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Fig. 3 Expression of AdipoR1 and AdipoR2 in cancer cell lines and
a normal epithelial cell line. (a) Expression of AdipoR! and AdipoR2
mRNA in various cell lines was analyzed by real-time PCR with the
primers as described in Materials and Methods. (b) Protein expression
of AdipoRl and-AdipoR2 in various cell lines was analyzed by
western blotting using antibodies to AdipoR1, AdipoR2, and GAPDH

Discussion

We have recently shown that low adiponectin concentra-
tion is significantly associated with an increased risk of
breast cancer [1]. This association was also confirmed by
the recent study [11]. Moreover, recent in vitro studies
have shown that adiponectin is a potent inhibitor of breast
cancer cell proliferation [12, 13]. In the present study, we
have confirmed that adiponectin inhibits breast cancer cell
proliferation in a time- and dose-dependent manner. Since
the influence of adiponectin on cell cycle and apoptosis has
yet to be studied, we have investigated this in the present
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Fig. 4 Influence of siRNA against AdipoR1 on growth inhibition
induced by adiponectin in breast cancer cells. (a) After 48 h treatment
with siRNA against AdipoR1 mRNA, siRNA against GAPDH mRNA
or mock treatment, cells were harvested and solubilized in cell lysis
buffer. Cell lysates were subjected to western blotting analysis using
anti-AdipoR1 and anti-GAPDH antibodies as described in Materials
and Methods. (b) After 48 h treatment with siRNA against AdipoR1
mRNA or mock treatment in the presence of adiponectin, WST-1
assay was performed to analyze cell proliferation in two breast cancer
cell lines. Reduction in rates of cell growth is shown on the vertical
axis as a percent of the absorbance in cells treated without any siRNA
in ‘the  ‘absence of adiponectin.. Bars: mean + SD of three
determinations

study. We found that adiponectin inhibits cell proliferation
by increasing the proportion of cells in the GO/G1 fraction
and. decreasing the proportion of cells in S-phase and
G2/M. TUNEL assay clearly indicates that adiponectin
treatment is unlikely to induce apoptosis. Together, these
results demonstrate that adiponectin decreases cell prolif-
eration by inhibiting the transition of tumor cells into
S-phase without inducing apoptosis. Our results are con-
sistent with the recent reports that adiponectin significantly
inhibited cell proliferation whereas the induction of apop-
tosis was not observed [14, 15]. However, the effect of
adiponectin on the induction of apoptosis is controversial.
A few studies reported that adiponectin could induce
apoptosis in MDA-MB-231 [12] or MCF-7 [13]. The rea-
son for this discrepancy is currently unknown but the
different methodology, e.g., different culture condition and
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time points in cell viability assay, might explain, at least in
part, such a discrepancy.

We have been able to show that both AdipoR1 and
AdipoR2 mRNA are expressed in all tested cell lines
including three breast cancer cell lines (MDA-MB-231,
T47D, MCE-7), one normal breast epithelial cell line
(MCF-10A), and one hepatocellular carcinoma cell line
(HepG2). The level of AdipoR1 mRNA is much higher
than that of AdipoR2 in MDA-MB-231, T47D, MCF-7,
and MCF-10A, but they are expressed at a similar level in
HepG2. Western blot analysis results were consistent in
that AdipoR1 protein is expressed at a high level in all five
cell lines while AdipoR2 protein expression is very low in
MDA-MB-231, T47D, MCF-7, and MCF-10A, but is as
high as AdipoR1 protein expression in HepG2. These
results are consistent with the report that AdipoR2 is pre-
dominantly expressed in the liver [6], and seem to suggest
that the preferentially used adiponectin receptor in breast
cancer cells and normal breast epithelial cells is AdipoR1.
Actually, in our previous report, the level of AdipoR1
mRNA was about 100-fold higher than that of AdipoR2 in
breast tumors [10].

Thus, in order to study whether or not the growth-
inhibitory effect of adiponectin is mediated through Adi-
poR1, we investigated the influence of siRNA against
AdipoR1 mRNA on the growth inhibition induced by
adiponectin in two breast cancer cell lines (T47D and
MDA-MB-231). We have been able to show that the
growth inhibitory effect of adiponectin is significantly
cancelled by siRNA treatment in both cell lines, indicating
that adiponectin exerts its growth-inhibitory effect through
AdipoR1, The observation that the growth-inhibitory effect
of adiponectin is almost completely abolished by siRNA in
T47D but only partially abolished in MDA-MB-231 might
suggest that the effect of adiponectin is mediated exclu-
sively through AdipoR1 in T47D cells, but that other
pathways, which might include the interaction with growth
factors [16] and T-cadherin [17], may be operative in
MDA-MB-231.

In conclusion, we have found that adiponectin decreases
breast cancer cell proliferation by inhibiting the entry of
cells into S-phase without inducing apoptosis, and that this
inhibitory effect is mediated through AdipoR1. Our present
observation is consistent with our recent report that breast
tumors developing in patients with high serum adiponectin
level are more likely to-be small and of low histological
grade [1], suggesting a possibility that measures to increase
the serum adiponectin level might be useful as a new
treatment of breast cancer, especially in patients with low
serum adiponectin levels. The mechanism of action of
adiponectin in inhibiting: growth of breast cancer cells
needs to be investigated in more detail in future studies.
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Abstract

Purpose Predictive factors for response to docetaxel in
human breast cancers have yet to be identified. The aim of
the present study was to investigate the relationship of vari-
ous clinicopathological and biological parameters with path-
ological response to docetaxel in the neoadjuvant setting.
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Methods The study population comprised 78 patients
with primary breast cancers who were treated with docet-
axel [60 mg/mz; four (median) cycles, range 3-6; q3w] as
neoadjuvant therapy and subsequently treated with mastec-
tomy or breast conserving surgery. Tumor samples
obtained before chemotherapy were subjected to histologi-
cal examination and immunohistochemistry of HER-2 and
Ki-67.

