorithm for the complex diagnosis of
microstructural and metabolic disorders in tissues will expand the possibilities for the rehabilitation of patients with cancer of the right colon.

Keywords: ileum, fluorescent lifetime imaging FLIM, optical coherence tomography OCT, metabolism, colorectal cancer, malabsorption

For citation Bagryantsev MV, Ryabkov MG, Bederina EL, Loginova MM, Bazayev AV, Abelevich Al, et al. Metabolism and Microstructure of the Small Intestine Wall
in Patients With Colorectal Cancer. Russian Sklifosovsky Journal of Emergency Medical Care. 2023;12(2):239-249. https://doi.org/10.23934/2223-9022-2023-12-2-
239-249 (in Russ.)

Conflict of interest Authors declare lack of the conflicts of interests

Acknowledgments, sponsorship This work was supported by the Russian Science Foundation grant no. 19-75-10096

Affiliations

Maksim V. Bagryantsev Candidate of Medical Sciences, Surgeon, N.A. Semashko Nizhegorodsky Regional Clinical Hospital;
https://orcid.org/0000-0003-2230-9431, maks-bagryancev@mail.ru;
15%, study design, organization and conduct of the study, surgical interventions in the clinic, formation of tissue samples,
analysis of the results, writing and editing the article

Maksim G. Ryabkov Doctor of Medical Sciences, Associate Professor, Leading Researcher, University Clinic, Privolzhsky Research Medical
University;
https://orcid.org/0000-0002-9555-190X, maxim-ryabkov@yandex.ru;
13%, general management, analysis of results, statistical processing of data, final approval of the manuscript

Evgenia L. Bederina Pathologist of the Pathoanatomical Department of the Privolzhsky Research Medical University;
genacrok@gmail.com;
12%, histologic examination of specimens

Maria M. Loginova Junior Researcher, Laboratory of Optical Coherence Tomography, Research Institute of Experimental Oncology and
Biomedical Technologies, Privolzhsky Research Medical University;
http://orcid.org/0000-0002-5158-7089, marialoginova96 @yandex.ru;
11%, data collection, interpretation of results

Andrey V. Bazayev Doctor of Medical Sciences, Professor, Head of the Department of General, Operative Surgery and Topographic Anatomy,
Privolzhsky Research Medical University;
https://orcid.org/0000-0001-9690-4191, bazaewandrei@yandex.ru;
10%, analysis of the results, editing the article

248 Russian Sklifosovsky Journal of Emergency Medical Care. 2023;12(2):239-249. https://doi.org/10.23934/2223-9022-2023-12-2-239-249



OPUTMHAJTbHBIE CTATBbU

Aleksandr I. Abelevich

Ilya L. Dezortsev

Svetlana S. Bunova

Marina V. Shirmanova

Vladislav I. Shcheslavskiy

Elena B. Kiseleva

Received on 01.09.2022
Review completed on 22.03.2023
Accepted on 28.03.2023

Doctor of Medical Sciences, Professor, Professor of the Department of General, Operative Surgery and Topographic
Anatomy, Privolzhsky Research Medical University;

https://orcid.org/0000-0001-6015-4974, aabelevich@yandex.ru;

9%, conducting the experiment, collecting data, interpreting the results, editing the article, surgical interventions, forming
tissue samples

Candidate of Medical Sciences, Chief Freelance Coloproctologist of the Ministry of Health of the Nizhny Novgorod Region,
Head of the Department of Coloproctology and the Department of Abdominal Oncology, N.A. Semashko Nizhegorodsky
Regional Clinical Hospital;

https://orcid.org/0000-0003-3855-8686, dezortsev-il@yandex.ru;

8%, conducting an experiment, surgical interventions, forming tissue samples

Doctor of Medical Sciences, Professor, Professor of the Department of Family Medicine, Belgorod State National Research
University;

https://orcid.org/0000-0001-8430-6215, ssbunova@mail.ru;

7%, analysis of the results, editing the article

Candidate of Biological Sciences, Deputy Director for Science, Head of the Laboratory for Individual Cancer Chemotherapy,
Research Institute of Experimental Oncology and Biomedical Technologies, Privolzhsky Research Medical University;
https://orcid.org/0000-0002-3207-7227, shirmanovam@mail.ru;

6%, data collection, interpretation of results

Head of the Laboratory of Optical Spectroscopy and Microscopy, Research Institute of Experimental Oncology and
Biomedical Technologies, Privolzhsky Research Medical University;

http://orcid.org/0000-0003-3253-8211, vis@becker-hickl.de;

5%, data collection, interpretation of results

Candidate of Biological Sciences, Senior Researcher, Laboratory of Optical Coherence Tomography, Research Institute of
Experimental Oncology and Biomedical Technologies, Privolzhsky Research Medical University;
http://orcid.org/0000-0003-4769-417X, kiseleva84@gmail.com;

4%, data collection, interpretation of results

Moctynuna B pepaakumio 01.09.2022
PeueHsupoBaHue 3aBeplieHo 22.03.2023
MpunsaTa k nevatn 28.03.2023

Russian Sklifosovsky Journal of Emergency Medical Care. 2023;12(2):239-249. https://doi.org/10.23934/2223-9022-2023-12-2-239-249 2 49



