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Abstract
AIM: To investigate the relation between gastric cancer 
and microsatellite instability (MSI), loss of heterozygos-
ity (LOH) and promoter region methylation. 

METHODS: Fifty primary gastric carcinoma specimens 
were collected from patients with no family history of 
cancer. In addition, normal tissues were also collected 
from patients as controls. DNA was extracted by poly-
merase chain reaction for single-strand conformation 
polymorphism, bisulfite DNA sequencing, and methyla-
tion-specific band analysis. 

RESULTS: The positive rate for MSI and LOH in gas-
tric carcinoma was 16% and 20%, respectively. Ac-
cording to the tumor, node and metastasis staging 

system, the LOH frequency was higher in gastric carci-
noma at stages Ⅲ and Ⅳ than in gastric carcinoma at 
stages Ⅰ and Ⅱ (P  = 0.01), which was also significant-
ly correlated with lymph node metastasis and clinico- 
pathological characteristics of gastric carcinoma. Meth-
ylation of bone morphogenetic protein 3 (BMP3) gene 
promoter was detected in 64.44% of gastric carcinoma 
tissue samples. However, no statistical significance 
was observed between promoter region methylation 
and carcinoma differentiation. Interestingly, the BMP3  
gene methylation rate was 71.05% and 28.58%, re-
spectively, in MSI positive and negative cases (P  = 
0.031), suggesting that BMP3  genetic instability and 
promoter methylation are initiated during gastric carci-
nogenesis. LOH was detected mostly in the late stages 
of gastric carcinoma, indicating that gastric carcinoma 
at late stages has a higher infiltration and a poorer 
prognosis. 

CONCLUSION: Promotor region methylation of the 
BMP3  gene may cause gastric carcinoma in Chinese 
people.
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INTRODUCTION
Gastric carcinoma is one of  the leading causes of  can-
cer-related death in China. Its incidence and mortality 
are increasing in Chinese people. Research has been fo-
cused on the development of  cancer and its progression, 
by studying epigenetics and tumor suppressor genes. 
It was reported that microsatellite instability (MSI) and 
loss of  heterozygosity (LOH) are associated with gastric 
cancer[1-5]. In addition, gene promoter region hyper-
methylation can activate certain tumor suppressor genes. 
Most of  the MSI and LOH studies have been focused 
on p53[6], p16 and fragile histidine triade genes[7] with less 
efforts made on the role of  bone morphogenetic protein 
(BMP) 3 epigenetics in tumor suppressor genes.

BMP3, belonging to the transforming growth factor 
β superfamily proteins, plays an important role in embry-
onic development by inducing and patterning early skel-
etal formation. It has been recently reported that BMP3 
is associated with tumor development and progression[8]. 
However, no report is available on the role of  BMP3 in 
gastric carcinoma development. The present study was 
to investigate the D4S2922 and D4S2964 loci in 4q21 re-
gion of  the BMP3 gene by examining their MSI, LOH as 
well as the promoter region methylation and to reveal the 
relation between BMP3 gene and gastric carcinogenesis.

MATERIALS AND METHODS
Gastric carcinoma specimens 
Fifty gastric carcinoma samples were obtained from pa-
tients with no family history of  cancer and normal tissue 
samples were also collected from patients as controls. 
The study was approved by the Ethics Committee and 
patient families before chemotherapy and radiotherapy.

DNA extraction and polymerase chain reaction (PCR)
DNA was extracted from gastric carcinoma and normal 
tissue samples using a QIAGEN kit according to its man-
ufacturer’s instructions. PCR for D4S2922 was performed 
using the primers (sense: 5'-tgcttatgcaagag-
gttgttc-3' and antisense: 5'-aaagggcagt-
tagggatgct-3') and for D4S2964 using the primers 
of  (sense: 5'-cttccttcccaactcacaca-3' and an-
tisense: 5'-ggtcattcatgcaatccaca-3'). Thirty-
five PCR amplification cycles were performed at 94℃ for 
1 min (denaturation), at 59℃ for 1 min (annealing), and 
at 72℃ for 1 min (extension) in a 25 μL reaction buffer 
containing 1.0 mmol/L MgCl2 and PCR buffer (QIAGEN 
PCR kit). The PCR products were resolved in 2% agarose 
gels. The fragment size of  D4S2922 and D4S2964 was 
230 bp and 164 bp, respectively. 

