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The BUB1 gene is a key player in the mitotic spindle checkpoint machinery that monitors 
proper segregation of sister chromatides during mitosis. It has been suggested that 
mutations in BUB 1 may disrupt the spindle checkpoint and thereby cause chromosomal 
instability, which is a hallmark of solid tumors including those from the breast. From a 
series of breast carcinomas we selected 20 cases with genomic instability, as scored by 
Comparative Genome Hybridization (CGH), and without somatic TP53 (p53) mutations, 
and sequenced the entire coding region of the BUB1 gene.  Two different constitutional 
sequence variants were found; a base substitution in exon 5, c.481G>A (CAG>CAA, a 
synonymous change encoding Gln144) in two samples, and a base substitution 8 bp upstream 
of exon 10, c.1007-8T>C in two other samples. No somatic mutations were detected. These 
results indicate that genomic instability scored as copy number alterations by CGH in TP53 
wild type breast carcinomas is not caused by somatic mutations in the BUB1 gene.  © 2003 
Wiley-Liss, Inc. 
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INTRODUCTION 

The BUB1 gene (budding uninhibited by benzimidazoles 1; MIM# 602452) was initially identified when 
screening for mitotic checkpoint defects in the yeast S.cerevisiae (Roberts et al., 1994). The human BUB1 (2q14) 
encodes a serine/threonine protein kinase that localizes at kinetochore during mitosis and is a key player in the 
mitotic spindle checkpoint machinery that monitors proper segregation of sister chromatides during mitosis (Cahill 
et al., 1998; Pangilinan et al., 1997). BUB1 interacts with and phosphorylates BUB3 (budding uninhibited by 
benzimidazoles 3; MIM# 603719), a protein required for kinetochore localization of BUB1 (Taylor et al., 1998). 
The known functional characteristics of BUB1 are situated in two highly conserved domains, CD1 directing 
kinetochore localization and binding to BUB3 and CD2 encoding the kinase domain, spaced by a nuclear 
localization signal (Cahill et al., 1999b).  

Mutations in the BUB1 gene have been suggested as one possible mechanism to disrupt the mitotic spindle 
checkpoint and cause chromosomal instability (CIN) that leads to aneuploidy, a phenotype seen in most human 
cancers (Lengauer et al., 1998). It has been shown that the mitotic checkpoint is consistently defective in colorectal 
cancer cell lines with CIN, and in a small fraction of CIN cases the inactivation seemed to be associated with 
mutations in the BUB1 gene (Cahill et al., 1998). Somatic mutations in BUB1 were also reported in lung cancer 
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cell lines and primary tumors, but in a very low frequency (Gemma et al., 2000). In a recent study 19 aneuploid 
breast cancer cell lines were investigated for BUB1 mutations with negative results (Myrie et al., 2000).  

Mutations in the TP53 gene (MIM# 191170) are known to cause genomic instability by overriding cell cycle 
checkpoints despite presence of damaged DNA. Breast carcinomas carrying a TP53 mutation have been shown to 
have a higher genomic instability scored as total number of deletions and amplifications by Comparative Genome 
Hybridization (CGH) analysis than samples with wild type TP53 (Jain et al., 2001). From a series of breast 
carcinomas previously analyzed by CGH and screened for TP53 mutations, we selected 20 samples with high copy 
number alterations and wild type TP53 in order to enrich for tumors where mechanisms other than TP53 
mutations, like mutations in the BUB1 gene, could cause the observed genomic instability. 

MATERIALS AND METHODS 

The 20 tumors (Table 1) included in this study were selected from a series of breast carcinomas collected at The 
Norwegian Radium Hospital (Andersen et al., 1993). The samples were selected to be wild type TP53 and to show 
genomic instability by CGH (Jain et al., 2001). DNA had been isolated from snap frozen tumor tissue using 
phenol/chloroform extraction method according to standard procedures (Nucleic Acid Extractor 340A, Applied 
Biosystems). 

All coding exons of the BUB1 gene (exon 2-25, including 5 introns) were amplified by PCR in 20 different 
fragments and sequenced (373 DNA Sequence Strech, Applied). The primer sequences used were those published 
by Gemma et al. (2000) for exon 9, 14, 15 and 24 and the remaining by Cahill et al. (1999). GenBank accession 
number NM_004336 (version NM_004336.1, GI: 4757877) was used as reference sequence and the exon/intron 
numbering refers to GenBank accession number AF139349-139363 (version AF139349.1-139363.1, GI: 5456821-
54568335). 