Results The pathological complete response (pCR) rate
was ' significantly (P = 0.04) higher for tumors with low
nuclear grade (NG-1 or -II) (21%) than for tumors with high
NG (NG-HII) (5%). The pCR rate (20%) of small (<5 cm)
tumors was marginally significantly (P = 0.05) higher than
that of large (>5 cm) tumors (5%). Combined analysis of
NG and tumor size showed that low-NG small tumors have
a higher response rate (30%) than high-NG small tumors
(11%; P =0.13), low-NG large tumors (11%; P =0.15),
and high-NG large tumors (0%; P = 0.009). No statistically
significant association was observed between pCR rate and
menopausal status; lymph node status, ER, PR, HER-2, or
Ki-67.

Conclusions - Low nuclear grade, but not cell proliferation
determined by Ki-67, is associated with a good pathologi-
cal response to-docetaxel. Combination of low nuclear
grade and small tumor size may be useful for the selection
of breast tumors with a high pCR rate (30%).

Keywords - Nuclear grade - Cell proliferation -
Breast cancer - Docetaxel - Chemosensitivity

Introduction

Docetaxel, one of the taxanes, has come into wide use for
the treatment of metastatic as well as primary breast
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cancers “(Seidman etal. 1993; ten Bokkel Huinink et al.
1994; Ravdin et al. 1995; Ravdin and Valero 1995; Bear
et al. 2003). In addition to monotherapy, the sequential use
of docetaxel and anthracycline-based regimens has been
shown to increase the pathological response rate of primary
tumors and to improve their prognosis in neoadjuvant and
adjuvant settings (Bear et al. 2003). Docetaxel, however, is
not effective for all breast cancers, since the response rate of
metastatic tumors to docetaxel reportedly ranges from 38 to
67% (Seidman et al. 1993; ten Bokkel Huinink et al. 1994;
Ravdin et al. 1995; Ravdin and Valero 1995) and that of
primary tumors is 68% (Amat et al. 2003; Estevez et al.
2003). These findings indicate the importance of develop-
ing a diagnostic method which can predict the response to
docetaxel with high accuracy in order to avoid unnecessary
treatment.

Studies of the association of various parameters with the
response to docetaxel have reported some significant
results. These parameters include p53 status (Bottini et al.
2000), HER-2 overexpression/amplification (Di Leo et al.
2004), p-glycoprotein expression (Takamura et al. 2002),
CYP3A4 expression (Miyoshi et al. 2002), and class I and
class III f-tubulin isotypes expression (Hasegawa et al.
2003). More recently, analysis of gene expression profiles
of tumor tissues has been found useful for the prediction of
response to docetaxel (Chang et al. 2003; Iwao-Koizumi
et al. 2005). However, these reports are preliminary and
most of them have investigated docetaxel treatment efficacy
in terms of clinical response, but not of pathological
response, even though pathological response is believed to
be a more reliable indicator than clinical response (Kuerer
et al. 1999; Fisher etal. 1998). Thus, the clinical signifi-
cance of the various predictive factors which have been
studied until now remains to be determined and much work
needs to be done to develop a reliable predictor of docet-
axel response.

Docetaxel binds to f-tubulin and causes kinetic abnor-
mality of microtubules dynamics by enhancing their poly-
merization and inhibiting their depolymerization (Garcia
etal. 1994; Diaz and Andreu 1993). During the meta-
phase, defective spindle formation induced by docetaxel
activates . the mitotic checkpoint and leads to cell cycle
arrest during the metaphase—anaphase transition, resulting
in apoptosis (Murata et al. 1994). Thus, the integrity of
the mitotic checkpoint function appears to be very impor-
tant for the anti-tumor activity of docetaxel to take effect.
In fact, disruption of mitotic checkpoint function induced
by high expression of Aurora-A has been reported to gen-
erate resistance to docetaxel in pancreatic cancer cell lines
in vitro (Hata et al. 2005). It was also found that disrup-
tion of mitotic checkpoint function leads to the appear-
ance of aneuploid cells with a morphologically
characterized high nuclear grade (NG) in various types of
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human tumors (Tong et al. 2004; Jeng et al. 2004; Fraizer
etal. 2004; Hu et al. 2005; Tatsuka et al. 2005). It has
therefore been speculated that high-NG tumors are com-
posed of aneuploid tumor cells which represent mitotic
checkpoint dysfunction and thus may be resistant to
docetaxel.

NG is routinely determined during clinical practice by
histological examination of hematoxyline-eosine sections
to assess prognosis for breast cancer patients. However, it
remains to be determined whether NG is associated with
docetaxel sensitivity. In the study presented here we there-
fore investigated the association between NG and the path-
ological response to docetaxel monotherapy by breast
cancers in the neoadjuvant setting. In addition, we studied
the association of cell proliferation determined by immuno-
histochemistry of Ki-67 with pathological response since it
is generally believed that rapidly proliferating tumor cells
are more likely to respond to chemotherapy. Since patients
who achieved good pathological response, rather than good
clinical response, showed improved prognosis (Kuerer
et al. 1999; Fisher et al. 1998, van der Hage et al. 2001), in
the present study, we have evaluated response to docetaxel
pathologically. :

Materials and metheds
Patients and tumor samples

For this study, 78 female patients with stage II (n = 44), III
(n=19), and 1V (n=15) primary breast cancers were
recruited from among patients at Osaka University Hospi-
tal and Osaka Medical Center for Cancer and Cardiovascu-
lar Diseases. Sixty-nine patients were treated with 3-6
cycles of docetaxel 60 mg/m? i.v. q3w (3 cycles for eight
patients, 4 cycles for 57 patients, and 6 cycles for four
patients) as neoadjuvant therapy. followed by mastectomy
or breast conserving surgery. The remaining nine patients
were treated with docetaxel for only 1 cycle (n=1) or 2
cycles (n = 8) because of disease progression. Tumor tis-
sue samples were obtained from the primary tumors by
means of vacuum-assisted core needle biopsy prior to che-
motherapy and subjected to pathological diagnosis and
determination of estrogen receptor (ER), progesterone
receptor (PR), HER-2 and Ki-67. On the basis of the cut-
off size 5 cm, which distinguish between T2 and T3 in the
General Rules for Clinical and Pathological Recording of
Breast Cancer 2005 (Inaji and Kobayashi 2005), tumor
size was divided into two categories (<5 cm and >5 ¢m )
in Table 1. NG was determined according to the classifi-
cation of the General Rules for Clinical and Pathological
Recording of Breast Cancer 2005 (Inaji and Kobayashi
2005).
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Table 1 Relationship between clinicopathological parameters and
pathological response to docetaxel

