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Abstract

AIM: To answer the question whether FHIT gene expression
is affected by the family history of gastric carcinoma and the
presence of Helicobacter pylori (H pylori) in the gastric mucosa
of patients with dyspepsia.

METHODS: FHIT gene expression in two different
topographic sites of the gastric mucosa of twenty-one
patients with dyspepsia and with or without familial gastric
carcinoma, infected or not infected with H pylori, was
evaluated by reverse transcription-PCR (RT-PCR) and
IMAGE QUANT methods. A rapid urease test and
histopathological examination were used to determine
H pylori colonization.

RESULTS: In the gastric mucosa of patients with family
histories of gastric carcinoma, the amount of FHIT protein
mRNA was reduced down to 32%, and for patients with
H pylori colonization, to 24% in comparison to controls
with dyspepsia and without cancer in the family. FHIT
expression was independent of the topography of
specimens (corpus vs antrum), and for the control patients
it was less sensitive to infection with H pylori. A
considerable statistical difference in FHIT levels was
observed in the gastric mucosa from the corpus of patients
with family histories of gastric carcinoma in respect to
H pylori colonization (P = 0.06). Macroscopic evaluation
of the gastric mucosa demonstrated that pathologic
changes classified according to the Sydney system had
no significant influence on FHIT expression within each
tested group of patients.

CONCLUSION: Loss of FHIT expression was observed
in patients with dyspepsia and family histories of gastric
carcinoma, especially those infected with H pylori. Such
results may constitute an early indication of the
development of gastric carcinoma, which is associated
with family factors including heredity and H pylori
infection. The loss of the FHIT gene may serve as a
marker for early diagnosis and prevention of gastric

carcinoma, especially in context of early monitoring of
H pylori infection in individuals with a record of familial
stomach cancer.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Poland is among countries with high risk of gastric carcinoma. In
both men and women it constitutes the second cause of death,
after lung cancer[1].  The incidence of this tumor, irrespective of
great differences in its prevalence in particular geographic regions,
depends on socio-economic structure, eating habits, age, gender,
and profession. In Poland, the incidence rate of gastric carcinoma
is approximately 19.7 per 100 000 men and 7 per 100 000 women.
Incidence and mortality increase with age. Recently, the 5-year
survival rate of patients with gastric carcinoma in Poland has
increased to 25.9%[2].  The most prevalent malignant tumor of
the stomach is adenocarcinoma (93%). The others are lymphomas
(5%), mesenchymal tumors and carcinoids (1%).
      Etiopathogenesis of gastric carcinoma cannot disregard
the evidence that familial and hereditary factors increase
individual susceptibility, especially in those who are exposed
to environmental hazards. Such hazards include Helicobacter
pylori (H pylori) infection. A comparison of gastric carcinoma
incidence with that of H pylori infection implies that (except
for African continent where despite the infection, cancers are
less prevalent) it is higher in developing countries, where
infections are highly prevalent. This suggests that a bacterial
factor is involved in the pathogenesis of gastric carcinoma. In
Poland the percentage of H pylori infection is high, reaching
approximately 40-60%, while in developed countries it reaches
approximately 20-40%.
     The genetic contribution to gastric carcinoma is not yet
clear. Literature data indicate that, as in many other tumors,
the fragile histidine triad (FHIT) protein occurs at very low
concentrations or is completely lost in most specimens from
stomach tumors[3 ,4].  Accordingly, inactivation of the FHIT gene
may predispose the development of cancer[5]. Several studies
indicate that the anticancer effects of FHIT protein are due to
the induction of apoptosis. Thus it has not been possible to
estimate whether the loss of FHIT gene expression is a cause
or a consequence of the development of cancer, or whether it is
a primary or secondary event. As demonstrated in in vivo studies,
re-expression of the FHIT gene (through gene therapy) reverses
the development of established tumors by 60-70% through an
apoptotic pathway[6,7].



