
Abstract. Background: The mitotic spindle assembly checkpoint
(MSAC) genes are responsible for preventing chromosome
missegregation. MSAC gene expressions have been reported to be
associated with tumor cell proliferation or unfavorable cancer
behavior. The present study was conducted to preliminary
investigate the MSAC gene expressions in thyroid neoplasms.
Materials and Methods: Expression levels of MSAC genes
(hBUB1, hBUBR1, hBUB3 and hMAD2) were evaluated in 9
follicular thyroid adenomas (FAs), 9 follicular thyroid
carcinomas (FTCs), 21 papillary thyroid carcinomas (PTCs), 5
anaplastic (undifferentiated) thyroid carcinomas (ATCs) and 3
adjacent normal thyroid tissues (NTs) by real-time quantitative
RT-PCR. These gene expressions were compared between
undifferentiated thyroid carcinomas (ATCs) and differentiated
thyroid carcinomas (DTCs) and between advanced DTCs and
non-advanced DTCs. DTCs included PTCs and FTCs.
Advanced DTCs were defined as carcinoma with aggressive
nature such as extrathyroid extension, distant metastasis,
recurrence or death from the disease. Results: MSAC gene
expressions varied in different thyroid tumors and fell in the order
of ATC, DTC (PTC and FTC), FA and NT. Carcinomas had
higher expression compared to adenoma or normal tissue.
hBUB1, hBUBR1 and hMAD2 expressions in ATCs were
significantly higher than those in DTCs (p<0.005). hBUBR1 and
hMAD2 expressions in advanced DTCs were significantly higher
than those in non-advanced DTCs (p<0.05). Conclusion: The
MSAC genes were overexpressed in thyroid carcinomas with

aggressive nature. Further studies are required to clarify the
relationship between the MSAC gene expressions and thyroid
cancer behavior.

The mitotic spindle assembly checkpoint (MSAC) delays the
onset of anaphase initiation in mitotic cells with
inappropriately aligned chromosomes to prevent
chromosome missegregation. Consequently, activation of
this checkpoint ensures each daughter cell has a euploid
chromosome set successfully. Therefore, any defect of the
MSAC has been considered to be associated with
chromosome instability. Cahill et al. found (1) that
mutational inactivation of MSAC genes was the key event
of aneuploidy in colon cancers. However, others have found
that such mutation is infrequent in other types of
carcinoma. Furthermore, some authors have evaluated
whether the MSAC gene expressions have clinical
importance for carcinoma patients. Shigeishi et al. (2) and
Grabsch et al. (3) found MSAC gene expressions to be
correlated with tumor cell proliferation in gastric
carcinomas. Shichiri et al. (4) concluded that hBUB1 and
hBUBR1 expressions were associated with lymph node
metastasis and disease-free survival in patients with
colorectal cancer. Li et al. (5) investigated hBUBR1
expression in various primary human tissues. They revealed
that hBUBR1 was expressed in tissues with a high mitotic
index such as human fetal tissues but not in differentiated
tissues. Thus, MSAC gene expressions were usually
undetectable in normal thyroid tissue. To our knowledge,
only Ouyang et al. and Fagin (6,7) have investigated the
MSAC genes in thyroid tissues and found that mutation of
hBUB1 and hBUBR1 were uncommon in follicular thyroid
carcinomas. To date, the relationship between the
expressions and cancer behavior of thyroid carcinoma has
never been studied. Therefore, we evaluated the MSAC
gene expressions in different thyroid neoplasms.
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Materials and Methods

Thyroid tissue samples. Tissue samples were obtained from 44
primary thyroid neoplasms derived from follicular cells: 9 follicular
thyroid adenomas (FAs), 9 follicular thyroid carcinomas (FTCs),
21 papillary thyroid carcinomas (PTCs) and 5 anaplastic
(undifferentiated) thyroid carcinomas (ATCs). The diagnosis of all
tumor specimens examined was confirmed on histopathological
examination. In addition, normal specimens were obtained from
corresponding adjacent tissues of 3 carcinomas at the time of
surgery. All tissue samples were immediately and sterilely frozen
in liquid nitrogen and stored at –80ÆC until RNA extraction. 

