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Aberrations of BUBR1 and 7P53 Gene Mutually Associated
with Chromosomal Instability in Human Colorectal Cancer
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Abstract. Background/Aim: Defects in mitotic checkpoint
and p53-dependent pathways associate with chromosomal
instability. In the present study, we investigated the interplay
between BUBRI and p53 and their association with genetic
instability in colorectal cancer. Patients and Methods: 139
colorectal cases were examined for BUBRI, p53 and genetic
instability indicators. BUBRI expression was evaluated by
immunohistochemistry and TP53 gene was directly sequenced.
DNA ploidy was studied by laser scanning cytometry; MSI and
TP53 loss of heterozygosity was also examined. Results: 64%
of cases had high BUBRI expression and were associated with
the TP53 mutation. High BUBRI expression and TP53
mutation associated with DNA aneuploidy and showed an
inverse association with MSI. Cases with high BUBRI
expression and TP53 mutation had profound aneuploidy
phenotypes and less frequent MSI compared to cases with one
or neither aberration. Conclusion: Our findings indicated an
interplay between BUBRI and p53 in colorectal cancer.
Altered expression of both molecules was associated with
chromosomal instability.

Genomic instability is a hallmark of most human
malignancies (1). Many types of cancers, including colorectal
cancer, display two independent types of genetic instabilities,
namely microsatellite instability and chromosomal instability
(2). Microsatellite instability occurs from defective DNA
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mismatch repair machinery and is found in approximately
15% of colorectal cancer cases. Chromosomal instability is
reflected by gross chromosomal numerical and structural
changes or DNA aneuploidy and considered as a possible
driving force for tumorigenesis in the large majority of
colorectal cancer cases. Chromosomal instability occurs as a
result of altered mitotic divisions, duplication defects,
aberrant centrosome segregation or impaired mitotic spindle
checkpoint (3, 4).

The BUBRI protein, encoded by the BUBIB gene, is one
of the key elements of the mitotic checkpoint complex that
monitors the mitotic spindle checkpoint by blocking the onset
of anaphase until all chromosomes properly attach to spindles
(5, 6). Recent studies revealed multiple roles for BUBRI1 in
the control of chromosome dynamics (7-9), suppression of
centrosome amplification (10) and promotion of apoptosis
(11). Hereditary defects in the BUBIB gene are etiological
factors for the highly carcinogenic syndrome mosaic
variegated aneuploidy, which is characterized by mosaic
aneuploidies (12). Heterozygous mutations in BUBIB can
result in premature chromatid separation, which is inherited
as an autosomal dominant trait without phenotypic
consequences. Somatic mutation of the BUBIB gene is
uncommon in sporadic malignancies (12, 13), while elevated
expression of BUBRI1 has been observed in cancer cell lines
with chromosomal instability phenotypes (14). However,
studies into the relationship between aberrant BUBRI1
expression and chromosomal instability phenotypes have
revealed conflicting results in human malignancies (15-20).

The p53 protein maintains cellular homeostasis in
response to various insults to genomic stability and functions
in pathways involved in tumorigenesis and/or progression,
such as cell-cycle control, apoptosis and angiogenesis (21-
24). The TP53 mutation is one of the most common genetic
defects in human malignancies. Recent studies have shown
that p53 regulates the transcription of BUBRI, while
conversely BUBR1 mediates the activation of p53 during the
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mitotic damage checkpoint (10, 25). Simultaneous defects in
the mitotic checkpoint machinery and p53 result in increased
chromosomal instability (26).

To our knowledge, the interplay between BUBRI1 and p53,
as well as their association with chromosomal instability, has
not been investigated in human malignancies. The aim of the
present study was to examine the potential interplay between
BUBRI and p53, as well as their connection with genomic
instability patterns in sporadic colorectal cancer. Our data
indicated that aberrations in BUBRI and p53 were
cooperatively associated with the chromosomal instability
phenotype in colorectal cancer.

