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The purpose of the present study was to exploreessn and role of CDX2 in the differentiation oftexrior and
posterior parts of the gastrointestinal tract ia fluman embryos and fetuses in gestation age 4e8BswThe current study was
carried out on 169 autopsied formalin-fixed humanbeyos and fetuses of gestational age 4—38 weeRawdasian ethnic origin.
It was found that expression of CDX2 was negativalircases as in esophageal so in gastric epithelilespite its moderate
expression in small and large intestine. This iatiis that CDX2 is important transcription factor dégvelopment and
differentiation of exactly intestinal epithelium.céording to this view, immunohistochemical and fimtal experimental
investigations point to appropriate CDX2 expressioning the Barrett’s esophagus formation and onctirgrary conditional
removal of CDX2 in the intestine causes squamousaptasia. Expression aitestinal differentiation transcription factor CDX2
was typical for epithelial differon of lower paéthe gastrointestinal tract and wasn'’t noticedubyin the enterocytes nuclei of
the esophagus and stomach.
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The present study is a fragment of the researcleptdEarly diagnostics of dysplastic, metastatiodaneoplastic
changes in pathology of the gastrointestinal traespiratory, genitourinary and neuroendocrine syss” (state registration
No. 0117U000001).

It is known that during early embryogenesis thdrgagtestinal tract (GIT) develops from the two
endodermal invaginations, namely from anterior pathe primary gut and posterior caudal part & th
primary gut. Certain transcription factors expriesthe endoderm of anterior part of the primary god
some in the caudal part [1, 7]. Different molecways and transcription factors were describedén t
process of esophagus, stomach, small and larggimgelevelopment. However many questions regarding
specification (specialization and determination)haf gut endoderm remain to be addressed.

It is thought that gut endoderm differentiate lbcalk early stages and specification determines by
the interaction with surrounding mesenchyme [4, T2lere are next key mechanisms which influence
differentiation of the GIT: BMP (bone morphogengtiotein), proteins of signal ways Sonic Hedgehog
(Shh) and Notch, transcription protein P63, CDX1d a@DX2 (intestinal differentiation factors).
Transcription factors HDX, SOX, Foxa2 that alwaypress and are typical for endoderm, signal systems
Wnt and TCP signal ways [2, 8, 14]. Aberrant exgi@s of CDX2 in the upper parts of the GIT can be
important pathogenic element of the intestinal pletsia of the stomach mucosa and Barrett's esophagu

Despite a great number of studies, participationtrahscription factors in the epithelium
differentiation, its renewal and homeostasis is grated and insufficiently researched. Molecular
mechanisms of the stratified squamous epitheliamsfiormation into the columnar one are still unclea

The purposeof research was to investigate expression andafo@DX2 in the differentiation
of anterior and posterior parts of the GIT in themtan embryos and fetuses in gestation age
4-38 weeks.

Materials and methods.The current study was carried out on 169 autogsmdalin-fixed human
embryos and fetuses of gestational age 4-38 wde&€aucasian ethnic origin. Miscarriage tissue was
collected through dilatation and curettage procediio suction was performed to collect this tisSthe
fresh specimens were evaluated by pathologistderaio isolate the embryo or fetal component in the
miscarriage tissue. The criteria for a macroscagéatification of the embryo or fetal component aer
next: the embryo or fetal shape, denser pattermaotbr that tends toward a translucent greyadbpsies
were performed between 4 and 24 h after death wtdedard protocols on the base of Vinnytsia regjion
pathoanatomical bureau. All mothers provided atemittonsent to the anonymous use of their data for
research purposes. This consent includes last manudirst name of the mother, age of the mother,
diagnosis of the mother, sex of the fetus, gestadge and diagnosis of the fetus. Condition offétes
was evaluated by anthropometric indices, data téreal and internal investigation. The presence of
congenital malformations involving the GIT was ddesed as an exclusion criterion. Crown-rump length
(CRL) was the main criterion for estimating fetgkea The total of embryos and fetuses were 169. They
were divided by age and CRL into next groups (tdble

Histological methods of investigation include: héoxglin and eosin staining, alcian blue staining
and periodic acid-Schiff reaction (PAS). Immunohistoctieal studies were performed on paraffin
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sections using streptavidin-biotin method (“DAKODenmark, LSAB2 Systems, HRP). Antigen
unmasking was carried out in citrate buffer with@d. Mice and rabbits monoclonal antibodies wesexiu
as primary antibodies. Cell nuclei were stainedhwiayer's hematoxylin for 15-60 seconds. The index
the intestinal differentiation and nuclear markéX2 were determined in five randomly selecteddiel
of vision (> 500 cells) as a percentage of positively staineden of the epithelial cells of the esophagus,
stomach and intestine in the preparations undex Atdgnification of the microscope. All patients wer
thoroughly informed about research, which was aggidy the bioethics committee.

