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Spindle proteins Aurora A and BUB1B, but not Mad2, are aberrantly expressed in 
dysplastic mucosa of patients with longstanding ulcerative colitis 
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ABSTRACT 
Aim: Long term ulcerative colitis (UC) increases the risk of colorectal cancer (CRC). 
DNA aneuploidy is a common feature of both dysplastic- and nondysplastic colonic 
epithelia from patients with longstanding UC, and is regarded as an early sign of possible 
malignant transformation. The spindle proteins Aurora A, BUB1B and Mad2 have been 
implicated as contributors to aneuploidy and carcinogenesis. The goal of this study was to 
investigate the role of these spindle proteins in relation to DNA aneuploidy and during 
the progressive morphological changes in ulcerative colitis associated colorectal cancer 
(UCCRC).   
Methods: Tissue microarrays were made from 31 colectomy specimens from patients 
with longstanding UC. Expression of Aurora A, BUB1B and Mad2 was investigated by 
immunohistochemistry and their relation to ploidy status, mucosal morphology and Ki67 
levels were explored. 
Results: The expression of Aurora A and BUB1B were significantly associated with the 
progressive morphologic changes of the UCCRC (p=0.01 and p=0.005 respectively). In 
the progression from nondysplastic- to dysplastic mucosa, Aurora A expression 
decreased while BUB1B expression increased (p<0.001 for both). There was an 
increasing incidence of aneuploidy with progression towards cancer (p=0.04), and the 
expression of all spindle proteins were associated with the level of Ki67 (p<0.001 for all) 
but not with aneuploidy.   
Conclusion: This is the first study describing the spindle proteins Aurora A, BUB1B and 
Mad2 in UCCRC. Due to the significant differences in Aurora A and BUB1B expression 
in dysplastic- compared nondysplastic mucosa, these proteins may serve as putative 
biological markers for the progressive morphologic changes in UC associated 
carcinogenesis. The close relationship to Ki67 levels reflect that spindle proteins are 
expressed in tissues with a high proliferative rate, but a role for these proteins in the 
development of aneuploidy was not found in this material. 
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INTRODUCTION 
Ulcerative colitis (UC) is a chronic disease which is associated with an increased risk of 
developing colorectal cancer (CRC). The overall prevalence of CRC in patients with UC 
is 3.7 per cent [1] and the risk of cancer increases with duration of the disease [2]. UC 
associated colorectal cancer (UCCRC) is the cause of death in every sixth patient with 
UC [3]. Surveillance colonoscopy with biopsies is the current screening method to detect 
dysplastic lesions in patients with UC. However, mucosal dysplasia as a marker for 
cancer has several implications [4] and there exist conflicting reports concerning the 
significance of dysplasia as a precancerous lesion [5,6]. Furthermore, surveillance 
colonoscopy has a poor success rate in preventing cancer in UC patients [7], and current 
guidelines on CRC screening state that there is no evidence that endoscopic surveillance 
reduces cancer mortality in patients with UC [8]. Obviously there is a need for improved 
screening methods and there is an ongoing search for biological markers to detect 
patients with UC at greatest risk of developing cancer. One such marker is DNA 
aneuploidy that is present in more than half of colorectal adenocarcinomas developing in 
UC [9], and aneuploidy has been shown to precede mucosal dysplasia [10-13]. A 
compromised spindle checkpoint, the primary mechanism to ensure that two daughter 
cells receive the same amount of DNA after mitosis, has been suggested to contribute to 
aneuploidy and carcinogenesis [14]. Mad2 (mitosis arrest-deficient 2) and BUB1B 
(budding uninhibited by benzimidazole) are vital parts of this checkpoint, and together 
they control the separation of sister chromatids. The Aurora family of threonine kinases 
and especially Aurora A  (STK6/15, ARK1, Aurora 2), has received attention for its role 
in the development of aneuploidy [15], and has been shown to induce centrosome 
amplification and aneuploidy in malignant human cell lines [16]. Hence, in this study we 
wanted to investigate the role of Aurora A, BUB1B and Mad2 proteins in the 
development of aneuploidy and during the progressive morphologic stages of UC 
associated carcinogenesis. 
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METHODS 
Colectomy Specimens, Histopathology 
We examined the colectomy specimens resected from 31 patients with longstanding UC 
in the period of 1985-1994 at the Department of Surgery, Rikshospitalet, University of 
Oslo. Tissue specimens from each bowel were harvested from eight consecutive locations 
from the ascending colon (I-III), transverse colon (IV-V) and descending colon (VI-VIII). 
Specimens were fixed in 70% ethanol and embedded in paraffin. Tissue sections were cut 
at 4 µm thickness and stained with hematoxylin-eosin and evaluated independently by 
two experienced pathologists (OPFC, SNA) according to Riddell et al. [17]. The best 
areas with retained mucosal architecture and representative morphological changes were 
marked for tissue microarray core sampling. Ten normal mucosal samples, taken from the 
resection margins of sporadic colon cancer colectomy specimens, were used as controls.  
 