Pathological response * Non-pCR pCR P value
Menopausal status

Pre- 28 87)° 4(13) 0.94
Post- 40 (87) 6 (13)

Tumor size

<5cm 32 (80) 8 (20) 0.05
>5cm 36 (95) 2(5)

Lymph node metastasis

Negative 19 (83) 417 043
Positive 49 (89) 6(11)

Distant metastases

Negative 54 (86) 9 (14) 0.42
Positive 14 (93) 1(7)

Nuclear grade

I+11 30(79) 821 0.04
m 36 (95) 2(5)

2 Pathological response was defined as described in the Materials and
Methods

> 9 of patients

Assessment of pathological response

Pathological response of breast cancers to docetaxel was
assessed in the 69 patients who were treated with three or
more cycles of docetaxel and were operated upon. Multiple
slides prepared from the primary tumors were examined for
the evaluation of chemotherapeutic effect according to the
criteria in the General Rules for Clinical and Pathological
Recording of Breast Cancer 2005 (Inaji and: Kobayashi
2005). These criteria specify Grade 0 as No Response
(almost no change in cancer cells), Grade 1 as Slight
Response (1a: mild changes in cancer cells regardless of the
area; 1b: marked changes in one-third or more but less than
two-thirds of tumor cells), Grade 2 as Marked Response
(marked changes.in two-thirds or more of tumor cells) and
Grade 3 as Complete Response (necrosis or disappearance
of all tumor cells). Nine patients showed progression of the
disease after one cycle (n=1) or two cycles (n=38) of
docetaxel, and were switched to other chemotherapy: These
nine patients were rated as pathological non-responders.

ER and PR assay

ER and PR protein levels in breast cancers were identified
with an enzyme immunoassay using kits from Abbott
Research Laboratories (Chicago, IL, USA) according to
the manufacturer’s instructions (cut-off values were 13 and
10 fmol/mg protein for ER and PR, respectively) or

immunohistochemically (cut-off value was 10% for both
ER and PR).

Immunohistochemical assessment of HER-2 and Ki-67
expression

The expression of HER-2 and Ki-67 was immunohisto-
chemically evaluated by with the avidin-biotin-peroxidase
method HER-2 in the 60 tumors and Ki-67 in the 58 tumors
which were available for this study. In brief, endogeneous
peroxidases were quenched by incubating the sections for
20 min in 3% H,0,, followed by several washes in metha-
nol. In addition, antigen retrieval for Ki-67 was performed
by heating the samples in 10 mmol/! citrate buffer (pH 6.0)
at 95°C for 30 min. Non-specific binding was blocked by
incubating the slides with Block Ace (Dainippon Sumitomo
Pharma, Osaka, Japan) for 30 min, after which the samples
were incubated with a polyclonal rabbit anti-c-erbB2 anti-
body (1:100 dilution; Nichirei Biosciences Inc., Tokyo,
Japan) for HER-2 or with a mouse anti-human Mib-1
monoclonal antibody (1:100 dilution; Immunotech, Cedex,
France) at 4°C overnight for Ki-67. Next, the samples were
incubated with biotinylated anti-rabbit immunoglobulin G
antibody for HER-2 (Vector Laboratories, Burlingame, CA,
USA) or anti-mouse immunoglobulin G antibody (Vector
Laboratories) for Ki-67 using the ABC Kit (Vector Labora-
tories) at room temperature for 30 min. The antibody com-
plex was then visualized with 3, 3”’-diaminobenzidine
tetrahydrochloride (Merck KGaA, Darmstadt, Germany).

A positive reaction for HER-2 was scored into four
grades according to the intensity and pattern of the staining.
Based on a previously reported method, the grades were
defined thus: Grade O: no or less than 10% membrane stain-
ing in tumor cells; Grade 1+: faint membrane staining in
more than 10% of tumor cells staining of only part of the
membrane; Grade 2+: weak-to-moderate staining of com-
plete membrane in more than 10% of tumor cells; Grade
3+; strong complete membrane staining in more than 10%
of tumor cells according to the method previously reported
(Tsuda et al. 2002). Grade 2+ and 3+ tumors were consid-
ered to be HER-2 positive. For Ki-67 identification, nuclear
staining was counted in 1,000 cancer cells and 25% was
used as the cut-off value as was done in a previous study
(Molino et al. 1997).

Statistical methods

The ~correlation of clinicopathological and biological
parameters with pathological response to docetaxel was
evaluated using the chi-square test. The relationship
between pCR and NG was determined using a logistic
regression method to obtain the odds ratio and 95% confi-
dence interval, being adjusted for the menopausal status
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and tumor stage. Statistical significance was assumed for
P < 0.05.

Results

Relationship between clinicopathological or biological
parameters and pathological response to docetaxel

Pathological response was divided into two categories, i.e.,
pathological complete response (pCR, Grade 3) and Non-
pCR (Grades 0, 1a, 1b, and 2), to examine its relationship
with clinicopathological factors (Table 1). Low-NG (I and
1) tumors showed a significantly (P =0.04) higher pCR
rate (21%) than high-NG (III) tumors (pCR: 5%). In addi-
tion, the pCR rate of small (<5 cm) tumors (20%) was mar-
ginally significantly (P = 0.05) higher than that of large
(>5 cm) tumors (5%). No statistically significant associa-
tion was observed between pCR rate and menopausal sta-
tus, lymph node status or distant disease - status.
Multivariate analysis including menopausal status, tumor
stage, and NG showed that only NG was a significant factor
which associated with pCR, being independent of the other
factors (Table 2).

The pathological response was studied for its association
with biological parameters including ER, PR, HER-2, and
Ki-67. Representative results of immunohistochemical
examinations of HER-2 and Ki-67 in Fig. 1 show that there
was no statistically significant association between pCR
rate and any of the parameters (Table 3).