Table 1
Distribution of human embryos and fetuses into aggroups

Ne Age (weeks) Number CRL, mm (M}
1 4-5 6 6.065+0.030
2 6-7 6 15.12+0.63
3 8-9 7 19.43+0.52
4 10-11 10 39.02+0.51
5 12-13 11 58.72+2.27
6 14-15 12 93.1145.11
7 16-17 15 122.2+2.7
8 18-20 19 152.9+3.5
9 21-24 20 192.1+1.8
10 25-28 13 231.0£3.1
11 29-32 14 264.8+1.7
12 33-36 20 302.9+1.4
13 37-38 16 341.5+5.7

Total 169

Statistical analysis was performed using softwaierdsoft Office Excel 2003 and "Statistica 5.0"
using nonparametric methods.

Results of the study and their discussiorin embryos with CRL 6.065 + 0.030 mm (with gestadib
age 4-5 weeks) and 15,12 + 0,63 mm (gestationa@-ageveeks) the esophageal epithelium consistedoof
or three cells thick layer, herewith the deepegtravas formed by columnar cells (stratum basalajil
eight weeks with CRL 19,43 + 0.52 mm the epitheln@mained pseudostratified with appearance ofeingl
vacuoles in the cell cytoplasm. After 10 weeks (CFL02 + 0,51 mm) the epithelium became stratified
columnar. The gastric epithelium of the gastroeagphl junction resembles esophageal one according
histochemical characteristics at the given perfosbservation, but this epithelium had more compactei
arrangement with their hyperchromasia. There weeettayered or four-layered epithelium arrangement,
sometimes chaotic, with majority of elongated nudé&eady in this period, we observed the appezeat
single vacuoles as in subnuclear so in supra nucteapartments, appearance of PAS positive bordsr w
typical in some places, which also was noticed urdgmatoxylin and eosin specimen staining. Near
esophageal and gastric epithelium of the gastréegmal junction, crimson stained granules in thegtgsm
around nuclei of small intestine goblet cells wapted in the fetuses with gestational age 11-1Xksvekhis
staining was well noticeable while using the PA@uffe 1), which was the evidence of the presenceuaial
mucins in the intestinal epithelium cytoplasm andeuepithelial differons of upper and lower patshe
GIT by histochemical properties. Expression of d¢aiption factor CDX2 wasn't noticeable at the give
period of observation in the epithelial dlfferontbé esophagus, stomach and |ntest|ne (flgure 2)

”f"%@g""? o "‘

Flg 1 Neutral mucins (1) in the cytoplasm of thrmall Flg 2 Absence of the |ntest|na| dlfferentlatlmanscrlptlon

intestine goblet cells. Small intestine mucosdeffetus, gestational factor expression in nuclei of the gastroesophageattion
age — 12 weeks. PA%,200. epithelium in the fetus with gestational age — 1keks.

Immunohistochemical reaction with CDX2 antibodyi,00.
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It should be noted that CDX2 expression in nudéhe columnar epithelium of different parts of
the small and large intestine started from 16 w&Rk 122.2 + 2.7 mm and appeared until 38 weeks CRL
341.5 £ 5.7 mm and wasn't revealed in early embayand fetal periods of prenatal ontogenesis. Affer
weeks, enterocytes of the small intestine weretipesio CDX2 and in the majority of cases were show
homogenous staining (figure 3). Moderate nucleainstg was observed in the enterocytes of the large
intestine (figure 4).
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Fig. 3. A strong expression of transcription fac@DX2 in Fig. 4. A moderate expression of transcription dact
nuclei of the small intestine enterocytes in thadevith gestational age CDX2 in the nuclei of the large intestine enteresyin the fetus
— 11 weeks. Immunohistochemical reaction with CDX@ibody, with gestational age — 11 weeks. Immunohistochennézection
x 200. with CDX2 antibody, x 200.