        Here we present our preliminary results on FHIT expression
in the gastric mucosa of patients with dyspepsia and with or
without familial histories of gastric carcinoma. The impact of
H pylori infection on those patients has also been studied.

MATERIALS AND METHODS

Materials
Selection of patients  A group of 21 dyspepsia patients, aged
below 60, was screened in these studies. They were divided
into two groups. Group I consisted of 11 subjects without family
histories of neoplasms, including 5 patients infected with H pylori.
Group II consisted of 10 patients with family histories of gastric
carcinoma, 5 of them were infected with H pylori. A routine
rapid urease test for the presence of H pylori was used for the
selection of infected patients. For at least 14 d before the
examination, the patients did not take any H2 blockers and
proton pump inhibitors.

Biopsies
In endoscopic biopsies from the upper digestive tract (antrum
and corpus), 4 specimens were taken from each patient for
pathomorphological evaluation and colonization of H pylori
(two for the rapid urease test and two for histopathological
examination) and 4 specimens from identical sites to evaluate
the expression of the FHIT gene. Biopsies were taken routinely,
using a gastrofibroscope GIF Q140 or GIF Q145 (Olympus,
Tokyo, Japan).
      The gastric mucosal specimens were collected with sterile
forceps, four from the antrum (3-5 cm proximally from the
pylorus) and four from the corpus (5-8 cm distally from the
cardia). For histopathological evaluation of the H pylori
colonization, the specimens from the corpus and antrum were
loaded into 1% formalin and routinely screened with microscope
(Giemsay method). Each specimen for FHIT evaluation was
rinsed three times with PBS buffer without ions Ca2+ and Mg2+,
treated with 1 mL of lysing reagent - TriPure isolation reagent
(Boehringer Mannheim) and homogenized. Tissue lysates could
be kept at -70 ℃ for a maximum of 2-4 wk.

Methods
Macroscopic evaluation of the gastric mucosa  Macroscopic
evaluation of the gastric mucosa was based on the 4-degree
Sydney modified classification system[8] , i.e.,: (1) lack of evident
changes or focal hyperaemia of the mucosa; (2) erythematous-
edematous changes in the antrum; (3) erythematous-edematous
changes with single erosions in the corpus and antrum; (4)
diffuse erythematous-edematous changes in the whole stomach,
with haemorrhagic extravasations and flat or convex erosions
or intestinal metaplasia foci.
Isolation of total RNA from gastric tissue  The total RNA
fraction was isolated from the tissue lysates according to the
TriPure Isolation Reagent protocol. The nucleic acid fraction
was then treated with RQ1 RNase-free DNase (Promega) and
isolated by phenol/chloroform extraction followed by ethanol
precipitation. The total RNA was quantified spectrophotometrically
at 260 nm. Samples could be kept at -70 ℃ for several months

without any decomposition of the RNA.
Determination of the level of FHIT mRNA in tissue lysates
The level of FHIT mRNA was monitored by a semi-quantitative
RT-PCR method using a OneStep RT-PCR kit (Qiagen, Germany).
The specific FHIT primers (1 L each) at a concentration of
20 mol/L were used to give an RT-PCR product of 507
nucleotides long. RT primer (5’- CCT GCG TCC TGA TGA
AGT GG-3’, P1FHIT), PCR primer (5’-TGC CTG TCT GAG CCG
TTT AG-3’, P2FHIT) and a total RNA (0.5 g) were used for
the RT-PCR reaction (50 L volume). PCR was programmed
for 30 cycles. The reaction product was analysed by 3%
NuSieve GTG agarose (FMC BioProducts, Rockland, ME,
USA) gel electrophoresis and stained with ethidium bromide.
An amplification of a house-keeping GAPDH gene with
specific primers P1GAPDH (5’-CAT CAT CTC TGC CCC CTC
TG-3’) and P2GAPDH (5’-TCC ACG ATA CCA AAG TTG TC-3’)
(1 L each) at a concentration of 20 mol/L and 0.5 g of total
RNA was used as a control to give the desired 150 bp product.
The level of mRNA of FHIT protein is expressed as a ratio of
FHIT to GAPDH amplification products (FHIT/GAPDH).
Quantification of gels was done with the IMAGE QUANT
computer program. For each set of data average weight and
SEM were calculated.

