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Abstract

Connexin26 (Cx26), a component of GAP junctions and until recently believed to be a tumor suppressor gene, has been
shown to play an important role in lymphatic invasion as well as lymph node and distant metastases in squamous lung
cancer and breast cancer. In the study presented here, we investigated Cx26 expression in human papillary thyroid cancer
(PTC) and follicular thyroid cancer (FTC) and its relationship with various clinicopathological parameters. Of 69 PTCs, 33
were positive for Cx26 (47.8%), as were five of 11 FTCs (45.5%), all follicular thyroid adenomas (n = 22) and normal thy-
roid tissues (n = 20) were negative for Cx26. A statistically significant association was observed between Cx26 expression
and large tumor size (p = 0.028 for PTC) and lymph node metastases (p = 0.053 (marginally significant) for PTC and
p = 0,035 for FTC). Presence of intra-glandular dissemination of tumor cells was significantly (p = 0,048) more frequent
in Cx26-positive (30.3%) than Cx26-negative PTCs (11.1%). Lymphatic vessel invasion was more frequent in Cx26-positive
PTCs (6.1%) than in Cx26-negative PTCs (0%) though the difference was not statistically significant. These results suggest
that Cx26 may be implicated in the pathogenesis of PTC and FTC and is associated with the biologically aggressive phe-
notypes of these tumors.

@ 2007 Elsevier Ireland Lid. All rights reserved.
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1. Introduction

Gap junctions form channels between adjacent
cells, which allow the exchange of ions, nucleotides,

Abbreviations: Cx, in; PTC, thyroid papillary carcinoma; metabolites and other small molecules (<1 kDa)
FTC, thyroid follicular carcinoma; FTA, thyroid follicular ade- including second messengers such as Ca’*, cAMP,
noma; GJIC, gap junction intercellular communication. and IP3 [1-3]. Gap junctional intercellular commu-
3ﬂ;.‘?_orrﬁpﬂndmgau1hor.1‘ci.: +81 66879 3772; fax: +81 6 6879 nication (GJIC) plays an inil:fortanl role in ? variety
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guchi), phogenesis, cell differentiation, and growth control

0304-3835/$ - see front matter ® 2007 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.canlet.2007,12.008



Y. Naoi et al | Cancer Letters 262 (2008 ) 248-256 249

[4]. Gap junction channels are composed of two
hemi-channels (connexons) and each connexon con-
sists of six connexins. Gap junctions may be com-
posed of different Cx isotypes (heterotypic) or of
more than one Cx isotype (heteromeric) [1]. To date,
20 members of the connexin transmembrane protein
family have been identified [5].

It has been shown that, loss or reduced function of
GJIC is generally implicated in the progression of a
variety of tumors, and is usually induced by down-
regulation of connexins. Reduced expression of
Cx32 in human gastric cancer [6], Cx43 in human
prostatic adenocarcinoma cells [7] and human brain
glioma cells [8], Cx32 and Cx43 in human lung cancer
[9], and Cx43 in human breast cancer [10] have been
reported. In addition, restoration of function in these
connexins has been shown to result in the retardation
of cell growth and induction of more normal pheno-
types [11,12]. Thus, connexins are generally consid-
ered to be tumor suppressor genes [13].

Cx26 is a member of the connexin family and was
initially isolated as a gene with down-regulated
expression in breast cancer cell lines as compared
with normal human breast epithelial cell lines [14].
Furthermore, transfection of Cx26 into various
tumor cell lines including breast cancer cell lines
has been shown to confer growth suppression [15-
17]. Analogous to other connexins, Cx26 has thus
also been considered to serve as a tumor suppressor
gene. However, recent studies have disclosed a
unique feature of Cx26 in tumor progression. Ito
et al. [18] found that abnormally augmented expres-
sion of connexin26 is responsible for the enhanced
spontancous metastasis of mouse BL6 melanoma
cells, and that the exogenous expression of a domi-
nant negative form of Cx26 results in an increase in
the spontaneous metastases of BL6. They also sug-
gested that formation of heterologous gap junctions
between Cx26 and Cx43, which are expressed in
melanoma cells and vascular endothelial cells,
respectively, may facilitate the invasion of tumor
cells into the blood vessels. They based their sugges-
tion on the observation that melanoma cells could
transfer dye into vascular endothelial cells.

Very recently, Ito et al. also reported the up-regu-
lation of Cx26 in human lung squamous cell cancer as
well as its association with poor prognosis [19] and
suggested that Cx26 may play an important role in
the acquisition of malignant phenotypes. Further-
more, we were able to show that Cx26 expression is
associated with lymphatic vessel invasion, large
tumor size, high histological grade, and poor progno-

sis of human breast cancers, indicating that Cx26
seems to enhance metastasis, probably through the
promotion of lymphatic vessel invasion [20].

Putting all these observations together leads to
the speculation that Cx26, unlike other connexins,
may be implicated in the acquisition of malignant
phenotypes such as tumor invasion and metastases
and that the association between Cx26 expression
and malignant phenotypes may also apply to other
human cancers. Since no studies of the expression
of Cx26 expression in human thyroid cancers have
been reported yet, we investigated, in the study pre-
sented here, the relationship between Cx26 expres-
sion and various clinicopathological parameters
including lymph node metastases, lymphatic inva-
sion, and blood vessel invasion in papillary thyroid
cancer (PTC) and follicular thyroid cancer (FTC).

2. Materials and methods
2.1. Patients and tumor tissues

Surgical specimens obtained from 102 patients, who
underwent hemithyroidectomy or total thyroidectomy
due to PTC (n =69), FTC (n=11) or follicular thyroid
adenoma (FTA) (n = 22) at Osaka University Hospital,
were fixed in 10% buffered formalin and embedded in par-
affin. Fresh tumor tissues and normal thyroid tissues,
obtained from three PTCs, three FTAs and three normal
thyroid tissues adjacent to PTC, were snap frozen in liquid
nitrogen and kept at —80 °C until used for Western blot-
ting. This study was approved by the institutional review
board of Osaka University Graduate School of Medicine.

