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Gastric cancers show high frequency of DNA aneuploidy, a pheno-
type of chromosomal instability. It is suggested that the abnormal
spindle assembly checkpoint is involved in DNA aneuploidy, but
the underlying mechanism is still unclear. We studied the mecha-
nism by assessing the expression of BUBR1 in gastric cancer. The
DNA ploidy patterns of 116 gastric cancer samples obtained from
the Department of Surgery and Science at Kyushu University Hos-
pital were analyzed. Of those, DNA aneuploidy was seen in 70
(60.3%) cases of gastric cancer. The expression of BUBR1 was stud-
ied by immunohistochemistry in 181 gastric cancer samples and by
real-time RT-PCR in several gastric cancer cell lines. Ninety-one
(50.3%) cases had high expression of BUBR1 and those cases corre-
lated significantly with DNA aneuploidy (P < 0.05). Also high
expression of BUBR1 cases had significant correlation with deep
invasion, lymph node metastasis, liver metastasis, and poor prog-
nosis. In gastric cancer cell lines, high expression of BUBR1 had a
significant relationship with DNA aneuploidy (P < 0.05). Then, gas-
tric cancer cell lines MKN-28 and SNU-1 were transfected with full-
length BUBR1 to observe the significance of the change in BUBR1
expression. Enforced expression of BUBR1 resulted in changes to
the ploidy pattern and high Ki-67 expression. Collectively, our clin-
ical and in vitro data indicate that high expression of BUBR1 may
be one of causative factors for the induction of DNA aneuploidy
and progression of gastric cancer. (Cancer Sci 2010; 101: 639–645)

D NA aneuploidy is a state of cells with an abnormal num-
ber of chromosomes. More than a century ago, David Paul

Hansemann observed that cancer cells have abnormal chromo-
some numbers.(1) In 1997, Lengauer et al. reported that DNA
aneuploidy was seen in 85% of colorectal cancers.(2) This form
of chromosomal instability reflected a continuing cellular defect
that persisted throughout the lifetime of the cancer cell and was
independent from microsatellite instability which was a reces-
sive trait. DNA aneuploidy is an important phenomenon for can-
cer cells; however, whether or not DNA aneuploidy may be a
cause for carcinogenesis is still controversial. To date many
analyses have focused on DNA aneuploidy and it is now known
that mutation or inactivation in p53, ‘the guardian of genome’,
results in DNA aneuploidy.(3,4)

Recently, it has been defined that DNA aneuploidy occurs
due to disorders in the spindle assembly checkpoint.(5) This
checkpoint is the mechanism which delays the separation of sis-
ter chromatids until all the kinetochores of chromosomes are
correctly attached to the spindle.(6) It has been reported that
knockdown or overexpression of spindle assembly checkpoint
molecules resulted in DNA aneuploidy and carcinogenesis in
mice.(7) The disorders in spindle assembly checkpoint molecules
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may be involved in DNA aneuploidy and carcinogenesis in
humans.

BUBR1 kinase, a member of the BUB (budding uninhibited
by benzimidazole) gene family, is one of the key molecules in
the spindle assembly checkpoint. It accumulates on the unat-
tached kinetochore.(8) BUBR1 targets Cdc20, an APC ⁄ C (ana-
phase promoting complex ⁄ cyclosome; E3 ubiquitin ligase)
activator, and prevents the premature onset of anaphase.(9,10)

The degradation of Cdc20 represents a critical control mecha-
nism ensuring the inactivation of APC ⁄ C in response to the spin-
dle assembly checkpoint.(11) In addition, BUBR1 independently
interacts with securin.(12) Matsuura et al. reported that a muta-
tion in the BUBR1 gene is detected in premature chromatid
separation (PCS) syndrome, which has been often associated
with chromosomal instability and malignancies. Furthermore, an
abnormal spindle assembly checkpoint was observed in this syn-
drome.(13,14)

Although mutations of BUBR1 have been rarely observed in
clinical samples,(15,16) high expression of BUBR1 has often been
reported in several malignancies and correlated with chromo-
somal instability,(17–19) but not thus far in gastric cancer.