Materials and Methods

Patient and tissue specimens. Cancerous tissues and the
corresponding non-cancer mucosa were obtained from 139 Japanese
patients diagnosed with sporadic colorectal cancer who underwent
surgery in the Department of Surgery and Science, Kyushu
University Hospital from 1998 to 2004. The patients’ characteristics
are shown in Table I. Written informed consent for the studies of
the excised tissues was obtained from each patient. To exclude
possible hereditary non-polyposis colorectal cancer cases, the
Amsterdam Criteria were used (27). All cases received no neo-
adjuvant chemotherapy. All specimens were obtained immediately
after resection and placed in liquid nitrogen for analysis. The
remaining specimens were routinely processed for histopathological
analysis. A histological diagnosis of the specimens was performed
by specialists of our Hospital. Frozen tissues were ground in liquid
nitrogen and lysed in digestion buffer (10 mM Tris-Cl, pH 8.0, 0.1
M EDTA, pH 8.0, 0.5% SDS, 20 pg/ml pancreatic RNase; supplier,
address). After treatment with proteinase K and extraction with
phenol, DNA was precipitated with ethanol and dissolved in 1x TE
(10 mM Tris-Cl, pH 7.5, 1 mM EDTA).

Immunohistochemical staining. Formalin-fixed, paraffin-embedded
tissue specimens were used for immunohistochemical staining.
Blocks containing both cancerous and adjacent non-cancerous tissues
were selected for examination. Sections (5 pm) were de-paraffinized
in xylene and rehydrated in a gradient series of ethanol.
Immunohistochemical staining was performed as previously reported
(15). Briefly, specimens were pre-treated in an autoclave for 15 min
in 0.01 mol/l citrate-buffered saline (pH 6.0) for antigen retrieval.
After quenching the endogenous peroxidase activity in methanol with
0.3% (v/v) hydrogen peroxidase for 10 minutes at room temperature,
the sections were briefly washed with PBS and then incubated with
10% normal rabbit serum to block nonspecific binding of the
immunoreagents. The sections were then incubated with monoclonal
antibodies against BUBR1 (Clone 9, 1:100; BD Transduction
Laboratories, San Jose, CA, USA) at 4°C overnight. Streptavidin-
biotin complex and horseradish peroxidase were applied and the
reaction products were visualized using the Histofine SAB-PO (M)
or (R) immunohistochemical staining kit (Nichirei, Tokyo, Japan),
according to the manufacturer’s instructions. For negative controls,
primary antibodies were replaced with non-immune, normal serum.
Two blinded observers (Y.Z. and K.A.) independently examined
immunostained sections. An Olympus microscope (CKX41; address)
was used for examination. Intensity of cytoplasmic staining of
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BUBRI was scored according to a previous study on a three-point
scale: 0, no staining; 1, minimal staining; 2, moderate to strong
staining in at least 20% of cells; 3, strong staining in at least 50% of
cells (20, 28). The lymph follicle always showed strong staining and
thus was used as an internal control. Cells with strong to moderate
expression in the mitotic phase were excluded from evaluation (19).
An average score of at least three randomized field-of-views of
cancerous regions was calculated. Final scores of 2 or less were
defined as “low expression”; a score of 4 was defined as “high
expression”.

TP53 gene direct sequencing. Amplification of TP53 from exon 5
to exon 9 including exon-intron junctions was performed as
described elsewhere (29). Primers for p53 polymerase chain reaction
(PCR) amplification were purchased from Nippon Gene (Tokyo,
Japan) and TaKaRa Ex Taq, a Taq polymerase with 3’ exonuclease
activity, was purchased from TaKaRa Bio Inc. (Otsu, Japan). The
PCR products were purified and later used as templates for cycle
sequencing reactions using a BigDye terminator cycle sequencing
kit Ver.1.0 (Applied Biosystems, Foster City, CA, USA). Mutations
found in one PCR product were verified by reverse sequencing and
confirmed in two independent PCR amplifications.

High-resolution fluorescent microsatellite analysis (HRFMA).
HRFMA was used for microsatellite instability and TP53 loss of
heterozygosity (LOH) analysis. HRFMA methods have been
described in detail elsewhere (30, 31). In each case, a labeled size
marker was simultaneously separated by electrophoresis to
standardize the mobility of the sample. The data were processed
using the ABI software package from GeneScan (Applied
Biosystems). According to the guidelines established by the
National Cancer Institute (NCI), microsatellite instability was
classified based on the frequency of positive findings in a panel of
reference markers (32) high-frequency microsatellite instability
(MSI-H), over 40% of loci positive for microsatellite instability;
low-frequency microsatellite instability (MSI-L), less than 40%
positive loci; and microsatellite stable (MSS), no positive cases.
MSI-H is the marker of a defective DNA mismatch repair system. In
this study, we designated MSI-H as MSI(+) and grouped MSS and
MSI-L as MSI(-).