The measurement of gene expressions. mRNA expression levels of the
MSAC genes, hBUB1, hBUBR1, hBUB3 and hMAD2 in 44
neoplasms and 3 normal tissues (NT) of the thyroid were measured
using the LightCycler PCR protocol, in which fluorescence emission

attributable to binding of SYBR Green I dye to amplified products
could be detected and measured. Total RNA was extracted from
tissue samples using TRIzol (Invitrogen, Carlsbad, CA, USA) and
cDNA was synthesized with a SUPERSCRIPT First-Synthesis
System for RT-PCR Kit according to the manufacturers' instructions
(Invitrogen, Carlsbad, CA, USA). Two Ìl of cDNA obtained from
the RT reaction were subjected to the PCR amplification with
specific primers for hBUB1, hBUBR1, hBUB3, hMAD2 and hPBGD.
The expression of hPBGD, a housekeeping gene, was measured in
each sample as the endogenous RNA control. PCR reactions were
performed in a 20 Ìl reaction mix containing 25 mM MgCl2, 10 ÌM
each forward and reverse primer, and 2 Ìl of cDNA. PCR conditions
were pre incubation at 95ÆC for 10 minutes followed with 45 cycles
of denaturation at 95ÆC for 5 seconds, annealing at 67ÆC for 5
seconds, and extension at 72ÆC for 14 seconds. After the completion
of each extension step, the fluorescence of each sample was
measured at 86ÆC to exclude any possible nonspecific reactions.
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Table I. Clinicopathological features in patients with differentiated and undifferentiated thyroid carcinoma.

No. Age Gender Histology Extrathyroid Distant Local Disease 
(years) extension metastasis recurrence death

DTC (non-advanced) 1 47 F Follicular No No No No
2 11 F Follicular No No No No
3 38 F Follicular No No No No
4 62 F Follicular No No No No
5 49 F Follicular No No No No
6 36 F Papillary No No No No
7 46 M Papillary No No No No
8 23 F Papillary No No No No
9 29 F Papillary No No No No

10 23 F Papillary No No No No
11 49 M Papillary No No No No
12 36 F Papillary No No No No
13 15 F Papillary No No No No
14 67 M Papillary No No No No
15 41 F Papillary No No No No
16 67 M Papillary No No No No

DTC (advanced) 17 58 F Follicular No Bone No No
18 55 F Follicular No Bone Lymph node No
19 78 M Follicular No Lung No Yes
20 42 M Follicular No Bone No No
21 72 F Papillary TR No No No
22 53 M Papillary No Bone Residual Yes
23 83 F Papillary No No Residual No
24 63 M Papillary No Lung, bone no No
25 62 F Papillary No No Lymph node No
26 37 F Papillary TR No Residual Yes
27 62 M Papillary TR No No No
28 70 F Papillary TR No No No
29 62 F Papillary No No Lymph node No
30 66 F Papillary No No Lymph node No

ATC (undifferentiated) 31 87 F Anaplastic TR, Eso Lung Persistent Yes
32 78 F Anaplastic IJV No Residual, lymph node Yes
33 58 M Anaplastic TR, skin No No No
34 68 F Anaplastic TR, CA Lung Persistent Yes
35 55 M Anaplastic RLN Lung, liver, brain Residual, lymph node Yes

TR: trachea, Eso: esophagus, IJV: internal jugular vein, CA: common carotid artery, RLN: laryngeal recurrent nerve.



The following primer sets were used for real-time quantitative RT-
PCR amplification of hBUB1 (GeneBank accession number,
AF047471): 5'-atccttacttcgtctgagcca-3' forward (F) and 5'-
catagaccagcttagaaccca-3' reverse (R); hBUBR1 (GeneBank accession
number, AF046079): 5'-cacaacagccagttatgacacc-3' (F) and 5'-
gctcggcttccctttgctctt-3' (R); hBUB3 (GeneBank accession number,
AF053304): 5'-gccttctacgatccaacgc-3' (F) and 5'-ggtccaaatactcaactgcc-
3' (R); and hMAD2 (GeneBank accession number, AJ000186): 
5'-cttctcattcggcatcaacagc-3' (F) and 5'-tggcagaaatgtcaccgtag-3' (R).
hPBGD (GeneBank accession number, NM000190): 5'-
accctgccagagaagagtgt-3' (F) and 5'-ccacagcatacatgcattcc-3' (R) was
used as a internal control standard to quantify the expression levels of
each MSAC gene.