Herein, we report the significance of DNA aneuploidy and
BUBR1 high expression in gastric cancer by analyzing gastric
cancer clinical samples and cell lines.

Material and Methods

Patients studied. This study included 181 unselected Japa-
nese patients with primary gastric cancer, all of whom under-
went a gastrectomy between 1994 and 2006 at the Department
of Surgery and Science, Graduate School of Medical Sciences,
Kyushu University Hospital, Fukuoka. They included 121 men
and 60 women, ranging in age from 29 to 90 years (mean,
64.2 years). In each case, a careful informed consent was
obtained. Those who refused were not included. A thorough his-
tological examination was made by using H&E-stained tissue
preparations, and the histological classification was made
according to the general rules set up by the Japanese Gastric
Cancer Association.(20) No patient treated preoperatively with
cytotoxic drugs was included in this study.

Immunohistochemical staining of BUBR1. Formalin-fixed, par-
affin-embedded tissue specimens were used for immunohisto-
chemical staining. A paraffin block which contained both
cancerous tissue, invading the deepest area of the stomach wall,
and adjacent noncancerous tissue, was used in each case.
Immunohistochemical staining was done as described in previ-
ous reports.(19,21,22) Briefly, the sections were pretreated with
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autoclaving (121�C) for 15 min in 0.01 mol ⁄ L citrate-buffered
saline (pH 6.0) for antigen retrieval. Endogenous peroxidase
activity was blocked by incubation with 0.3% H2O2 for 10 min.
The sections were incubated with mouse monoclonal antibodies
against BUBR1 (Clone 9, 1:100; BD Transduction Laboratories,
San Jose, CA, USA) at 4�C overnight. Streptavidin–biotin com-
plex and horseradish peroxidase were applied, and the reaction
products were visualized using the Histofine SAB-PO (M)
immunohistochemical staining kit (Nichirei, Tokyo, Japan),
according to the manufacturer’s instructions. Two blinded
observers (K.A. and Y.Z.) independently examined immuno-
stained sections. The intensity of cytoplasmic staining of
BUBR1 was scored on a three-point scale in comparison to the
staining of lymph follicles which were equally stained in all 181
specimens. Weaker staining was scored 0, and similar and stron-
ger than the follicle were scored 1 and 2, respectively.

Analysis for DNA ploidy. Nuclear DNA content was measured
by using laser scanning cytometry (LSC; CompuCyte, West-
wood, MA, USA) as described previously.(23,24) The same paraf-
fin-embedded blocks that were used for immunohistochemical
staining were used for this analysis. A DNA content histogram
was generated and DNA ploidy was determined. DNA index
(DI) was calculated according to previously published princi-
ples.(25,26) For every case, the nuclei were observed after each
scan to exclude debris and attached nuclei from the analysis.
The DI of G0 ⁄ G1-phase lymphocyte or fibroblasts were used
as a reference of DI = 1.0. Tumors with a DI < 1.2 were defined
as diploid; DI 3 1.2 or multi-indexed samples were defined as
aneuploid.

High-resolution fluorescent microsatellite analysis (HRFMA) for
MSI. HRFMA has been described in detail elsewhere.(27)

Briefly, genomic DNA isolated from cancerous and correspond-
ing noncancerous tissue specimens was used to amplify micro-
satellite loci by polymerase chain reaction (PCR) using primer
sets labeled with a fluorescent compound, ROX (6-carboxy-
x-rhodamine) or HEX (6-carboxy-20,40,70,4,7,-hexachrolo-
fluorescein). The fluorescently labeled PCR products were
mixed, denatured, and loaded onto an ABI 310 sequencer
(Applied Biosystems, Foster City, CA, USA) for fragment anal-
ysis. The data were processed using the GeneScan software
package (Applied Biosystems). An alternation in the length of a
microsatellite PCR fragment from cancerous tissues was defined
as MSI positive. According to the guidelines established by the
National Cancer Institute (NCI), MSI was defined by the fre-
quency of positive findings of five reference markers: D2S123,
D5S107, D10S197, D11S904, D13S175.(28) MSI status was
classified as follows: microsatellite instability high (MSI-H),
>30% of loci demonstrate MSI; microsatellite instability low,
£30% of loci demonstrate MSI; and microsatellite stability, no
positive MSI detected in any of the loci. MSI-H was labeled
‘MSI (+)’ and the rest ‘MSI (–)’.

