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Abstract

AIM: To detect the loss of heterozygosity (LOH) and
microsatellite instabilities (MSI) of fragile histidine triad
(FHIT) gene in gastric carcinoma and to study their
association with the clinical pathological characteristics
of gastric carcinoma.

METHODS: LOH and MSI of FHIT gene were detected
at four microsatellite loci D3SI3H, D3S4103, D3SI48I and
D3S1234 using PCR in matched normal and cancerous
tissues from 50 patients with primary gastric cancer.

RESULTS: The average frequency of LOH and MSI of
FHIT gene in gastric cancer was 32.4% and 26.4%
respectively. LOH and MSI of FHIT gene in gastric
cancer had no association with histological, Borrmann,
and Lauren’s classification. LOH of FHIT gene in gastric
cancer was related to invasive depth. The frequency
of FHIT LOH in gastric cancer with serosa-penetration
was obviously higher than that in gastric cancer without
serosa-penetration (73.5% vs 37.5%, P < 0.05). MSI
of FHIT gene in gastric cancer was associated with the
lymph node metastasis. The frequency of MSI in gastric
cancer without lymph node metastasis was significantly
higher than that in gastric cancer with lymph node
metastasis (66.7% vs 34.3%, P < 0.05).

CONCLUSION: LOH of FHIT gene is correlated with
invasive depth of gastric carcinoma. MSI of FHIT gene
is correlated with lymph node metastases. LOH and MSI
of FHIT gene play an important role in carcinogenesis of
gastric cancer.
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INTRODUCTION

Gastric carcinoma is the most frequent malignancy and
the leading cause of cancer-related deaths in China'"™,
The specific oncogenes and tumor suppressor genes cot-
related with gastric cancer have not been found. In recent
years, many genes have been found to be related to gastric
carcinogenesis, such as fragile histidine triad gene (FHIT),
RUNX3 and PTEN, among which FHIT gene is a tu-
mor suppressor gene which is located in chromatosome
3p14.2, and comprises 10 exons. Exons 1-4 and 10 are
non-coding exons, and exons 5-9 are coding exons. Re-
cent studies indicate that FHIT abnormality mostly results
from loss of exons 5 and 8", Exon 5 contains the start
codon (ATG) of opening read frame (ORF) , exon 8
contains core unit of coding histidine triplet. Chromosome
3p14.2 containing the common apaphidicolin-induced
fragile site (FRA3B)""", is the non-randomly fragmen-
tal or fissured site by its spontaneous or induced actions,
and susceptible to chromosome loss and rearrangement
because of the frequent fragmentation or fissure, which
might be related to tumor-genesis. In this study, we de-
tected the loss of heterozygosity (LOH) and microsatellite
instabilities (MSI) of microsatellite alleles close to FHIT
gene in 50 cases of gastric cancer.

MATERIALS AND METHODS

Specimens

All specimens of gastric cancerous and matched distal
normal mucosal tissues were surgically resected at No.1
Hospital of China Medical University without preopera-
tive chemotherapy and radiotherapy. Specimens were put
immediately into liquid nitrogen after removal, stored at
-70°C, and classified respectively by Borrmann, WHO his-
tological classification, Lauren classification, invasive depth
and lymph node metastasis, efz.
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D351234 F  5-ACGGTGGACGAGAAGAAC-3 612 bp D351234 50 42 (80.4) 9 (21.4) 13 (31.0)
R 5-TTTGAACAAGAAGTGGCATA-3' D351481 50 29 (54.5) 6 (20.7) 8 (27.6)
D351481 F  5-CTGTGGGTTGTCTGTTTA-3' 489 bp D354103 50 39 (74.5) 10 (25.6) 17 (43.6)
R 5-CTGGAGGCATCTCATTAC-3
D354103 F 5-TGGTTTGGTGCTATTCTC-3’ 226 bp MSM: Microsatellite marker; AIT: Analysis information target; MSI:
R 5-TTATTCGGCTCATTGTTC-3 Microsatellite instabilities; LOH: Loss of heterozygosity.
MSM : Microsatellite marker.
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Figure 1 FHIT gene cDNA at different sites.

DNA extraction

DNA was extracted from the frozen gastric cancerous and
normal mucosal tissues by standard phenol-chloroform
method™, dissolved and stored in TE buffer. Finally,
purity and concentration of the extracted DNA were
analyzed by gel electrophresis and ultraviolet spectropho-
tometry.

Microsatellite marker selection and PCR amplification

Four microsatellite marker sites (D3S1300, D3S51234,
D3S4103 and D3S1481) in chromosome 3p14.2 were
selected to detect LOH and MSI of FHIT gene. PCR
primers (sequences in Table 1 and sites in Figure 1) were
synthesized by Beijing AoKe Biology Company. PCR
amplification was carried out in a final volume of 50 L
containing 50 ng DNA, 0.5 pmol/L of each primer, 200
umol/L of each dNTP, and 1U Taq DNA polymerase
(TaKaRa Ex Taq""). The amplification conditions were
an inital denaturation at 94°C for 3 min, followed by 30
cycles at 94°C for 30 s, at 57°C for 1min, at 72°C for 40 s,

and a final extension at 72°C for 5 min.