Immunohistochemistry 
Tissue microarrays were made using a Beecher tissue microarrayer. Core size was 0.6 
mm and at least two tissue cores from each mucosal region of interest were sampled. 
After being exposed to 0.5 % H202 solution followed by antigen retrieval (Tris-EDTA 
buffer at pH 9.0), sections were incubated for one hour at room temperature with the 
primary antibodies (Aurora A; 1:50 dilution, monoclonal antibody, Novocastra NCL-L-
AK2, Newcastle UK, BUB1B; 1:50 dilution, polyclonal antibody, BD Transduction 
612503, Franklin Lakes NY US, Mad2; 1:200 dilution, polyclonal antibody; Immuquest 
IQ239, Cleveland UK, Ki67; 1:100 dilution, monoclonal antibody, gift from Dr. J. 
Gerdes, Germany). After incubation with HRP-labeled polymer conjugated secondary 
antibody (EnVision, DakoCytomation, Via Real Carpintera), DAB+ was applied onto the 
slides for seven minutes, rinsed in destilled water and finally counterstained with 
hematoxylin and mounted. Fresh fixed tonsillary tissue was used as positive control, the 
primary antibody was substituted by IgG-matched immune serum as a negative control. 
Details concerning antibody specificity and immunohistochemical analysis of spindle 
proteins has been described by us previously (Burum-Auensen et al., online publication, 
January 2007, Journal of Histochemistry and Cytochemistry). 
  
One possible limitation using tissue microarrays compared to conventional tissue sections 
is the representativity of the tissue obtained by the needle cores. This is especially 
important when studying features that are unevenly distributed along architectural 
structures as colonic crypts. To avoid any misinterpretation, each tissue sample was 
represented by cores including whole crypts, or at least one core from the lower- and one 
core from the upper part. Cores from mucosal samples that did not display these criteria 
were excluded. Two tissue cores from each sample represent the antigen expression of 
the whole tissue with greater than 95 % accuracy [18]. An average of 300 randomly 
selected, mucosal epithelial cells were counted for each tissue sample. Staining intensity 
for each protein was homogenous and cells were evaluated as either positive (arrow) or 
negative (arrowhead, Figure 1c). The number of positive cells among the 300 cells was 
registered and the resulting percentage calculated, this level indicates protein expression 
in this report.  
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DNA ploidy analysis 
Mucosa adjacent to that used for histopathological examination was subjected to 
mechanical disaggregation in PBS by a scalpel. The resulting cell suspensions were 
filtered through 70 µm nylon mesh and centrifuged at 1500 rpm. The pellets were 
resuspended in 1 ml of PBS; the cells were disaggregated by pipetting and fixed in 70% 
ice-cold ethanol and stored at 4 ºC. Cells were prepared for DNA content analysis using 
the procedure of Vindeløv et al. [19]. A FACStar Plus flow cytometer equipped with 488 
nm argon ion laser (BDIS, Spectra Physics, Mountain View, CA) was used to analyze 
cell samples for DNA content based on propidium iodide fluorescence emission. A case 
report including results of the ploidy analysis from one of the patients in this study has 
been published earlier [20]. 
 