TP53 gene mutation analysis. The TP53 gene exon 5 to exon
9 including exon–intron junctions were amplified by PCR using
p53 primers (Nippon Gene, Tokyo, Japan) and Ex Taq DNA
polymerase with 3¢ exonuclease activity (Takara Bio, Tokyo,
Japan). The PCR products were purified and used as templates
for cycle-sequencing reactions with the Big Dye Terminator
Cycle Sequencing Kit version 1 (Applied Biosystems). Muta-
tions found in a PCR product were verified by reverse sequenc-
ing and reconfirmed in two independently amplified PCR
products.

Gastric cancer cell lines and cell culture. Human gastric cancer
cell lines MKN-28 (JCRB0253), MKN-74 (JCRB0255), SNU-1
(CRL-5971), SNU-16 (CRL-5974), NUGC-4 (JCRB0834),
KATO III (JCRB0611), NCI-N87 (CRL-5822), and human
fibroblast MRC-5 (CCL-171) were grown in monolayer cultures
in RPMI-1640 supplemented with fetal bovine serum (10% v ⁄ v)
and glutamine (2 mM) at 37�C in a 5% CO2 environment. MKN-
640
28, MKN-74, NUGC-4, and KATO III were obtained from the
Japanese Cancer Research Resource Bank (JCRB). SNU-1,
SNU-16, NCI-N87, and MRC-5 were obtained from ATCC
(Manassas, VA, USA). In this experiment, cell lines were used
between passage 3 and passage 6.

Analysis for DNA ploidy in gastric cancer cell lines. Each of
the cell lines were incubated in four-well chamber slide
glasses. MRC-5 was grown in one of the chambers as a normal
control. When they reached 80% confluence, generally after
3 days, the media were changed to serum-free medium for
serum starvation.(29) After 48 h of serum starvation, the slides
were fixed in 70% ethanol and stained with propidium iodide
(PI) (25lg ⁄ mL) including RNaseA (10 mg ⁄ mL). DNA ploidy
was analyzed in LSC. The DNA index of the G0 ⁄ G1 phase of
MRC-5 (normal human fibroblast cell line) was used as refer-
ence of DI = 1.0. Cell lines with a DI < 1.2 were defined as
diploid; DI 3 1.2 or multi-indexed cell lines were defined as
aneuploid.

Quantification of the mRNA of gastric cancer cell lines using
real-time quantitative RT-PCR. The pellets of each of the gastric
cancer cell lines were homogenized. Total RNA was isolated
using an RNeasy mini kit (Qiagen, Chatsworth, CA, USA)
according to the manufacturer’s instructions. cDNA was synthe-
sized with random hexamer primers and Superscript III reverse
transcriptase according to manufacturer’s instructions and the
product was used for further analysis. BUBR1 transcription was
quantified using the LightCycler (Roche Molecular Biochemi-
cals, Mannheim, Germany) PCR protocol, in which fluorescence
emission is attributable to binding of SYBR Green I dye to ampli-
fied products and can be detected and measured essentially. The
relative quantitation value is expressed as 2–Ct, where Ct is the
difference between the mean Ct value of triplicates of the sample
and of the endogenous b-actin control. The primer sequences
for Real-time RT-PCR were as follows: BUBR1, 5¢-CTCGTG-
GCAATACAGCTTCA-3¢ (forward) and 5¢-CTGGTCAATAG-
CTCGGCTTC-3¢ (reverse);(30) Ki-67, 5¢-ACTTGCCTCCTAAT-
ACGCC-3¢ (forward) and 5¢-TTACTACATCTGCCCATGA-3¢
(reverse);(31) and b-actin, 5¢-CCACGAAACTACCTTCAAC-3¢
(forward) and 5¢-GATCTTCATTGTGCTGGG-3¢ (reverse).

