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Summary

Objective: The aim of this study was to explore the expression of budding uninhibited by benzimidazoles-1 (Bubl) and mitotic ar-
rest deficient-2 (Mad2) in endometrial carcinoma and its significance. Materials and Methods: The expression of Bubl and Mad2 in
30 human normal endometrial tissues (group A), 30 complexly-hyperplastic endometrial tissues (group B), and 63 endometrial carci-
noma tissues (group C) was observed using immunohistochemistry (the streptavidin-peroxidase method). Results: The positive ex-
pression rates of Bubl in groups A, B, and C were 86.67%, 56.67%, and 28.57%, respectively. The positive rate of Bubl protein was
correlated with the differentiation degree and clinical stage of endometrial carcinoma (p < 0.05) other than lymph node metastasis (p >
0.05): A higher differentiation degree and a more advanced stage of endometrial carcinoma indicated a higher positive rate of Bubl pro-
tein. The positive rates of Mad2 protein in groups A, B, and C were 23.33%, 56.67%, and 85.71%, respectively. The positive rate of
Mad?2 protein was correlated with the differentiation degree of endometrial carcinoma (p < 0.05) other than its clinical stage and lymph
node metastasis (p > 0.05): A lower differentiation degree indicated a higher positive rate of Mad2 protein. Bubl and Mad2 proteins
were negatively correlated in the endometrial carcinoma tissues (#=- 0.719, p <0.001). Conclusion: Bubl and Mad2 proteins interact
with each other. They may play an important role in the initiation and development of endometrial carcinoma.
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Introduction

Endometrial carcinoma is one of the three major gyne-
cological malignant tumors with an increasing incidence in
recent years. It greatly threatens the life quality of patients
and their families. Its early diagnosis and timely treatment,
particularly its precancerous diagnosis and prevention, have
become a widespread concern of patients as well as of gy-
necologists. Budding uninhibited by benzimidazoles-1
(Bub1) and mitotic arrest deficient-2 (Mad2) are important
components of spindle checkpoints [1]. They monitor and
ensure the fidelity of cell mitosis and have a predictive
value for the prognosis of some tumors [1, 2].

To explore the roles by Bubl and Mad2 in the initiation
and development of endometrial carcinoma and their clin-
ical significance, the authors observed their expression in
human normal endometrial, complexly-hyperplastic en-
dometrial, and endometrial carcinoma tissues.

Materials and Methods

General data

Atotal of 63 paraffin-embedded specimens of endometrial car-
cinoma resected between January 2007 and January 2011 (group
A) were collected. Meanwhile, 30 paraffin-embedded specimens
of complex-hyperplastic endometrial tissues during the same pe-
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riod (group B), as well as of normal endometrial tissues (group
C), were taken. The averages ages of the involved patients in the
three groups were 49.43 + 3.50, 49.27 + 5.47, and 50.77 + 4.82
years, respectively, showing no significant differences. All the pa-
tients did not receive hormonal therapy, radiotherapy, or
chemotherapy before surgery. According to classification and
staging of endometrial carcinoma by the International Federation
of Gynecology and Obstetrics (FIGO) in 1980, 39 tissues were in
Stage I, 17 in Stage II, 5 in Stage III, and 2 in Stage IV. Thirty-
eight tissues were well differentiated, 17 were moderately differ-
entiated, and eight were poorly differentiated. Eight patients had
lymph node metastasis. This study was conducted in accordance
with the Declaration of Helsinki and with approval from the
Ethics Committee of the First Affiliated Hospital of Zhengzhou
University. Written informed consent was also obtained from all
participants.

Methods and result judgment

The expression of Bubl and Mad2 in different groups was ob-
served using immunohistochemistry (the streptavidin-peroxidase
method). Endometrial glandular epithelial cells with yellow- or
buffy-stained granules in cytoplasm and/or nucleus were consid-
ered positive. Results were observed using the semi-quantitative,
two-observer double-blind method. Ten high power fields (10 x
40) were selected for each section. According to the percentage of
the number of positive cells taken in that of the total cells in a
field, four levels were assigned: (-) for no positive staining or no
positive cells, (+) for 11% —30%, (++) for 31% — 50%, and (+++)
for > 51%, in which (-) indicates negative expression, whereas
(+)—(+++) indicate positive expression [2]. If a difference of ten
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Table 1. — The positive expression rates of Bubl and Mad2
proteins in different groups (n%).

