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Abstract
AIM: To investigate the loss of heterozygosity (LOH) and
mutation of tumor suppressor gene PTEN in gastric cancer
and precancerous lesions.

METHODS: Thirty cases of normal gastric mucosa, advanced
and early stage gastric cancer, intestinal metaplasia, atrophic
gastritis, and atypical hyperplasia were analyzed for PTEN
LOH and mutations within the entire coding region of PTEN
gene by PCR-SSCP denaturing PAGE gel electrophoresis,
and PTEN mutation was detected by PCR-SSCP sequencing
followed by silver staining.

RESULTS: LOH rate found in respectively atrophic gastritis
was 10% (3/30), intestinal metaplasia 10% (3/30), atypical
hyperplasia 13.3% (4/30), early stage gastric cancer 20%
(6/30), and advanced stage gastric cancer 33.3% (9/30),
None of the precancerous lesions and early stage gastric
cancer showed PTEN mutations, but 10% (3/30) of the
advanced stage gastric cancers, which were all positive
for LOH, showed PTEN mutation.

CONCLUSION: LOH of PTEN gene appears in precancerous
lesions, and PTEN mutations are restricted to advanced
gastric cancer, LOH and mutation of PTEN gene are closely
related to the infiltration and metastasis of gastric cancer.
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INTRODUCTION

A candidate tumor suppressor gene PTEN (also known as

MMAC1 or TEP1) has recently been isolated from chromosome
10q23.3[1-3]. They are found mutated in several cancer types
that display LOH in this region[4,5]. The PTEN gene encodes a 403
amino acid protein homologous to some protein phosphatases,
and the protein has been shown to possess protein phosphatase
activity in vitro[6-8]. It is thought that PTEN protein dephosphorylates
the 3 positions of phosphatidylinositol 3,4,5-triphosphate (PIP3),
a well-known intracellular messenger of certain cell-growth
stimulators[9,10]. The molecular mechanisms of PTEN have been
elucidated recently, and it is considered that PTEN belongs to
a class of tumor suppressor genes together with p53, Rb, and
APC. Gastric cancer is the most common digestive tract cancer
diagnosed in China. In spite of its impact on human health, the
molecular mechanisms involved in the pathogenesis of gastric
cancer remain relatively unknown. PTEN is expressed in normal
gastric mucosa, implying that loss of function may have some
consequences in gastric cancer. We examined patients of
advanced stage gastric cancer, especially the precancerous
lesions for LOH at the loci, and observed the PTEN gene and
its mutation from different visual aspects. We found the
frequent presence of LOHs at 10q23.3 in gastric cancer and the
precancerous lesions and mutations of PTEN gene in patients
with advanced stage gastric cancer, suggesting that the inactivation
of PTEN gene might be more closely related to the infiltration
and metastasis of gastric cancer than previous observations.

MATERIALS AND METHODS

Tissue samples
Thirty cases of normal gastric mucosa, atrophic gastritis, intestinal
metaplasia, atypical hyperplasia, and the early and advanced
stage gastric cancer were obtained from the Endoscopic Center
and operation rooms of China Medical University from 2000 to
2002. The tissues were extracted 5 cm away from the lesion for
the control group. All the specimens were embedded in OCT rather
then snap-frozen in the liquid nitrogen, and kept frozen at -70 ℃.
The cryostat sections from each tumor specimen were examined
histologically, and only those blocks of tumor tissues composed
of more than 70% neoplastic cells were selected for subsequent
DNA isolation. DNA was from gastric cancers, precancerous
lesions, and the corresponding normal tissues following the
saturated sodium chloride method.

LOH analysis
Three microsatellite markers (D10S215, D10S541 and D10S 2491)
were used to evaluate LOH on 10q23.3[11]. All the primers used in
this study were obtained from AoKe Corporation, Beijing. The
sequences of the primers are shown in Table 1. Each of the PCR
mixtures contained 20 ng of genomic DNA, 2 L of 10×PCR buffer,
0.4 mol/L of each primer, 1.5 mmol/L Mg2+, 200 mmol/L of dNTPs,
and 1 unit of Taq DNA polymerase (Takara, Dalian). PCR was
carried out over 35 amplification cycles for 45 s at 94 ℃, 45 s at 55 ℃,
60 s at 72 ℃. The PCR mixture was subjected to predegeneration
for 5 min at 95 ℃ and a further extension for 10 min at 72 ℃.
After the amplification, PCR products were resolved on 160 g/L
denaturing polyacrylamide gel and sliver staining was performed
for analysis.