Statistical analysis 
The relationship between protein expression and histopathologic features was evaluated 
by nonparametric methods (Mann-Whitney (MW) test, Median test and Spearman`s rho 
correlation) and GLMM (General linear mixed model). The GLMM can be viewed as an 
extension of a univariate logistic regression where the fact that individuals contribute 
with several observations (i.e. biopsy samples) is adjusted for. A p-value of ≤ 0.05 was 
considered statistically significant. Analyses were done in SPSS 12.0. (Chicago IL), 
GLMM was done in R (http://www.r-project.org). 
 
The investigations of the study were in accordance with the Helsinki Declaration and are 
approved by the regional ethical committee for scientific studies on human tissues (S-
060629). 
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RESULTS 
Eight of the 31 patients had cancer (25 %) in one or more locations of the bowel with the 
following pTNM status: three patients with T3N2M0, two patients with T1N0M0, one with 
T3N1Mx and one with T2N0Mx. One patient got a palliative resection (T4NxMx). 
Furthermore, 14 patients had dysplastic areas (45 %), 12 patients had areas indefinite for 
dysplasia (39 %) and 30 patients (97 %) had colonic areas free of dysplasia (table 1). 258 
paraffin embedded tissue blocks were available for immunohistochemical analysis. Nine 
blocks were excluded due to insufficient tissue material, thus 249 tissue blocks were 
available for core sampling. On the basis of the histopathologic evaluation of the tissue 
core samples they were grouped according to mucosal morphology (table 1).  
 
Table 1  Overview of morphologic classification, ploidy- and immunohistochemical 
analyses of tissue samples gathered from 31 patients with longstanding UC.  

 
† Reflects the mean % of positive epithelial cells for each sample 
†† P-value describing the difference in protein expression in dysplastic- versus nondyplastic mucosa  
* Total 31 patients, 19 patients had ≥ 2 morphologic diagnoses in their colons  
 
Of the 249 core samples 165 were negative for dysplasia, 30 samples were indefinite for 
dysplasia, 27 samples showed low- and six samples showed high grade dysplasia,11 were 
cancers and 10 were normal mucosal controls. Due to the low number of samples in the 
high grade dysplasia group (n=6), the groups with low- and high grad dysplasia were 
considered as one entity in the statistical analysis (table 1).  
 
Eighteen of the 31 analyzed bowels harboured one or more locations with DNA 
aneuploidy. In the normal controls and eight tissue samples from UC patients there were 
not enough tissue available for ploidy analysis. However, DNA ploidy analysis by 
flowcytometry has been performed on ten other normal mucosal samples taken from the 
resection margins of colon cancer colectomy specimens, none of these samples were 
aneuploid (unpublished data). Of 231 samples analyzed, 53 (23 %) showed DNA 
aneuploidy with an increasing incidence of aneuploidy with progression towards cancer 
(p=0.04, Median test).  
 
Antibodies against Aurora A and Mad2 were localized primarily to the nucleus, and such 
staining pattern was considered specific (fig 1). Additional staining of the cytoplasm was 
seen in mitotic cells for both proteins. The antibody against BUB1B showed this protein 
to be localized to the cytoplasm which was considered specific (fig 1). Additional nuclear 
staining was seen in mitotic cells, a detailed description of the subcellular localization of 
spindle proteins assessed by immunohistochemistry has been described by us in a 

Diagnosis Patients Samples Samples for 
ploidy analysis 

Aneuploid 
samples 

                 †Protein Expression (%) 
Aurora A      BUB1B         Mad2        Ki67 

Normal 10 10 0 - 13 4 19 14 
No dysplasia 30 165 159 30 (19%) 40 7 43 27 
Ind. dysplasia 12 30 29 8 (28%) 31 10 46 27 
Dysplasia 14 33 32 9 (28%) 24 10 41 28 
Cancer 8 11 11 6 (55%) 45 12 32 25 
Total * 249 231 53 (23%)     
P-value††     <0.001 <0.001 0.8 0.18 
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previously (Burum-Auensen et al., online publication, January 2007, Journal of 
Histochemistry and Cytochemistry). 
 