Evaluation of MSAC gene expression in thyroid neoplasms. The MSAC
gene expression levels were analyzed in different thyroid tumors.
These expressions were then compared between undifferentiated
thyroid carcinomas (ATCs) and differentiated thyroid carcinomas
(DTCs), and between advanced DTCs and non-advanced DTCs.
DTCs included PTCs and FTCs. Advanced DTCs were defined as
DTCs with aggressive natures, such as extrathyroid extension,
synchronous or metachronous distant metastasis, local recurrence,
or death from the disease. Table I summarizes the clinical outcomes

from 44 patients (11 men and 33 women, mean age: 51.4 years). Our
series included 14 advanced DTCs (10 PTCs and 4 FTCs) and 16
non-advanced DTCs (11 PTCs and 5 FTCs). In advanced DTCs,
extrathyroid extension was found in 4, distant metastasis in 6, local
recurrence in 7, and death from disease occurred in 3.

Statistical analysis. The amount of mRNA of each MSAC gene was
normalized based on the hPBGD content. The relative MSAC gene
expressions were expressed as mean±SE. Results of relative gene
expressions were analyzed statistically. The mean values were
compared using the one-way ANOVA and multiple comparison
test (Fisher's PLSD as post hoc test) or the Mann-Whitney test,
where appropriate. Differences were considered significant when
p<0.05. The statistical analyses were performed with Stat View-J,
version 5.0 (SAS Institute, Cary, USA).

Results

As shown in Figure 1, the MSAC gene expressions were
different in different thyroid neoplasms.

The expression level of hBUB1 significantly differed
between the different tumors (p<0.0001). According to the
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Figure 1. The expressions of MSAC genes, hBUB1, hBUBR1, hBUB3 and hMAD2, in different thyroid tumors. FA: follicular thyroid adenoma, PTC:
papillary thyroid carcinoma, FTC: follicular thyroid carcinoma, ATC: anaplastic thyroid carcinoma, NT: normal thyroid tissue.



multiple comparison test, the hBUB1 expression in ATCs
was extremely higher compared to FAs (p<0.0001), PTCs
(p<0.0001) or FTCs (p<0.0001), and the hBUB1 expression
in PTCs was also significantly higher compared to FAs
(p<0.01) or FTCs (p<0.05). 

The expression level of hBUBR1 significantly differed
between the different tumors (p<0.0001). The hBUBR1
expression in ATCs was extremely higher compared to FAs
(p<0.0001), PTCs (p<0.0001) or FTCs (p<0.0001),
whereas statistical significance was not found between
other different tumors. 

The expression level of hBUB3 significantly differed between
the different tumors (p<0.05). The hBUB3 expression in ATCs
was higher compared to FAs (p<0.01) or FTCs (p<0.01), and
the hBUB3 expression in PTCs was also significantly higher
compared to FAs (p<0.05) or FTCs (p<0.05). 

The expression level of hMAD2 significantly differed
between the different tumors (p<0.0001). The hMAD2

expression in ATCs was extremely higher compared to FAs
(p<0.0001), PTCs (p<0.0001) or FTCs (p<0.0001), and the
hMAD2 expression in PTCs was also significantly higher
compared to FAs (p<0.05).

As shown in Figure 2, hBUB1, hBUBR1 and hMAD2 gene
expressions significantly differed between ATCs and DTCs
(p<0.005), whereas the expression of hBUB3 gene did not
differed significantly.

As shown in Figure 3, hBUBR1 and hMAD2 gene
expressions significantly differed between advanced and
non-advanced DTCs (p<0.05), whereas the expressions of
hBUB1 and hBUB3 genes did not differed significantly.

