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Introduction
According to the Polish Carcinoma Registry, gastric
cancer is the second most common malignancy among
men and the eighth in women [1]. The 5-year survival
rate is only 18%. Before Helicobacter pylori was dis-
covered, high incidence of gastric carcinoma had been
associated with such risk factors as diet and lifestyle
(ethnicity, nitrates and nitrites-rich diet, smoking and
alcohol abuse). Carcinogenesis is a multistage process,
which in gastric cancer begins with chronic inflamma-
tion of the gastric mucosa that develops into chronic
atrophic inflammation (intestinal metaplasia) and
eventually leads to dysplasia. A relationship has been
found between Helicobacter pylori infection and
chronic atrophic inflammation of the gastric mucosa.

Thus, H. pylori may play a role in gastric carcinoma
progression [2]. This hypothesis has been confirmed
by a number of studies in the past several dozen years
and approximately 35-60% of gastric cancers have
been reported to be associated with H. pylori infection
[3]. In the year 1994, World Health Organization
(WHO) considered H. pylori to be class 1 carcinogen
[4]. Helicobacter pylori is a gram-negative bacterium,
0.5 do 3 μm in size, known to colonize the gastric
mucosa. It is elongated, spiral and has 3-7 long flagel-
la at one end that allow movement. It has been esti-
mated that this bacterium occurs in two-thirds of the
world population. H. pylori is responsible for 80% of
cases of gastric ulcer and 90% of duodenal ulcer. It
shows resistance to gastric acid, and produces large
amounts of urease, i.e. the enzyme catalysing degrada-
tion of urea to ammonium and carbon dioxide. Ammo-
nium causes neutralization of hydrochloric acid (pres-
ent in gastric juice) in a direct vicinity of the bacteria,
thus enabling their survival. The harmful effect of H.
pylori involves the release of toxins that initially cause
mucosa inflammation; however, the process initiating
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tumour formation and progression by H. pylori is still
not fully elucidated [5,6]. There is a search for evi-
dence whether H. pylori can affect the expression of
the respective proteins also associated with the devel-
opment of gastric carcinoma. EGF is suspected to play
the major role in this mechanism  [7]. 

The epidermal growth factor (EGF) is a single
polypeptide built of 53 amino acids and playing an
essential role in intercellular interactions. Cooperation
between the epidermal growth factor of one cell and
the receptor (EGFR) on the adjacent cell leads to some

biological effects, including migration, growth or mor-
phological changes in the cell. EGF stimulates the
growth or exerts a trophic effect in many tissues, and
plays an important role in proliferation, differentiation
and maturation of embryonic cells. However, EGF and
EGFR, apart from the key role they play in physiolog-
ical development, also take part in neoplastic transfor-
mation. Increased expressions of EGF and EGFR have
been observed in various malignancies, including gas-
tric carcinoma [8]. Substantial evidence has been also
provided for neoplastic oncogene HER-2/neu (cerbB-
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Fig. 1. Expression of EGFR in gastric
cancer (original magnification ×40).

Fig. 3. Expression of c-erbB-2 in gastric
cancer (original magnification ×40).



2), which encodes transmembrane glycoprotein close-
ly related to the epidermal growth factor receptor,
whose overexpression has also been observed in gas-
tric carcinoma [9].

The current study objective was to assess the
expressions of the epidermal growth factor (EGF), the
epidermal growth factor receptor (EGFR) and c-erbB-
2 (HER-2/neu) in patients with gastric carcinoma in
correlation with Helicobacter pylori infection.

Materials and methods
Material. Fifty-five patients treated for gastric carcinoma in II
Department of General Surgery and Gastroenterology, Medical
University of Bia³ystok in the years 1991-2003 were recruited to
the study.

Endoscopic specimens were stained with Giemza solution for
the presence of Helicobacter pylori. The inflammation and the
degree of Helicobacter pylori infection were classified according
to the Sydney system [10]. The degree of infection was assessed
using the scale: 0 -lack of infection, 1- low, 2 – moderate, 3 – high. 