2.2. Immunohistochemistry

Paraffin sections (4 pm) of tumor tissues were sub-
Jjected to immunohistochemical staining of Cx26 protein
with the avidin-biotin-peroxidase method. In brief,
endogenous peroxidases were quenched by incubating
the sections for 20 min in 3% H;0,. Antigen retricval
was performed by heating the samples in 10 mmol/L cit-
rate buffer (pH 6.0) at 95 °C for 40 min. After treatment
with Block Ace (Dainippon Sumitomo Pharmaceutical,
Osaka, Japan) for 30 min at room temperature, the sec-
tions were incubated at 4°C overnight with a mouse
monoclonal anti-Cx26 antibody (Catalog No.13-8100,
working dilution 1:500; purchased from Zymed Laborato-
ries Inc., South San Francisco, CA, USA). The avidin-
biotin-peroxidase complex system (Vectastain® Elite
ABC kit; Vector Laboratories Inc., Burlingame, CA,
USA) was used for color development. The entire tumor
lesion was observed with special attention to the periphery
of tumors since tumor cells in the periphery of other
tumors are reportedly more likely to be Cx26-positive
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than those in the center [19] For each tumor, 1000 tumor
cells were counted and, when more than 10% were clearly
positive for Cx26 staining, the tumor was considered to be
Cx26-positive.

2.3. Lymph and blood vessel density

After immunohistochemical staining of lymphatic ves-
sels by anti-D2-40 and of blood vessels by anti-CD34 anu-
bodies [20], vessel density in each case was determined by
counting all immunostained vessels at a magnification of
200 from five areas, and the mean was used as the blood
or lymphatic vessel density of the case. Since Yasuoka
et al. reported that lymphatic vessel density differs in the
intratumoral and peritumoral areas in human thyroid
tumors [21], blood vessel density or lymph vessel density
in the intratumoral and the peritumoral areas was analyzed
separately.

2.4. Immunoabsorption test

Antibody blocking experiments were performed to con-
firm antibody specificity. Cx26 antibody blocking peptide
was purchased from Alpha Diagnostic International (San
Antonio, TX, USA). Ten micrograms control peptide per
1 pg of this antibody was used and incubated at 37 °C for
| h and centrifugal separation was conducted at 7000 rpm
for 10 min. This was followed by immunohistochemistry
performed according to the protocol described above.

2.5. Western blotting

Western blotting was also performed to confirm anti-
body specificity. After surgery, thyroid tissues were rap-
idly frozen and stored at —80°C until use. In
preparation for SDS-polyacrylamide gel electrophoresis

(R

(SDS-PAGE), tissue was homogemzed in Tris buffer.
Homogenates were sonicated, and total protein was deter-
mined. Nine lanes were prepared on the gel. Lanes 1-3
were for thyroid papillary cancer tumors which were
immunohistochemically positive for Cx26, lanes 4-6 were
for thyroid adenomas and lanes 7-9 were for normal thy-
roid tissues adjacent to thyroid cancers. Proteins were
resolved by SDS-PAGE on 5-20% gel (SuperSep TM
HG; Wako, Osaka, Japan), 20 ug per lane, and samples
not boiled prior to loading were transblotted to 0.2 mm
nitrocellulose in transfer buffer, pH 8.3. Immunoblots
were blocked for 2-3h in 4% block ace (Yukijirushi,
Osaka, Japan) and incubated with anti-Cx26 antibodies
(1:500 dilution) overnight at 4 °C in Can Get Signal Solu-
tion | (Taiho Pharmaceutical, Osaka, Japan). Membranes
were washed in TBS-T and then incubated for | h at room
temperature with a secondary antibody (anti-mouse
horseradish peroxidase-conjugated IgG at 1:3000 dilu-
tion) in Can Get Signal Solution 2 (Taiho Pharmaceuti-
cal). Membranes were again washed and incubated for
5 min with the ECL Plus Western Blotting Detection Sys-
tem (GE Healthcare UK Lid., Buckinghamshire, UK) for
detection of immunoreactive protein,

swn— SN ORI b N e
I 2 3 4 5 6 7 8 9
PTC FTA Normal thyroid

Fig. 2. Western blot analysis of Cx26. Lanes [-3, papillary
thyroid cancers immunohistochemically positive for Cx26. Lanes
4-6, follicular thyroid adenomas. Lanes 7-9, normal thyroid
tissues.

Fig. 1. Immunoabsorption study. Paraffin sections from papillary thyroid cancer were incubated with anti-Cx26 antibody in the absence
(A) or presence (B) of pretreatment with excess amount of the same peptide used 1o generate this antibody (200x).
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2.6. Statistics

Chi-square test or Mann-Whitney's U-test was used
for analysis of the relationship between Cx26 expression
and climicopathological parameters of thyroid tumors.
Statistical significance was defined as p < 0.05.

3. Results

3.1. Specificity of immunohistochemical examination of
Cx26

In order to prove the specificity of immunostaining of
Cx26, we carried out an immunoabsorption study, i.e.,
paraffin sections from Cx26-positive PTCs were incubated
with anti-Cx26 antibody in the absence (Fig. 1A) or pres-
ence (Fig. 1B) of pretreatment with an excess amount of
the same peptide which had been used to generate this

antibody. The positive signal in tumor cells seen in
Fig. 1A (without pretreatment) almost completely disap-
peared as seen in Fig. 1B (with pretreatment), indicating
that immunohistochemical examination using this anti-
body is specific to Cx26, Western blotting of Cx26 using
fresh tissue samples from PTCs, FTAs, and normal thy-
roid tissues was also performed. Cx26 expression was
observed only in PTCs but not in FTAs or normal thyroid
tissues (Fig. 2), so that these results were consistent with
those obtained by immunohistochemistry.

3.2 Immunohistochemical examination of Cx26 expression
in PTC, FTC, and FTA

Of the 69 PTCs, 33 were positive for Cx26 (47.8%), and
of the 11 FTCs, five were positive for Cx26 (45.5%). All
FTAs (n=22) and normal thyroid tissues (n = 20) were
negative for Cx26. Representative results of immunohisto-

Fig. 3. Representative results of immunohistochemical staining of Cx26. (A) Papillary thyroid cancer strongly positive for Cx26
immunostaining (200x). (B) When a small percentage of tumor cells (about 10% in this tumor) was positive for Cx26 immunostaining,
positive tumor cells were mostly observed in the periphery (100x). (C) Cx26-positive tumor cells in the periphery and (D) Cx26-negative

tumor cells in the center of a tumor (400x),
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chemical examination of Cx26 expression in thyroid can-
cer tissues are shown in Fig. 3. Fig. 3A shows a PTC posi-
tive for Cx26 immunostaining with cytoplasmic staining
observed in almost all tumor cells. Fig. 3B shows a PTC
with about 10% of tumor cells positive for Cx26 staining.
In such a weakly positive tumor, Cx26-positive tumor
cells were mostly observed in the periphery (Fig. 3C),
but not in the center (Fig. 3D).