Table 4. — Correlation between Mad2 and Bubl in en-
dometrial carcinoma tissues.

Group n Mad2 (+) Bubl (+)

A 30 7(23.33) 26 (86.67)

B 30 17 (56.67) 17 (56.67)

C 63 54 (85.71) 18 (28.57)
6.944! 6.648!

x? 35.040° 27.515°
9.4953 6.835°
0.008' 0.010'

P 0.000? 0.000?
0.002? 0.009°

Note: 'group A vs. group B; *group A vs. group C; 3group B vs. group C.

percent occurred between the observed results of the two ob-
servers, re-evaluation was performed.

Statistical analysis

Data were processed by SPSS13.0 software using Chi-square ()
test. Spearman rank correlation coefficient analysis was per-
formed for the correlation between Bubl and Mad2. A p < 0.05
was considered statistically significant.

Results
The expression of Bubl and Mad?2 proteins

The results of Bubl and Mad2 protein by immunohistochem-
istry were summarized in Table 1. The positive expression rates of
Bubl in groups A, B, and C were 86.67%, 56.67%, and 28.57%,
respectively, with the expression of group A significantly lower
than that of any other group (p <0.01). Furthermore, the less dif-
ferentiated endometrial carcinoma and the more advanced the
clinical stage, the lower the positive rate (p < 0.05). However, the
positive rate was not associated with lymph node metastasis (p >
0.05, Table 2). The positive rates of Mad2 protein in groups A, B,
and C were 23.33%, 56.67%, and 85.71%, respectively, with the
expression of group A significantly higher than that of any other
group (p <0.01). Furthermore, the less differentiated endometrial
carcinoma, the higher the positive rate (p < 0.05). However, the

Mad2 protein Bubl1 protein Sum
Positive Negative

Positive 11 43 54

Negative 7 2 9

Sum 18 45 63

Note: »=-0.719, p <0. 001.

positive rate was not associated with the clinical stage or lymph
node metastasis (p > 0.05, Table 3).

The correlation between the expression of Bubl and Mad?2 pro-
teins

The results of the correlation analysis of Bubl and Mad2 in en-
dometrial carcinoma are summarized in Table 4. Positive Bubl
and Mad2 existed concurrently in 11 patients and their negative
concurrence in two. The result of the Spearman rank correlation
coefficient analysis based on the percentage of the number of the
positive cells in the number of the total cells in the same field
showed a negative correlation between Bubl and Mad2 (r = -
0.719, p <0.001).

Discussion

Endometrial carcinoma is one of the three major malig-
nant tumors commonly occurring in female reproductive
system. In recent years, its onset age shows a younger ten-
dency and its incidence is on the increase. Disorders in cell
cycle regulation greatly contribute to the initiation and de-
velopment of tumors [3]. Bubl and Mad2 are critical com-
ponents of spindle checkpoints. During the process of cell
mitosis, they monitor the morphology of the spindles, the
connection between kinetochores and spindle microtubules,
as well as the location and arrangement of chromosomes.
Whenever abnormalities in the expression and/or function
of Bubl and Mad2 occur, spindle checkpoints will neglect
chromosome damage and continue with their function in

Table 2. — Correlations between Bubl protein expression and endometrial carcinoma parameters.
Group Clinical Stage Differentiation degree Lymph node metastasis

I 1I 111 v Well Moderately Poorly Yes No
n 39 17 5 2 38 17 8 8 55
The positive rate 16 2 0 0 15 3 0 0 18
of Bubl (n%) (41.03) (11.76) (39.47)  (17.65) (32.72)
x? 8.125 6.409 3.665
» <0.05 <0.05 >0.05

Table 3. — Correlations between Mad?2 protein expression and endometrial carcinoma parameters.