Immunohistochemistry. Immunohistochemical investigation was
performed according to the following protocol. Fifty-five tumour
specimens and twenty-eight local lymph node samples, formalin-
fixed and paraffin-embedded, were cut on a microtom into 5µm
sections. The sections were deparaffinized in xylenes and hydrated
in alcohols. In order to expose the antigen, the sections were heat-
ed in a microwave for 15 min in citrate buffer (pH 6.0). To block
endogenous peroxidase, incubation was performed with 0.5%
hydrogen peroxide in methanol. Next, they were incubated with
monoclonal antibodies against c-erbB-2 (Novocastra, NCL-c-
erbB-2-316) overnight, with EGF (EGF-Sigma, clone EGF-10,
Sigma-Aldrich, Poland) for 60 min at room temperature and with
EGFR (EGFR, clone H11, Dako, Poland). The reaction was con-
ducted using the ABC technique with a Novostatin Super ABC
Universal Kit (Novocastra Laboratories Ltd.) Colour reaction for

peroxidase was performed with chromogen DAB (DAKO S3000,
DAKO, Poland) (Fig. 1,2,3).

Evaluation of samples. Protein expression was assessed using a
semiquantitative method and the reaction was labelled as: 
• (-) – lack of expression of EGF, EGFR, c-erbB-2 or reaction

present in <30% of cells in the main mass of tumour and in
metastatic lymph node 

• (+) – expression of EGF, EGFR, c-erbB-2 in >30% of cells in
the main mass of tumour and in metastatic lymph node

Positive reactions were calculated in at least 500 tumour cells
in each tissue section using a light microscope (×400).
Statistical analysis. Statistical analysis was based on χ2 test and
exact Fisher's test. Correlations between the expressions of the
respective proteins were calculated using Spearman's correlation
coefficient test. The value of p<0.05 was considered statistically
significant.

Results
Of 55 patients with gastric carcinoma, 28 did not have
H pylori infection, 4 patients had low degree infection,
9 moderate and 14 high. No statistically significant
correlation was found between the degree of H. pylori
infection and the expressions of EGF, EGFR and c-
erbB-2 in gastric carcinoma (Table 1). However, sta-
tistically significant correlations were observed
between the respective proteins. The expression of c-
erbB-2 protein in the main mass of tumour correlated
with tumour expressions of EGF and EGFR and with
c-erbB-2 expression in local lymph nodes. The expres-
sion of c-erbB-2 in the lymph node was statistically
significantly correlated with the expressions of EGF
and EGFR both in the main mass of tumour and in the
lymph node. The expression of EGF was also found to
correlate with the expression of EGFR in the main
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Fig. 2. Expression of EGF in gastric
cancer (original magnification ×40).



mass of tumour and the expression of EGF in the
lymph node was observed to correlate with EGFR
expression also in the lymph node (Table 2).

Discussion
Proteins belonging to the family of the epidermal
growth factor (EGF, EGFR, c-erbB-2) are thought to
be involved in neoplastic formation and progression of
gastric cancer. We found correlations between them,
but not between H. pylori infection and EGF expres-
sion, unlike other authors.  Cole et al. [7], who meas-
ured the levels of EGF and EGFR protein by flow
cytometry, found that they doubled in H. pylori infec-
tion. Eradication of the infection reduced the levels of
both proteins. This may be one of the pathomech-
anisms of gastric mucosa hyperproliferation and car-
cinogenesis associated with H. pylori infection, EGF
overexpression and increased density of epidermal
growth factor receptors (EGFR) on cells. Also Wong et
al. [11] measured EGF and EGFR mRNA in gastric
mucosa tissues and saliva using ELISA. Both EGF and
EGFR mRNA were found to increase in the presence
of H. pylori infection in the gastric mucosa. However,
salivary EGF concentration was not found to be relat-
ed to mucosa damage or H. pylori infection.  Success-
ful H. pylori eradication brought EGFR mRNA nor-

malization, whereas with eradication failure the level
remained high.  It can be concluded that H. pylori may
regulate EGFR expression in the gastric mucosa,
which is vital in the treatment of H. pylori infection.
When the infection is untreated, elevated levels of
EGF and EGFR may stimulate cell proliferation and
initiate a neoplatic process. An important study was
conducted by Wallasch et al. [12], who presented a
model in which H. pylori activates the EGFR sig-
nalling pathway, increasing IL-8 production and initi-
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Table 2. Correlations between the degree of H. pylori infection and the level of  c-erbB-2, EGF and EGFR expression in tumour and
lymph node of gastric cancer.

Table 1. Correlation between H. pylori infection degree and
absence or presence of c-erbB-2, EGF and EGFR expression in
gastric cancer.

