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properties and subsequently to improve clinical out-
come of early breast cancer patients.

It is well known that oestrogens play important roles
in the progression of breast carcinoma through an
interaction with oestrogen receptor (ER). ER is
expressed in approximately two-thirds of IDC, and
endocrine therapy has been administered in these
patients in order to suppress the intratumoural
oestrogen actions. A great majority of pDCIS was
also reported to express ER in their parenchymal cells
(Wiechmann & Kuerer 2008), and the results of
National Surgical Adjuvant Breast Project (NSABP)
B-24 trial did demonstrate that adjuvant tamoxifen
therapy was clinically effective in ER-positive pDCIS
and reduced the recurrence of noninvasive breast
carcinomas by 27% (Cuzick 2003). Pathological and
biological responses to preoperative tamoxifen therapy
in ER-positive pDCIS patients has been also reported
(Chen et al. 2009).

ER is well known to activate the transcription of
various target genes in a ligand-dependent manner, and
various oestrogenic functions are also characterised
by expression profiles of these genes in oestrogen
target cells. Various oestrogen-responsive genes have
been also identified in IDC (Frasor et al. 2003), and
an analysis of these genes can greatly contribute to
the understanding of molecular functions of oestrogen
actions, such as cell proliferation, anti-apoptosis,
invasion, metastasis, recurrence and resistance to
endocrine therapy, in IDC (Suzuki et al. 2012).
However, expression profiles of oestrogen-responsive
genes have not necessarily been examined in pDCIS
to the best of our knowledge. Therefore, it has still
remained unclear whether oestrogen actions and/or
effectiveness of endocrine therapy in pDCIS could be
the same as that in IDC.

Therefore, in this study, we first examined
expression profiles of oestrogen-induced genes in
carcinoma tissues of breast cancer patients and
demonstrated different expression profiles of oestro-
gen-induced genes in ER-positive pDCIS from
ER-positive DCIS-c or IDC-c following an isolation
of the corresponding cells under light microscopy
using laser-capture dissection. Subsequent microarray
analysis indicated that MYB (C-MYB), RBBP7
(retinoblastoma suppressor (Rb)-associated protein 46
(RBAP46)) and BIRCS (survivin) were predominantly
expressed in pDCIS compared with DCIS-¢ and
IDC-c among these oestrogen-induced genes. There-
fore, we subsequently immunolocalised these gene
products in ER-positive pDCIS tissues in order to
further characterise their oestrogenic actions.
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Materials and methods
Patients and tissues

Two sets of tissue specimens were used in this study.
The first set is composed of eight specimens of
ER-positive breast carcinoma (four pDCIS and four
IDC cases) obtained from Japanese women (age: 51-77
years in pDCIS, and 49-75 years in IDC) who
underwent surgical treatment from 2003 to 2008 in
the Department of Surgery, Tohoku University Hospi-
tal, Sendai, Japan. One IDC patient was premenopau-
sal, and the others were postmenopausal. All the IDC
specimens used in this study contained both DCIS-c and
IDC-c, and the patients did not receive chemotherapy,
irradiation or hormonal therapy before the surgery. All
the cases examined in this study were associated with
nuclear grade 1 or 2, and their ER labelling index (LI)
was ranged from 40 to 96% in pDCIS, 35 to 100% in
DCIS-c and 42 to 100% in IDC-c respectively. These
specimens were stored at —80°C for subsequent
microarray analysis. The second set is composed of
80 specimens of ER-positive ductal carcinoma of
human breast (53 pDCIS and 27 IDC cases) obtained
from Japanese female patients who underwent surgical
treatment from 1995 to 2008 in the Department of
Surgery, Tohoku University Hospital, Sendai, Japan.
These patients also did not receive chemotherapy,
irradiation or hormonal therapy before the surgery. The
median age of these patients was 61 years (range 39-80
years) for pDCIS and 55 (range 32-84 years) for IDC,
and all the cases of IDC contained both DCIS-c and
IDC-c in this study. All the specimens were fixed in
10% formalin and embedded in paraffin wax.

The entire resected surgical specimen was sectioned
into slices with 3—5 mm thickness, and all the slices
were histologically evaluated by surgical pathologists.
In this study, pDCIS was defined when DCIS-c was
detected but no foci of stromal invasion in carcinoma
were detected in all the slides of the cases evaluated. In
the first set, thinner section stained with haematoxylin
and eosin was prepared from the frozen specimen, and
histological features of these lesions were confirmed.

Research protocols for this study were approved by
the Ethics Committee at Tohoku University Graduate
School of Medicine (accession no. 2009-107).