Fig. 1 Immunohistochemical
staining of HER-2 and Ki-67
(x400). Strong membranous
staining of HER-2 was detected
in b but none in a. High and low
frequency of nuclear positivity
for Ki-67 were detected ind and
¢, respectively

LN

C Ki-67- Negative

@ Springer

A HER-2-Negative

Table 2 Multivariate analysis of various factors

Non-pCR pCR OR? 95%CI°® P value

Menopausal status

Pre- 28 4 . 1.00

Post- 40 6 0.94 0.24-4.47 0.94
Tumor stage

II 36 8 1.00

11 18 1 0.20 0.02-1.84 0.15
1AY 14 1 0.33 0.03-3.09 0.33
Nuclear grade

I+11 30 8 1.00

11 36 2 0.18 0.03-0.99 0.04

2 (dds ratio adjusted for menopausal status, tumor stage, and nuclear
grade

b Confidence interval

Combination of NG and tumor size for prediction
of pathological response

Since NG and tumor size were, respectively, significantly
and marginally significantly associated with pathological
response, breast tumors were classified into four groups
according to these parameters to determine which tumor
subgroup is most likely to respond to docetaxel (Fig. 2).
Low-NG small tumors showed a higher response rate
(30%) than high-NG small tumors (11%; P =0.13), low-
NG large tumors (11%; P =0.15), and high-NG large
tumors (0%; P = 0.009).

B HER-2-Posttive

D Ki-67- Positive
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Table 3 Relationship between biological parameters and pathological
response to docetaxel

Pathological response * Non-pCR pCR P value
Estrogen receptor

Positive 18 (90)° 2(10) 0.78
Negative 50 (88) 7(12)
Progesterone receptor

Positive 17 (89) 2(11) 0.85
Negative 51 (88) 7(12)

HER-2 status

Positive 18 (86) 3(14) 0.64
Negative 35 (90) 4 (10)

Ki-67

Positive 34 (89) 4(11) 0.66
Negative 18 (86) 3(14)

2 Pathological response was defined as described in the Materials and
methods

9 of patients

50 7
40 —
— 30%
g
Py 30
3
5 20 -
2 11% 11%
10 -
0%
0
Nuclear grade: Low High Low High
Tumor size: Smali Small Large Large
(h=20) (n=19) (n=18) (h=19)

Fig. 2 Pathological complete response (pCR) rates of tumors accord-
ing to nuclear grade and tumor size

Discussion

It is well established that pCR is the most reliable endpoint
of neoadjuvant chemotherapy because reports of a better
prognosis for patients who achieve pCR have been consis-
tent (Kuerer et al. 1999; Fisher et al. 1998), whereas conflict-
ing results have been reported for the relationship between
clinical response and prognosis (van der Hage et al. 2001).
We have been able to show that low NG tumors have a sig-
nificantly (P = 0.04) higher pCR rate (21%) than high-NG
(11D tumors (5%). High NG is reportedly associated with
DNA aneuploidy (van der Hage et al. 2001), which indicates
the presence of disrupted spindle checkpoint function, which
is hypothesized to cause tumor resistance to docetaxel (Hata

et al. 2005). In line with these findings, we have been able to
show in the study presented here that resistance to docetaxel
is stronger in high-NG than in low-NG tumors. On the other
hand, the lack of an association between Ki-67 expression
and pCR seems to indicate that cell proliferation is not an
important determinant of sensitivity to docetaxel. Interest-
ingly, it has been reported that high NG and high prolifera-
tion are associated with a good response to anthracycline-
based regimens (Penault-Llorca etal. 2003; Vincent-Salo-
mon et al. 2004; Prisack et al. 2005; Burcomber et al. 2005;
Fernandez-Sanchez et al. 2006). It is clinically well estab-
lished that taxanes and anthracycles are not cross-resistant
and are effective for different spectrums of breast tumors.
The findings of our study appear to suggest that low-NG
tumors are more likely to respond to taxanes and high-NG
tumors to anthracycline-based regimens.

We have also found that the pCR rate for small tumors
(20%) is marginally significantly (P = 0.05) higher than that
for large tumors (5%). The association between a high pCR
rate and small tumor size has also been reported for anthracy-
cline-based regimens (Fernandez-Sanchez et al. 2006), sug-
gesting that such an association is not specific to the
chemotherapeutic regimen but merely indicates that small
tumors are more likely to achieve pCR because of their small
tumor burden. When tumors are divided into subgroups
according to NG and tumor size, low-NG small tumors show
a pCR rate as high as 30% for docetaxel, which is compara-
ble to the pCR rate achieved by sequential therapy with
anthrayclince-based regimens and taxanes. At present, how-
ever, clinically useful predictors of response to docetaxel are
not available. Our findings appear to suggest that NG and
tumor size, both of which are very simple parameters that can
be obtained with a routine histological examination, could be
useful for the prediction of sensitivity to docetaxel.

In conclusion, low NG, but not cell proliferation deter-
mined by Ki-67, is associated with a good pathological
response. to docetaxel. Combination of low NG and small
tumor size may prove useful for the selection of breast
tumors with a high pCR rate (30%). The observations pre-
sented here need to be confirmed by a future study includ-
ing a larger number of patients.
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Abstract

Epirubicin exerts its anti-tumor effect through binding to topoisomerase Ilalpha (TOP2A) and inducing DNA double-
strand breaks. BRCA1 is involved in the repair of these breaks. We investigated the relationship between TOP2A or BRCA1
immunohistochemical expression and pathological response in 108 primary breast cancers treated with epirubicin-based
regimens. The pCR (pathological complete response) rate for TOP2A-positive (17%) was significantly (P < 0.005) higher
than for TOP2A-negative (2%), while the pCR rate for BRCAl-negative (11%) was non-significantly higher than for
BRCAI1-positive (5%): The pCR rate of TOP2A-positive and BRCAl-negative (30%) was significantly higher than for
TOP2A:negative and BRCAl-positive (3%; P < 0.05), or TOP2A-negative and BRCAIl-negative (0%; P < 0.005). The
TOP2A-positive and BRCA1-negative phenotype associates with a favorable response to epirubicin-based regimens.
© 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Epirubicin, which belongs to the anthracycline
family, is one of the most aggressive drugs against
breast cancer and epirubicin-based regimens such
as 5-FU plus epirubicin pulse cyclophosphamide
(FEC) and epirubicin plus cyclophosphamide (EC)
are widely used in adjuvant and neoadjuvant as well
as in metastatic settings. These epirubicin-based
regimes, however, although very active, are not nec-
essarily effective for all patients. In fact, response
rates of metastatic breast cancers to epirubucin-
based regimens reportedly range from 50% to 60%
[1,2]. On the other hand, adverse events such as leu-
copenia and alopecia are observed in virtually all
patients treated with these regimens although their
severity differs from patient to patient. In addition,
a small but significant proportion of patients
develop serious adverse events such as cardiac fail-
ure and myeloproliferative diseases. In order to
increase the efficiency of chemotherapy and avoid
unnecessary adverse events, it is therefore very
important to administer chemotherapy to those
patients who are likely to respond and not to those
who are unlikely to respond. For purpose, reliable
predictive factors for response to chemotherapy
need to be developed. Until now, various biological
parameters, including HER-2 [3], p-glycoprotein [4],
p53 [5), estrogen receptor (ER) [6], S-phase fraction
[7], Ki-67 [7], have been proposed as candidate pre-
dictive factors for response to epirubicin-based and
doxorubicin-based regimens (doxorubicin is another
anthracycline) but their clinical value remains con-
troversial so that they have not yet been integrated
in daily practice.