Polyacrylamide gel electrophoresis (PAGE)

The amplified PCR products wete denatured at 95°C for
5 min and run on 8% denaturation polyacrylamide gel (1 X
TBE buffer, circulatory water) at a voltage 500 V, power
45 W for 3.5 h. Silver staining was performed as previously
described ",

Determination of FHIT LOH and MSI

Genomic allele with heterozygote was considered as
target of LOH analysis information. LOH was defined as
complete loss or up to 50% decreased relative density of
silver staining bands of PCR products in primary gastric
cancerous tissues compared to distal normal mucosal
tissues, and MSI was defined as the increased or mobile
bands of PCR products of gastric cancerous tissues

Figure 2 MSI (A) and LOH (B) at D3S4103. T: Gastric cancer tissues; N: Normal
gastric mucosal tissues.

compared to normal tissues.

Statistic analysis

Sample rate between different groups was analyzed with
chi square test. P < 0.05 was considered statistically
significant.

RESULTS

Detection of FHIT gene LOH and MSI in gastric cancers
The frequencies of LOH and MSI of FHIT gene in four
microsatellite sites are shown in Table 2. The average fre-
quency of FHIT gene LOH in gastric cancer was 32.4%,
and the most frequent site was D354103, accounting for
43.6% (Figure 2A). All samples had different degrees of
LOH at four sites. The average frequency of FHIT gene
MSI in gastric cancer was 26.4%, the most frequent site
was D381300, accounting for 36.8% (Figure 2B), and 11
cases (22.0%) had MSI at two or more microsatellite
sites.

Relationship between FHIT gene LOH, MSI and
clinicopathological characteristics of gastric cancer

There was no statistical relationship between FHIT gene
LOH and Borrmann’s, WHO’s, Lauren’s classification and
lymph node metastasis of gastric cancer (P > 0.05), while
FHIT gene LOH was significantly associated with invasive
depth of gastric cancer. LOH frequency in gastric cancers
penetrating serosa was significantly higher than that in
gastric cancers not penetrating serosa (P < 0.05). There
was no statistical relationship between FHIT gene MSI and
Bormann’s, WHO’s, Lauren’s classification and invasive
depth of gastric cancer (P > 0.05), while FHIT gene MSI
was significantly associated with lymph node metastasis
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n MsI' LOH?*

Histological type

pap.ade & wel.ade 6 3 (50) 4 (66.7)

mod.ade 9 5 (55.6) 5 (55.6)

por.ade 26 13 (50.0) 17 (65.4)

muc.ade 7 3 (42.9) 3 (42.9)

SRC 2 1 (50.0) 1(50.0)
Lauren

Diffusive type 35 17 (48.6) 21 (60.0)

Intestinal type 15 8 (53.3) 9 (60.0)
Bormann

I 5 3 (60.0) 3 (60.0)

II 10 6 (60.0) 7 (70.0)

111 15 7 (46.7) 10 (66.7)

v 10 5 (50.0) 7 (70.0)
Invasive depth

without serosa penetration 16 7 (43.8) 6 (37.5)

with serosa penetration 34 18 (52.9) 25 (73.5)"
LN metastasis

+ 5 12 (34.3) 21 (60.0)

- 15 10 (66.7)" 9 (60.0)

! MSI occurring at least one microsatellite site; > LOH occurring at least
one microsatellite site; ‘P < 0.05 vs without serosa penetration and with LN
metastasis.

of gastric cancer. MSI frequency in gastric cancers with
lymph node metastasis was significantly higher than that in
gastric cancers without lymph node metastasis (P < 0.05,
Table 3).

DISCUSSION

FHIT gene fragile site containing instable repeated
sequence of tris-nucleotide (CGG or CCG) or bi-
nucleotide (AT), is subjected to easy breakage because
of its susceptibility to external environment carcinogen
and mutagen. There are many Alu repeated sequences
in proximal telomere of fragile site FRA3B. Susceptible
fragile site has highly instable repeated sequence
(TAA)5"">52 Tt can be inferred that under the action
of external carcinogen, breakage and crevice may occur
at FRA3B site, following DNA abnormal repair and
rearrangement, thus making complex diversity of FHIT
gene[2]—24].