It is important to notice that after 16 weeks o$tgéion enterocytes nuclei of the small and large
intestine were positive to CDX2 with focal stainiimy95% of cases. CDX2 expression didn’t express in
the esophagus and stomach mucosa in comparisorsmih and large intestine at the given period of
observation.

Nowadays special attention deserves investigatidnish connect participation of transcription
factors during appearance of Barrett's esophagdiseoplastic changes of the GIT mucosa. Some #gori
were brought up including transdifferentiation afeocommitted cell into another or transformation of
population of progenitor cells or stem cells intm@e epithelium instead of stratified squamous non
keratinized which physiologically lines esophag@s 4]. From molecular point of view transcription
factor CDX2 is one of the key links. It is knowrmathesophagus develops from anterior gut endoderm.
During embryonal development esophageal epitheBubyjects to a number of changes which include
differentiation of stem cells into different epitiaétypes. The GIT development can be divided redods
where epithelium is changing constantly. This catmeavith different molecular ways that regulate
development of the GIT. Important to notice thattaie transcription factors express during différen
periods of embryogenesis. Starting from eighth wafetestational age esophageal epithelium is cingngi
into ciliated (resemble respiratory epithelium)rtteguamous (resemble epithelium of the lower pafrts
the GIT) and finally into stratified squamous naratinized epithelium.

According to our investigation CDX2 expression wagative in all cases as in esophageal so in
gastric epithelium, despite its moderate expressicamall and large intestine. This indicates BBXX2
is important transcription factor of developmend adifferentiation of exactly intestinal epithelium.
According to this view, immunohistochemical and dtional experimental investigations point to
appropriate CDX2 expression during the Barrett@pbsgus formation and on the contrary conditional
removal of CDX2 in the intestine causes squamousypiesia.

Completely differentiated squamous epithelium coufalergo phenotypical changes through
molecular programming into intestinal columnar selvithout mitosis. This process is called
transdifferentiation. As known, this process underla lot of pathological processes, for exampée th
Barrett's esophagus. Special attention deservasaofiorigin for cells ant tissues from which npsestic
epithelium forms. Sources of origin include: propiferentiated cells of the stratified squamous no
keratinized epithelium; local undifferentiated sethat locate in the epithelium of the esophagua the
ducts of the glands; migrating stem cells from rfeohe marrow or columnar cells from the
gastroesophageal junction or cardiac region of dfeenach, that proximally transfer into esophagus
replacing squamous cells [3, 10, 11]. Transfornmagibstratified squamous epithelium of the esopbBagu
can include transitional period of columnar epitl@l This is probably provided through reprogramgnin
of basal cells from glands duct or cells from gas$ophageal junction, as a result of which CDX2
expression occurs that causes intestinal metapRisenotypical replacement of squamous epithelim i
columnar one includes a number of genetic altaraticNumerous researches indicate that different
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transcription factors express in different pericafsthe GIT development [5, 7, 15]. Completely
differentiated cells of the gastrointestinal juoatimay be subject to transdifferentiation namely
transformation of one type of epithelium into arestivithout mitotic division. Still it remains unele
whether this differon (histogenetic cell lineage¢ludes necessary precursor cell of stratified isupues
epithelium or stem cell with ability to become aoloar cell of the intestine.

Thereby data received in our research coincide imitRstigations of Tsutomu Mizoshita et al.
(2001) and Coskun M. et al. (2011) [2, 6, 7, 1B§ttCDX2 expression in human limit oneself solelthw
small and large intestine, within the boundariesnfltduodenum to rectum.

D005 00

Expression ointestinal differentiation transcription factor CRXvas typical for epithelial differon
of lower parts of the GIT and wasn't noticed byiruthe enterocytes nuclei of the esophagus andagtiom

Further study of the newest transcription factbeg participate in formation and differentiation of
the GIT cell differons opens perspectives for deepeerstanding of pathogenic chains transformaifon
different epithelial types of the gastroesophageattion as at different stages of the embryogenssi
during appearance of precancerous changes in thelpgy.
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VYACTH TPAHCKPUIIIITHOT O
®AKTOPY KHIIKOBOT TU®EPEHIIAIIT
CDX2 Y I'ICTOT'EHE3I HILTYHKOBO-
KHUIIKOBOI'O TPAKTY
Pexyn T.O., Tpodimenxo 10.10.,
Banunceka M.B., Jlo6ona I.B.

