
A N N A L E S
U N I V E R S I T A T I S  M A R I A E  C U R I E - S K ŁO D O W S K A

L U B L I N  –  P O L O N I A
SECTIO DDDVOL. XXII, N 3, 8   2009

Danylo Halytskyi Lviv National Medical University, Department of Normal Physiology

ROMAN PINYAJKO, OKSANA ZAYACHKIVSKA, 
ANTONINA YASCHENKO, MECHYSLAV GZHEGOTSKY

Modification of glycoconjugates signaling pathway during 

esophageal barrier injury induced by experimental hypergastrinemia

Modyfikacja szlaku sygnałowego glikokonjugatów podczas uszkodzenia bariery przełykowej 
indukowanego doświadczalną hypergastrynemią 

A prolonged gastroesophageal refl ux is characterized by a change from normal squamous to 
columnar intestinal-type epithelium and is referred to as a sign of Barrett’s esophagus and esophageal 
adenocarcinoma [1]. Therapies with acid suppressive agents, the proton pump inhibitors (PPIs) 
directly inhibit hydrogen ion exchange and acid secretion in response to all stimulatory agents and 
resulting hypergastrinemia. Сlinical and rat model studies revealed the controversial role of plasma 
hypergastrinemia in gastrointestinal carcinogenesis [3]. Our previous studies showed that cell-surface-
bound and secreted glycoconjugates from epithelial and other mucin-producing cells participate in 
the processes of epithelial permeability, leukocyte traffi cking, angiogenesis, coagulation, as well as 
in regulation of apoptosis [6, 10]. Gastrin has been described as a growth factor for proliferation via 
both endocrine and autocrine/paracrine mechanisms [8].

 The aim of the present study was to evaluate the effect of hypergastrinemia induced by omeprazole 
(OM), a PPIs, on esophageal mucosa by the investigation of the glycobiological characteristics of the 
rat esophagus as the indicator of morpho-functional integrity of the epithelial barrier.

MATERIAL AND METHODS

Male Wistar rats, weighing 180–220 g and fasted for 24 h with free access to water were used in 
our studies. All experimental procedures followed A Guide for Care and Use of Laboratory Animals. 
The rats were divided into 8 groups. For induction of hypergastrinemia, OM purchased by Doctor 
Reddis Laboratories Ltd, India was used in the dose of 14 mg/kg/day, intraperitoneally, with different 
duration of its administration: 7; 14; 21; 28 days. The other four groups served as a control for the 
corresponding groups. On fi nishing the experiment, blood was tested to defi ne the concentration of 
plasma gastrin. Plasma gastrin was defi ned by radioimmunological method  of the fi rm MP Biomedicals, 
LLC USA. For microscopic analysis, segments of the lower third of esophagus were used for the 
routine histological examination with hematoxilin-eosin staining and the lectin histochemistry. The 
lectin set included using peanut agglutinin (PNA, specifi c to BDGal→DGalNAcDGal), Sambucus 
nigra agglutinin (SNA, specifi c to Neu5 Ac (2-6) Gal), Helix pomatia  agglutinin  (HPA, specifi c to 
DGalaNAc), wheat germ  agglutinin (WGA, specifi c to DGlcNeuNAc) conjugated to peroxidase 
(purchased from Lectinotest Lab, Ukraine). Lectin labeling was visualized with diaminobenzidine 
(DAB) in PBS as described previously [10]. Images of histological slices were investigated using 
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a digital video camera connected to a microscope (MBI-15-2, LOMO, Russia) and were processed 
using the AVerMedia FZC Capture image analysis program (AVerMedia Technologies, Inc., USA) 
and carried out by a semi-quantitative optical analysis, taking into account the intensity, indicated as 
absent (-), weak (+), moderate (++) or intense (+++). A statistical analysis was performed  according 
to the semiquantitative scale and expressed as means ± SEM. For a comparison of the data we used 
a paired Newman-Keuls’s test with a level of signifi cance at P< 0.05.