For detection of TP53 LOH, we used two microsatellite
instability markers, D17S796 and D17S1353, which are close to the
5" and 3’ ends of TP53, respectively. The experimental procedures
for LOH detection have been described elsewhere (33). Briefly, the
fluorescence of a peak decreases more than 30% of the normal
control when LOH occurs in the amplified region of the genomic
DNA from tumor tissue specimens. When the paternal and maternal
alleles overlap, the case is not informative for LOH estimation.

Laser scanning cytometry (LSC). LSC (CompuCyte Corporation,
Westwood, MA, USA) was used to indicate nuclear DNA index
(DI), as described elsewhere (34). Briefly, cell nuclei were
recovered from two samples of a 50 um-thick slice from paraffin-
embedded blocks. The blocks had been diagnosed by routine
immunohistochemical staining and a tumor area of over 30% in
dimension was chosen for LSC detection. Single-layered nuclei
were spread on a slide glass and stained with propidium iodide
with RNase ((PI)/RNase staining solution; Sigma, St. Louis, MO,
USA) for 15 minutes at room temperature. The slide was then
briefly washed with PBS and covered using mounting medium
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Table 1. Characteristics of colorectal cancer patients of the study.

Factors n (%)
Age (years, mean+SD) 64.8+12.2
Gender
Male 78 (56.1)
Female 61 (43.9)
Location of the tumor
Ascending 34 (24.4)
Transverse 11 (7.9)
Descending 9 (64)
Sigmoid 29 (20.9)
Rectum 56 (40.3)
Stage
1 18 (12.9)
1A 39 (28.1)
1IB 10 (7.2)
JLIVN 1(0.7)
1B 29 (20.9)
Ic 20 (14.4)
v 21 (15.1)

with propidium iodide. A DNA content histogram was generated
by LSC and DI was calculated as previously published (35). For
each case, the nuclei were reviewed after scanning. The
morphology of the nuclei was confirmed to exclude debris and
attached nuclei from the analysis. The DI of lymph cell nuclei
with dimensions of approximately 40 pm was used as a reference
of DI=1.0. Tumors with a DI 1.0+0.2 were defined as diploid; DI
>1.2 or samples with multi-DNA indexed were designated as
aneuploidy (19, 28).

Statistical analysis. Statistical analyses were performed using the
JMP 7.0 software (SAS Institute, Cary, NC, USA). The Chi-square
test, Fisher’s exact test and Student’s t-test were employed as
appropriate. For all statistical tests, p<0.05 was considered
significant.

Results

Patterns of genetic instability in colorectal cancer. We
examined patterns of genetic instability in colorectal cancer
by analyzing the DNA index and microsatellite instability. A
large portion (66.2%, 92/139) of colorectal cancer samples
showed DNA aneuploidy, which was used as a marker for
chromosomal instability. Microsatellite analysis revealed
MSS, MSI-L and MSI-H in 71.9% (100/139), 13.7%
(19/139) and 14.4% (20/139) cases, respectively. The vast
majority of aneuploidy cases (87.0%, 80/92) were MSS (-),
which included MSS and MSI-L. In comparison, 60%
(12/20) of MSI (+) cases, including only MSI (+), were
diploid. MSI (+) and aneuploidy co-existed in a small
portion of cases (8.6%, 12/129), while the rest of the cases
were diploid and MSI (-) (39/139, 28.1%).

Table II. Relationship between BUBRI expression, TP53 mutation and
LOH in colorectal cancer.

Factors BUBRI expression, n (%) p-Value
Low (n=49) High (n=90)

TP53 gene
Wild 38 (77.6) 52 (57.8) 0.017
Mutant 11 (22.4) 38 (42.2)

TP53 loci LOH
ROH 15 (30.6) 19 (21.1) 0.078
LOH 28 (57.1) 67 (74.4)
NI 6(12.2) 4(44)

LOH: Loss of heterozygosity, ROH: retention of heterozygosity, NI: not
informative. Underlined p-value is for p-value less than 0.05.

Table III. Relationship between TP53 gene mutation and TP53 LOH.

