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Abstract

AIM: To examine the aberrant expression of fragile histidine
triad (FHIT) gene and protein in gastric cancer, and to
evaluate the role of FHIT gene and the relationship between
FHIT gene and EBV infection in gastric carcinogenesis.

METHODS: FHIT transcripts were detected by nested RT-
PCR in 30 cases of gastric cancer and their products were
sequenced. FHIT protein was detected by Western blot.
EBV infection was detected by PCR method in 50 cases of
gastric cancer.

RESULTS: The wild type transcripts were detected in all
30 matched normal tissues of gastric cancer. Aberrant
transcripts were found in 11/30 (36.7%) gastric cancerous
tissues. Sequencing analysis of the aberrant fragments
found an RT-PCR product missing exons 5-7 in one case
of gastric cancer, and another product missing exons 4-7.
Four of ten (40.0%) cases of primary gastric cancer
showed absent or decreased expression of FHIT protein
as compared with their matched normal tissues. EBV was
detected in 5/50 (10%) gastric cancers, among which 4/5
(80%) had aberrant transcripts of FHIT gene.

CONCLUSION: Loss of FHIT gene or FHIT protein plays
an important role in carcinogenesis, development and
progression of gastric cancer. EBV infection might influence
carcinogenesis of gastric cancer by inducing the abnormality
of FHIT gene.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Gastric carcinogenesis has been thought to be associated
with its highly exposed risk factors such as Helicobacter pylori
infection[1] and excessive nitrite salt intake[2-4]. In recent years,
close attention has been paid to the carcinogenic factor of
Epstein-Barr virus (EBV)[5-8]. It has been known that multiple
oncogenes and tumor suppressor genes are involved in
gastric carcinogenesis, however, no specific oncogenes and
tumor suppressor genes have been identified. Fragile
histidine triad (FHIT) gene, a tumor suppressor gene, is
located at chromosome 3p14.2 and contains the most
common aphidicolin-induced fragile site FRA3B[9]. FRA3B
is the non-randomly fragmental or fissured site through
chromosome’s spontaneous or induced actions, and also
susceptible to chromosome loss and rearra-ngement because
of the frequent fragmentation or fissure, which might be
related to tumorigenesis[9]. Moreover, one of the EBV
pathogenesis mechanisms might be related to the integration
of EBV DNA into FRA3B and consequently decreasing
FRA3B compliance[10]. Considering that FHIT contains the
FRA3B region, EBV might make FHIT inactivated leading
to carcinogenesis. In this paper, mRNA and protein
expression of FHIT gene, EBV infection and their relationship
in gastric carcinogenesis was determined.

MATERIALS AND METHODS

Materials
Specimens, including 50 cases of primary gastric cancerous
and matched distant normal gastric mucosal tissues, were
surgically resected at the First Hospital of China Medical
University without preoperative chemotherapy and
radiotherapy. They were put immediately into liquid nitrogen,
and reserved at -70 ℃. All cases were classified respectively
by Borrmann, WHO histological classification, Lauren
classification, invasive depth and lymph node metastasis.

Methods
DNA and RNA extraction DNA was extracted from frozen
gastric cancerous and normal mucosal tissues by standard
phenol–chloroform method[6,8], dissolved and reserved in
TE buffer[11]. RNA extraction was conducted according to
instruction of TRIzol reagent kit (GIBCO). Briefly: frozen
gastric tissues were ground into pieces, homogenized in l mL
TRIzol reagent using a homogenizer for 30 s, and incubated
for 5 min. and then 200 L chloroform was added and spun
by centrifugation at 3 000 r/min for 15 min. The aqueous
phase was transferred to another Eppendorf tube, 500 L
isoamyl alcohol was added and placed on ice for 1 h, and