Single-strand conformation polymorphism (SSCP) 
analysis
For SSCP analysis, 3 μL of  each amplification product 
was added to 3 μL denaturing buffer containing 98% 
formamide and 0.09% bromophenol blue. The samples 

were heat-denatured at 98℃ for 10 min and then placed 
on ice for 10 min. The denatured DNA was electropho-
resed on 8% non-denaturing polyacrylamide gels (140 V 
for 2 h, 4℃). SSCP patterns on the gels were visualized 
with silver staining. 

Bisulfite DNA sequencing analysis
Using a CpGenome™ fast DNA modification kit (Chemi-
con International, Inc.), genomic DNA (1 μg) in a vol-
ume of  100 μL was denatured with 7 μL of  3 mol/L 
NaOH freshly prepared at 37℃ for 10 min, 550 μL of  
freshly prepared DNA modification reagent was then 
added and the reaction was continued at 55℃ for 16-20 h. 
The modified DNA was cooled on ice for 5 min before 
750 μL binding buffer was added. After centrifugation, 
the products were washed with 750 μL 1 × washing buf-
fer and denatured with 50 μL 20 mmol/L NaOH/90% 
EtOH for 10 min, followed by an additional 750 μL 1 × 
washing buffer. The eluted products were stored at -20℃ 
for use.

Methylation-specific PCR analysis
Primers (sense: 5'-GGAGTTTAATTTTTGGTTTT-
GTTGTT-3' and antisense: 5'-ATCAACTCCCAACAT-
CACTACA-3') were used for the nonmethylated specific 
BMP3 gene, yielding a PCR product of  73 bp. Primers 
(sense: 5'-GTTTAATTTTCGGTTTCGTCGTCGT-3' 
and antisense: 5'-GTCGACTCCCGACGTCGTACG-3') 
were used for the methylated specific BMP3 gene, yield-
ing a PCR product of  70 bp. After an initial preheating 
step at 94℃ for 10 min, 40 cycles of  PCR were per-
formed at 94℃ for 30 s, at 64℃ for 45 s, at 72℃ for 75 s, 
and a final extension at 72℃ for 10 min. The amplified 
PCR products were examined on 8% agarose gels.

Band analysis
PCR-SSCP showed one main band of  the D17S396 
locus in normal lymph node genomic DNA. The pres-
ence of  two main bands indicated that a sample could 
be further evaluated in LOH analysis. LOH was consid-
ered when less than 50% bands or a lower band density 
was found in tumor tissue samples than in normal tissue 
samples, while MSI was considered when more than 
50% bands or a band migration was observed in tumor 
tissue samples.

Statistical analysis
All data were analyzed with SPSS version 16.0 by one-
way ANOVA and t-test. P < 0.05 was considered statisti-
cally significant.

RESULTS
Correlation between BMP3 genetic instability and 
clinicopathological features of gastric carcinoma 
Both D4S2922 and D4S2964 from tumor and normal 
tissue samples were successfully amplified and the bands 
on gel images were heterozygous for the allele. Com-
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pared with the normal tissue samples, MSI was consid-
ered when more bands were found in gastric carcinoma 
tissue samples and LOH was considered when less 
bands were observed in gastric carcinoma tissue samples 
(Figure 1). A BMP3 was considered positive when the 
two loci showed at least one MSI or one LOH.