Laser-capture microdissection/microarray
analysis

Gene expression profiles of breast carcinoma cells in
the first set of the specimens (four pDCIS, four DCIS-c
and four IDC-c samples) were examined using
microarray analysis. Laser-capture microdissection
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(LCM) was conducted using the MMI Cellcut
(Molecular Machines and Industries, Flughofstrase,
Glattbrugg, Switzerland). Briefly, breast carcinomas
were embedded in Tissue-Tek optimal cutting
temperature compound (Sakura Finetechnical Co.,
Tokyo, Japan) and sectioned at a thickness of 10 pm.
Breast carcinoma cells were dissected under the light
microscopy and laser transferred from these frozen
sections. The total RNA (~ 200 ng) was subsequently
extracted from these cell fractions isolated by LCM
using the RNeasy Micro Kit (Qiagen). In IDC cases,
carcinoma cells were separately collected in DCIS-c
and IDC-c. Whole Human Genome Oligo Microarray
(G4112F (ID: 012391)), Agilent Technologies (Wald-
bronn, Germany), containing 41 000 unique probes,
was used in this study, and sample preparation and
processing were performed according to the manufac-
turer’s protocol. In this study, we focused on the
expression of 51 genes identified to be oestrogen-
induced ones in MCF7 breast carcinoma cells by
Frasor et al. (2003) (two genes corresponding
PPP2R1B were included in this analysis). Hierarchical
clustering analysis was performed using the Cluster
and TreeView programs (the software copyright
Stanford University 1998-1999, http://rana.stanford.
edu) to generate tree structures based on the degree of
similarity, as well as matrices comparing the levels of
expression of individual genes in each specimens.

Immunohistochemistry

Immunohistochemical analysis was performed in the
second set (53 pDCIS and 27 IDC cases) described
above. Monoclonal antibodies for ER (6F11), pro-
gesterone receptor (PR; 1A6) and Ki67 (MIB1) were
purchased from NovoCastra (Newcastle upon Tyne,
UK), Chemicon (Temecula, CA, USA) and DAKO
(Carpinteria, CA, USA) respectively. Rabbit polyclo-
nal antibodies for human epidermal growth factor
receptor-2 (HER2; A0485) were obtained from
DAKO. In addition, rabbit polyclonal antibodies for
C-MYB (EPR718(2)), RBAP46 (EPR5082) and survi-
vin (NB500-201) were purchased from Epitomics
(Burlingame, CA, USA) and Novus Biologicals
(Littleton, CO, USA) respectively.

A Histofine Kit (Nichirei Biosciences, Tokyo,
Japan) that employs the streptavidin—biotin amplifi-
cation method was used in this study. Antigen retrieval
was performed by heating the slides in an autoclave at
120 °C for 5 min in antigen retrieval solution (pH 9.0;
Nichirei Biosciences) for C-MYB immunostaining or
citric acid buffer (2 mM citric acid and 9 mM trisodium
citrate dehydrate (pH 6.0)) for immunostaining of other
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antibodies. Dilutions of primary antibodies used in this
study were as follows: ER, 1/50; PR, 1/50; HER2,
1/100; Ki67, 1/100; C-MYB, 1/50; RBAP46, 1/1000
and survivin, 1/1000. The antigen—antibody complex
was subsequently visualised with 3,3’-diaminobenzi-
dine (DAB) solution (1 mM DAB, 50 mM Tris—HCl
buffer (pH 7.6) and 0.006% H,0,) and counterstained
with haematoxylin. As a positive control, human IDC
tissue was used for C-MYB (McHale et al. 2008) and
survivin (Barnes et al. 2006) immunostaining, and a
cellblock of MCF7 breast carcinoma cells was used for
RBAP46 (Creekmore et al. 2008). Normal rabbit IgG
was used instead of the primary antibody, as a negative
control in this study.

Immunohistochemical evaluation

Immunoreactivity of ER, PR and Ki67 was detected in
the nucleus, and their immunoreactivity was evaluated
in counting more than 1000 carcinoma cells for each
case. The percentage of immunoreactivity, i.e. LI, was
subsequently determined. Cases with ER LI of more
than 1% were considered ER-positive breast carcinoma
in this study (Hammond et al. 2010). HER2 immuno-
reactivity was evaluated according to the grading system
proposed in HercepTest (DAKO), and strongly circum-
scribed membrane-immunoreactivity of HER2 present
in more than 30% carcinoma cells were considered
positive (Wolff et al. 2007). Both C-MYB and RBAP46
immunoreactivities were detected in the nuclei of
carcinoma cells and were evaluated by employing the
H-scoring system (McCarty et al. 1985). Briefly,
C-MYB- and RBAP46-positive carcinoma cells were
classified into three groups according to immunointen-
sity (i.e. strongly, moderately or weakly positive cells),
and H scores were subsequently generated by adding
together 3X% of strongly positive cells, 2X% of
moderately positive cells, 1 X% weakly positive cells,
and 0X % of negative cells (range 0-300). Survivin
immunoreactivity was detected in the cytoplasm of
carcinoma cells and was semi-quantitatively evaluated
by modified H-scoring system (Mehta et al. 2012), in
which the percentage of cytoplasmic immunoreactivity
was categorised as 0 (no expression), 10 (up to 10%),
20 (10-20%) until 100 (90-100%), and giving a
possible range of 0-300.