Our study showed that the average frequeny of FHIT
gene LOH and MSI was 32.4% and 26.4% respectively in
gastric cancer. There was no significant discrepancy be-
tween different microsatellite sites. The most frequent site
of LOH and MSI was D354103 (43.6%) and D3S1300
(36.8%) respectively located in the first coding exon 5
near the FHIT gene, suggesting that FHIT gene loss is
common in gastric cancer. Moreover, many cases had both
LOH and MSI at two or more sites, suggesting that variant
range of FHIT gene is broader. We did not discover that
FHIT gene LOH was associated with Borrmann, histologi-
cal and Lauren’s classification as well as lymph node metas-
tasis. But significant relationship was found between FHIT
LOH and invasive depth of gastri cancer. Huiping ef al”
reported that gastric cancer is concomitant with frequent
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FHIT gene LOH and MSI (84% and 27% respectively),
and loss of FHIT protein is closely associated with lymph
node metastasis. Cappuzzi ef al” also reported that loss of
FHIT protein is positively correlated with clinicopatho-
logical stage and histological grade of gastric cancer, but
negatively with poor prognosis. Noguchi e a/* showed
that LOH of FHIT gene is not related to progression and
prognosis of gastric cancet.

There were no significant differences in FHIT
gene LOH and MSI among various gastric cancers,
suggesting that FHIT gene loss might not be associated
with different gastric cancer. FHIT gene LOH was
significantly associated with invasive depth of gastric
cancer. LOH frequency in gastric cancers penetrating
serosa was significantly higher than that in gastric cancer
not penetrating serosa, suggesting that FHIT gene LOH is
correlated with infiltration and diffusion of gastric cancer.
FHIT gene MSI was significantly associated with lymph
node metastasis of gastric cancer. MSI frequency in gastric
cancers with lymph node metastasis was significantly
higher than that in gastric cancers without lymph node
metastasis, suggesting that FHIT gene mainly participates
in eatly gastric carcinogenesis. The mechanism of down-
regulated expression of FHIT post-transcription needs
further study.

In conclusion, FHIT LOH and MSI reflect the geno-
mic instability of gastric cancer and play an important
role in gastric carcinogenesis. Abnormal FHIT gene may
provide some new clues to malignant biological behavior
and molecular mechanism of gastric carcinogenesis.

REFERENCES

1 Yu Y, Zhang YC, Zhang WZ, Shen LS, Hertzog P, Wilson
TJ, Xu DK. Etsl as a marker of malignant potential in gastric
carcinoma. World | Gastroenterol 2003; 9: 2154-2159

2 Zhang CP, Tian ZB, Zhao QX, Wu J, Liang YX. Relation
between CD1v9, MMP-2 and tumor invasion and metastasis in
gastric cancer. Shijie Huaren Xiaohua Zazhi 2003; 11: 1531-1534

3 Han CB, Li F, Yang XF, Mao XY, Wu DY, Xin Y. Alterations of
mtDNA copy number in gastric carcinoma. Shijie Huaren Xiao-
hua Zazhi 2004; 12: 258-261

4 Yeh KT, Chang JG, Chen Y], Chen ST, Yu SY, Shih MC, Perng
LL Wang JC, Tsai M, Chang CP. Mutation analysis of the puta-
tive tumor suppressor gene PTEN/MMACT1 in hepatocellular
carcinoma. Cancer Invest 2000; 18: 123-129

5 Ohta M, Inoue H, Cotticelli MG, Kastury K, Baffa R, Palazzo J,
Siprashvili Z, Mori M, McCue P, Druck T, Croce CM, Huebner
K. The FHIT gene, spanning the chromosome 3p14.2 fragile
site and renal carcinoma-associated t(3;8) breakpoint, is abnor-
mal in digestive tract cancers. Cell 1996; 84: 587-597

6 Huiping C, Kristjansdottir S, Bergthorsson JT, Jonasson ]G,
Magnusson J, Egilsson V, Ingvarsson S. High frequency of
LOH, MSI and abnormal expression of FHIT in gastric cancer.
Eur | Cancer 2002; 38: 728-735

7  Capuzzi D, Santoro E, Hauck WW, Kovatich AJ, Rosato FE,
Baffa R, Huebner K, McCue PA. Fhit expression in gastric
adenocarcinoma: correlation with disease stage and survival.
Cancer 2000; 88: 24-34

8 Zhao P, Song X, Nin YY, Lu YL, Li XH. Loss of fragile histi-
dine triad protein in human hepatocellular carcinoma. World |
Gastroenterol 2003; 9: 1216-1219

9 Wistuba II, Ashfaq R, Maitra A, Alvarez H, Riquelme E,
Gazdar AF. Fragile histidine triad gene abnormalities in the
pathogenesis of gallbladder carcinoma. Am | Pathol 2002; 160:
2073-2079