In the present study, 16.00% of  the gastric carcino-
ma tissue samples were positive for MSI of  the BMP3 
gene (Table 1). However, MSI was not correlated with 
tumor differentiation, infiltration, lymphatic metastasis 
and tumor, node and metastasis (TNM) staging. The 
frequency of  LOH was 20.00% (Table 1). Interestingly, 
LOH was significantly related with lymphatic metas-
tasis and TNM staging of  gastric carcinoma. The fre-
quency of  LOH was not correlated with differentiation 
and infiltration of  gastric carcinoma and much higher 
in gastric carcinoma with lymph node metastasis than 
in gastric carcinoma without lymph node metastasis 
(30.30% vs 0.00%, P < 0.05). The LOH detection rate 
was higher in tumors at stages Ⅲ and Ⅳ than in tumors 
at stages Ⅰ and Ⅱ (47.05% vs 6.06%, P < 0.01). 

Relation between BMP3 gene promoter region 
methylation and clinicopathological features of gastric 
carcinoma 
The methylation status in promoter region of  BMP3 
gene was analyzed by methylation-specific PCR (Table 1). 
Positively methylated BMP3 promoter region was found 
in 45 of  the 50 gastric carcinoma tissue samples, with a 
methylation rate of  64.44%. The frequency of  methyla-
tion in normal tissue was 53.49% (43/50) with no statis-
tical difference between gastric carcinoma and normal 
tissue samples (P > 0.05). In addition, BMP3 gene pro-
moter region methylation was not correlated with tumor 
differentiation, infiltration, lymphatic metastasis and 
clinical TNM staging.

Correlation between gastric carcinoma gene BMP3 
instability and its promoter region methylation
The frequency of BMP3 gene promoter region meth-
ylation was much lower in MSI negative than in MSI 
positive cases (28.58% vs 71.05%, P < 0.05, Table 2). 
However, the frequency of  BMP3 gene promoter region 
methylation was 68.75% and 50.00%, respectively, in 
LOH negative and positive cases with no statistical dif-
ference.

DISCUSSION
Microsatellites are the short sequences of  DNA, usually 
2-6 base pairs in a row along a DNA molecule. MSI is 
mutations in genes, whereby repair of  damaged DNA 
causes microsatellite-associated regions to become lon-
ger or shorter. LOH in a cell represents the loss of  nor-
mal function in one allele of  a gene in which the other 
alleles have been inactivated. MSI and LOH play an 
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Figure 1  Polyacrylamide gel electrophoresis (PAGE) of bone morphoge-
netic protein 3 (BMP3) gene. No difference was found between tumor tissue 
(1C) and normal tissue (1N). Compared with normal tissue (2N), positive MSI 
was represented as an added allele band (arrow) in tumor tissue (2C). Com-
pared with normal tissue (3N), positive LOH was represented as lacking an 
allele band (arrow) in tumor tissue (3C).

Table 1  Relation of genetic instability and methylation 
of BMP3  gene with clinicopathological features of gastric 
cancer

Clinicopathological 

features

MSI  LOH

%  (+/n) % (+/n)

Differentiation degree 16.00   (8/50) 20.00 (10/50)
   High differentiation 25.00 (2/8)   0.00 (0/8)
   Middle differentiation   8.69   (2/23) 21.74   (5/23)
   Low differentiation 21.05   (4/19) 26.32   (5/19)
Serosa infiltration
   Positive 17.15   (6/35) 22.86   (8/35)
   Negative 13.33   (2/15) 13.33   (2/15)
Lymph node metastasis
   Positive 12.12   (4/33) 30.30 (10/33)
   Negative 23.53   (4/17)    0.00b   (0/17)
TNM stage
   Ⅰ + Ⅱ 15.16   (5/33)   6.06   (2/33)
   Ⅲ + Ⅳ 17.65   (3/17)  47.05c   (8/17)

bP < 0.001 vs positive lymph node metastasis; cP = 0.01 vs TNM stages Ⅰ + Ⅱ. 
MSI: Microsatellite instability; LOH: Loss of heterozygosity; BMP3: Bone 
morphogenetic protein 3; TNM: Tumor, node and metastasis.