BUBR1 transfection to MKN-28 and SNU-1. Gastric cancer cell
lines MKN-28 and SNU-1 were transfected with pcDNA3.1 +
BUBR1 or pcDNA3.1 + vector alone using FuGene HD

(Roche Diagnostics, Indianapolis, IN, USA) as a transfection
vehicle. The transfectants (MKN-28 Mock, MKN-28 BUBR1,
SNU-1 Mock, and SNU-1 BUBR1) were selected by addition of
G418 (200 lg ⁄ mL) to the culture medium.

Western blotting. Cells were lysed in a sodium dodecyl sul-
fate (SDS)-sample buffer containing 10% glycerol, 5% b-mer-
captoethanol, 2.3% SDS, and 62.5 mM Tris-HCl (pH6.8). Ten
lg of protein was analysed by SDS-PAGE followed by Western
blotting. The protein blots were first probed with a mouse
anti-BUBR1 (Clone 9, 1:1000; BD Transduction Laboratories)
antibody or a mouse anti-b-actin (Clone AC-15, 1:2000; Sigma-
Aldrich, St. Louis, MO, USA) antibody, and then with a
goat-antimouse IgG conjugated with horseradish peroxidase.
The specific signals on the blot were detected by the enhanced
chemiluminescent method.

Growth curve assay. MKN-28 Mock and MKN-28 BUBR1
were plated in triplicate at a density of 1 · 105 cells per dish
in 6-cm culture dishes. At the indicated time points after plat-
ing, cells were trypsinized, stained with Trypan blue, and the
number of viable cells was directly scored by using the hemo-
cytometer.

Statistical analysis. The statistical analysis was performed by
using the JMP 6.0 statistical software package (SAS Institute,
Cary, NC, USA). The Student’s t-test, the v2-test, Fisher’s exact
test, and ANOVA one-way test were used where appropriate. The
Kaplan–Meier analysis was used for overall survival.
doi: 10.1111/j.1349-7006.2009.01457.x
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Table 2. DNA ploidy and genetic factors in gastric cancer

Factors
DNA ploidy

P-values
Diploidy Aneuploidy

TP53 status

Wild 27 (90.0) 37 (68.5) 0.019*

Mutation 3 (10.0) 17 (31.5)

MSI status

MSI ()) 38 (82.6) 66 (94.3) 0.045*

MSI (+) 8 (17.4) 4 (5.7)

The values in parentheses are expressed in %. *P < 0.05.
MSI, microsatellite instability.
Results

DNA ploidy in gastric cancer. The DNA ploidy patterns of
116 gastric cancer patients were analyzed by LSC. Of those, 70
(60.3%) showed DNA aneuploidy, which was consistent with a
previous report.(32)

As is shown in Table 1, DNA aneuploid tumors were signifi-
cantly correlated with differentiated tumors (P < 0.01). This
result was consistent with a previous report on DNA ploidy in
gastric cancer.(33) In this study, we defined papillary and tubular
adenocarcinoma as differentiated tumors and poorly differenti-
ated adenocarcinoma and signet-ring cell carcinoma as undiffer-
entiated tumors.(20) Mucinous carcinoma was included in
undifferentiated tumors. Also, DNA aneuploid tumors had more
positive vascular involvement than diploid tumors (P < 0.05).
TP53 gene mutation and MSI statuses were also analyzed in the
same gastric cancer samples. TP53 gene mutation was analyzed
in 84 patients and 20 (23.8%) had mutations. MSI status was
analyzed in 116 patients and 12 (10.3%) were MSI (+). DNA
aneuploidy significantly correlated with TP53 gene mutation
(P < 0.05), whereas MSI (+), a maker for microsatellite stabil-
ity, was reversely correlated (P < 0.05; Table 2).