TP53 gene status, n (%) p-Value
Wild (n=90) Mutant (n=49)
TP53 loci LOH
ROH 33 (36.7) 1(2.0) <0.0001
LOH 47 (52.2) 48 (98.0)
NI 10 (11.1) 0 (0)

LOH: Loss of heterozygosity, ROH: retention of heterozygosity, NI: not
informative.

BUBRI expression in colorectal cancer. Previous studies
have reported weakly expressed or undetectable BUBR1 in
the non-cancerous mucosa of colorectum, except for cells in
mitotic phases (19, 20). p53 staining was negative in non-
cancerous tissues. Among the 139 colorectal cancer cases,
high BUBR1 expression was detected in 64.7% of the cases
(90/139) (Table II). Figure 1 shows two representative cases
of BUBRI1 expression.

TP53 gene alternations in colorectal cancer. We also
examined 7P53 gene genetic alternations (mutation and
LOH) and studied their associations with BUBR1. Mutations
in the TP53 gene were observed in 35.2% (49/139) of
colorectal cases. TP53 LOH was informative in 129 cases
and LOH was observed in 73.6% (95/129) of cases. High
BUBRI1 expression correlated with TP53 gene mutation
(p=0.017) and tended to associate with 7P53 LOH (p=0.07)
(Table II). A significant relationship was found between
TP53 gene mutation and LOH (Table III).

Genetic instability and BUBRI and p53 expression. High

BUBRI expression staining was significantly associated with
DNA aneuploidy (p=0.05) and tended to associate with MSI
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Figure 1. Immunohistochemical analysis of BUBRI expression in colorectal cancer. A, Representative image of a case with low BUBRI expression;
B, Representative image of a case with high BUBRI expression. Photographs were taken at x200 magnification.

(=) (=0.09) (Table IV). TP53 gene mutation was
significantly associated with DNA aneuploidy and MSI (-)
(p=0.01, p=0.0005, respectively) (Table V).

Because of the important roles of both BUBR1 and TP53
gene in maintaining chromosomal homeostasis, we examined
potential correlations of both BUBR1 and TP53 gene with
genetic instability. Cases were categorized into three groups
according to the status of BUBR1 and TP53 gene. Both high
BUBRI1 expression and TP53 gene mutation were found in
28.1% (39/139) cases; either BUBR1 or TP53 gene
aberration was confirmed in 25.2% (35/139); while the
remaining 46.8% (65/139) showed neither of the aberrations.
These three groups were accordingly named “Both”,
“Either”, and “Neither”. DNA ploidy and microsatellite
status were compared among the three groups (Figure 2).
The “Both” group had a more profound chromosomal
instability phenotype revealed by DNA aneuploidy,
compared to the “Neither” group (p=0.005). The “Either”
group had a moderate aneuploidy ratio. The “Neither” group
showed a higher MSI (+) ratio (26.1%, 17/65) than the
“Either” (5.7%, 2/35) or “Both” group (2.5%, 1/39)
(p=0.027 and p<0.001, respectively).

Discussion

BUBR1 and p53 are both essential in maintaining
chromosomal homeostasis and have been reported to interact
through multiple mechanisms (10, 25, 26, 36). In the present
study, we analyzed chromosomal instability and
microsatellite instability to elucidate patterns of genetic
instability, based on the hypothesis that these are two distinct
pathways in the tumorigenesis of colorectal cancer, as well
as for many malignancies (37).

High expression of BUBIB mRNA was previously
described in colorectal cancer (18), as well as for other
malignancies (16, 19). The association between BUBRI1
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Table IV. Patterns of genomic instability and BURBI expression in
colorectal cancer.

Factors BUBRI expression, n (%) p-Value
Low (n=49) High (n=90)

DNA ploidy
Diploid 21 (42.9) 26 (28.9) 0.05
Aneuploid 28 (57.1) 64 (71.1)

MSI status
MSI (-) 38 (77.6) 81 (90.0) 0.09
MSI (+) 11 (22.4) 9 (10.0)

Underlined p-value is for p-value less than 0.05.

Table V. Patterns of genomic instability and TP53 gene status in
colorectal cancer.