MertOr0 poboTn Oyino JOCTIIUTH €KCIPECiio Ta poib
CDX2 y mudepenmitoBanHi BEpXHBOI Ta HIPKHBOT YaCTHHH
IITYHKOBO-KUIIIKOBOTO TPAKTy Yy JIFOJCEKUX eMOpIOHIB Ta
WIoAiB y TepMiHi recramii 4-38 TwxkHIB. JlocimKeHHs
BKmoyano 169 ayronciiinux 3adikcoBaHux y (opmamini
JIIOJICBKUX eMOpiOHIB Ta IIOAiB y TepMiHi recrauii 4-38
THXKHIB ~ €BPONEHCHKOTO  E€THIYHOTO  INOXOJPKEHHS.
Bcranosneno, mo excrpecis CDX2 Gyna HeraTuBHOIO y
BCIX BHIIAJKaX SIK B CTPABOXiZHOMY, TaK i B IIIIyHKOBOMY
emiTernito, MoIpe MOMIPHY €KCIpecilo Horo B TOHKIH Ta
TOBCTIH KUIIII, IO CBIAYHUTH po Te, o CDX2 spnserses
BOKIMBUM TPAHCKPUILIHHUM (HaKTOPOM PO3BHUTKY Ta

YYACTHE TPAHCKPUIIIIMOHHBIX
®AKTOPOB KHIIEYHOM
JANO®OPEPEHIIUAIINN CDX2
B TUCTOI'EHE3E XKKT
Pexkyn T.A., Tpopumenko 10.10.,

Banunckas M.B., Jlo6ona U.B.

Llenpto paGoThl OBUIO MCCIIENOBATh 3KCIPECCHI0 M POJb
CDX2 B mubpdepeHIMpoBaHUN BEepXHEH U HIDKHEH dacTH
XKEJTyJTOYHO-KHIIEYHOTO TpaKTa YeJIOBEYECKHX OSMOPHOHOB U
IUIOZIOB B cpoke recranyu 4-38 nenens. McenenoBanue BKIIOYAIO
169 ayrormcuii, 3apUKCHPOBaHHBIX B (OPMANTUHE UYETOBEUECKUX
9IMOPHOHOB U IIJIOJI0B B cpoke recranuu 4-38Heesns eBporeiickoro
STHUYECKOTO MNPOMCXOXKICHUA. YCTAHOBIECHO, YTO BKCIPECCHs
CDX2 6bu1a OTpULIATEIBHOI BO BCEX CITy4asX KaK B MUIEBOAHOM,
TaK ¥ B )KEITyIOYHOM SITUTEINHE, TIOKA3aJI0 YMEPEHHYIO SKCIIPECCUIO
€ro B TOHKOH M TOJICTOH KHIIIKE, 9TO CBHJETENECTBYET O TOM, UTO
CDX2 siBnstercst BaxKHBIM TPAHCKPHUIIIIHOHHBIX (DAaKTOPOB PA3BUTHS
n mupdepeHIManu UIMEHHO KHIIeyHoro smurenus. CoriacHo
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mudepenmianii caMe KHIIKOBOTO EIiTeNilo. BifnoBigHO 10  3TOH TOUKE 3peHHsI IMMYHOTUCTOXHMHYECKHE H (yHKIIMOHAIBHBIE
miei TOYKM 30py IMYHOTICTOXiMiuHI Ta (YHKIIOHAIBHI  AIKCIEPUMEHTAIbHbIC HCCIIeJOBAHUS YKa3bIBAIOT Ha
eKCIIepUMEHTAIIbHI TOCIII/KEHHsI BKa3ylOTh Ha BIAMOBIAHY COOTBeTCTBYIoLIyo okchpeccuto CDX2 mnpu  oGpazoBanuu
ekcrpecito CDX2 npu yrBoperHi crpaBoxoay Bapperra, i nummeBoga Bapperra, u nHaobopor ycnoBHoe ynanenus CDX2 B
HaBrmaku yMoBHe BupaneHHs CDX2 B KuIuii Mpu3BOAMTH KHIUKE IPHBOAMT K CKBAMO3HOI MeTaruiasuu. OJKCIPecCHs
110 CKBaMO3HOI MeTaruiasii. Ekcrpecis TpaHCKPUIILIHHOTO — TPaHCKPUILMOHHOTO —(hakTopa kumiedHod —auddepeHunannu
¢axropy kumkoBoi audepenniamnii CDX2 6yna xapakreppa CDX2 Opuia xapakTepHa IS SIHTEIHaIbHOTO auddepona
JUTS eTITeNiaNbHOTO JU(EpOHY HIKHIX BB IUTYHKOBO-  HIDKHETO  OTJENA JKETy[JOYHO-KHIIEYHOTO TpakTa, HO HE
KHUIIKOBOTO TPaKTy Ta HE CIIOCTEpiragacs Hamy B siApax HaOmoJanach HaM{ B SIpax OIWTEIMOLUTOB IHIIEBOAA H