Statistical analysis
Data of FHIT are expressed as mean±SE. For statistical analysis
of a difference between mean values of FHIT, we used Student
(t) or chi-square (2) tests, depending on the extent of the
variance. The statistical significance of this difference was
identified for each test by a two-tailed probability (P). P values
less than 0.05 were considered statistically significant.

RESULTS

Selection of patients
The group II patients were selected from those exhibiting
dyspepsia and with family histories of stomach cancer in the
first-degree relatives and with cancers of other organs in the
first- or second-degree relatives. Patients with similar dyspepsia
symptoms but without familial cancer were selected as control
subjects (group I). Macroscopic evaluation of the gastric mucosa
was based on the 4-degree modified Sydney classification[8]

(see Materials and Methods). The characteristics of the test
patients are given in Table 1.
       All patients were screened in a urease test for the presence
of H pylori. In addition, histopathological examination of tissue
samples from the gastric mucosa of the antrum and corpus was
carried out for each individual subject. Eight patients in both
tests showed positive H pylori (+) infection, while two patients
showed negative urease tests but positive histopathological
findings for the presence of H pylori. Those patients were
included in the H pylori (+) group.

Expression of FHIT gene in gastric mucosa
Specimens taken from the antrum and corpus of each patient
were lysed and the total RNA was isolated. The level of FHIT
expression was determined by a semi-quantitative reverse

Table 1  Characteristics of patients of groups I and II by sex, positive H pylori (+), average age and macroscopic evaluation of
gastric mucosa determined according to the Sydney system[8]

       Sex / Hp(+)           Sydney system
Selection criteria    Average age (yr)

         Female Male I  II    III     IV

Group I (no familiar cancer) 7/3 4/2 46.3 3   5      2        1

Group II (stomach cancer in first-degree relatives and 6/3 4/2 47.4 1   1      2        6
cancer of other organs in first- or second- degree relatives)
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transcription and PCR (RT-PCR) method with FHIT gene specific
primers. Amplification products were analyzed by 3% agarose
gel electrophoresis. Representative electrophoretic analyses
of the RT-PCR products of FHIT (upper gel) and of a control
GAPDH (lower gel) are shown in Figure  1. Lanes 1-3 represent
three patients of group II with family histories of gastric
carcinoma and with H pylori infection. Analysis of specimens
from the corpus of those patients shows very little or no FHIT
expression. The remaining lanes represent individuals of group
I with negative (lane 4) and positive H pylori infection (lanes 5-7).
For patients with no familial cancer, the level of FHIT expression
is higher than in those with cancer in the family (lanes 4-7 vs
1-3). Moreover, for group I patients the FHIT expression is
significantly affected by H pylori colonization (compare line
4-Hp (-) with lanes 5-7-(Hp(+)).
       Comparison of the FHIT expression profile was made for all
patients of both tested groups. RT-PCR products were quantified
by densitometry with the IMAGE QUANT program and the
ratio of FHIT to GAPDH (FHIT/GAPDH) was determined for
each case. Figure 2 shows comparison of the mean values of
FHIT expression in the gastric mucosa of group I patients
relative to the topography of the biopsied gastric specimens
and the colonization of H pylori. No significant differences
between FHIT values for the antrum and corpus in both Hp (-)
(1.86 vs 2.16) and Hp (+) individuals (1.82 vs 1.22). Also, there
were no statistical differences in the FHIT level within the same
topographic parts caused by bacterial infection. Thus, for
patients with dyspepsia and with no familial cancer, the FHIT
expression level was independent of both the topography of
the specimens and the bacterial infection.
      Comparison of the mean values of FHIT expression in the
gastric mucosa of group II patients with the topography of the
biopsied gastric specimens and colonization of H pylori is
shown in Figure 3. No significant difference between FHIT
values for the antrum versus the corpus was observed in both
Hp (-) (0.61 vs 0.69) and Hp (+) individuals (0.47 vs 0.27). There
was also no statistical difference in FHIT level within the antrum
caused by bacterial infection. However, considerable statistical
difference was observed for the FHIT level in the corpus
depending on H pylori colonization (P = 0.06). Thus, for patients
with family histories of gastric cancer, the  FHIT expression
level was independent of the topography of the biopsied
specimens but it was significantly affected by the presence of
H pylori in the stomach corpus.