PTEN mutations
Exons 5 and 8 of PTEN were amplified separately using the
primer sets described by Risinger et al[12]. The primer sequences
of exons 5 and 8 are shown in Table 1. Genomic DNA was
subjected to PCR amplification in 20 L of the reaction mixture,
which contained 20 ng of genomic DNA, 2.5 mol/L of each
primer, 2 L of 10× PCR buffer, 2.0 mmol/L Mg2+, 200 mmol/L
dNTP, and 1 unit of TaqDNA polymerase (Takara, Dalian). PCR
was carried out over 35 amplification cycles for 45 s at 94 ℃, 30 s
at 58 ℃, 60 s at 72 ℃. The PCR mixture was subjected to
predenaturation at 95 ℃ for 5 min and a final extension at 72 ℃
for 10 min. After completion of PCR, the ratio of 1:5 volume of
sequencing-stop-solution was added, heated at 95 ℃ and rapidly
cooled on ice, and 1-5 L of resulting mixtures was loaded on
120 g/L non-denaturing polyacrylamide gel and silver stained,
then the shifted bands were sequenced.

DNA sequencing
After the electrophoresis, shifted SSCP bands were excised
from the gel. We extracted the DNA from the gel with distilled
water, then reamplified it using the original PCR primers. The
reamplified PCR products were sequenced with an ABI
PRISM310 dye terminator cycle sequencing ready reaction kit.

RESULTS

LOH analysis
We examined the genotypes of gastric cancer and precancerous
lesions at three highly polymorphic loci distributed at 10q23.3
(D10S215, D10S541 and D10S 2491). In our study, 10% of
atrophic gastritis and intestinal metaplasia and 13.3% of atypical
hyperplasia demonstrated LOH in the 10q23.3 region (Figure 1
and Table 1). To examine whether the LOH found frequently
in this region was also present in gastric cancer, we further studied
30 early stage and 30 advanced stage cancers (Table 2 and
Figure 1). We found that 20% of the early stage gastric cancers
and 30% of the advanced stage gastric cancers demonstrated
LOH at 10q23.3, while none of the normal gastric mucosa showed
LOH at D10S215, D10S54, or D10S 2491.

Table 1  Primers of PTEN microsatellite loci and exons

Loci         Position Primer sequence

D10S215      10q22-23 P1 TGGCATCATTCTGGGGA

P2 TTACGTTTCTTCACATGGT

D10S541     10q22-23         P1 AAGCAAGTGAAGTCTTAGAACCACC

            P2 CCACAAGTAACAGAAAGCCTGTCTC

D10S2491     10q23-23 P1 TTATAAGGACTGAGTGAGGGA

P2 GTTAGATAGAGTACCTGCACTC

Exon 5 P1 CTTATTCTGAGGTTATCTTTTTTACC

P2 CTCAGAATCCAGGAAGAGGA

Exon 8 P1 ACACATCACATACATACAAGTC

P2 GTGCAGATAATGACAAGGAATA

SSCP and sequencing
SSCP analysis of the PTEN gene was performed on gastric
cancer and precancerous lesions. We screened the exons 5 and

8 of PTEN coding region, and no mutation was detected in
early stage gastric cancer or precancerous lesions. However,
one mutation in exon 5, and two mutations in exon 8 of PTEN
coding region were detected in advanced gastric cancer (Table 3
and Figure 1)

Table 2  PTEN LOH in gastric cancer and precancerous lesion

Lesions         D10S215          D10S541 D10S2491   Total %
             % (n)  % (n)     % (n)

AG          3.3 (1/30)         3.3 (1/30) 6.7 (2/30) 1 0

IM          3.3 (1/30)         3.3 (1/30) 3.3 (1/30) 1 0

AH          6.7 (2/30)         3.3 (1/30) 6.7 (2/30) 13.3

Gastric cancer

Early stage   6.7 (2/30)       10 (3/30) 6.7 (2/30) 2 0

Advanced   13.3 (4/30)        6.7 (2/30)         13.3 (4/30) 3 0

stage

AG: atrophic gastritis; IM: intestinal metaplasia; AH: atypical
hyperplasia.

Figure 1  Representative silver staining showing allelic losses
at markers near or within PTEN and mutation of PTEN (T:
tumor; N: normal;).