High expression of BUBR1 in gastric cancer correlated with
malignant features in gastric cancer. Abnormal spindle assem-
bly checkpoint is suggested to be one of the major causes for
DNA aneuploidy.(34) BUBR1 is one of the factors in this check-
point and its high expression is predicted to correlate with DNA
aneuploidy.(18,19) Therefore, BUBR1 expression was investi-
gated by immunohistochemistry in 181 gastric cancer samples.
The BUBR1 was mainly expressed in the cytoplasm in the
tumor cells (Fig. 1). In the normal gastric epithelium, BUBR1
was expressed only in the mitosis (Fig. 1a, arrow pointed cells).
This was seen in all 181 cases. These cells whose intensity of
staining was similar to the lymph follicle were scored 1
Table 1. DNA ploidy and clinicopathological factors in gastric cancer

Factors

DNA ploidy

P-valuesDiploidy

(n = 46)

DNA aneuploidy

(n = 70)

Age (mean ± SD) 61.9 ± 13.9 65.8 ± 11.3 0.116

Gender

Male 30 (65.2) 49 (70.0) 0.589

Female 16 (34.8) 21 (30.0)

Differentiation

Differentiated 14 (30.4) 41 (59.4) 0.002*

Undifferentiated 32 (69.6) 28 (40.6)

Depth of invasion

M, SM 7 (15.2) 8 (11.4) 0.554

MP, SS, SE, SI 39 (84.8) 62 (88.6)

Vascular involvement

Negative 34 (73.9) 37 (53.6) 0.026**

Positive 12 (26.1) 32 (46.4)

Lymph node metastasis

Negative 15 (32.6) 14 (20.0) 0.127

Positive 31 (67.4) 56 (80.0)

Liver metastasis

Negative 45 (97.8) 67 (95.7) 0.53

Positive 1 (2.2) 3 (4.3)

Stage

I 13 (28.3) 12 (17.1) 0.351

II 7 (15.2) 13 (18.6)

III 7 (15.2) 18 (25.7)

IV 19 (41.3) 27 (38.6)

The values in parentheses are expressed in %. *P < 0.01, **P < 0.05.
M, mucosa; MP, muscularis propria; SE, penetration of serosa;
SI, invasion of adjacent structures; SM, submucosa; SS, subserosa.
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(Fig. 1b); this was used as the inner control. Based on BUBR1
expression in the normal gastric epithelium which was scored 1,
BUBR1 was considered to be highly expressed in gastric cancer
when score 2 expression was seen (Fig. 1d), and the others as
low expression (Fig. 1c).

BUBR1 score 2 expression was observed in 91 (50.3%) of the
181 patients.

Table 3 shows the relationship between the clinicopathologi-
cal features and expression level of BUBR1 in patients with gas-
tric cancer. The tumors with BUBR1 score 2 expression showed
deeper invasion than those with a lower BUBR1 expression
level (P < 0.01). Furthermore, the BUBR1 highly expressing
tumors had more lymph node and liver metastases (P < 0.01
and P < 0.05, respectively). No difference was seen between
BUBR1 score 0 expression and score 1 expression in gastric
cancer.

DNA aneuploidy and BUBR1 expression had a significant
relationship in gastric cancer. The relationship between the
DNA ploidy pattern and BUBR1 expression level in gastric can-
cers was analyzed. The result is shown in the lower part of
(a) (b)

(c) (d)

X400 X400

X400X400

Fig. 1. Immunohistochemical staining of BUBR1 in gastric cancer. (a)
BUBR1 staining in normal epithelium. Arrows show the mitotic cells
whose BUBR1 staining is scored 1 (magnification, ·400). (b) BUBR1
staining in lymph follicle. BUBR1 score 1 expression was based on this
intensity of BUBR1 staining (magnification, ·400). (c) BUBR1 staining
in gastric cancer cells. This shows the BUBR1 score 1 expression
(magnification, ·400). (d) BUBR1 staining in gastric cancer cells. This
shows the BUBR1 score 2 expression, which indicates high expression
of BUBR1 (magnification, ·400).
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Table 3. BUBR1 expression and clinicopathological factors in gastric

cancer

Factors
BUBR1 expression level

P-values
Score 0,1 (n = 90) Score 2 (n = 91)

Age (mean ± SD) 62.5 ± 13.1 65.8 ± 10.5 0.053

Gender

Male 60 (66.7) 61 (67.0) 0.958

Female 30 (33.3) 30 (33.0)

Differentiation

Differentiated 35 (38.9) 44 (48.9) 0.176

Undifferentiated 55 (61.1) 46 (51.1)