Correlation is significant at the level of p<0.05. NS – no statistical signifi-
cance 

Correlation is significant at the level of p<0.05. Significant correlation is marked in bold.



ating neoplastic transformation of the gastric mucosa.
Our study, however, did not confirm the hypothesis
that H. pylori may increase the expression of EGF and
EGFR, leading to gastric cancer progression. Broader
investigations are necessary to elucidate the correla-
tions between H. pylori infection and the expression of
epidermal growth factor proteins. We also found no
correlation between H. pylori infection and c-erbB-2
protein expression. The overexpression of c-erbB-2
protein is known to be associated with low differentia-
tion and advancement of cancer and thus with worse
prognosis in patients. Similarly, other researchers
found no relationship between H. pylori and c-erbB-2
protein [13,14]. The current study did not confirm the
hypotheses put forward by other researchers; however,
in our study different methods were used for the eval-
uation of proteins and H. pylori infection.

References
[ 1] Zatoñski W, Tyczyñski J. Nowotwory z³oœliwe w Polsce w

1996 roku. Wyd. Centrum Onkologii – Instytut im. M
Sk³odowskiej-Curie, Warszawa 1999.

[ 2] Correa P. Human gastric carcinogenesis: a multistep and mul-
tifactorial process. First Amercian Cancer Society Award Lec-
ture on Cancer Epidemiology and Prevention. Cancer Res.
1992;52:6735-6740.

[ 3] Parsonnet J, Friedman GD, Vandersteen DP, et al. Helicobac-
ter pylori and the risk of gastric carcinoma. N Engl J Med.
1991;325:1127-31.

[ 4] IARC. Schistosomes, liver flukes, and Helicobacter pylori,
In: IARC Monograph on the evaluation of carcinogenic risks
to humans, vol. 61. Lyon, France, 1994.

[ 5] Nardone G. Risk factors for cancer development in Heli-
cobacter pylori gastritis. Digest Liver Dis. 2000;32:190-192.

[ 6] Fox JG. Review article: Helicobacter species and in vivo
models of gastrointestinal cancer. Aliment Pharmacol The.r
1998;12:37-60.

[ 7] Coyle WJ, Sedlack RE, Nemec R, et al. Eradication of Heli-
cobacter pylori normalizes elevated mucosal levels of epider-
mal growth factor and its receptor. Am J Gastroenterol.
1999;94:2885-2889.

[ 8] Takemura S, Yashiro M, Sunami T, Tendo M, Hirakawa K.
Novel models for human scirrhous gastric carcinoma in vivo.
Cancer Sci. 2004;95:893-900

[ 9] Yokota J, Yamamoto T, Miyajima N, Toyoshima K, Nomura
N, Sakamoto H, Yoshida T, Terada M, Sagimura T. Genetic
alternations of the c-erbB-2 oncogene occur frequently in
tubular adenocarcinoma of the stomach and are often  accom-
panied by amplification of the v-erbA homologue. Oncogene.
1988;2:283-287

[10] Dixon MF, Genta RM, Yardley JH, Correa P. Classification
and grading of gastritis. The updated Sydney System. The
American Journal of Surgical Pathology. 1996; 20:1161-
1181.

[11] Wong BC, Wang WP, So WH, et al. Epidermal growth factor
and its receptor in chronic active gastritis and gastroduodenal
ulcer before and after Helicobacter pylori eradication. Ali-
ment Pharmacol Ther. 2000;15:1459- 1465.

[12] Wallasch C, Crabtree JE, Bevec D, et al. Helicobacter pylori-
stimulated EGF receptor transactivation requires metallopro-
tease cleveage of HB-EGF. Biochem Biophys Res Commun.
2002;295:695-701.

[13] Wang YL, Sheu BS, Yang HB, et al. Overexpression of c-erb-
B2 proteins in tumor and non-tumor parts of gastric adeno-
carcinoma-emphasis on its relation to H. pylori infection and
clinicohistological characteristics. Hepatogastroenterology.
2002;49: 1172-1176.

[14] Wang J, Chi DS, Kalin GB, et al. Helicobacter pylori infec-
tion and oncogene expressions in gastric carcinoma and its
precursor lesions. Dig Dis Sci. 2002;47:107-113.

Submitted: 23 February, 2009
Accepted after reviews: 6 June, 2009 

451Helicobacter pylori and EGF family members in gastric carcinoma

©Polish Histochemical et Cytochemical Society
Folia Histochem Cytobiol. 2009:47(3): 451 (447-445) 
doi: 10.2478/v10042-009-0102-3



<<
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