 
Protein expression: relationship to mucosal morphology and DNA ploidy 
The expression levels of all proteins were considerably higher in the nondysplastic 
mucosal samples from UC patients compared to normal mucosa from patients without 
UC (Aurora A, Mad2 and Ki67 p<0.001, BUB1B near significant p=0.08, MW). 
Furthermore, higher levels of BUB1B was found in nondysplastic areas of patients with 
cancer compared with nondysplastic areas of patients without cancer (p=0.02, MW). 
There was also a strong tendency that Mad2 expression in nondysplastic mucsoa was 
higher in cancer patients (p=0.06, MW), while Aurora A expression showed no 
difference (p=0.8, MW). During the progressive morphological steps towards cancer, 
Aurora A levels showed a biphasic expression curve (p=0.01, fig 2a, Median test) while 
BUB1B and Ki67 levels increased stepwise towards cancer (BUB1B p=0.005, fig 2b, 
Ki67 p=0.02, fig 2d, Median test). Although Mad2 did not show a similar significant 
expression pattern towards cancer (p=0.3, Median test), there was an obvious drop in 
cancerous tissue (fig 2c). 
 
When comparing protein levels in nondysplastic- versus dysplasia mucosa, Aurora A 
expression dropped significantly towards dysplasia (p<0.001, MW), BUB1B expression 
increased (p<0.001, MW) while the levels of Mad2 and Ki67 did not change (p=0.8 and 
p=0.18 respectively, MW). The expression of all proteins were correlated with the level 
of Ki67 (p<0.001 for all, correlation coefficients (CC) 0.23-0.35). Aurora A expression 
was correlated with Mad2 levels (p=0.001, CC=0.25), as was BUB1B expression 
(p<0.001, CC=0.33). However, no correlation was found between Aurora A and BUB1B 
expression (p=0.8). There was an increasing incidence of aneuploidy with progression 
towards cancer (p=0.04, Median test), but no association between protein expression and 
DNA ploidy was revealed (Aurora A p=0.3, BUB1B p=0.4 and Mad2 p=0.2 MW). 
Bowel localization (I-VIII) did not influence the degree of protein expression (Aurora A 
p=0.7, BUB1B p=0.6, Mad2 p=0.09, Median test).  
 