Depth of invasion

M, SM 17 (18.9) 5 (5.5) 0.004*

MP, SS, SE, SI 73 (81.1) 86 (94.5)

Vascular involvement

Negative 53 (58.9) 49 (54.4) 0.547

Positive 37 (41.1) 41 (45.6)

Lymph node metastasis

Negative 38 (42.2) 20 (22.0) 0.002*

Positive 52 (57.8) 71 (78.0)

Liver metastasis

Negative 89 (98.9) 85 (93.4) 0.044**

Positive 1 (1.1) 6 (6.6)

Stage

I 27 (30.0) 16 (17.6) 0.246

II 18 (20.0) 20 (22.0)

III 20 (22.2) 22 (24.2)

IV 25 (27.8) 33 (36.3)

DNA ploidy

Diploidy 28 (60.9) 18 (39.1) 0.012**

Aneuploidy 26 (39.1) 44 (62.9)

The values in parentheses are expressed in %. *P < 0.01, **P < 0.05.
M, mucosa; MP, muscularis propria; SE, penetration of serosa;
SI, invasion of adjacent structures; SM, submucosa; SS, subserosa.

(a)
Table 3. Tumors with BUBR1 score 2 expression showed a sig-
nificant correlation with DNA aneuploidy (P < 0.05). Not only
TP53 gene mutation but also high BUBR1 expression seemed to
be an important factor for DNA aneuploidy in gastric cancer.

High expression of BUBR1 correlated with poor survival.
Figure 2 shows the survival curve for patients according to
expression levels of BUBR1. Patients with BUBR1 score 2
expression tumors had a significantly lower survival rate
Fig. 2. Survival curve for patients with gastric cancer in relation to
BUBR1 expression. Patients with BUBR1 score 2 tumors (n = 91) had a
poorer survival rate compared to those with BUBR1 score 0 or 1
tumors (n = 90, P = 0.038).

642
compared to patients with score 0 or 1 tumors (P < 0.05). A
multivariate Cox regression analysis showed that the BUBR1
expression level was not an independent prognostic factor. This
may be because in tumors with BUBR1 score 2 expression,
there was a significant relationship between tumor depth and
lymph node metastasis, which were strong independent prognos-
tic factors (data not shown).

High expression of BUBR1 correlated with DNA aneuploidy in
gastric cancer cell lines. Next we examined the relationship
between DNA ploidy and BUBR1 expression in gastric cancer
cell lines. First, the DNA ploidy patterns of gastric cancer cell
lines were analyzed. Growing cells on four-well chamber slide
glass made it easier to compare the DNA index of gastric cancer
cell lines with that of MRC-5 which was used as a normal con-
trol. LSC demonstrated that the gastric cancer cell lines MKN-
28, MKN-74, NUGC-4, KATO III, and SNU-16 were aneuploid
cell lines. SNU-1 and NCI-N87 (and also MRC-5) were diploid
cell lines. The DNA ploidy patterns of KATO III, SNU-16,
SNU-1, and NCI-N87 were the same as those shown in the
ATCC cell bank information (http://www.atcc.org/).

The expression levels of BUBR1 in these cell lines were
examined by real-time quantitative RT-PCR (Fig. 3a). High
expression of BUBR1 was seen in MKN-28, MKN-74, and
SNU-16 which were all aneuploid cell lines. A statistical analy-
sis showed that aneuploid gastric cancer cell lines had signifi-
cantly higher expression of BUBR1 compared to diploid cell
lines (Fig. 3b).

Enforced expression of BUBR1 in gastric cancer cell lines led to
a change in DNA ploidy pattern and high proliferation
activity. Then we investigated whether or not high expression of
BUBR1 would be a cause for changes to the DNA ploidy pattern.