Group Clinical Stage Pathological grade Lymph node metastasis

I il I v Gl G2 G3 Yes No
n 39 17 5 2 38 17 8 8 55
The positive rate 32 15 5 2 29 17 9 7 47
of Mad2 (n%) (82.05) (88.24) (100.00) (100.00) (76.32)  (100.00)  (100.00) (87.50) (85.45)
x2 1.684 6.903 0.024
p >0.05 <0.05 >0.05
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cell mitosis. This phenomenon is very likely to lead to er-
rors in chromosome distribution, causing chromosome in-
stability [4]. Bubl is principally located in cytoplasm and
closely relates with the proliferation and differentiation of
cells [5]. Bubl spindle checkpoint is a critical regulatory
factor for chromosome mitosis and meiosis [6]. Its numer-
ous functions in chromosome division are of great signifi-
cance for predicting tumorigenesis and abnormal
development of cells [7]. In this study, the positive expres-
sion rates of Bubl in groups A, B, and C were 86.67%,
56.67%, and 28.57%, respectively, which is consistent with
the result reported by Jeganathan K et a/ [8]. According to
these authors, loss of Bub1 may lead to tumorigenesis. The
positive rate of Bubl protein in group C was significantly
lower than that of any other group (p <0. 01). Furthermore,
a lower positive rate was always indicated by a lower dif-
ferentiation degree of endometrial carcinoma (p < 0. 05).
Bubl1 has a very low probability of gene mutation. A de-
crease in Bubl protein in endometrial carcinoma tissues
may be caused by the mutation of the upstream genes of
Bubl in carcinoma tissues. Deficiency of Bubl expression
can lead to spindle checkpoint dysfunction in the early
apoptosis pathway of damaged cells mediated by P53, caus-
ing the formation and accumulation of aneusomic chromo-
somes [9]. The rate of cells with aneusomic chromosomes
in endometrial carcinoma tissues is noticeably higher than
those in complex-hyperplastic and normal endometrial tis-
sues [10]. Aneuploids can lead to carcinogenesis inde-
pendently of gene mutation [11]. In addition, Bubl
overexpression leads to the formation of non-diploids and
tumors, although the mechanism underlying its overex-
pression remains to be explored [12].

Mad?2 is mainly expressed in cytoplasm. In this study, the
positive rates of Mad2 in groups A, B, and C were 23.33%,
56.67%, and 85.71%, respectively, with the positive rate of
group C higher than that of any other group (p <0. 01). Fur-
thermore, a lower positive rate of Mad2 protein was always
indicated by a lower differentiation level of endometrial car-
cinoma (p < 0. 05). Mad2 regulates cyclins to make cellu-
lar chromosomes to separate [13]. In spindle checkpoints,
it monitors and allows mitotic midanaphase transformation
and normal fission [14]. Mad2 also has a very low proba-
bility of gene mutation. The overexpression of Mad?2 in en-
dometrial carcinoma may be caused by a certain or more
than one factor. Such a phenomenon can damage the func-
tion of spindle checkpoints to cause their control functional
abnormalities, thus increasing the instability of chromo-
somes and the probability of chromosome deletion [15].
Mad2 overexpression stimulates the onset and development
of various types of tumors in mice [16] and has a predictive
value for the prognosis of primary lung carcinoma [2].

Bubl is located in the upstream of signal cascades, which
is necessary for it to detect tension kinetochores. When
chromosomes are damaged, the spindle checkpoint will be
activated. In such a situation, Mad2 blocks cellular anaphase

transformation by inhibiting the activity of anaphase pro-
moting compounds [17]. A decrease in Bubl decreases the
kinetochore localizing capacity of Mad2; in such a situa-
tion, abnormalities in chromosomes are neglected and the
process of mitosis is accelerated [18]. Accordingly, errors
may occur to the distribution process of chromosomes, lead-
ing to their instability. Abnormalities in the expression of
both Bubl and Mad2 proteins may further aggravate such
instability. Cells with instable chromosomes are prone to
chromosomal aberrations, ultimately resulting in tumorige-
nesis. The blockage of the subaqueous increase in Mad2
during mitosis is an important signal component of mitotic
checkpoints, but whether Mad2 serves as an important com-
ponent of mitotic effect remains controversial [19].

In conclusion, abnormalities in the expression of Bubl
and Mad2 cause unstable chromosomes and aneuploid
cells, ultimately leading to the proliferation and differenti-
ation of cells [20] and tumorigenesis. Their interaction
plays an important role in the initiation and development
of endometrial carcinoma. The more advanced the clinical
stage of endometrial carcinoma is, the lower the positive
rate of Bub1 will be, which indicates Bubl protein expres-
sion may be correlated with the prognosis of endometrial
carcinoma. Further exploration of the functions of spindle
checkpoint proteins is expected to provide a new idea for
the treatment of endometrial carcinoma in clinical practice.
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