Among the predictive factors so far studied,
HER-2 gene amplification and HER-2 overexpres-
sion have been attracting a great deal of attention,
and a significant association between HER-Z2 gene
amplification or HER-2 overexpression and a favor-
able response to epirubicin-based regimens has been
reported [3,8,9]. However, recent studies have
shown that such an association between response
and HER-2 is indirect and that the direct associa-
tion occurs between response and the expression
of topoisomerase Ilalpha (TOP2A), which is a tar-
get molecule of epirubicin [10,11]. The TOP24 gene
is localized close to the HER-2 gene and is often
coamplified with the HER-2 gene [12]. TOP2A plays
a pivotal role in DNA replication and catalyzes the
transport of one DNA double helix through another
by the transient introduction of DNA double-strand

breaks [13]. Anthracyclines including epirubicin and
doxorubicin bind to TOP2A and stabilize the DNA
double-strand breaks, resulting in cell cycle arrest
and apoptosis [13,14]. In fact, an in vitro study
has shown that breast cancer cells with TOP2A
overexpression are more sensitive to doxorubicin
[12]. It has also been reported that TOP2A expres-
sion is observed in 20-62% [11,15-19] and TOP2A
gene amplification in 12-24% of human breast can-
cers [11,16,18,20,21]. Several lines of evidence have
suggested that anti-tumor activity of the epirubi-
cin-based regimens is associated with TOP2A
expression or TOP2A gene amplification, although
the contradictory results have also been reported
[21-24]

In addition to TOP2A, BRCA1 has recently been
gaining attention as a predictive factor for response
to epirubicin-based regimens. BRCAl plays an
important role in double-strand DNA repair [25],
and because epirubicin induces DNA double-strand
breaks, it is possible that BRCAI may modulate the
response to epirubicin. In this connection, it has
been reported that a mouse cell line deficient in
BRCA1 displayed an increased sensitivity to the
agents, including doxorubicin, which cause double-
strand DNA breaks, and that induction of wild-type
BRCAI resulted in a reduced level of apoptotic cell
death after treatment with DNA-damaging agents
[26]. It has also been found that overexpression of
BRCAI in murine ovarian cancer cells increased
the resistance to doxorubicin [27] Furthermore,
Delaloge et al. reported that 53% of locally
advanced breast cancers carrying a BRCAl muta-
tion showed complete response to the anthracy-
cline-based regimens while only 14% of sporadic
breast cancers did, indicating that breast cancers
lacking a BRCAL1 function due to its mutation are
more sensitive to anthracycline-based regimens
[28]. Although BRCA1 mutation is rare, a signifi-
cant proportion of sporadic breast cancers lack
BRCALI expression due to hypermethylation of the
promoter region of the BRCAI gene [29], overex-
pression of HMGA1 [30], or overexpression of
ID4 [31]. Thus, it is possible that BRCALI expression
may influence the sensitivity of sporadic breast can-
cers to epirubicin-based regimens. However, this
possibility has hardly been investigated.

As mentioned earlier, it has been speculated that
TOP2A and BRCA1 may be associated with sensi-
tivity to epirubicin-based regimens, and thus are
potentially useful as predictive factors for these
regimens. Nevertheless, the association between
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BRCAI1 and response to epirubicin-based regimens
in sporadic breast cancers has yet to be reported.
This prompted us to immunohistochemically inves-
tigate TOP2A and BRCAI1 expression simulta-
neously in breast cancer tissues obtained before
the administration of epirubicin-based regimens
(preoperative setting), and to study the relationship
between the expression of these two markers and
pathological respomnse.

2. Materials and methods
2.1. Patients and tumor samples

For this study, 108 primary breast cancer patients at
stage II (n =73), lII (n=22), and IV (n = 13) were con-
secutively recruited. They were treated with epribucin-
based regimens in the preoperative setting during the
period between September 1999 and April 2004 at
Osaka University Hospital, Osaka Medical Center for
Cancer and Cardiovascular Diseases, and Kyushu
University Hospital. Treatment with EC was used for
97 and with FEC for 11 patients and all of them were
subsequently treated with breast conserving surgery or
mastectomy, The epirubicin-based regimens were admin-
istered every 3 weeks for 3-6 cycles (3 cycles for 47
patients, 4 cycles for 45 patients, 5 cycles for one
patient, and 6 cycles for seven patients). The remaining
eight patients were treated with only 2 cycles of EC
(n=5) or FEC (n=13) because of disease progression,
and were switched to other chemotherapy- (paclitaxel
or docetaxel) before surgery. The dose of epirubicin
for both the EC and FEC regimens was 60 mg/m? epi-
rubicin for 107 patients and 100 mg/m? for one patient.
Tumor tissue samples were obtained from primary
tumors by means of vacuum-assisted core needle biopsy
prior to preoperative chemotherapy. The samples. were
subjected to pathological diagnosis for determination
of ER, PR, and HER-2 status as well as immunohisto-
chemical study of TOP2A and BRCAL. This study was
approved by the IRB of Osaka University Graduate
School of Medicine.