3.3. Relationship between Cx26 expression and clinico-
pathological features of thyroid cancers

A statistically significant association was observed
between Cx26 expression and large tumor size (p = 0.028
for PTC) and lymph node metastases (p = 0.053 (margin-
ally significant) for PTC and p = 0.035 for FTC) (Tables
1 and 2). Presence of intra-glandular dissemination of
tumor cells was significantly (p = 0.048) more frequent in
Cx26-positive (30.3%) than in Cx26-negative PTCs
(11.1%). There was no significant association between
Cx26 expression and histological type of PTCs (Table 1)
or invasion type of FTCs (Table 2).

Tumor cell invasion into the lymphatic vessels and
blood vessels was immunohistochemically evaluated by
using anti-D2-40 and anti-CD34 antibodies to visualize
the lymphatic vessels and blood vessels, respectively. Rep-
resentative results of lymphatic vessel invasion and blood
Table 1
Relationship between Cx26 expression and clinicopathological
parameters in thyroid papillary cancers

Cx26 expression r
Negative Positive

Tumor size
T1 (£2cm)
T2 (>2, € 4cm)
T3 (>4 cm)
T4 (Invasion)

Lymph node metastasis
Positive 18
Negative 18

Lymphatic vessel invasion
Positive
Negative

Blood vessel invasion
Positive
Negative

Dissemination
Positive 4 10
Negative 32 23 0.048

Histological type
Classical type
Follicular vanant
Encapsulated variant
Oxyphilic cell variant

23 13 0.028
9 11

4 8

0 1

0.053

b

2 0.145

rN gc
- B~ -
a
g

==
O -

Table 2
Relationship ¢ Cx26 expression and clinicopathological
parameters in thyroid follicular cancers
S — - ¥
Negative Positive
Tumor size
T1 (S2em) 2 2 0.632
T2(>2, S4cm) 1 0
T3 (>4 em) 3 3
T4 (Invasion) U] 0
Lomidi " {
Positive 1 4 0.035
Negative 5 1
Lymphatic vessel invasion
Positive 0 0
Negative 6 5
Blood vessel invasion
Positive 1 o 0.338
Negative 5 5
Invasion type
Minimally invasive 4 5 0.154
Widely invasive 2 0

vessel invasion are shown in Fig. 4, where Cx26-positive
tumor cells are seen in both lymphatic and blood vessels.
Lymphatic vessel invasion was more frequent in
Cx26-positive PTCs (6.1%) than in Cx26-negative PTCs
(0%) and blood vessel invasion was more frequent in
Cx26-positive PTCs (12.1%) than in Cx26-negative PTCs
(5.6%) though neither was statistically significant
(Table 1).

3.4. Relationship berween Cx26 expression and lymphatic
or blood vessel density

A statistically significant (p = 0.023) association was
observed between peritumoral, but not intratumoral, lym-
phatic vessel density and lymph node metastasis in PTCs
(Table 3). There was a non-significant (p = 0.099) ten-
dency for peritumoral lymph vessel density to be associ-
ated with Cx26 expression in PTCs (Table 3).

3.5. Comparison of Cx26 expression in primary tumor and
lymph node metastases

In 22 PTCs with lymph node metastases, Cx26 expres-
sion was compared in primary tumors and lymph node
metastases, but no significant difference was observed
(Fig. 5).

4. Discussion

We were able to demonstrate immunohistochem-
ically that Cx26 was positive in 47.8% of PTCs and
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CD34 (x100) |

Fig. 4. Representative findings of lymphatic vessel invasion and blood vessel invasion. (A) Lymphatic vessel invasion detected by
immunostaining with an anti-D2-40 antibody (200x). (B) In the section next to (A), Cx26-positive tumor cells were observed in the
lymphatic vessel (200x). (C) Blood vessel invasion detected by immunostaining with an anti-CD34 antibody (100x). (D) In the section next
to (C), Cx26-positive tumor cells were observed in the blood vessel {100x),

Table 3
Relationship between lymph node metastasis and vessel density
Lymph node metastasis Cx26 expression
Negative Positive p-Value MNegative Positive p-Value
Blood vessel density
Intratumoral 223+ 15.6* 176 +11.9 0.257 21.24 158 176 £10.7 0.371
Peritumoral 26 £2.2 3T £46 0.981 39+4.6 26+29 0232
Lymphatic vessel density
Intratumoral 09421 19+43 0.329 1L.7+3.7 1.2+ 36 0.509
Peritumoral 48+ 56 82+177 0.023 5.6+6.6 B.1+74 0.099

Mann-Whitney U-test was used to examine the relationship between lymph node metastasis and the density of each vessel.
* Mean + SD/field.

45.5% of FTCs but not in FTAs or normal thyroid involvement of Cx26 in the pathogenesis of thyroid
tissues. These findings seem to be incompatible with cancers. Furthermore, we could show in this study a
the generally accepted thesis that Cx26 is a tumor significant association between Cx26 expression and
suppressor gene, but rather to indicate a possible large tumor size, lymph node metastasis and intra-
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P=0.863

Primary LN

Fig. 5. Companison of Cx26 expression in primary papillary
thyroid cancers and matched lymph node metastases. Paired
rtest was used to examine the association.

glandular dissemination in PTC, suggesting that
Cx26 expression is associated with a biologically
aggressive phenotype. These observations are con-
sistent with recent reports that Cx26-positive squa-
mous cell lung cancers are associated with a high
recurrence rate [19], that Cx26-positive BL6 mouse
melanoma cells increase metastatic properties [18],
and that Cx26-positive breast cancers are associated
with lymphatic vessel invasion, large tumor size, high
histological grade, and poor prognosis [20]. We there-
fore speculate that the association of Cx26 expression
with biologically aggressive phenotype is not a rare
phenomenon seen in a few types of tumors but rather
a ubiquitous occurrence in a variety of tumors.
Although connexins have been characterized as a
tumor suppressor gene in several types of cancers
[7-9,11,12,22-26], our observations reported here
seem to indicate the need for a re-evaluation of the
role of Cx26 in the pathogenesis of these tumors.
Staining of Cx26 was mostly observed in the
cytoplasm of tumor cells (Fig. 1A), as previously
reported for colorectal cancer [3], human breast
cancer [20] and squamous lung cancer [19]. Cyto-
plasmic expression of Cx26 may constitute indirect
evidence of a lack of functional gap junction chan-
nels between cancer cells which may thus facilitate
the local invasion of tumor cells. Interestingly, we
were able to show in a previous study on breast