RESULTS

It was determined that OM treatment in rats for 7 days caused the increase of plasma gastrin level 
from 59±35.5 pg/ml in comparison to the control of 181.18±59.68 pg/ml (p<0.01). While increasing 
the duration of OM injection to 14 days, plasma gastrin tended to rise; however, such changes were 
statistically insignifi cant. Continuation of duration of OM-treatment to 21 days caused an increase 
of plasma gastrin to 136.3±61.7 pg/ml (p<0.01). It should be noted that after 28 days of OM 
administration the concentration of plasma gastrin reached the average of 170.7±90.7 pg/ml (p<0.05) 
after 28 days. The conducted morphological investigation showed that the results of the continuous 
trophicus infl uence of gastrin (28 days) on the esophageal mucosa were exfoliation of the surface layer 
of epithelium, thinning of the epithelial layer, in special cases hydropic dystrophia of epitheliocytes. 
It is known from the data in medical literature that gastrin causes growth and proliferation of the cells 
of oesophageus mucous membrane, an increase in the number and hyperplasia of parietal cells, a 
change in the width of the mucous membrane [2], appearance of epitheliocytes with hypertrophicus 
nuclei and the symptoms of metaplasia (the transformation of columnal epitheliocytes into typical 
epitheliocytes with the formation of the main cellular layers peculiar to the epidermis of skin [3]. 
In the direction from basal to granular layer the vacuolization of cytoplasma and the pycnosis of 
nuclei were traced. Generally, we revealed an accelerated process of keratosis, intensifi cation of 
keratinisation in the epithelial layer with accumulation of keratogialin in cellular cytoplasma. In the 
vasodilatation with signs of hemorrhage and mild leukocyte infi ltration was observed. Intermittently, 
in the vascular lumens hyperaggregates of erythrocytes were found and prevalence of the signs of 
epithelial proliferation into lamina. Also, disorganization of fi brous structures was detected in the 
submucosa. The lower third of esophagus showed differential lectin-binding patterns in all parts 
of multilayered, stratifi ed squamous epithelial barrier of esophageal mucosa in intact and studied 
groups of rats. Group 1 and  group 8 (28 days’ hypergastrinemia induced by IPP) revealed a marked 
heterogeneity of PNA, HPA, SNA and WGA binding profi le of rat esophageal mucosa. The analysis 
of expression receptors of PNA, HPA, SNA and WGA labeling in esophageal epithelial barrier from 
rats of control group and 28-days’ hypergastrinemia is presented in Table 1. 
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DISCUSSION

IPPs, potent antisecretory agents are intensively used to treat acid related disorders, especially 
gastroesophageal refl ux. Prolonged inhibition of acid secretion by IPPs caused malfunction of foregut 
epithelial barrier by hypergastrinemia [8, 9]. Gastrin acts via the cholecystokinin type-2 receptor 
(CCK-2R), a member of the 7-transmembrane domain G-protein-coupled receptor superfamily. 
A novel splice variant named CCK-2Ri4sv has recently been described, which exhibits constitutive 
activation [7]. Gastrin exerts a trophic effect on the oxyntic mucosa, particularly on ECL cells, 
which are stimulated to replicate via gastrin/CCK-2 receptors expressed in ECL cells. An important 
downstream effect of CCK-2R activation is the phosphorylation/activation of the potent antiapoptotic 
factor, protein kinase B (PKB)/Akt  [2]. Once phosphorylated PKB/Akt can itself inactivate a range of 
proapoptotic factors, including caspase-9, Bad, and the forkhead/winged-helix transcription factors 
important in the transcription of the cell death ligand Fas, as well as activating the antiapoptotic 

inhibitor B kinase cascade [5]. In this study we established an esophageal epithelial barrier profi le 
of glycoconjugates under hypergastrinemia as one of the most abundant defensive modifi cations. 
Changes of expression PNA, HPA, SNA and WGA lectin receptors observed in our study in esophageal 
barrier during hypergastrinemia is a result of involvement of  glycosylation in a variety of important 
biological processes, such as morpho-functional signal transduction, cell growth, differentiation, 
adhesion, invasion, and immune surveillance. It is also known that changes in the expression of 
mucin and in their glycosylation state are closely associated with the development of cancer and 
cancer-related processes such as Barrett esophagus [4]. Of course, these investigations did not 
elucidate the mechanism of carcinogenesis. The demonstrated phenomenon regarding changes of the 
esophageal barrier induced by hypergastrinemia indicate accelerated synthesis of Neu5 Ac (2-6) Gal, 
DGlcNAc, DGal specifi c glycoconjuges associated with signs of hyperkeratosis, hyperproliferation 
and local microcirculatory lesions. In fact, future studies with molecular tools are necessary for 
identifi cation of the signaling pathways of aberrant glycosylation. Moreover, the glycoconjugates 
profi le with malignant esophageal tissue shoud be investigated. 

In summary, the results of the present study indicate that hypergastrinemia triggering induction of 
the defensive reaction of modifi cation glycoconjugates signaling pathways is an essential component 
for esophageal barrier integrity.
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SUMMARY

The article presents lectinohistochemistry results of continuous 28 days’ trophicus infl uence 
of gastrin on the esophageal mucosa, induced by daily administration of omeprasol, the potent 
proton pump inhibitor. Three-fold hypergastrinemia triggering induction of the defensive reaction of 
modifi cation glycoconjugates signaling pathways is an essential component for esophageal barrier 
integrity. Evaluated changes of esophageal microcirculation and disorganisation in lamina were 
tracted as hyperproliferation.

STRESZCZENIE

W artykule przedstawiono wyniki badań lektynohistochemicznych śluzówki przełyku po 
28-dniowej hypergastrynemii indukowanej podawaniem omeprazolu, silnego inhibitora pompy 
protonowej. Hypergastrynemia powodowała indukcję obronnej reakcji modyfi kacji szlaku 
sygnałowego glikokonjugatów, będącej istotnym składnikiem integralności bariery przełykowej. 
Oceniane zmiany mikrokrążenia przełykowego i dezorganizacja blaszki zostały zakwalifi kowane 
jako hyperproliferacja.



46 R. Pinyajko, O. Zayachkivska, A. Yaschenko, M. Gzhegotsky



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