Figure 1  RT-PCR analysis of FHIT and control GAPDH gene
expression from the corpus of patients with dyspepsia. Lanes
1, 2 and 3: patients of group II with a family history of gastric
carcinoma and with H pylori infection; lane 4: control patient
[(no familial cancer, Hp (-))]; lanes 5, 6 and 7: control patients
with Hp (+).

Macroscopic evaluation
The FHIT/GAPDH mean values for the patients of groups I and
II were compared with the macroscopic evaluation of the
gastric mucosa based on the 4-degree Sydney system[8]. The
FHIT/GAPDH mean values were calculated for all cases of each
Sydney system group, independent of stomach topography and

colonization with H pylori. Macroscopic evaluation of the gastric
mucosa showed no significant differences in the FHIT level within
each tested group of patients (Figure 4). Statistical data are as
follows: for patients of group I 2 = 2.51 and P>0.1 and for patients
of group II 2 = 1.78 and P>0.1.

Figure 2  Comparison of FHIT expression in the gastric mu-
cosa of group I patients (without family histories of cancer),
with the topography of the biopsied specimens (a, antrum; c,
corpus) and H pylori colonization (Hp(+)/Hp(-)). The mean ± SE
values are marked.

Figure 3  Comparison of expression of FHIT gene in the gas-
tric mucosa of group II patients (with family histories of
cancer), with the topography of the biopsied specimens and
H pylori colonization. The mean±SE values are marked.

Figure 4  Comparison of the FHIT/GAPDH mean values for
the patients of groups I and II and the macroscopic evaluation
of the gastric mucosa on the Sydney scale. The FHIT/GAPDH
mean values were calculated for all cases of each Sydney sys-
tem group, independent of stomach topography and coloni-
zation with H pylori. The mean±SE values are marked.

DISCUSSION
The origin of tumors is connected with a lack of balance between
the proliferation of cells and their removal through apoptosis.
Most frequently, in neoplastic transformation, the mechanism
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of apoptosis fails and cellular proliferation increases. This
process is complex and consists of many stages. The loss of
the FHIT gene function is frequent in neoplastic transformation;
it may determine the origin of cancer.
       Inactivation of the FHIT gene has been observed in tissues
collected from tumors of many organs, including head, neck,
breasts, lungs, pancreas, stomach, ovary, colorectum, bladder,
and also in leukemia[3,9,10]. An impairment of FHIT gene
transcription has also been demonstrated in 86% of patients
with diagnosed Barett’s metaplasia[11] and in 93% of patients
with esophageal adenocarcinoma[12]. According to the results
of Skopelitou et al[13], FHIT protein is absent in 79% of tested
tissue material in specimens from gastric mucosa of biopsied
adenocarcinoma, affected by H pylori. The contribution of this
bacterium to neoplastic transformation is well documented.
H pylori causes an increase in proliferative activity and affects
the apoptotic process of the glandular epithelium of gastric
mucosa. The sequence of consecutive steps of pathological
lesions as a result of H pylori infection, i.e., chronic atrophic
inflammation of gastric mucosa → intestinal metaplasia →
dysplasia → gastric carcinoma, may last for years[14,15]. Atrophic
lesions in gastric mucosa usually refer to the antrum, seldom to
the corpus. Cancer develops mainly in the antrum (70%),
although in recent years its topography has been noticed to
shift towards the corpus. This is associated with a higher
frequency of H pylori in that area[16].