cancer that lymphatic vessel invasion was signifi-
cantly (p=0.001) more frequent in Cx26-positive
tumors (39.7%) than in Cx26-pegative tumors
(14.9%). In this study on thyroid cancer, we could
show a non-significant tendency for Cx26 expres-
sion to be associated with lymphatic vessel invasion
as well as a significant association between Cx26
expression and intra-glandular dissemination or
lymph node metastases. Since intra-glandular dis-
semination of tumor cells is considered to be a sign
of lymphatic vessel invasion, our findings seem to
suggest that, like Cx26-positive breast cancer cells,
Cx26-positive thyroid cancer cells also have a pro-
pensity to invade the lymphatic vessels, resulting
in the development of lymph node metastases. It is
speculated that such a propensity stems from the
formation of a heterologous gap junction between
Cx26-expressing tumor cells and Cx43-expressing
vascular endothelial cells [27,28], leading to the
invasion of tumor cells into the lymphatic vessels.

We previously reported [20] that Cx26-positive
tumor cells in breast cancer are mostly localized in
the periphery (invasion front) of a tumor when
Cx26 is weakly positive. Such a peripheral localiza-
tion of Cx26-positive tumor cells was also observed
in PTC. In addition, a statistically significant associ-
ation was observed between peritumoral lymph ves-
sel density and lymph node metastases in PTC.
Putting these finding together makes it tempting to
speculate that Cx26-positive tumor cells localizing
in the invasion front, even if their number s small,
seem to have a good opportunity to invade the adja-
cent lymphatic vessels. Interestingly, there was also
a tendency for Cx26 positivity to be associated with
peritumoral lymphatic vessel density. Cx26-positive
thyroid cancer cells appear to be very likely to
invade the lymphatic vessels. Their intense invasive-
ness is due to lack of GJIC, formation of heterolo-
gous gap junctions with lymphatic vessels, and easy
accessibility of lymphatic vessels in the periphery of
a tumor.

Kodaetal. reported that Cx26 expression is higher
in lymph node metastases than in primary tumors in
breast cancers, suggesting that Cx26-positive tumor
cells are more likely than Cx26-negative tumor cells
to invade the lymphatic vessels and metastasize to
the lymph nodes [29]. We therefore compared Cx26
expression in primary tumors and lymph node metas-
tases in PTC, but were unable to detect an increased
expression of Cx26 in lymph node metastases.
Although the reason for this discrepancy is currently
unknown, the role of Cx26 in the development of
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lymph node metastases may be much more important
in breast cancer than in thyroid cancer.

In conclusion, our results suggest that Cx26 may
be involved in pathogenesis and is associated with
biologically aggressive phenotypes such as large
tumor size and lymph node metastases in PTC
and FTC. Cx26 seems to function nol as a tumor
suppressor gene but as an oncogene in these tumors.
The limitation of the present study is such a small
number of analyzed tumors, especially, FTCs, that
a definitive conclusion can not be drawn, Thus,
our preliminary observation needs to be validated
in a future study including a larger number of
tumors with various histological types.
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Abstract

Purpose Centrosome aberration in number and/or size is
reportedly often observed in human breast cancer. The aim
of this study was to investigate the relationship between
centrosome aberration and chromosomal instability as well
as the expression of centrosome regulators such as BRCAL
Aurora-A, and p53.

Methods Centrosome aberration in number and size was
determined immunohistochemically using the anti-y-tubu-
lin antibody, and chromosomal instability was evaluated by
fluorescence in situ hybridization analysis of chromosomes
1, 11, and 17 in paraffin sections from 50 human breast can-
cers. Immunohistochemical examination of BRCAI,
Aurora-A, and p53 was also performed to examine the rela-
tionship of their expression with centrosome aberration.
Results  Percentage of tumor cells with centrosome aber-
ration in size varied from 0.9 1o 30.4% (median 9.5%) and
in number it varied from 0.5 to 86.5% (median 34.5%) in
each tumor. No significant association in number or size,
however, was observed between chromosomal instability
and centrosome aberration. Numerical centrosome aberra-
tion was significantly associated with negative BRCAI
expression (P = 0.001). Breast tumors (n = 3) from patients
with a proven BRCA1 germline mutation also showed a
significant relationship with numerical centrosome aberration
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(P =0.011). On the other hand, expression of Aurora-A or
p33 was not significantly associated with centrosome aber-
ration in either number or size.

Conclusions Centrosome aberration is not associated with
chromosomal instability, indicating the importance of other
mechanisms in the induction of chromosomal instability in
human breast cancer. BRCAI, but not Aurora-A and p53, is
significantly involved in the pathogenesis of centrosome
aberration.

Keywords Breast cancer - Centrosome amplification -
Chromosomal instability - BRCA1 - Aurora-A

Introduction

Centrosome, as a major microtubule organization center,
regulates the number, stability, polarity, and arrangement of
microtubules in interphase cells (Rose et al. 1993; Kellogg
etal, 1994). Duplication of centrosomes occurs once in
cach cell cycle (Stearns 2001). During G2-M phase transi-
tion, replicated centrosomes separate to form a bipolar
mitotic spindle (Kellogg et al. 1994; Meraldi et al. 1999).
Failure of centrosome duplication and DNA replication to
synchronize may lead to segregation errors of chromo-
somes at cell division, culminating in chromosomal insta-
bility (Brinkley and Goepfert 1998; Orr-Weaver and
Weinberg 1998; Ghadimi et al. 2000). Centrosome aberra-
tion, as well as chromosomal instability, is reportedly ofien
observed in human breast cancers (Pihan et al. 1998). It is
speculated that centrosome aberration induces chromo-
somal instability through the development of multipolar
mitotic spindles. Extra centrosomes, however, do not
always lead to multipolarity as a result of centrosomal clus-
tering, which prevents the formation of multipolar spindles
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and chromosomal instability (Quintyne et al. 2005). A few
studies have been reported on the association between cen-
trosome aberration and chromosomal instability in human
breast cancer, but the results appear to be inconsistent since
using different methodologies for the determination of cen-
trosome aberration and chromosomal instability has
resulted in reports of both a positive and a negative associa-
tion (Lingle et al. 2002; Schneeweiss et al, 2003; Kronenw-
eit et al. 2005).