CHITETIOMTIB CTPABOXOY Ta IITyHKA. KeTylIKa.

KmiouoBi ciioBa: emOpioreses, TpaHCKpUMIIHHUN KnioueBble ciioBa: >MOpuoreHes, TPaHCKPHUIILMOHHbINA
¢dakrop CDX2, racrpoe3odareanpuuii Ta kumkoBuii ¢akrop CDX2, ractpoasodareanbHplif U KUILCYHBINH dMUTENHUH,
eHiTeNi|, IUTyHKOBO-KUIIKOBUH TPAKT. JKEJTyI0YHO-KUILIEUYHBIH TPAKT.
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XAPAKTEPUCTHKA CTPYKTYPHUX KOMIIOHEHTIB CTOBBYPA CIATHU4YHOI'O
HEPBA IIPU BBEJAEHHI KPIOKOHCEPBOBAHOI IVIAHEHTHA Y II1YPIB

E-mail: Shepitko1973@ukr.net

YmkomkeHHs nepeepHuHUX HEPBIB PI3SHAMHM YMHHUKAMH € aKTyaJIbHOIO IPOOJIEMOI0 Cy4acHOI MpPaKTHYHOI Ta
eKCIIepIMEeHTaIbHOT MeMIuHA. [Ipy BpakeHHI 3analbHIM IpoliecoM nepedepiifHuxX HepBiB, JIIKyBaHHS, Ta peabUIITaIlis TaKuX
XBOpHUX 3aliMae TpuBanmii wac. MeTolo NOCIi/UKeHHSI OyJI0 BCTAHOBJIEHHS 3MiH MOP(GOMETPUYHHX ITapaMeTpiB CTPYKTYPHHX
eJIEMEHTIB CTOBOYpa CiJHHUYHOIO HEepBa y LIYpiB MPU OAHOPA30BOMY MiALIKIPHOMY BBEICHHI KPiOKOHCEPBOBAHOI ILIALICHTH.
CroBOyp ciguuuHoro HepBa OyB Buiydenuid Bin 50 crareBo3pinux urypis-camuiB JiHii "Bictap”. 3a gomomoror Mikpockomy 3
(poBoI0 MiKpopOTOHACAAKOIO MPOBOAWIN MOP(GOMETPiI0 HACTYMHMX IOKA3HHUKIB: 3arajbHa TOBLIMHA CiIHMYHOTO HEpBa,
TOBIL[MHA EIiHEBPIl0, TOBIIMHA IEPUHEBPII0, TOBLIMHA EHIOHEBPIil0. BUsABIEHO, 1110 IIOKA3HUKH 3araJIbHOT TOBLIMHH, SIIHEBPIIO Ta
€HJJOHEBPII0 CTOBOYpa CiTHUYHOTO HEpBa IypiB pearyBayy 30LIBIICHHIM ITOKa3HHKA 3 MAKCUMAJIbHIM 3HaYeHHSIM Ha 3-y o0y
eKCIICpHMEHTY Ta IIOBHUM BiJHOBICHHSM iX mapameTpiB Ha 7-My no0y. BcraHoBIICHO, IO BiHOBJICHHS BCiX ITOKa3HHUKIB JO
3HAUEHb IHTAKTHOI rpynu OyJO BHSBICHO Ha /-y 100y eKCIepHMeHTy. BuineBuxiajeHe NpuUITycKae, [0 HOpMai3allis BCiX
MOP(QOMETPUYHNX IOKa3HUKIB CIJHHYHOrO HepBa Ha 7 100y Moke OyTH TUIBKM IICJIS OJHOPAa30BOTO BBEICHHS
KpiOKOHCEPBOBAHO] ITAIICHTH.