DISCUSSION

PTEN/MMAC1 was originally isolated from a region
homozygously deleted in several cancer cell lines, including
glioma and cancers of the breast and prostate. Mutations in
this gene have been reported as glioma, endometrial carcinoma,
breast tumors, and malignant melanoma[13-16]. Germ-line mutation
of PTEN/MMAC1 is also associated with two autosomal dominant
disorders belonging to the family of hamartomatous polyposis
syndrome[17,18]. Thus some cancers seem devoid of PTEN/
MMAC1 alterations (e.g., serous carcinoma of endometrium and
cervical cancer)[19]. Genetic changes of PTEN/MMAC1 occur
in multiple types of cancer, suggesting that inactivation of
PTEN/MMAC1 may play an important but perhaps somewhat
general role in the pathogenesis of a variety of human malignancies.
       There is strong circumstantial evidence that allelic loss of
PTEN is found in a large variety of human cancers. The inactivation
of PTEN gene may be due to mutation and LOH or decreasing
expression of PTEN mRNA or protein[20-22]. The earliest research
done on PTEN gene was for experimentation of glioma. The

Table 3  Mutation of PTEN in gastric cancer

Case          Exon          LOH           Coden Base change           Stage          Pathology

1 1 5 +   91 GAA to CAA IIIa Signet-ring cell cancer

1 9 8 + 335 CGA to TGA II Hypodifferentiated adenocarcinoma

2 2 8 + 329 Del 4 bp IIIb Undifferentiated gastric cancer

T     N Marker T   N T  N Marker Marker

D10S215 D10S541 D10S2491 PTEN mutation
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result showed that LOH rate was 70-80%, while the mutation
rate was 27-30% for the PTEN gene in glioma[23]. In prostate
cancer, PTEN LOH was reported to be 32-63% while PTEN
mutation rate was 12-25%[24,25]. In endometrial carcinoma, PTEN
mutation rate was 19%[26], and ovary cancer showed 27.3-42.1%
of PTEN LOH with a mutation rate of 8.3-21%[27]. In the
benign lesion of ovary cyst, the PTEN LOH rate was 56.3%,
and PTEN mutation rate was 20.6%[28]. It has been speculated
that PTEN mutation and its relation to gastrointestinal tumor
often occur in the colorectal tumor with hereditary tendency
such as familial polyposis[29]. The mutation rate is low in
sporadic colorectal cancers[30]. Taniyama et al[31] studied 32
cases of sporadic colon cancer, but observed a bi-allelic genomic
alteration that caused loss of function of the gene only in
one case. Wang et al[32] found only one somatic mutation of
PTEN gene out of 72 colon cancer cases. Regarding the
relationship between PTEN mutation and gastric cancer, Zheng
et al[33] found PTEN was closely related to the infiltration and
metastasis of gastric cancer. Our previous study showed PTEN
inactivation was also related to the precancerous lesion of
gastric cancer. In this study, the rates of PTEN LOH in atrophic
gastritis, intestinal metaplasia, and atypical hyperplasia were
10, 10, and 13.3%, respectively. In early stage gastric cancer,
PTEN LOH rate was 20%, while it was 30% in the advanced
gastric cancer. There were no PTEN mutations in precancerous
lesions or in any early stage gastric cancer. The PTEN mutation
rate was observed in 10% of advanced gastric cancers, showing
that the loss or inactivation of PTEN gene is related to the
tumor genesis of gastric cancer, especially to the invasion and
metastasis of gastric cancer. For the three cases of PTEN showing
mutations, one tumor located in the anus prolonged and spread
to the lower part of esophagus, and the pathology showed
signet cancer. One case showing the tumor located in the
corpus without penetrating the seroma, with the lymph node
metastas is around the a r tery,  pathology showed
Undifferentiated cancer. Another case showing the tumor
located in the sinus was able to infiltrate to muscular layer,
with the metastasis of lymph node within 5 cm of the tumor
margin. The pathology for this particular case was regarded as
poorly-differentiated adenocarcinoma.
      Li et al has previously studied the expression of PTEN
encoding products in gastric cancer and precancerous lesions
by immunohistochemistry. The result showed PTEN was down-
regulated in the tumorigenesis of gastric cancer.
      Based on the findings from this study, we conclude that
PTEN LOH and the mutation rates are lower in gastric cancer
compared with that in the other tumors (10 -33.3% for PTEN
LOH and 0-10% for the mutation rate). This further supports
that the pathogenesis of gastric cancer is a complicated
molecular mechanism closely associated with genes, such as
oncogene, tumor suppressor gene, mismatch repair gene,
telomere and telomerase, cellular adhesive factors, etc.
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