Centrosome function is regulated by multiple factors
(Sankaran and Parvin 2006), among which BRCA1 has
recently been attracting considerable attention. Although
BRCAI has various functions such as DNA repair, transcrip-
tional regulation, cell-cycle checkpoint control, and protein
ubiquitination (Deng 2002; Parvin 2004), recent studies have
disclosed that BRCAI interacts with a variety of proteins
that regulate centrosome duplication and that the targeted
disruption of BRCAI results in centrosome amplification,
which indicates that BRCA1 serves as a negative regulator
for centrosome duplication (Deng 2002; Starita et al. 2004).
BRCA! germline mutations account for about 40% of famil-
ial breast cancer cases, whereas BRCA is rarely mutated in
sporadic breast cancer (Deng and Brodie 2000; Deng 2002).
However, both mRNA and protein expression of BRCA| are
downregulated in as much as around 30% of sporadic breast
cancer cases, mostly due to the acquired methylation of the
BRCAI promoter or malfunctions in the upstream pathways
that regulate BRCA|1 expression (Yang et al. 2001), indicat-
ing that this gene has an imponant role in the pathogenesis of
sporadic breast cancer as well. Although recent studies using
breast cancer cell lines have shown that BRCA] regulates
centrosome dynamics and that loss of BRCALI leads to cen-
trosome aberration (Parvin and Sankaran 2006), there has
been no report until now which investigates this association
in human breast cancer tissues. It therefore seemed to be of
considerable interest to examine whether BRCAL is
involved in the induction of centrosome aberration in
sporadic breast cancer.

In the study presented here, we therefore studied the cen-
trosome aberration in human breast cancer and tried to
identify the clinicopathological features of tumors with
centrosome aberration as well as the relationship of such
aberration with chromosomal instability. In addition, the
associations between centrosome aberration and expression
of BRCALI, Aurora-A, and p53 were investigated.

Materials and methods
Tissue specimens

Breast cancer tissues were obtained from 50 primary (spo-
radic) breast cancer patients who underwent surgery at
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Osaka University Hospital between 2004 and 2006 (47
invasive ductal carcinomas, one mucinous carcinoma, one
invasive lobular carcinoma, and one apocrine carcinoma).
Normal breast tissues (n = 7) adjacent to tumor tissues were
also obtained. All surgical specimens were fixed in 10%
buffered formalin and embedded in paraffin, Informed con-
sent as 1o this study was obtained from each patient before

surgery.
Fluorescence in situ hybridization

Fluorescence in situ hybridization (FISH) was performed
according (o the manufacturer’s instructions (Vysis/
Abbott Molecular Inc., Des Plaines, IL), with minor mod-
ifications. Tissue sections (6 um) applied to silanized
slides were baked overnight at 60°C. Three-color FISH
was used for the simultaneous detection of chromosomes
1. 11, and 17. Pretreatment was performed with the Par-
affin Pretreatment Kit (Vysis/Abbott Molecular Inc.)
according to the manufacturer’s instructions with minor
modifications. We prolonged the time for treatment with
Protease Buffer (Vysis/Abbott Molecular Inc.) from 10 to
60 min, and added BSA (Sigma, St Louis, MO) to a mix-
ture of CEP Hybridization Buffer (Vysis/Abbott Molecu-
lar Inc.) and three centromere probes, CEP |, CEP 11, and
CEP 17 (Vysis/Abbott Molecular Inc.). For counterstain-
ing, sections were incubated for 5 min in a wash buffer
with Hoechst 33258 (1:10,000; Invitrogen, Carlsbad, CA)
instead of DAPI II (Vysis/Abbott Molecular Inc.). Fur-
thermore, we used Prolong Gold Antifade Reagent (Invit-
rogen) on slide-mounted specimens for covering with the
coverslips.

Nuclei, Chl orange signals, Chll green signals, and
Ch17 blue signals were detected with an AX80 micro-
scope (Olympus, Tokyo, Japan) equipped with a DAPU/
Green/Orange triple band-pass filter set and a Blue filter
set (both Vysis/Abbott Molecular Inc.) to detect. For data
collection, three or four microscopic areas were selected
(60 objectives), and three-dimensional image stacks, each
consisting of 12 planes at a distance of 0.5 um on the z-
axis, were identified microscopically with each of the two
band-pass filters. The two image stacks with each two
band-pass filters were then converted into two corre-
sponding projection images of all recorded slices and
finally processed with WinROOF image processing soft-
ware (Mitani Corporation, Tokyo, Japan) into one image
with nuclei and three signal colors. Only signals in non-
overlapping, intact nuclei were evaluated, while hybrid-
ization signals were counted in at least 200 interphase
nuclei. We also calculated the chromosomal instability
value (CIN value), defined by Lengauer et al. as the per-
centage of cells with a nonmodal chromosome (Lengauer
et al. 1997),
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Centrosome labeling and determination of aberration

Tissue sections (6 pm) were deparaffinized and hydrated
with standard procedures. Antigens were retrieved by heat-
ing the samples in Target Retrieval Solution (pH6.0; Dako,
Kyoto, Japan) at 95°C for 40 min. Afier treatment with
Block Ace (Dainippon Sumitomo Pharmaceutical, Osaka,
Japan) for 30 min at room temperature, the sections were
incubated with a primary mouse anti-y-tubulin antibody
(1:300, clone GTU-88; Sigma, St Louis, MO), followed by
incubation with a Cy-3-conjugated Affinipure F(ab')2 Frag-
ment Donkey Anti Mouse IgG (H+L) (1:100; Jackson
Immunoresearch, West Grove, PA) and Hoechst 33258
(1:10,000; Invitrogen) for 1 h at room lemperature. Image
stacks including nuclei and y-tubulin centrosome signals
(red) were acquired with an AX80 microscope and pro-
cessed into one projection image with the same method as
used for FISH.

Centrosome images of normal breast tissues were used
as controls. A normal centrosome was defined as one or
two regularly rounded spots of uniform size and shape. A
tumor cell with three or more centrosomes was considered
to have an aberration in centrosome number. We calculated
the percentage of tumor cells with centrosome aberration in
size by examining at least 200 cells per tumor as well as the
size of the centrosomes. A tumor cell with al least one cen-
trosome measuring more than three SDs above the average
size of control centrosomes from normal breast tissues was
considered as to have an aberration in centrosome size. In
addition to the 50 sporadic breast cancers, the number and
size of centrosomes in BRCA | -associated hereditary breast
cancers from three patients with a proven BRCA1 germline
mutation (470delCT, 3453insGGCTA, and 3493delCT,
respectively) were also analyzed.