2.2. Assessment of tumor grade and pathological response

Nuclear grade, mitotic score, and tubular formation
were determined according to the criteria specified by
Elston and Ellis [32]. Since the association between path-
ological response and patient prognosis is much stronger
than that between clinical response and patient prognosis
[33-35], we adopted pathological response, but not clini-
cal response, to evaluate the effect of epirubicin-based reg-
imens in the present study. Pathological response of breast
tumors was evaluated in 100 patients who were treated
with three or more cycles of the epirubicin-based regimens

alone. Multiple slides prepared from primary breast
tumors after preoperative chemotherapy were examined
and chemotherapeutic effect was determined as for the
breast tumors according to the criteria specified in the
General Rules for Clinical and Pathological Recording
of Breast Cancer 2005 [36]. These criteria define Grade 0
as no response (almost no change in cancer cells), Grade
1 as slight response (la: mild changes in cancer cells
regardless of the area; 1b: marked changes in one-third
or more but less than two-thirds of tumor cells), Grade
2 as marked response (marked changes in two-thirds or
more of tumor cells), and Grade 3 as complete response
(necrosis or disappearance of all tumor cells). The eight
patients who showed a progressive disease after 2 cycles
of the epirubicin-based regimens and were switched to
other types of chemotherapy were classified as pathologi-
cal non-responders.

2.3. Immunohistochemistry of HER-2, TOP2A, and
BRCAI expression

The expression of HER-2, TOP2A, and BRCAI was
evaluated immunohistochemically by using the tumor
specimens obtained as described under patients and tumor
samples. Sections prepared from the formalin-fixed paraf-
fin-embedded tumor specimens were deparaffinised and
rehydrated in graded alcohol. Antigens were retrieved
by incubating the sections in 10 mmol/l citrate buffer
(pH 6.0) at 95 °C for 50 min for TOP2A or by boiling
for 15min in-a microwave oven for BRCAIL. After
quenching endogenous peroxidase with 3% H,0; in meth-
anol for 20 min, the resultant slides were treated with
Block Ace (Dainippon Sumitomo Pharmaceutical, Osaka,
Japan) for 30 min at room temperature. The samples were
then incubated overnight at 4 °C with a polyclonal rabbit
anti-c-erbB2 antibody (1:100 dilution; Nichirei Biosci-
ences Inc., Tokyo, Japan) for HER-2, with a mouse
monoclonal anti-TOPOIlo antibody (1:70 dilution;
KiS1, DakoCytomation Inc., Carpinteria, CA) for
TOP2A, or with a mouse monoclonal anti-BRCA1 anti-
body (1:70 ditution; Ab-1, Oncogene Science, Cambridge,
MA) for BRCA1. They were subsequently incubated at
room temperature for 30 min with the ABC Kit (Vector
Laboratories, Burlingame, CA) using biotinylated anti-
rabbit immunoglobulin G antibody for HER-2 or biotin-
ylated anti-mouse immunoglobulin G (IgG) antibody for
BRCAIL. For TOP2A, incubation was performed with
EnVisiont+ System Peroxidase (DakoCytomation)
according to the manufacturer’s instructions. Finally,
the antibody complex was visualized with 3,3'-diam-
inobenzidine tetrahydrochloride (Merck, Darmstadt, Ger-
many) and the sections were counter-stained with
hematoxylin.

Positive reactions for HER-2 were scored as four
grades, as previously reported [37}, according to the inten-
sity and pattern of the staining. The four grades were: 0
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(no or less than 10% membrane staining in tumor cells);
1+ (faint membrane staining in more than 10% of tumor
cells, partial staining of the membrane); 2+ (weak-to-
moderate but complete membrane staining in more than
10% of tumor cells); 3+ (strong and complete membrane
staining in more than 10% of tumor cells) Grade 2+ and
3+ tumors were considered to be HER-2 positive. The
most actively stained lesions were selected microscopically
and nuclear staining was counted in 1000 cancer cells
without knowledge of patients outcome, and 5% and
10% were used as the respective cut-off values for TOP2A
and BRCA1 according to the method described previ-
ously {17,38]. “

2.4. ER and PR assay

ER and progesterone receptor (PR) protein levels in
the tumor specimens obtained before preoperative
chemotherapy were determined in 83 cases with immuno-
histochemistry (cut-off value was 10% for both ER and
PR) or in 21 cases with an enzyme immunoassay using
kit from Abbott Research Laboratories (Chicago, IL)
according to the manufacturer’s instructions (cut-off
values for ER and PR were 13 and 10 fmol/mg,
respectively).

2.5. Statistical methods

The relationship between clinicopathological or bio-
logical parameters and pathological response was evalu-
ated with the Fisher’s exact test. Multivariate analysis of
the relationship of TOP2A and BRCALI expression with
pCR was determined using a logistic regression method
to obtain the odds ratio and 95% confidence interval,
being adjusted for menopausal status, tumor size, lymph
node metastasis, distant metastasis, nuclear grade, ER,
PR, and HER-2 status. Statistical significance was
assumed for P <0.05.

3. Results

3.1. Relationship between clinicopathological or biological
parameters and pathological response to epirubicin-based
regimens :

Pathological response was divided into two catego-
ries, i'e., pathological complete response (pCR, Grade
3) "and non-pCR (Grades 0, la, 1b, and 2) for
evaluation of its relationship with clinicopathological
parameters (Table 1)." The pCR rate (13%) of small
tumors (<5 cm) was significantly (P <0.05) higher than
that (0%) of large tumors (>5cm). No statistically sig-
nificant association was observed between pCR rate
and menopausal status, lymph node status; distant dis-
ease status, nuclear grade, mitotic score, or tubular
formation.

Table 1
Relationship between clinicopathological factors and patholog-
ical response to epirubicin-based regimens

Pathological response® Non-pCR pCR P-value
Menopausal status
Pre- 62 (94)° 4 (6) 0.30
Post- 37 (88) 5(12)
Tumor size
<5cm 58 (87) 9 (13) <0.05
>5cm 41 (100) 0(0)
Lymph node metastasis
Negative 31 (91 39 0.99
Positive 68 (92) 6 (8)
Distant metastases
Negative 86 (91) 3(9) 0.59
Positive 13 (100) 0(0)
Nuclear grade
I+1I 45 (94) 3 (6) 0.71
1 45 (90) 5(10)
Unknown 9 (90) 1(10)
Mitotic score
I+ 56 (95) 3(5) 0.25
1 34 (87) 5(13)
Unknown 9 (90) 1(10)
Tubular formation
I+1 19 (90) 2(10) 0.67
i1 71 (92) 6 (8)
Unknown 9 (90) 1 (10)

2 Pathological response was classified as described in Section 2.
b o of patients.

The pathological response was further studied in terms
of its relationship with biological parameters including
ER, PR, and HER-2, but no significant association with
any of these parameters was detected (Table 2).