RESULTS 

Sequence analysis revealed only 2 different sequence variants in our set of samples (Table 1). Two samples 
showed a base substitution in exon 5 that gave no amino acid change (c.481G>A, codon Gln144, CAG to CAA), 
while two samples had an intronic T to C transition 8 bp upstream of exon 10 (c.1007-8T>C). These sequence 
variants were constitutional by origin since matched blood DNA from these patients demonstrated presence of the 
same variants.  

DISCUSSION 

These results suggest that mutations of the spindle checkpoint gene BUB1 do not play a significant role in the 
causality of chromosomal instability in breast carcinomas.  Although the number of samples is small (20), they 
were highly selected to have CGH changes and to be wild type TP53, and thus should be enriched for defects in 
TP53 independent mechanism, like disruption of the spindle checkpoint, causing the genomic instability. However, 
it should not be excluded that BUB1 mutations in addition to mutated TP53 can cause aneuploidy. Our results were 
supported by a recent study on breast cancer cell lines (Myrie et al., 2000). 

Direct sequencing has a limitation in only detecting mutations when the amount of tumor cells in the samples 
exceeds approximately 20 %, but since all of our tumors had at least this amount of tumor cells, the likelihood of 
missed mutations is low. In all four samples with gene alterations detected, both variants could be seen with 
similar intensities on the sequence curve from blood- and tumor-DNA, indicating that no loss of allele in tumors 
had occurred.  LOH (loss of heterozygozity) analysis of the region where BUB1 is located (2q14) has not been 
performed. However, there is very little loss or gain in chromosome 2 reported from CGH analysis of breast 
tumors (Forozan et al., 2000). 

The two gene alterations found have been reported by others (Cahill et al., 1999; Kanbe et al., 2001). The gene 
alteration in codon 144 is silent, found in relatively high frequency (2/20 of our samples, as well as reported by 
others) and present constitutionally, so we consider it to be a polymorphism with no effect on the protein function. 
The gene alteration in intron 9 was found in two samples with the highest degree of CGH changes (Table 1), but 
the significance of this finding is unclear. Whether this intronic variant has an effect on the transcription level is 
not known, and more samples are needed to be analyzed both at the DNA and mRNA level to rule out whether this 
is a significant association.  
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The BUB1 gene may be inactivated or disturbed by other mechanisms than point mutations, and also other 
components of the spindle checkpoint machinery may be affected. We conclude that even in a set of samples 
selected to be wild type TP53 and to have CGH changes, the presence of somatic mutations in the BUB1 gene is 
rare. Other components of the spindle checkpoint should be examined. 

 
Table 1: Sequence Alterations Found in BUB1 Related to CGH Changes in 20 

Breast Tumors With Wild Type TP53 
 CGH analysis  BUB1 sequence analysis  
ID GAIN LOSS Variant 
MT5 5pq,8q,16p,17q,20p,20q c.481G>A 
MT17 20q  
MT18 1q 3q,16q c.481G>A 
MT19 7pq,22q  
MT21 12p  
MT31 1q,5pq,7pq,11pq,15q,16p,20pq,Xpq 1p,4pq,6pq,12pq,13q,14q,16q,22q c.1007-8T>C 
MT38 3q,5p,6p,7q,10p,15q 4q,Xp  
MT43 7p,16p 1p,8pq,16q,22q  
MT44 1q 16q  
MT46 1q,8q,11q,17q,20q 3q,11q  
MT49 5q,8q,13qx2,16p,20q,Xq 16q,17p,22q  
MT51 1q,3p,8q,10p,12q,17q,18q,20pq,22q 1p c.1007-8T>C 
MT54 1q 1p,4p,11q,16q,17p,17q  
MT60 1q,16p 8p,16q  
MT61 1q,5pq,8q,16p,17q 7pq,8p,9pq,13q,22q  
MT67 4q,5q,6q,12q,13q  
MT209 8pq  
MT221 1q,5p,8q,11pq,17q,20p,20q 1p,4p  
MT264 8q,11q,12qx2,16pq,17q,18p,19pq,22q 7p,11q,13q  
MT342 8q 11q,16q  
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