Immunohistochemistry of BRCA, Aurora-A, and p53

Tissue sections (3 um) were deparaffinized, hydrated with
standard procedures, and subjected to immunohistochemi-
cal staining of BRCAI1, Auvora-A, and p53 protein with
the avidin-biotin immunoperoxidase method. In brief, for
BRCAI staining, the antigen was retrieved by heating in a
microwave oven at S00 W for 15 min in Target Retrieval
Solution (pH 6.0; Dako). For Aurora-A and p53 suining,
the antigens were retrieved by heating the samples in Tar-
get Retneval Solution at 95°C for 40 min. Endogeneous
peroxidases were quenched by incubating the sections for
20 min in 3% H,0,. After treatment with Block Ace lor
30 min at room temperature, slides were then incubated
with the primary antibodies BRCAI(Ab-1) antibody
(1:70; Calbiochem, San Diego, CA), Aurora-A antibody
(1:200; TransGenic, Kumamoto, Japan) or p33(DO-7)
antibody (1:100; Dako) at 4°C overnight and diluted with

phosphate-buffered saline (PBS) containing 0.3% Tween
20 (vol/vol).

For BRCAI or p53 staining, tumor cells with nuclear
staining were considered positive, and for Aurora-A stain-
ing. those with cytoplasmic staining were considered posi-
tive. A BX5] microscope (Olympus) was used to count
1,000 tumor cells from cach case. When tumor cells posi-
tive for BRCAI, p53, or Aurora-A staining were observed
in more than 10% of the cells, the tumor was considered
positive for the respective molecule.

Estrogen receptor and progesterone receplor assay

Estrogen receptor (ER) and progesterone receptor (PR) con-
tents of breast cancer tissues were determined immunohisto-
chemically, with staining of 10% or more of the nucleus of a
cancer cell resulting in a classification as positive.

Human epidermal growth receptor-2 FISH analysis

Human epidermal growth receptor-2 (HER2) amplification
was determined with the FISH method using the PathVy-
sion HER-2 DNA Probe Kit (Vysis/Abbott Molecular Inc.).
FISH scoring was performed by counting fluorescence sig-
nals in at least 60 malignant cell nuclei per case, and for
each specimen, the ratio of HER2 gene signals to chromo-
some 17 centromere signals was calculated. A wmor was
considered to be HER2-amplified if the FISH ratio was
>2.0.

Statistics

The relationship between clinicopathological parameters
and centrosome aberration or chromosomal instability was
analyzed with Mann—-Whitney's U test. Chi-square test was
used for analysis of the relationship between clinicopatho-
logical parameters and BRCAI, Aurora-A, or p33 expres-
sion. Spearman coefficients for the comrelation between
chromosomal instability and centrosome aberration in size
and number were also calculated. Statistical significance
was defined as P < 0.05. SPSS software (SPSS Inc., Chi-
cago, IL) was used for all statistical analyses.

Results

Centrosome aberration

Since the average centrosome size of normal epithelial cells
was 091 £0.12pum (n=7), centrosomes larger than
1.27 ym (average + 3 SD) were considered 1o be centro-

somes with aberration in size. Of the 50 breast cancers, the
percentage of tumor cells with centrosome aberration in
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size vaned from 0.9 to 30.4% (median 9.5%) in each tumor,
and that of tumor cells with centrosome aberration in num-
ber (=3) from 0.5 to 86.5% (median 34.5%) in each wmor.
Representative results of breast cancers with centrosome
aberrations in number or in both number and size are shown
in Fig. la—f and those of normal breast epithelial cells are
also shown in Fig, 1g-i.

Relationships between clinicopathological parame-
ters and centrosome aberration are shown in Table 1.
Centrosome aberration in either number or size showed
no significant association with any of the clinicopatho-
logical parameters of age, tumor size, nodal status, ER
status, PR status, histological grade, and HER2 amplifi-
cation.

Chromosomal instability

The copy numbers of chromosomes 1. 11, and 17 of the
50 breast cancers were determined with three-color FISH.
The CIN value for each of these chromosomes was defi-
ned according to Lengauer et al.’s criteria as the percent-

age of wmor cells with a nonmodal chromosome
(Lengauer etal. 1997). CIN values were then calculated
for each of the three chromosomes, and the average of
these values was finally adopted as the CIN value of the
tumor. CIN values of the breast cancers varied from 34.2
to 69.5% (median 57.3%), with representative FISH results
shown in Fig. 2.

The relationship between clinicopathological parameters
and chromosomal instability is shown in Table 2. Chromo-
somal instability was significantly associated with large
tumor size (P = 0.005) and marginally significantly associ-
ated with high histological grade (P = 0.050). No signifi-
canl association was observed between chromosomal
instability and age, nodal status, ER status, PR status, or
HER2 amplification.

Correlation between centrosome aberration
and chromosomal instability

Figure 3 shows correlation of centrosome aberration in
number or in size with chromosomal instability, No significant

Fig. | Representative results of immunohistochemical analvsis of
cent ~ W | shistochemical ining of centrosomes with
monoclonal anti-7-tubulin antibody (a, d. g) and histograms of percent-
ages of tumor cells with various numbers (b, e, h) and sizes (c. I, i) of
centrosomes. Percentages of tumor cells with centrosome number >3
are shown in solid bars (b, &, 1) as are those with centrosome measuring
>1.27 um (c, L, §). Breast cancer with centrosome aberration in number
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Table 1 Relationship between centrosome ak and clinicopathological p

Variable Number Percentage of cells with centrosome aberration

of o Number Size
Median Mean 95% C1 P value Median Mean 95% C1 P value

Age (years) 0.623 0.357
<50 17 345 379 25.7-50.0 103 129 84-174

=50 i3 345 321 254-389 89 103 79-12.7

Tumor size 0.806 0.366
<2 cm 29 4.5 354 26.9-44.0 10.0 11.5 9.0-14.0

=1lem 21 345 3212 23.9-40.5 B4 10.7 6.8-147

Nodal status 0.266 1.000
Negative 38 345 36.1 29.2-43.0 95 10.9 87-132

Positive 12 328 276 15.5-39.7 9.0 11.9 6.0-17.8

ER status 0266 0.412
Negative 8 235 274 90-458 15 91 43139

Positive 42 348 353 20.0-41.7 9.6 11.6 9.1-14.0

PR status 0.653 0.327
Negative 19 320 322 21.8-426 10.0 120 8.6-154

Positive 3 345 352 27.8-427 89 107 7.8-13.6
Histological grade 0,294 0.953
1 20 355 382 27.7-488 95 11.1 7.7-14 4

Zand 3 30 323 313 24.1-385 93 113 £3-142

HER2 amplification 0.690 0.665
Negative 39 325 338 26.8-40.8 10.7 110 8.8-132

Positive 11 7.5 352 23.2-47.1 8.2 119 52-18.6

comrelation was observed for either number (Spearman
r=—0.113, P=0436) or size (Spearman r=—0.160,
P=0.268).