We transfected gastric cancer cell line MKN-28 and diploid
gastric cancer cell line SNU-1 with pcDNA3.1(+)-BUBR1 and
an empty vector as a mock. As is shown in Figure 4a, the trans-
fection was successful.
(b)

Fig. 3. DNA ploidy and BUBR1 expression in cell lines. (a) BUBR1
expression in cell lines. BUBR1 expression was determined by real-time
RT-PCR. The bar indicates the SD. (b) Statistical analysis in BUBR1
expression and DNA ploidy in cell lines. DNA aneuploidy cell lines had
significantly higher BUBR1 expression levels (P = 0.015).

doi: 10.1111/j.1349-7006.2009.01457.x
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The DNA ploidy patterns of these cells were analyzed with
LSC. The DNA indexes of the mock cells were referred as 1.0.
As seen in Figure 4b, the DNA indexes of MKN-28 BUBR1 and
SNU-1 BUBR1 were increased significantly compared to the
mock cells. This result meant that the DNA ploidy pattern had
changed in MKN-28 BUBR1 and SNU-1 BUBR1.

We also counted the cell numbers of MKN-28 BUBR1 and
MKN-28 Mock to investigate the growth activity. As is shown
in Figure 5a, MKN-28 BUBR1 had higher growth activity com-
pared to MKN-28 Mock. Also, in MKN-28 BUBR1 and SNU-1
BUBR1 the expression of Ki-67 was higher than in the mock
cells (Fig. 5b).

Discussion

In the current study, genomic instability was associated with
DNA aneuploidy; and the chromosomal instability pathway
seemed to be important in gastric carcinogenesis. Chromosomal
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Fig. 4. Enforced expression of BUBR1 in gastric cancer cell lines led to a
gastric cancer cell line MKN-28 and SNU-1. The expression levels of BUBR1 in
RT-PCR and Western blotting. High expression of BUBR1 can be seen in BU
pattern change in BUBR1 highly expressed cells. The DNA ploidy patterns
mock cells were determined as 1.0. The change in DNA ploidy pattern can
significantly changed in MKN-28 BUBR1 and SNU-1 BUBR1 compared to the
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instability and microsatellite instability pathways are reported to
be exclusive in colorectal cancers.(2) However, in gastric cancer,
both DNA aneuploidy and MSI (+) were observed in four
(3.4%) tumors and both DNA diploidy and MSI (–) were
observed in 38 (32.8%) tumors in this study. It seems that chro-
mosomal instability and microsatellite instability pathways are
not always mutually exclusive in gastric cancer, and additional
mechanisms, such as the CpG island methylator phenotype
(CIMP), may contribute to gastric carcinogenesis.(35)

It is well known that mutation in the TP53 gene contributes to
DNA aneuploidy. In our study, DNA aneuploidy and TP53 gene
mutation were significantly correlated. However, the frequency
of the TP53 gene mutation (23.8%) was less than DNA aneu-
ploidy (60.3%). Thus it seemed that the mutation in the TP53
gene did not explain all the DNA aneuploidy in gastric cancers.(3)

This study revealed that, by immunohistochemical staining,
high expression of BUBR1, a key molecule in the spindle
assembly checkpoint, had a significant correlation with DNA
change in DNA ploidy pattern. (a) Establishing BUBR1 highly expressed
the mock cells and BUBR1-enforced cells were investigated by real-time

BR1-enforced cells at both the mRNA and protein level. (b) DNA ploidy
were investigated by laser scanning cytometry. The DNA indexes of the
be seen in MKN-28 BUBR1 and SNU-1 BUBR1. Also the DNA index was
mock cells (right panel, P = 0.033 and P = 0.027, respectively).

Cancer Sci | March 2010 | vol. 101 | no. 3 | 643
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(a)

(b)

Fig. 5. High expression of BUBR1 had high
proliferation activity in gastric cancer cell lines. (a)
The growth curve of MKN-28 Mock and MKN-28
BUBR1. MKN-28 BUBR1 had higher growth activity.
(b) Ki-67 expression in mock cells and BUBR1 highly
expressed cells. Ki-67 expression was determined by
real-time RT-PCR. Higher expression of Ki-67 was
seen in BUBR1 highly expressed cells.
aneuploidy in gastric cancer. This result was consistent with the
study on bladder cancer by Yamamoto et al.(19) Also the gastric
cancer cell lines which showed DNA aneuploidy had higher
BUBR1 expression in comparison to DNA diploid cell lines.
High expression of BUBR1 may be an important factor for DNA
aneuploidy and may contribute to chromosomal instability.