Discussion

In the present study, we investigated the expression of
MSAC genes, hBUB1, hBUBR1, hBUB3 and hMAD2 in
different thyroid neoplasms and evaluated whether these
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Figure 2. The expressions of MSAC genes, hBUB1, hBUBR1, hBUB3 and hMAD2, between differentiated and undifferentiated thyroid carcinomas.
DTC: differentiated thyroid carcinoma (papillary and follicular thyroid carcinomas), ATC: anaplastic (undifferentiated) thyroid carcinoma.



gene expressions significantly differed between advanced and
non-advanced thyroid carcinomas. Our results showed that
the expression levels of MSAC genes fell in the order of
ATCs, DTCs, FAs and NTs. hBUB1, hBUBR1 and hMAD2
were more significantly overexpressed in undifferentiated
carcinomas than in differentiated carcinomas. Furthermore,
hBUBR1 and hMAD2 expressions were significantly higher
in advanced DTCs than in non-advanced DTCs.

Some authors have revealed that the MSAC gene
expressions were associated with the proliferating activity of
tumor cells or cancer behavior. Shigeishi et al. (2) and
Grabsch et al. (3) found that the MSAC gene expressions
were related to tumor cell proliferation in gastric
carcinomas. Shichiri et al. (4) found that hBUB1 and
hBUBR1 expressions were related to lymph node metastasis
and disease-free survival in colorectal cancers. Li et al. (5)
found that overexpression of hBUBR1 was related to tissues
with a high mitotic index. Our findings suggest that the

MSAC gene expressions might be related to advanced
thyroid carcinomas, because overexpression was found in
carcinoma with an aggressive nature as shown by
extrathyroid extension, synchronous or metachronous
distant metastasis, local recurrence, or death. Thus, the
accumulation of MSAC mRNA in the thyroid appears to be
associated with unfavorable features and may be valuable in
predicting adverse cancer behavior, as reported in
carcinomas originating from other organs. 

Cahill et al. (1) found mutational inactivation of MSAC
genes to be the key event of aneuploidy in colon cancers.
On the other hand, many authors have continued similar
investigations for mutational inactivation of MSAC genes in
various carcinomas, however such results were uncommon
in other types of carcinoma. Therefore, many authors have
concluded that there may be a less important relationship
between the mutational inactivation of MSAC genes and
chromosome instability. Regarding thyroid cancers, studies
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Figure 3. The expressions of MSAC genes, hBUB1, hBUBR1, hBUB3 and hMAD2, between non-advanced and advanced differentiated thyroid
carcinomas. DTC: differentiated thyroid carcinoma (papillary and follicular thyroid carcinomas).



of chromosome instability using conventional karyotyping,
flow cytometry, or comparative genomic hybridization, have
been performed. These investigations have revealed that
chromosomal abnormality was common in undifferentiated
or advanced differentiated thyroid carcinomas (8-12).
Ouyang et al. (6) concluded that mutation of hBUB1 and
hBUBR1 were uncommon in FTCs. The present study
suggested that inactivation of MSAC genes was uncommon
in thyroid carcinomas, because the expression of MSAC
genes seemed to be high in ATCs and advanced DTCs.

In addition, microtubule disruptors such as taxol have
been reported to be effective for a fraction of thyroid
carcinomas (13-17). MSAC genes may have an important
role for chemotherapy by microtubule disruption. Because
this checkpoint mechanism modulates the timing of
anaphase initiation until all chromosomes are appropriately
aligned, carcinoma cells exposed to microtubule disruptor
drugs usually arrest at mitosis in the cell cycle. Cahill et al.
(1) found that colon cancer cells with dysfunction of MSAC
did not arrest in mitosis after treatment with microtubule
disruptor drugs. Ouyang et al. (6) found that some thyroid
cancer cell lines progressed through mitosis after similar
treatment with microtubule disruptors, suggesting a defect
of the MSAC. On the contrary, other cell lines arrested in
mitosis, suggesting the preservation of the MSAC. This
consideration may contribute to selection of the most
appropriate chemotherapy for thyroid carcinomas.

In conclusion, MSAC gene expression may have prognostic
significance in predicting the aggressiveness or cancer
behavior of malignant neoplasms of the thyroid. Further
studies are required to clarify the relationship between the
MSAC gene expressions and thyroid carcinoma.
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