Factors TP53 gene status, n (%) p-Value
Wild (n=90) Mutant (n=49)

DNA ploidy
Diploid 37 (42.9) 10 (28.9) 0.011
Aneuploid 53 (57.1) 39 (71.1)

MST status
MSI (-) 71 (78.9) 48 (98.0) 0.0005
MSI (+) 19 (21.1) 1(2.0)

Underlined p-value is for p-value less than 0.05.

expression and chromosomal instability in sporadic

malignancies is still largely controversial. A previous study
detected elevated BUBIB mRNA transcription in a large
majority of colorectal cancer cases. However, a small portion
of colorectal cancer cases had decreased BUBIB mRNA
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Figure 2. BUBRI expression/TP53 gene status and genomic instability reflected by DNA ploidy and microsatellite instability status. DNA ploidy
(left) and microsatellite status (right) in three groups classified based on BUBRI and TP53 status. “Both” indicates cases with high BUBRI
expression and TP53 gene mutation; “Either” includes either high BUBRI expression or TP53 gene mutation; “Neither” indicates cases of low

BUBRI expression and wild-type TP53 gene.

levels, which was considered to originate from epigenetic
silencing and correlated with worse prognosis (18). In our
study, we observed a strong tendency for association between
high expression of BUBRI in colorectal cancer and DNA
aneuploidy, the outcome of the chromosomal instability
phenotype (38). In addition, high BUBR1 expression was
less frequently observed in MSI(+) tumors, the category of
genetic instability independent of chromosomal instability.

The promoter of BUBIB has not been well-studied and the
mechanisms of BUBIB regulation remain largely unknown.
Elevated BUBRI expression in highly proliferating cells is
consistent with its role as a conserved mitotic surveillance
system, which is required in cycling cells (16).
Overexpression of BUBR1 as well as other BUB genes might
also be compensation as a response to an abnormal mitotic
checkpoint, perhaps through less well-understood feedback
mechanisms. In addition, inappropriately high levels of
BUBRI protein may have other functional consequences,
due to BUBRI functions in cellular pathways other than the
spindle assembly checkpoint.

A previous study showed that mouse embryonic cells with
reduced BUBIB expression exhibit a more profound
chromosomal instability phenotype. In this mouse model,
reduction of BUB1B expression was associated with early
onsets of age associated phenotypes and birth defects,
although no elevated tumor incidence was detected (39).
Thus, a reduced mitotic checkpoint might be a causative
factor for chromosomal instability. However, both decreased
and increased expression of mitotic checkpoint proteins have

been related to chromosomal instability. A study of BUBI,
another key molecule of the spindle assembly checkpoint,
indicated that inappropriately high, as well as low expression
significantly altered mitotic checkpoint function (40). Some
evidence has shown that, rather than gaining a selective
advantage, cells lacking the spindle assembly checkpoint
undergo cell death (41), which may be due to the loss of
genes essential for survival that accompanies the
development of the chromosomal instability phenotype.

In addition to BUBR1, molecules involved in maintaining
chromosomal stability, such as the centrosome cycle and
cytokinesis components, as well as their connections with
chromosomal instability should be investigated to further our
understanding on chromosomal instability machineries in
human malignancies (42). Genetic and epigenetic aberrations
of several genes involving the mitotic spindle checkpoint
machineries have also been suggested to be oncogenic, such
as PLK1, AURORAI, AURORA2, BUBI (43-45).

In this study, we used LSC to define the cellular ploidy
status. A high throughput approach is still not useful for
assessment of chromosomal instability phenotypes because
of the technological complexity and high cost, which
restricts practical usage. Previous reports have suggested
that DNA ploidy, as it results from LSC, is strongly
associated with findings using fluorescence in situ
hybridization (46), thus we used this approach and
considered aberrations in DNA index as a marker for
chromosomal instability. LSC allowed us to confirm the
morphology of each cell, thus reducing any contamination
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from debris and adhesive cells. However, this methodology
may give false-negative results due to pseudo-euploidy, a
special type of chromosomal instability that does not show
any obvious alternation in DNA content. Such a bias should
not be ignored. These two pathways are independent but not
necessarily exclusive. The simplified tumorigenesis model
employed in this study may not correctly elucidate the
carcinogenesis background in all cases.

In conclusion, the colorectal cases which show both high
expression of BUBR1 and abnormalities of the TP53 gene
have a profound chromosomal instability phenotype.
Together our findings indicate that aberrations of these two
key molecules were associated with the chromosomal
instability phenotype in a cooperative manner in sporadic
colorectal cancer.
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