spun by centrifugation at 3 000 r/min for 15 min, finally,
the supernatant was discanded, RNA pellet was washed once
with 750 mL/L ethanol, dissolved in 1 mL/L DEPC sterile
water, and kept at -20 ℃.
PCR and nested RT-PCR PCR and nested RT-PCR were
used to amplify the EBV DNA and FHIT mRNA, respect-
ively. Primer sequence for EBV was: (F)5’-CCAGACAGCA-
GCCAATTGTC-3’; (R)5’-GGTAGAAGACCCCCTC-
TTAC-3’. The PCR product was 129 bp in length, spanning
the BamH1-w of EBV. PCR amplification was carried out in
a final volume of 25 µL, containing 50 ng DNA, 0.5 µmol/L
of  each primer, 200 µmol/L of  each dNTP, and 0.5 U Taq
DNA polymerase (TaKaRa Ex TaqTM). The amplification
condition: an initial incubation at 94 ℃ for 3 min, followed
by 30 cycles of 94 ℃ for 30 s, 58 ℃ for 30 s and 72 ℃
for 1 min; and the final step of extension at 72 ℃ for 5 min.
The cDNA synthesis of  RT-PCR referred to the instruction
of  BcaBEST RNA PCR kit (TaKaRa). Nest-PCR primers
were: (F2)5’-ATCCTGGAAGCTTTGAAGCTGA-3’; (R2)
5’-TCACTGGTTGAAGAATACAGG-3’; (F1)5’-TCCGTA-
*CTGCTATCTACATC-3’; (Rl)5’-CATGCTGATTCA-
GTTCCTCTTGC-3’.First cycle of nest-PCR was the same
as aforementioned except for PCR reaction volume 25 L
containing 50 ng cDNA, 0.5 mmol/L of each outer primer
F2 and R2. The second cycle reaction system contained 5 L
of the first cycle product and 0.5 mmol/L of each inner primer
F1 and R1, the others were similar.
Polyacrylamide gel electrophoresis (PAGE) EBV PCR
products and nest-PCR products of FHIT gene in gastric
cancerous and matched normal tissues were run on 1.5%
agarose gel in 1× TBE buffer at a constant voltage of 60 V
for 1 h.
Sequencing Abnormal nest-PCR products confirmed with
agarose gel electrophoresis were cloned and sequenced by
AoKe Biology Company (Beijing, China).
Protein extraction Tissues were sheared and homogenized
in a homogenizer, added with suspending buffer containing
2 mmol/L EDTA, 10 mmol/L EGTA, 20 mol/L Tris-
HCl, pH 7.5, 56 g/L sucrose and 100 g/L PMSF, agitated
with ultrasonic instrument, then spun by centrifugation at 4 ℃
13 000 g for 1 h. The supernatants were collected for
Western blot.
Western blot Sixteen microliters of  protein extracts were
added into 4 L 5× sampling buffer containing 130 mmol/L
Tris-Cl, pH 8.0, 200 mL/L glycerol, 46 g/L SDS, 20 g/L
DTT, pre-denatured at 96 ℃ for 10 min, run on 12%
polyacrylamide gel (PAGE), then transferred to pyroxylin
membrane at a voltage of 300 V for 2 h. The membrane
was soaked in 1×TBS for approximately 10 min, and rabbit
anti-human FHIT antibody (SANsc-8215, Gene Company
Ltd) added at room temperature overnight, rinsed with
1× TBS buffer, goat anti-rabbit IgG antibody (Zhongshan
Company, Beijing, China) added, shaken gently for 1 h, and
rinsed with 1× TBS again. Finally Horseradish peroxidase
(HRP) was added for 30 min and color development was
done with DAB for 15-30 min, and membrane was rinsed
with distilled water to stop reaction.

Statistic analysis
2-test was applied with SPSS software (version 10.0 for

Windows). A P value of less than 0.05 was considered
statistically significant.

RESULTS

Abnormal transcripts of FHIT gene in gastric cancer
The normal transcripts (wild type, 707 bp) of  FHIT gene
were detected out in 30 cases of  matched normal gastric
mucosa. Abnormal transcripts were found in 11 of  30 cases
(36.7%) of gastric cancers, among which five were shorter
than 500 bp in length. Three cases of gastric cancers were
simultaneously accompanied with normal transcripts, one
with complete loss. Repeated experiments suggested that
there existed FHIT gene loss in gastric cancer (Figure 1).

Figure 1  Deletion of FHIT gene in gastric cancer. Lanes T3 and T4 show
truncated FHIT gene.