Table 2  Relation between BMP3  gene methylation and 
clinicopathological features of gastric cancer

Clinicopathological 

features

Methylation frequency P  value

% (+/n)

Differentiation degree 64.44 (29/45)
   High 75.00 (6/8)
   Middle 68.18 (15/22) 0.273
   Low 53.33   (8/15)
Serosa infiltration
   Positive 59.38 (19/32) 0.275
   Negative 76.92 (10/13)
Lymph node metastasis
   Positive 62.07 (18/29) 0.663
   Negative 68.75 (11/16)
TNM stage
   Ⅰ + Ⅱ 62.50 (10/16) 0.844
   Ⅲ + Ⅳ 65.52 (19/29)
MSI
   Negative 71.05 (27/38)  0.031a

   Positive 28.58 (2/7)
LOH
   Negative 68.57 (24/35) 0.290
   Positive 50.00   (5/10)

aP < 0.05.
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important role in tumor development and progression. 
LOH occurs when the remaining functional allele in a 
somatic cell of  the offspring becomes inactivated due 
to mutation. No normal tumor suppressor is produced, 
thus resulting in tumorigenesis[9].

Microsatellites were first reported in 1981 by Miesfeld 
et al[10] and further elucidated in 1993 by Aaltonen et al[11] 
who revealed a higher MSI frequency in hereditary non-
polyposis colorectal cancer cells. MSI has been reported 
in colon, gastric, cervical, breast, prostate and pancreatic 
carcinomas[12-17].

Alexander et al[18] investigated the sporadic colon car-
cinoma cases and found that MSI occurs in early stages 
with a better prognosis, suggesting that MSI can serve as 
an early diagnostic index for gastric and colon carcino-
mas. Our previous report also demonstrated that the fre-
quency of  MSI is higher in D17S396 loci of  the nm23H1 
gene in gastric and colon carcinomas at stages Ⅰ and Ⅱ 
with a better prognosis than in those at stages Ⅲ and Ⅳ 
with a worse prognosis, suggesting that MSI can serve as 
an early diagnostic index for gastric and colon carcino-
mas[19]. In this study, however, no statistical significance 
was found between MSI of  BMP3 gene and tumor dif-
ferentiation, infiltration, lymphatic metastasis and tumor 
TNM staging.

Berney et al[20] showed that the LOH frequency of  
nm23H1 gene is significantly correlated with tumor in-
filtration and metastasis. Candusso et al[21] reported that 
LOH is more frequently found in late stage tumors, 
often with lymphatic metastasis. In our study, the LOH 
frequency of  BMP3 gene was much higher in gastric 
carcinomas at stages Ⅲ and Ⅳ with lymphatic metasta-
sis than in those at stages Ⅰ and Ⅱ without lymphatic 
metastasis, suggesting that LOH occurs more often in 
late tumor stages with lymphatic metastasis and can thus 
serve as an index for the evaluation of  malignancy, me-
tastasis and prognosis of  gastric carcinomas.

DNA methylation is believed to be closely associ-
ated with tumor development and progression. Reduced 
methylation and hypermethylation in gene promoter 
regions can inactivate tumor suppressor genes, leading 
to tumor development. In the present study, the meth-
ylation level in promoter region of  BMP3 gene in gas-
tric carcinomas was high, leading to the occurrence of  
gastric carcinoma. Loh et al[8] reported that BMP3 gene 
methylation is associated with MSI in colon cancer, indi-
cating that the higher the methylation is, the higher the 
MSI frequency is. In this study, the level of  methylation 
was higher in MSI negative than in MSI positive gastric 
carcinoma cases, which is not consistent with the find-
ings of  Loh et al[8]. Further study is needed to verify the 
differences.

In conclusion, genetic instability of  the BMP3 gene 
and promoter region methylation occur in gastric car-
cinomas, thus affecting tumor characteristics through 
different pathways. LOH is observed more frequently 
in late stage tumors with infiltration. Hypermethylation 
in promoter region of  BMP3 gene may result in gastric 
carcinoma in Chinese people.
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