Figure 5  Comparison of expression of FHIT gene in the first
(dark bars) and second group (white bars) of patients without
and with family histories of cancer, respectively, depending
on the topography of biopsied gastric mucosa tissues and
H pylori colonization.

      We ask the question whether loss of the FHIT gene occurs
only after development of gastric adenocarcinoma or if its
expression is affected by other factors which may lead to the
early  neoplastic transformation. We have considered the influence
of familial factors including the heredity of gastric cancer and
H pylori infection. We have compared FHIT expression in
patients (below the age of 60) with dyspepsia, family histories
of stomach cancer in the first-degree relatives, and cancer of
other organs in the first- or second- degree relatives, including
patients infected with H pylori (group II) against control
patients without family histories of gastric carcinoma (group I).
Although the analyzed group was small, we observed a
significant loss of FHIT (68%) in patients with negative H pylori
(group II versus group I) (Figure 5). The FHIT mean values for
the antrum were 0.61 and 1.86 for groups II and I (P<0.05),
while for the corpus they were 0.69 and 2.16 (P<0.05),
respectively. Infection with H pylori caused loss of FHIT in
both tested groups of patients. In the antrum the mean values
of FHIT were 0.47 and 1.82 for patients of group II and group I,
respectively, with a P value of 0.057. The loss of FHIT in the
corpus of patients with positive H pylori and familial cancer

did not reach statistical significance (P>0.1) in comparison
with the Hp (+) group I patients since FHIT expression was
significantly decreased in this part of the stomach by the
bacterial infection itself. This effect was observed in earlier
studies[16] where it was reported that despite the development
of cancer mainly in the antrum, the topography of cancer shifted
towards the corpus, assisted by the higher frequency of bacterial
colonization in that area.
       Lower FHIT expression in the gastric mucosa infected with
H pylori suggests that bacterial colonization affects the
metabolic pathway and interferes with FHIT expression in
patients of both tested groups. The loss of FHIT observed in
the patients with dyspepsia may constitute an early indication
of the development of gastric carcinoma. These results may
help understand the role of FHIT protein in the process of
carcinogenesis, and its function in individuals with familial
gastric carcinoma and H pylori infection.
     The studies on the evaluation of the expression of FHIT
protein at the mRNA level are encouraging, but only a complex
evaluation of the tissue material from specific parts of the
stomach, determining the level of FHIT expression, concentrations
of FHIT protein, and the extent of infection and pathogenicity
of H pylori strains (presence of Cag A protein gene)[17-19], will
allow verification of the research hypothesis proposed in this
paper. Further studies should answer the question whether it
is necessary to monitor people with family histories of gastric
carcinoma, especially those infected with H pylori.
     We should emphasize that so far, no studies have been
carried out to determine the level of FHIT expression in the
gastric mucosa of those with family histories of gastric cancer.
The importance of family factors (including heredity) may be
proved by the occurrence of gastric carcinoma in monozygotic
twins[20] and a much higher prevalence of gastric carcinoma in
certain families over several consecutive generations[21]. The
hazards of early exposure of these family members to H pylori
bacteria cannot be overestimated.
       In conclusion, the significant decrease of FHIT expression
observed in patients with dyspepsia and family histories of
gastric carcinoma may indicate the need for monitoring the
development of gastric carcinoma. The loss of the FHIT gene
may serve as a marker for early diagnosis and prevention of
gastric carcinoma. The possible manipulation of FHIT cellular
activity, including gene therapy[6,7,22,23], constitutes a challenge
for further studies aimed at the development of new therapeutic
procedures for stomach cancer prevention.
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