Sequencing results
After two abnormal transcripts were purified via gel electrop-
horesis, the following sequencing results showed that one lost
exons 5-7 of FHIT gene with a deletion of 297 bp and
connection of exon 4 and exon 8; the other lost exons 4-7,
with a deletion of 389 bp and connection of exon 3 and 8. In
addition, all losses occurred in exon joints (Figures 2 and 3).

Figure 2  Sequencing analysis of abnormal FHIT gene expression. Arrow
indicates the splicing joint of FHIT gene exons 4 and 8.

Figure 3  Sequencing analysis of abnormal FHIT gene expression. Arrow
indicates the splicing joint of FHIT gene exons 3 and 8.

M     N1    T1    N2   T2   N3    T3    N4   T4    N5    T5

1 057
770
495

210

162

M: PCR marker; N: normal mucosa; T: tumor tissue

exon 4↓exon 8

exon 3↓exon 8

Xiao YP et al. FHIT gene and EBV infection in gastric cancer     3213



FHIT protein expression and EBV infection in gastric cancer
Western blot showed 4 of  10 cases (40.0%) of  gastric
cancers had loss or decreased expression of FHIT protein
(Figure 4). EBV was detected in 5 of 50 (10%) cases of
gastric cancers (Figure 5), among which 4 out of 5 (80.0%)
has abnormal FHIT gene transcripts. The relationship
between EBV infection and FHIT gene expression in gastric
cancer is shown in Table 1.

Figure 4  Expression of FHIT protein in gastric cancer. Lane T1 shows the
deletion of FHIT protein. N: normal; T: tumor.

Figure 5  Electrophoresis result of EBV in gastric cancer. Lanes 2, 6-8 show the
positive EBV infection.

Table 1  Relationship between EBV infection and FHIT transcripts

   FHIT Transcripts

EBV n Abnormal Normal

+ 5        4       1

-                 45        7      38

Sum                 50        11      39

P = 0.006, EBV+ vs EBV-.

DISCUSSION

Exon 5 of FHIT gene is the first coding exon (initiation of
translation), adjacent to fragile site FRA3B. DNA repair
and rearrangement of FRA3B fissured site result in deletion
of  FHIT gene exon. Exon 8 containing highly conserved
region, is a  combing site of zinc ion and also the important
target region of FHIT gene loss. The coding protein of
FHIT gene, FHIT, a typical dinucleotide triphosphoric acid
hydrolase (Ap3A), could hydrolyze adenosine diphosphate
into ADP and AMP[12]. FHIT combines with mRNA cap
structure, making mRNA de-cap, loss of function, increasing
the probability of tumorigenesis[12]. FHIT combines with
its substrate and exerts tumor suppression by its compound,
which might be a signaling molecule and has more important
function than its hydrolase[13].

Our research showed that FHIT gene in 36.7% gastric

cancers presented truncated or deleted transcripts, about
450, 350, and 280 bp in length, suggesting there were
different deletions of FHIT gene in gastric cancer. Sequencing
results showed FHIT gene had deletion of exons 5-7 and
4-7. The deleted sites of FHIT transcripts were all splicing
sites of  FHIT gene exons, suggesting that deletion of  FHIT
gene usually resulted from its abnormal splice.

Baffa et al[14], reported that 53% gastric cancers had
abnormal transcripts of  FHIT gene, and 67% showed loss
expression of FHIT protein. Huiping et al[15] , also reported
that 87% gastric caners presented abnormal transcripts of
FHIT gene. Ohta et al[16], discovered via nest RT-PCR that
53.6% gastric cancers and 37.5% large intestinal cancers
had abnormal transcripts of  FHIT gene, suggesting deletion
of  FHIT gene was common in gastric cancer. Abnormal
transcripts of FHIT gene often involved one or more exons’
deletion, and mostly occurred in the two important functional
exons 5 and 8, which were defined as types I and II,
respectively by Ohta et al[16]. Whether types I or II, abnormal
transcripts could not encode fully functional FHIT protein,
so the two exons’ deletion might play a very important role
in carcinomatous change of  gastric mucosal epithelium. We
summarize the abnormalities of  FHIT gene transcripts as
follows: (1) Exons 4-6 deletion; (2) exons 4-8 deletion; (3)
single one exon deletion such as exon 5 or exon 8; (4) whole
transcript’s deletion. The deletion of FHIT transcripts often
involved important functional exons 5 and 8, further
influencing the function of FHIT protein, resulting in a
decrease or loss of FHIT protein activity, which affected
catabolism of Ap3A and Ap4A. Accumulated intracellular
Ap3A and Ap4A could repress cell apoptosis, and induce
cell carcinomatous change[17-20].