Table 2
Relationship between biological parameters and pathological
response to epirubicin-based regimens

Pathological response® Non-pCR pCR P-value
Estrogen receptor
Positive 28 (90)° 3(10) 0.99
Negative 67 (92) 6 (8)
Unknown 4 (100) 0(0)
Progesterone receptor
Positive 28 (90) 3 (10) 0.99
Negative 51 (89) 6 (11)
Unknown 20 (100) 0(0)
HER-2 status
Positive 24 (89) 3(n 0.43
Negative 70 (93) 5(7)
Unknown 5(83) 1(17)

2 Pathological response was classified as described in Section 2.
b o4 of patients.
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3.2. TOP2A and BRCAI expression and their relationship
with clinicopathological and biological parameters or
pathological response

Expression of TOP2A and BRCAIl was examined

immunohistochemically in 108 tumor samples obtained
before preoperative chemotherapy. Representative immu-

A. TOP2A-positive

C. BRCA1-positive

nohistochemical results are shown in Fig. 1. Tumors with
a high mitotic score (III) were significantly more likely to
show a higher TOP2A positivity than tumors with a low
mitotic score (I+ II) (67% vs. 29%, P <0.001). Tumors
with positive HER-2 were significantly more likely to
show a higher TOP2A positivity than those with negative
HER-2 (59% vs. 35%, P <0.05) (Table 3). Tumors with

B. TOP2A-negative

D. BRCA1-negative

Fig. 1. Immunohistochemical staining of TOP2A and BRCA1. Representative results of immunohistochemical staining of TOP2A and
BRCA1 (400x). Nuclear staining of TOP2A-positive (A), TOP2A-negative (B), BRCA1-positive (C), and BRCAl-negative (D) is seen in
tumor cells.
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Table 3 q
Relationship between TOP2A or BRCAI positivity and clinico-
pathological factors

Table 4
Relationship between TOP2A or BRCALI expression and path-
ological response to epirubicin-based regimens

TOP2A P-value BRCALl P-value
positivity (%) positivity (%)

Menopausal status
Pre- 36 0.11 55 0.43
Post- 52 45

Tumor size
<Sem 43 0.99 52 0.84
>5cm 41 49

Lymph node metastasis
Negative 47 0.53 53 0.83
Positive 41 50

Nuclear grade
1+ 35 0.10 63 0007
I 52 44

Mitotic score
I+11I 29 <0.001 54 0.83
111 67 51

Tubular formation
I+11 52 0.45 62 0.46
I 42 51

Estrogen receptor
Positive 29 0.08 52 0.99
Negative 49 51

Progesterone receptor
Positive 32 0.07 48 0.82
Negative 53 46

HER-2 status
Positive 59 <0.05 52 0.99
Negative 35 51

negative ER and those with negative PR were also more
likely, but not significantly so, to.show a higher TOP2A
positivity than “those with; respectively, positive ER
(49% vs. 29%, P=0.08) or positive: PR (53% vs: 32%,
P =0.07) (Table 3): With respect to BRCAI, tumors with
a low nuclear grade (I +1II) were more likely to show a
higher BRCA1 positivity than those with a high nuclear
grade (III) (63% vs. 44%, P.=0.07).

The relationship between TOP2A or BRCAL expres-
sion and pathological response is shown in Table 4. The
pCR rate for TOP2A-positive tumors (17%) was signifi-
cantly (P <0.005) higher than that for TOP2A-negative
tumors (2%). The pCR rate for BRCAl-negative tumors
(11%) was higher than that for BRCAl-positive tumors
(5%) but the difference was statistically not significant
(P = 0.31). Multivariate analysis: of TOP2A and BRCA1
expression adjusted for menopausal status, tumor size,
lymph node metastasis; distant metastasis, nuclear grade,
ER, PR, and HER-2 status showed that TOP2A expres-
sion was a significant factor which- associated with pCR,

Pathological response® Non-pCR pCR P-value
TOP2A
Positive 38 (83)° 8 (17) <0.005
Negative 61 (98) 1(2)
BRCAl
Positive 52 (95) 3(5) 0.31
Negative 47 (89) 6 (11)

# Pathological response was classified as described in Section 2.
b o4 of patients.

Table 5
Multivariate analysis of TOP2A and BRCA1 expression with
pathological response to epirubicin-based regimens

Non-pCR®* “ pCR  ORP® (95% CI9 P-value
TOP2A
Negative - 61 1 1.00
Positive - 38 8 20.1 (1.44-279) 0.02
BRCALl
Negative - 47 6 1.00
Positive. © 52 3 0.44 (0.06-3.15) 0.41

* Pathological response was classified as described in Section 2.

b Odds ratio adjusted for menopausal status, tumor size, lymph
node metastasis; distant metastasis, nuclear grade, ER, PR, and
HER? status:

¢ Confidence interval.

being independent of the other factors (Table 5). Results
of the combined analysis of TOP2A and BRCAI expres-
sion are shown in Table 6. The pCR rate for TOP2A-posi-
tive and BRCAl-negative tumors (30%) was marginally
significantly. higher than the rates for TOP2A-positive
and BRCAl-positive tumors (8%, P = 0.06), and signifi-
cantly higher than TOP2A-negative and BRCA1-positive
tumors (3%, P < 0.05);, or TOP2A-negative and BRCAI-
negative tumors (0%, P < 0.005).

Table: 6
Relationship between combined TOP2A and BRCAI expression
and pathological response to epirubicin-based regimens

TOP2A BRCALl Pathological response® P-value
Non-pCR pCR

Positive Negative: 14 (70)® 6 (30)

Positive Positive 24:(92) 2(8) 0.06°

Negative Positive 28 (97) 1(3) <0.05°

Negative - Negative - 33 (100) 0(0) <0.005°

# Pathological response was classified as described in Section 2.

© 9% ‘of patients.