In this study, we also found that the enforced expression of
BUBR1 in the gastric cancer cell line MKN-28 and the diploid
gastric cancer cell line SNU-1 contributed to the change to the
DNA ploidy pattern compared with mock cells. The mechanism
for changes to the DNA ploidy pattern in the BUBR1 highly
expressed cell line is unclear. It is known that BUBR1 forms a
complex with Bub3, Mad2, and Cdc20 at the spindle assembly
checkpoint and thus inhibits Cdc20 activity.(36) In gastric cancer
cells with high BUBR1 expression, the formation of this com-
plex might be compromised and the spindle assembly check-
point may be overridden, which may result in DNA aneuploidy.

When BUBR1 is depleted in human cells, it results in chromo-
some misalignment,(37) and its suppression is invariably lethal
due to massive chromosomal loss.(38) It is reported that reduction
in BUBR1 levels in ApcMin ⁄ + mice, which carry one mutant Apc
allele encoding a truncated protein that causes intestinal neopla-
sias, resulted in a 10-fold increase in the number of tumors that
developed by the same age, and these tumors were also of a
higher grade.(39) Moreover, the overexpression of Mad2, another
molecule at the spindle assembly checkpoint, caused DNA aneu-
ploidy and carcinogenesis in mice.(40) An abnormal expression
level in spindle assembly checkpoint molecules, including
BUBR1, seems to be important for carcinogenesis.

On the other hand, we also found that high expression of
BUBR1 correlated with malignant features and liver metastasis
644
in gastric cancer. And those tumors demonstrating high BUBR1
expression were associated with a poorer survival rate compared
to the tumors with low expression of BUBR1. These results
might reflect the fact that BUBR1 high-expressed tumors have a
high proliferation activity. In fact, the current study showed that
with enforced expression of BUBR1 in MKN-28 gastric cancer
cell line, the growth of the cells increased. And in both MKN-28
BUBR1 and SNU-1 BUBR1, the expression of Ki-67 increased
significantly. It has been reported that enforced expression of
BUBR1 in HeLa cells increased the mitotic index.(10) Also,
Grabsh et al.(41) reported that BUBR1 high expression had a
significant relationship with Ki-67 expression in gastric cancer
clinical samples, which was a similar result to our study in
gastric cancer cell lines.

Taken together, the high expression of BUBR1 may result in
the proliferation of tumor cells and DNA aneuploidy.

A high expression of BUBR1 may correlate with DNA aneu-
ploidy in gastric cancer. However, a question remains. As malig-
nancies which show DNA aneuploidy have aberrant
chromosome numbers, high expression of BUBR1 may be an
effect of the DNA aneuploidy. In our study, we only observed
the DNA ploidy pattern change in MKN-28 and SNU-1 gastric
cancer cells. Further studies on BUBR1 and other factors in the
spindle assembly checkpoint as a cause or effect of chromo-
somal instability are necessary.

Association between BUBR1 expression and taxane sensitiv-
ity was reported in breast and esophageal cancer.(42,43) Our suc-
cinic dehydrogenase inhibition (SDI) test data of gastric cancer
specimens, however, did not indicate significant association
between BUBR1 expression and taxane sensitivity (data not
shown). Therefore, we may not be able to predict the therapeutic
doi: 10.1111/j.1349-7006.2009.01457.x
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effect of taxane from the expression level of BUBR1 in gastric
cancer. Recently, tumor necrosis factor-related apoptosis-induc-
ing ligand (TRAIL) has attracted interest as an anticancer treat-
ment when used in conjunction with standard chemotherapy,
such as the taxanes. Kim et al. reported that adding TRAIL to
the taxanes accentuates the degradation of BUBR1 and induces
cancer cell death.(44) Using TRAIL with the taxanes in BUBR1
high-expressed gastric cancers might therefore be a successful
treatment.

In conclusion, the high expression of BUBR1 was associated
with DNA aneuploidy and was also correlated with tumor inva-
Ando et al.
sion and metastasis in gastric cancer. The elucidation of the
spindle assembly checkpoint may therefore help to clarify the
mechanism for DNA aneuploidy and progression in gastric can-
cer.
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