Relationship between centrosome aberration and BRCAL,
Aurora-A, or p53 expression

Representative results of immunohistochemical staining for
BRCAI, Aurora-A, and p33 are shown in Fig. 4. BRCAI,
Aurora-A, and p53 were positive in 18 (36%), 9 (18%), and
16 (32%) breast cancers, respectively.

The percentage of tumor cells with centrosome aberra-
tion in number was significantly larger for BRCAl-nega-
tive than for BRCAI-positive tumors (P = 0.001), whereas
there was no significant difference between the two groups
in the percentage of tumor cells with centrosome aberration
in size (Fig. 5). In addition, we analyzed centrosome aber-
ration in BRCAI-associated hereditary breast cancers,
which were obtained from patients with a proven BRCA
germline mutation. These breast tumors showed a signifi-
cantly higher percentage of tumor cells with centrosome
aberration in number (P =0.011) and a significantly lower
percentage of wmor cells with centrosome aberration in
size (P=0.017) than BRCA-positive tumors. The expres-

sion status of Aurora-A as well as p53 was not significantly
associated with centrosome aberration in number or in size.

Relationship between chromosomal instability and
BRCAI, Aurora-A, or p53 expression

Relationship  between chromosomal  instability and
BRCALI, Aurora-A, or p53 expression is shown in Fig. 6.
Aurora-A expression, but not BRCAL or p53 expression,
was significantly associated with chromosomal instability
(P = 0.003).

Relationship between clinicopathological parameters and
BRCAI, Aurora-A, or p53 expression

BRCAI, Aurora-A, and pS53 expression were studied
immunohistochemically, and their relationship with various
clinicopathological parameters is shown in Table 3. There
is no significant correlation between clinicopathological
parameters and BRCA1 expression. Positive expression of
Aurora-A significantly correlated with negative ER status
(P =0.003) and negative PR status (P = 0.001), and posi-
tive expression of p53 significantly correlated with HER2
amplification (P = 0.024),
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p ive results of chr I instability FISH analy
sis. Three-color FISH images for chromosomes 1 {(orange), 11 (green),
and 17 (blue) (n, c, e) and histograms of tumor cells with various num-
bers of each chromosome (b, d, ). Breast cancer with high chromo-
somal instability (CIN =67.8%) (a, b). Breast cancer with low
chromosomal instability (CIN =393%) (¢, d). Normal breast tissue
(CIN = 38.1%) (e, )

Fig.2 R

Discussion

The findings of our study confirmed those of previous
reports that centrosome aberration is a common phenome-
non in human breast cancers, Tumor cells with centrosome
aberration in number and/or size were observed essentially
in all breast tumors analyzed, although the range of per-
centages of tumor cells with centrosome aberration varied
widely from tumor to tumor. We attempted to elucidate the
relationship between centrosome aberration and other clini-
copathological characteristics of breast tumors. Some
reports have dealt with the association between centrosome
aberration and lymph node status, ER, PR, or HER2, but
the findings were not consistent (Schneeweiss et al. 2003;
Kronenwett et al. 2005; Guo et al. 2007). Our study also
failed to identify a significant association between centro-
some aberration and any of the conventional clinicopatho-
logical parameters of menopausal status, tumor size, lymph
node status, histological grade. ER status, PR status, or
HER2 status. We therefore believe that centrosome aberra-
tion is not associated, or at least not significantly, with
conventional clinicopathological parameters. On the other
hand, chromosomal instability showed a significant
association with mor size (P =0.005) and a borderline
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Table 2 Relationship between chromosomal instability and clinico-
pathological parameters

Variable Number Chromosomal instability
of tumors
Median Mean 95% Cl P value

Age (years) 0,705
=50 17 56.8 56.7 52.0-615

= 50 33 57.8 549 51.3-585
Tumor size 0.005
<2cm 29 55.7 52.1 48.1-36.1
>2cm 21 61.7 602 57.4-63.0

Nodal status 0,794
Negative £} ] 57.8 556 523-588
Paositive 12 56.9 554 491-617

ER status 0.168
Negative 8 58.9 60.1 S64-638
Positive 42 56.9 546 514-57.8

PR status 0.322
Negative 19 58.2 572 529-61.6
Positive 31 57.0 545 50.7-582
Histological grade 0.050
1 20 53.1 522 475-56.9

2and 3 30 583 57.7 543-61.1

HER2 amplification 0,228
Negative 39 57.2 54.7 51.5-579
Positive 1] 59.0 585 524-645

Chromosomal Instability vs Centrosome Aberration
Centrosome Number Centrosome Size

Ll r=-0.113 P= 0436 - r=-0,160 £= 0268
- n{ . s . =% .« = o
A | Lo e <.
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Fig. 3 Comelation between chromosomal instability (CIN) and
centrosome aberration in number or size

significance with high histological grade (P = 0.050), find-
ings consistent with those of a previous report (Takami
et al. 2001).

The possibility that centrosome aberration is associated
with chromosomal instability has been introduced (Salisbury
et al. 2004), but the relevant results have not been consis-
tent (Lingle et al. 2002; Schneeweiss et al. 2003; Kronenwelt
et al. 2005), while our study did not find a significant
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Fig. 4 Representative results of
immunchistochemistry of
BRCAI, Aurora-A, and p53
(=x400). Positive BRCA stin-
ing in cancer cells () and in
adjacent normal breast epithelial
cells (d). Positive Aurora-A
staining in cancer cells (b), and
negative Aurora-A staining in
adjacent normal breast epithelial
cells (e). Positive p33 staining in
cancer cells (c), and negative
P53 staining in adjacent normal
breast epithelial cells (D)

Fig. 5 Relationship between
centrosome aberration and
expression of BRCA1, Aurora-