¢ P-values represent comparison with TOP2A-positive and
BRCATI-negative tumors.
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4. Discussion

Since TOP2A is a target molecule of epirubicin
[14], it has been speculated that TOP2A-positive
tumors are more sensitive than TOP2A-negative
tumors to epirubicin-based regimens. In this con-
nection, in vitro studies using various human cancer
cell lines have demonstrated that TOP2A-positive
cells are indeed more sensitive to doxorubicin than
are TOP2A-negative cells [12]. In addition, some
studies have been reported with results that demon-
strate a significant association between TOP2A
expression and clinical response to epirubicn-based
regimens in the neoadjuvant setting [11,16]. How-
ever, the relationship between TOP2A expression
and pathological response has rarely been investi-
gated [39]. pCR appears to be a better marker than
clinical response for the evaluation of sensitivity of
breast tumors to chemotherapy because pCR is
more closely associated with favorable prognosis
than is clinical response [33-35]. For our study, we
therefore adopted pCR as an endpoint marker for
evaluating the response to epirubicin-based regi-
mens. We were able to show a significantly higher
PCR rate (17%) for TOP2A-positive tumors than
TOP2A-negative tumors (2% pCR), which is consis-
tent with previously reported findings indicating a
significant association between TOP2A expression
and clinical response [11,16].

Recently, the importance of TOP2A as a predic-
tive factor for epirubicin-based regimens has also
been demonstrated in the adjuvant setting. Knoop
et al. reported that patients with TOP2A4 gene
amplification show an enhanced recurrence-free sur-
vival when treated with CEF than they do when
treated with cyclophosphamide plus methotrexate
plus 5-fluorouracil (CMF), but a similar increase
in recurrence-free survival is not seen in. patients
with a normal TOP24 gene [21]). A similar finding
has been reported by Tanner et al., who detected a
better relapse-free survival for patients with TOP24
gene amplification and treated with tailored and
dose-escalated FEC than for those treated with
low-dose FEC followed by cyclophosphamide plus
thiotepa plus carboplatin (CTCb). This difference
was not observed in patients with a normal TOP2A
gene [23]. These studies further support the notion
that TOP2A can serve as a predictive marker of sen-
sitivity to epirubicin-based regimens. Both immuno-
histochemically - determined TOP2A  protein
expression and TOP2A gene amplification have
reported to be associated with response to epirubi-

cin-based regimens [21,40,41]. Cardoso et al. con-
ducted a comparative analysis of whether TOP2A
expression determined by immunohistochemistry
or TOP2A gene amplification determined by FISH
is more closely associated with response the epirubi-
cin-based regimens, found a stronger association for
TOP2A expression [11] It is further reported that
the association between TOP2A overexpression
and TOP2 A4 gene amplification is not so strong since
only 33% of breast tumors with this amplification
show TOP2A overexpression, unlike the strong
association between HER-2 overexpression and
HER-2 gene amplification [16].

Consistent with previously reported findings
[20,42], we found that TOP2A positivity is signifi-
cantly higher in tumors with a mitotic score of III
{67%) or that are ER -negative (49%) or HER-2-posi-
tive (59%). Since TOP2A is a key enzyme during cell
division and most strongly expressed in the S and
G2/M phases [43], TOP2A-positive tumors are
thought to have a higher rate of proliferation and
a higher proportion of cells in the S or G2/M phases
than do TOP2A-negative tumors. It thus seems rea-
sonable to assume that TOP2A-positive tumors are
more likely to have a mitotic score of III or to be
ER-negative because both types of tumors are highly
proliferative. Although HER-2 expression was
found to be significantly associated with TOP2A
expression, no significant relationship between
HER-2 expression and pathological response was
observed. In the present study, both Grade 2+ and
3+ were considered to be HER-2 positive but even
though HER-2 positive was limited to Grade 3+,
we failed to show a significant association of HER-
2 status with pathological response (data not
shown), indicating that TOP2A rather than HER-2
is a better predictive factor for response to epirubi-
cin-based regimens. Similar results have also been
reported [11]. The previously reported association
between HER-2 expression and sensitivity to anthra-
cycline-based regimens [3] is thus probably an indi-
rect association mediated through TOP2A.

In addition to the clinical significance of TOP2A,
we first investigated that of BRCAl expression for
the prediction of response to epirubicin-based regi-
mens in breast cancers. Although BRCA1 expres-
sion alone was not significantly associated with
pCR rate, combined analysis of TOP2A and
BRCA1 expression was found to be very useful
for the prediction of pathological response, i.e.,
TOP2A-positive and BRCAl-negative tumors
showed a pCR rate as high as 30% while other
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tumors showed a very low pCR rate of 8% or less.
These results seem to suggest that, in addition to
TOP2A, BRCAI1 modulates sensitivity to epirubi-
cin-based regimens. The exact reason why a lack
of BRCALI expression confers resistance to epirubi-
cin-based regimens is currently unknown but we
speculate that DNA double-strand breaks are less
likely to be repaired in tumor cells defective in
BRCAL1 expression, resulting in cell cycle arrest
and apoptosis.

In conclusion, we were able to demonstrate that a
TOP2A-positive dnd BRCA1-negative phenotype is
predictive of a high sensitivity to epirubicin-based
regimens, with a pCR rate of up to 30%. Combined
determination of TOP2A and BRCAI expression by
means of immunochistochemistry may be clinically
useful for the prediction of tumor response to epiru-
bicin-based regimens. Although TOP2A-positive
and BRCA1l-negative tumors are generally consid-
ered to have a biologically aggressive phenotype
leading to a high recurrence rate, our finding seems
to suggest that prognosis for such breast tumors, if
properly treated with eprubicin-based regimens,
could be significantly improved. The dose of epiru-
bicin in the present study appears to be lower than
that of a current standard (75 or 100 mg/m?). How-
ever, we believe, even in such a lower dose, it is pos-
sible to study the association of biomarkers and
response to epirubicin-based regimes. But it is possi-
ble that higher doses of epirubicin would give the
different . results though- the essential findings. are
thought not to be affected so much. Our findings,
therefore, need to be confirmed by a future study
covering a larger number of patients treated with
higher doses of epirubicin:
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