KunrouoBi cioBa: cToBOYyp, citHUYHNMIT HEPB, KPIOKOHCEPBOBAaHA ILUIAIIEHTA, EKCTICPHUMEHT.

Poboma € ppacmenmom HJ[P «ExcnepumenmansHo-mopgonoziyne euguenns 0ii mpancniaHmamis Kpiokoncep8osamoi
naayenmu Ha Mop@opynkyionaneHuti cman psoy eHympiwnix opeanie» Ne depoicasnoi peecmpayii 0113U006185.

[Ipobnema niarHOCTUKM Ta JIKYBaHHS 3aXBOPIOBaHb Mepu(epudHOi HEPBOBOI CHUCTEMHU
3IMINAETHCS aKTyalbHOIO TeMoro XXI cromitrsa. BpaxoByrouw, 10 3aXBOPIOBaHHSA IepUBECPUIHOT
HEpPBOBOI CHCTEMH HEPiKO BUHHUKAIOTH Y OCi0 pi3HOTO BiKy, a MepeBa)kHO Yy OCi0 Mpare3aaTHOro BiKY,
JiKyBaHHS 1X MOTpeOye 3HAUHUX MaTepialbHUX BUTPAT, SIK 3 OOKY XBOPHX TaK 1 3 IEpKaBHUX JPKEPE, 110
BKa3y€ Ha COIiaIbHO-eKOHOMIYHY BasKIMBIiCTh HaHoi npobiemu [1]. ITpu 1iboMy He0OXiqHO BiAMITHTH, IO
3araibHa HeHpoTpaBMaTh3aIlis B cepeanboMy 3poctac Ha 2% [2, 13].1lig uac BiliceKOBHX il Iiei
NOKa3HUK cTaHOBUTH 12% 1 crnoctepiraerses y 2,8-5%mamieHTiB 3 MOMITPaBMOIO, EPEBaKHA YaCTHUHA
SKHX € BifiCbKOBOCTYk00BIIi [2].

Kinerrs XX CTONITTS BiI3HAYNWBCS HOBHMH METONAMH JIIKYBaHHS 3aXBOPIOBAHb IIOB’S3aHUX 3
HOpPYLICHHSIM IMyHHO-OOMIHHUX TIpOIIeciB, pereHepatopHoi pyHkuii [8, 12].OxauM 3 Takux OyB BU3HAHUI
METO/ KOpEeKIii 3almaJbHUX MHpOLECiB 3a JONOMOIOI0 TKAHMHHO-IHKEHEPHOTO TMiIXOAY, BBEICHHS B
opraHisM IpemnapariB 6i0J0rid4HOTrO MOXOMKEHHS [5], a camMe — BBeJEHHS KPIOKOHCEPBOBAHOI TUIAIIEHTH,
TKaHUHM Ta KIITHHH SIKOi MICTATH O10JIOTIYHO aKTHBHI PEYOBMHHM 1 BIUIMBAIOTH HA IMYHHY CHCTEMY SIK
mMoayisitop [9].

Huskoro aBropiB Oyiu 3aiiicHeH] GhyHIaMeHTaIbHI JOCTIPKEHHS B Lik ranysi. byino chopmoBano
ITiJIC HAIIpaBJICHHS B BUBYCHHI B3aEMOBITHOCHH MiK )KHBHM OpPTaHi3MOM 1 610JI0TITHO aKTUBHUMH KHBUMH
knituHami [4, 6, 7, 9, 10, 11].

Y 3B'sa3Kky 3 muM, 0e3 CYMHIBY, 3aIliKaBJIEHICTh BHKJIMKAE BUKOPHUCTAHHS METOIY BBEIACHHS
(hparMeHTy KpiOKOHCEPBOBAHOT IJIAIICHTH JJIs1 KOPEKIIi YIITKOIKEHOI epruepruIHOi HEPBOBOT CHCTEMHU.
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