Although the level of protein expression varied between patients resulting in the wide 
box-plots seen in fig 2, the tendency for e.g. BUB1B expression to increase in dysplastic- 
and cancerous mucosa was consistent when the expression levels of individual patients 
were compared (fig 3). However, this interpatient differences in the level of protein 
expression, that possibly could mask their general biological appearance, can be adjusted 
for by using a General linear mixed model (GLMM). GLMM accounts for the fact that 
each patient contributes with several samples in the collection of data, and was applied to 
reanalyze the difference in protein expression in dysplastic- versus nondysplastic mucosa. 
Contrary to the Mann-Whitney test, a significant increase in the Ki67 levels was revealed 
in dysplastic- compared to nondysplastic mucosa (p=0.01 with GLMM, p=0.18 with 
MW). For the other proteins no significant changes were revealed, and GLMM did not 
alter the conclutions of the ploidy analysis. 
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DISCUSSION 
The primary goal of our investigations was to study the expression of Aurora A and 
spindle checkpoint proteins BUB1B and Mad2 and their associations to the development 
of aneuploidy and dysplasia in UCCRC. Chromosomal alterations are found in 85 % of 
UCCRC [21], the remaining 15 % showing near diploid DNA content with mainly errors 
in the DNA mismatch repair mechanisms. Chromosomal instability precedes dysplasia 
and cancer in UC [10,22], and based on these results DNA aneuploidy could serve as a 
potential marker for cancer progression. It is reasonable to speculate that the ongoing 
inflammation with repair of damaged and regenerating epithelial cells in UC increase the 
workload of the spindle checkpoint machinery of the epithelium. In our study Aurora A, 
BUB1B and Mad2 were highly expressed even in nondysplatic mucosa from UC patients 
compared to normal controls, reflecting this upregulated checkpoint function. 
Furthermore, BUB1B and Mad2 expression were higher in nondysplastic mucosa of 
colons from cancer patients compared to colons without cancer development, reflecting a 
broader “field change” of increased expression in the entire colon of the cancer patients 
[23]. Aberrant Aurora A expression is reported to cause chromosome missegregation and 
aneuploidy by several mechanisms. In vitro studies by Anand et al. [24] show that 
elevated levels of Aurora A override an activated spindle checkpoint, allowing cells to 
enter anaphase despite a defective spindle formation. This leads to division failure, 
multinucleation and polyploidization. Furthermore, its overexpression induces multiple 
centrosomes forming multipolar mitotic spindles [25], and is also reported to activate 
telomerase resulting in “sticky-end chromosomes”[26] and aneuploidy. Several studies 
indicate a role for BUB1B in the development of aneuploidy [14,27-29], and in 
mammary epithelial cells increased Mad2 expression resulted in chromosome 
missegregation and aneuploidy [30]. Based on these data, we anticipated to find a 
relationship between DNA ploidy and spindle protein expression, but such an association 
was not found. However, other reports are in agreement with our findings. Studies of 
Barret`s esophagus in which aneuploidy is a common feature [31], failed to show any 
relationship between aneuploidy and Mad2 or BUB1B gene expression. In testicular 
germ cell tumours, centrosome amplification and aneuploidy were unrelated to Aurora A 
expression [32]. However, one should exercise some caution in the interpretation of the 
relationship between protein expression and ploidy data, since the immunohistochemical 
analyses was not performed on the exact same cells utilized for ploidy analysis.  
  
In view of the ongoing search for biological markers to improve the methods of UCCRC 
screening, our findings of significant differences in the expression levels of Aurora A and 
BUB1B in dysplastic- versus nondysplastic mucosal lesions, respectively, deserve some 
attention. BUB1B expression increased from nondysplastic- to dysplastic lesions while 
Aurora A decreased. This inverse relationship could serve as an additional marker in the 
evaluation of mucosal biopsies from UC patients with extensive inflammation and 
ulceration, which is known to complicate the interpretation of morphologic changes [33]. 
A previous study of Aurora A expression in the adenoma-carcinoma sequence of sporadic 
colorectal cancer [34], showed an increased expression of Aurora A in adenomas 
compared to normal mucosa. Furthermore, the highest expression level of Aurora A was 
reported in cancerous lesions, consistent with our findings. In contrast, reduced Aurora A 
levels were associated with progression from in situ to invasive cancer in breast cancer 
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[35], and a similar pattern of decreased Aurora A expression was seen in the progression 
from noninvasive to invasive ovarian cancer [36]. Together these studies demonstrate 
some inconsistency of Aurora A expression in the progressive steps towards cancer. Even 
though there are biological similarities in the stages of malignant transformation 
irrespective of cancer tissue [37], the expression of Aurora A and its impact on tumor 
progression appear to be different among various cancer types.  
 