Previous reports[21,22] showed that frequent deletions of
FHIT transcripts were accompanied with decrease or loss
of FHIT protein. Our researches showed that 40% gastric
cancers displayed decreased or depleted FHIT protein
(statistic analysis was not performed for fewer cases), and
all of  them had lymph node metastasis, suggesting that a
decreased FHIT protein might be associated with lymph
node metastasis and poor prognosis. Otterson et al[23], found
that over-expression of FHIT protein could not suppress
the cell clonal formation and cell proliferation. When transfer
of  normal FHIT gene into cancer cells without wide type
FHIT per se, the product FHIT protein, however, could not
suppress the cell growth. We presumed that the molecular
mechanism of FHIT gene might be intrinsically different
from the traditional tumor suppressor gene such as p53.

It has been found[5-7,24,25] that some gastric carcinomas are
associated with the infection of EBV since Shibata et al[26],
firstly reported their relationship. Most of the gastric carcinomas
associated with EBV (EBVaGC) occurred at cardia or body
of the stomach, or just appeared in the remnant gastric cancer,
and showed the malignant features such as poor differentiation
and infiltrated lymph nodes. We found five cases of  gastric
cancers infected with EBV and simultaneously all of them
had lymph node metastasis, among which three cases were
poorly differentiated late-stage gastric cancers, one moderately
differentiated early-stage, and one poorly differentiated middle-
stage gastric cancer. From the view of clinicopathological
features, EBVaGC tended to be poorly differentiated, with
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lymph node metastasis, suggesting a poor prognosis of  gastric
cancer.

Divergent opinions have been reported concerning the
molecular mechanism of  EBVaGC. Some researchers[27-29]

proposed that EBVaGC was associated with the abnormality
of P53, Bcl-2, and TGF-, and microsatellite instability.
Chang et al[30], thought that there was no correlation between
the infection of EBV and gastric carcinomas. At present,
the mechanism of EBV in promoting gastric carcinogenesis
has been unknown. Ohta et al[16], discovered that abnormalities
of  FHIT were frequently observed in some malignant tumors
in certain areas, such as nasopharyngeal carcinomas in China
and gastric cancers in Southeast Asia, and EBV might result
in abnormal FHIT gene by its integration into the region
of  FRA3B. Four of  the five gastric cancers with EBV
infection in our study presented abnormal transcripts,
indicating the close association between EBV and the
abnormality of  FHIT gene, and even the cell carcinomatous
change. We also detected the loss of  heterozygosity (LOH)
and microsatellite instability (MSI) in the same five cases.
LOH was observed at microsatellite sites D3S4103 (4/5),
D3S1300 (3/5), D3S1481 (2/5) and D3S1234 (2/5), while
MSI appeared at sites D3S1300 (1/5), D3S1481 (1/5) and
D3S1234 (1/5). As D3S4103, D3S1300 and D3S1481 all
located near exon 5 of FHIT gene, we presume that the
integrating site of EBV might be just near exon 5.

In conclusion, we supply some new clues for further
studies on the relations between abnormal FHIT and the
malignant biological behaviors of gastric cancer cells. The
studies of the relationship between EBV infection and
abnormality of  FHIT gene also provide a new scientific basis
on pathogenesis of gastric cancer. By a certain mechanism
such as integration, EBV might result in FHIT gene
instability, down-regulate transcripts or truncated (deleted)
FHIT proteins, which are likely to play an important role in
gastric carcinogenesis, local infiltration and regional lymph
node metastasis.
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