A, and p53. Centrosome aberra- I r""'ﬁ‘. L
tions in number (upper panels)
and size (lower panels) were % " - % " . . g = . i
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association between these two factors. It therefore appears
that centrosome aberration is not a major determinant of
abnormal chromosomal segregation leading to chromo-
somal instability in human breast cancer. Similarly, centro-
some aberration in a Burkitt's lymphoma reportedly did not
result in chromosomal instability (Duensing et al. 2003). It
is speculated that excessive centrosomes are nonfunctional
and thus do not participate in chromosome segregation.
Moreover, centrosome inactivation may occur in cells with
an abnormal number of centrosomes to prevent abnormal
chromosome segregation (Sibon etal. 2000). Sluder and
Nordberg have proposed an alternative mechanism, ie.,
spindle-pole bundling in cells with multiple centrosomes

coalescence, which may lead to bipolar division so that
chromosome segregation remains equal (Sluder and Nord-
berg 2004), In this study, we observed an interesting image
of cell division as shown in Fig. 7, i.e., a dividing cell with
centrosome coalescence. The centrosomes coalesce to form
a pole in each daughter cell and chromosomes appear to be
equally segregated, Furthermore, a recent study has
introduced the possibility that centrosome clustering
prevents the formation of multipolar spindles (Quintyne
et al. 2005). It is thought that formation of multiple spindle-
poles appears to need two steps, i.e.. an increase in cen-
trosome number and an inhibition of centrosomal coa-
lescence (Quintyne et al. 2003). Therefore, the presence

4) Springer
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of centrosome aberration does not necessarily lead to sub-
sequent chromosomal instability. For this reason, future
studies are needed of the precise function of centrosomal
coalescence.

Recent studies have disclosed an important role of
BRCAL in centrosome duplication. Mouse embryonic
fibroblast cells carrying a targeted deletion of exon 11 of
the Breal gene have been found to maintain an intact G1-S
cell cycle checkpoint but to have a defective G2-M check-
point. These cells contain multiple, functional centrosomes,
which lead to unequal chromosome segregation, abnormal
nuclear division, and aneuploidy (Xu et al. 1999), More-
over, BRCAl-dependent ubiquitination of y-tbulin is

) springer

thought to be involved in the regulation of centrosome
number (Starita et al. 2004). It can therefore be hypothe-
sized that BRCALI also plays an important role in centro-
some duplication in human breast cancer, although no
studies on this issue have been published yet. We were able
to show that BRCAl-negative expression is significantly
associated with centrosome aberration in number and, in
addition, that all three BRCA1-associated hereditary breast
cancers in our study also had centrosome aberration in
number. These results strongly indicate that BRCAI plays
an important role in the regulation of centrosome duplica-
tion, and loss of its expression results in numerical centro-
some aberration,
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Fig. 7 Representative image of centrosome coalescence. This picture
shows a cell with numerous centrosomes, which is dividing into two
cells. The centrosomes coalesce 10 form a pole in each daughter cell
and chromosomes appear 1o be equally segregated. Arrows indicate
centyosomes

Interestingly, all three BRCAl-associated hereditary
breast cancers showed a significantly smaller percentage of
tumor cells with centrosome aberration in size than did
BRCA 1-positive breast cancers (Fig. 5), indicating that the
average centrosome size is smaller in BRCA -associated
breast cancers than in BRCA1-positive breast cancers. Star-
tia et al. reported that Hs578T breast cancer cells, when the
BRCA] function is inhibited with the BRCAl-interfering
peptide fragment, frequently show numerous centrosomes
with only one centriole due to centrosome fragmentation
(Starita et al. 2004). The small centrosome size in BRCA1-
associated breast cancers observed in our study seems (o
suggest the presence of such a centrosome fragmentation
On the other hand, centrosome size appears to be similar in
BRCA I-positive and -negative sporadic breast cancers, but
the reason why it is not smaller in BRCA|-negative than in
BRCA |-positive sporadic tumors is currently unknown.
The role of BRCAI loss in the formation of centrosome
aberration in sporadic breast cancers thus needs to be stud-
ied in more detail

Since Aurora-A has been shown to perform an important
function in centrosome duplication in both in vitro and in
vivo studies, it was expected that Aurora-A expression
would be associated with centrosome aberration in human
breast cancers as well. However, we could not find any sig-
nificant association in our study, but the reason for this lack

of association in human breast cancers is currently

unknown. However, the fact that centrosome aberration

was often observed in Aurora-A-negative tumors seems (o
indicate that other factors, including BRCALI, play a more
important role in the pathogenesis of centrosome aberration

in human breast cancers. On the other hand, Aurora-A
expression was found to be associated with chromosomal
instability, as it was in a previous study of ours (Miyoshi
et al. 2001). Aurora-A has various functions other than the
regulation of centrosome function, and Aurora-A overex-
pression can cause the cells with chromosomal abnormali-
ties to override the spindle checkpoint (Dutertre and Prigent
2003), resulting in chromosomal instability. We therefore
speculate that chromosomal instability in Aurora-A-posi-
tive breast tumors is induced by Aurora-A through a path-
way, which does not induce centrosome aberration in
human breast cancers.

pS3 plays a key role in mediating cell response to van-
ous types of stress, mainly by inducing or repressing a
number of genes involved in cell cycle, senescence, apopto-
sis, DNA repair, and angiogenesis (Lacroix et al. 2006). It
was also demonstrated that, in mouse embryonic fibroblasts
(MEFs) lacking p53, multiple copies of functionally com-
petent centrosomes are generated during a single cell cycle
(Fukasawa et al. 1996). p53 controls centrosome duplica-
tion through transcriptional regulation of the cyclin-depen-
dent kinase inhibitor p2l Wall/Clpl and its  subsequent
inhibition of CDK/cyclin E activity, which 1s involved in
the initiation of centrosome duplication (Mussman et al
2000; Tarapore et al. 2001). In our study, however, no sig-

nificant association between p53 status and centrosome
aberration was observed, which is consistent with the find-
ing of a previous study (Lingle et al. 2002), indicating that
p53 seems not to play a role, or at least not a major role, in
the pathogenesis of centrosome aberration in human bre
Cancers.

st

In conclusion, we have shown that centrosome aberra-
tion in number or size is often observed in human breast
cancers but that it is not significantly associated with chro-
mosomal instability. This indicates the importance of other
mechanisms such as spindle checkpoint abnormalitics
the induction of chromosomal instability. BRCAI, but not
Aurora-A or p33, is significantly implicated in the patho-
genesis of centrosome aberration. Our observations need to
be confirmed by a study comprising a larger number of
breast tumors. In addition, not only the number or size of
centrosomes but also their function needs to be studied in
greater detail in future,
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