BUB1B and Mad2 proteins are closely related in the spindle checkpoint [38-40]. The 
close relationship between BUB1B and Mad2 expression in our study confirms this. 
However, the levels of protein expression vary considerably between Mad2 and BUB1B 
in the same morphological group (fig 2). This may reflect the alternative functions of 
these proteins that are unrelated to the spindle checkpoint. Mad2 is reported to interact 
with estrogen receptors [41] and nuclear pore complexes possibly involved in cell cycle 
regulation and nuclear transport [42], whereas BUB1B is involved in the apoptosis of 
polyploid cells [43] and in the cross-talk between the spindle- and DNA damage 
checkpoints [44]. 
 
The processing of biomedical data, in which several samples were gathered from one 
individual, requires a sophisticated statistical tool. In this contest, we want to highlight 
GLMM, being an advanced, regressional analysis that adjusts for the fact that multiple 
samples were taken from one patient. In our material there were obvious interpatient 
differences in the level of protein expression (fig 3) that could possibly mask associations 
between protein expression and morphology. When reanalyzing the data with GLMM, a 
significant increase in the Ki67 level was revealed in dysplastic- compared to 
nondysplastic mucosa (p=0.01 with GLMM compared to p=0.18 with the MW test). 
However, GLMM has some limitations because it requires a defined relationship between 
the dependent variable (in this case diagnosis) and covariates (in this case protein 
expression). Furthermore, GLMM cannot analyze dependent variables with more than 
two categories making GLMM less suitable for analyses including all the progressive, 
morphologic changes characteristic for UCCRC. We conclude that a combination of the 
standardized, nonparametric methods together with GLMM is the most comprehensive 
way to analyze this type of data.  
 
To our knowledge, this is the first study describing the expression of Aurora A and the 
spindle checkpoint proteins BUB1B and Mad2 in UCCRC. All spindle proteins were 
associated with Ki67 levels, and expression levels of Aurora A and BUB1B could serve 
as biological markers for the progressive morphological changes of UC associated 
carcinogenesis due to their aberrant expression in dysplastic mucosa. Furthermore, there 
was an increase in aneuploidy during the progression towards cancer, but a relationship 
between protein expression and DNA ploidy was not found. More extensive studies are 
necessary to fully understand the function of these proteins and their role in the process 
of chromosome missegregation and aneuploidy. 
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Take home messages 

- Expression of spindle proteins Aurora A and BUB1B appears to be associated 
with the progressive morphologic changes of the inflammation-dysplasia-
carcinoma sequence of UC associated carcinogenesis.  

- Increased expression of BUB1B and decreased expression of Aurora A is 
associated with dysplastic mucosal changes of patients with longstanding UC. 

- The expression of all spindle proteins is associated with the level of Ki67. 
- The incidence of aneuploidy increased towards cancer, but a correlation between 

protein levels and aneuploidy was not found. 
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FIGURE LEGENDS 
 
Figure 1 
Immunohistochemical analyses with antibodies against Aurora A (A-C), BUB1B (D-F), 
Mad2 (G-I) and Ki67 (J-L) in normal mucosa (left column), nondysplastic mucosa of 
patients with longstanding UC (middle column) and cancer (right column). Original 
magnification X 480. 
 
Figure 2   
Protein expression of Aurora A (A), BUB1B (B), Mad2 (C) and Ki67 (D) in mucosal 
samples from patients with longstanding UC. Numbers on the Y-axis represent protein 
expression (percentage of positive cells).  
 
Figure 3   
The graph illustrates the different mean levels of BUB1B protein expression in three 
patients with longstanding UC. The spread between patients is obvious, but the tendency 
of increased BUB1B expression in the dysplasia-carcinoma sequence is clearly 
demonstrated. 
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Figure 2  Protein expression of Aurora A (A), BUB1B (B), Mad2 (C) and Ki67 (D) in 
mucosal samples from patients with longstanding UC. Numbers on the Y-axis represent 
protein expression (percentage of positive cells).  
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Figure 3  The graph illustrates the different mean levels of BUB1B protein expression in 
three patients with longstanding UC. The spread between patients is obvious, but the 
tendency of increased BUB1B expression in the dysplasia-carcinoma sequence is clearly 
demonstrated. 
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