Xiao YP et a/. LOH in gastric carcinoma

3769

10

11

12

13

14

15

16

17

18

Andachi H, Yashima K, Koda M, Kawaguchi K, Kitamura A,
Hosoda A, Kishimoto Y, Shiota G, Ito H, Makino M, Kaibara
N, Kawasaki H, Murawaki Y. Reduced Fhit expression is as-
sociated with mismatch repair deficiency in human advanced
colorectal carcinoma. Br | Cancer 2002; 87: 441-445

Yang Q, Yoshimura G, Suzuma T, Tamaki T, Umemura T, Na-
kamura M, Nakamura Y, Wang X, Mori I, Sakurai T, Kakudo K.
Clinicopathological significance of fragile histidine triad tran-
scription protein expression in breast carcinoma. Clin Cancer
Res 2001; 7: 3869-3873

Fouts RL, Sandusky GE, Zhang S, Eckert GJ, Koch MO, Ul-
bright TM, Eble JN, Cheng L. Down-regulation of fragile his-
tidine triad expression in prostate carcinoma. Cancer 2003; 97:
1447-1452

Siikosd F, Kuroda N, Beothe T, Kaur AP, Kovacs G. Dele-
tion of chromosome 3p14.2-p25 involving the VHL and FHIT
genes in conventional renal cell carcinoma. Cancer Res 2003;
63: 455-457

Han CB, Zhao Y], Li F, He Q, Ma JM, Xin Y. [Quantitation and
detection of deletion in tumor mitochondrial DNA by micro-
array technique]. Zhonghua Zhongliuxue Zazhi 2004; 26: 10-13
Ozaki K, Enomoto T, Yoshino K, Fujita M, Buzard GS,
Kawano K, Yamasaki M, Murata Y. Impaired FHIT expression
characterizes serous ovarian carcinoma. Br | Cancer 2001; 85:
247-254

Mimori K, Inoue H, Shiraishi T, Matsuyama A, Mafune K,
Tanaka Y, Mori M. Microsatellite instability is often observed
in esophageal carcinoma patients with allelic loss in the FHIT/
FRAZ3B locus. Oncology 2003; 64: 275-279

Quddus MR, Sung CJ, Cook SW, Wang C, Steinhoff MM,
Hansen K. Loss of Fhit protein in carcinoma of primary and
secondary miillerian systems. Histopathology 2004; 44: 87-88
Kuroki T, Trapasso F, Yendamuri S, Matsuyama A, Alder H,
Mori M, Croce CM. Allele loss and promoter hypermethyl-

19

20

21

22

23

24

25

ation of VHL, RAR-beta, RASSF1A, and FHIT tumor suppres-
sor genes on chromosome 3p in esophageal squamous cell
carcinoma. Cancer Res 2003; 63: 3724-3728

Yao CC, Lin CY, Hu MB. [Abnormal expression of fragile his-
tidine triad (FHIT) and Mut S homolog 2 (MSH2) proteins in
human sporadic colorectal carcinoma and their clinical signifi-
cance]. Aizheng 2004; 23: 310-316

Noguchi T, Takeno S, Kimura Y, Uchida Y, Daa T, Yokoyama
S, Gabbert HE, Mueller W. FHIT expression and hypermeth-
ylation in esophageal squamous cell carcinoma. Int ] Mol Med
2003; 11: 441-447

Ko JY, Lee TC, Hsiao CF, Lin GL, Yen SH, Chen KY, Hsiung
CA, Chen PJ, Hsu MM, Jou YS. Definition of three minimal de-
leted regions by comprehensive allelotyping and mutational
screening of FHIT,p16(INK4A), and p19(ARF) genes in naso-
pharyngeal carcinoma. Cancer 2002; 94: 1987-1996

Holbach LM, von Moller A, Decker C, Jiinemann AG, Rum-
melt-Hofmann C, Ballhausen WG. Loss of fragile histidine
triad (FHIT) expression and microsatellite instability in peri-
ocular sebaceous gland carcinoma in patients with Muir-Torre
syndrome. Am | Ophthalmol 2002; 134: 147-148

Mori M, Mimori K, Masuda T, Yoshinaga K, Yamashita K,
Matsuyama A, Inoue H. Absence of Msh2 protein expression
is associated with alteration in the FHIT locus and Fhit pro-
tein expression in colorectal carcinoma. Cancer Res 2001; 61:
7379-7382

Werner NS, Siprashvili Z, Fong LY, Marquitan G, Schroder
JK, Bardenheuer W, Seeber S, Huebner K, Schiitte J, Opalka
B. Differential susceptibility of renal carcinoma cell lines to
tumor suppression by exogenous Fhit expression. Cancer Res
2000; 60: 2780-2785

Noguchi T, Miiller W, Wirtz HC, Willers R, Gabbert HE. FHIT
gene in gastric cancer: association with tumour progression
and prognosis. | Pathol 1999; 188: 378-381

S- Editor Wang] L-Editor Wang XL E- Editor Ma WH

www.wjgnet.com