Statistical analysis

An association of various clinicopathological factors
among three carcinoma components (pDCIS, DCIS-c
and IDC-c) was evaluated using a Kruskal-Wallis test
or a cross-table with the x? test. An association between
C-MYB, RBAP46 and survivin immunoreactivity and
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clinicopathological factors was evaluated by a cross-
table using the x> test. An association of clinico-
pathological factors between two components of IDC
cases was evaluated using a Wilcoxon signed-ranks test.
The statistical analyses were performed using the
JMP Pro version 9.02 (SAS Institute, Inc., Cary, NC,
USA), and P values of <0.05 were considered
significant in this study.

Results

Expression profiles of oestrogen-induced genes
in pDCIS compared with those of DCIS-c and IDC-c

We first surveyed expression profiles of oestrogen-
induced genes in isolated carcinoma cells of pDCIS
using microarray analysis which was focused on
oestrogen-induced genes reported by Frasor et al.
(2003), in order to examine the characteristics of
oestrogenic actions in pDCIS. Fifty-one oestrogen-
induced genes examined were tentatively classified
into three groups (i.e. Groups A, B and C) depending
on the hierarchical clustering analysis (Fig. 1). In
addition, isolated and examined pDCIS carcinoma cells
were clustered among the cases examined. Results
demonstrated that the genes in Group C were predomi-
nantly expressed in pDCIS rather than in DCIS-c or
IDC-c, and the genes in Group A were predominantly
expressed in DCIS-c and/or IDC-c. Genes classified into
Group B were expressed regardless of the carcinoma
types. No significant clustering of samples was detected
in association with nuclear grade, menopausal status and
ER LI of the cases examined in this study.

As shown in Table 1, no significant differences of
characteristics were detected between Groups A and C
in this study.

Clinicopathological features of pDCIS,
DCIS-c and IDC-c

We then evaluated an association of various clinico-
pathological parameters among pDCIS (n=53), DCIS-
¢ (n=27) and IDC-c (n=27), which were examined in
this study. Nuclear grade (P=0.68), ER LI (P=0.94),
PR LI (P=0.87) and HER2 status (P=0.33) were not
significantly different among these three groups, but
Ki67 LI was significantly (P <0.0001) lower in pDCIS
than that in DCIS-c and IDC-c (Table 2). No significant
differences of patients’ age (P=0.43) and menopausal
status (P=0.34) were detected between pDCIS and
IDC patients in this study. HER2 positive status in our
study (45% in pDCIS, 33% in DCIS-c and 30% in
IDC-c) was consistent with that of a previous report
(Park et al. 2006).
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Figure 1 Hierarchical clustering analysis of mRNA expression
levels focused on oestrogen-induced genes identified by Frasor
et al. (2003). Colour of blocks represents relative mRNA
expression level of each gene compared with the average in
12 breast carcinoma samples (four pDCIS, four DCIS-c and
four IDC-c). Gene symbols in each gene were listed. Gene-
performed immunohistochemistry was noted in red. Two genes
corresponding PPP2R1B were coloured green.

Immunolocalisation of C-MYB, RBAP46 and
survivin in pDCIS

Results of the microarray analysis demonstrate
different expression profiles of oestrogen-induced
genes in pDCIS compared with those in DCIS-c and
IDC-c. We then performed immunohistochemistry for
three representative oestrogen-induced genes (C-MYB
(MYB), RBAP46 (RBBP7) and survivin (BIRCS5)) in
the breast carcinoma tissues in Group C towards
further confirmation of the findings.

As demonstrated in Fig. 2A, C-MYB was immuno-
localised in the nuclei of carcinoma cells, and its
H-score was significantly (P <0.0001) higher in pDCIS
than that in DCIS-c or IDC-c (Fig. 2B). RBAP46
immunoreactivity was also detected in the nuclei of
carcinoma cells (Fig. 2C), and its immunoreactivity
was significantly (P =0.03) higher in pDCIS (Fig. 2D).
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Table 1 Comparison of characteristics of genes between
Groups A and C

Number of genes

Group A Group C

Characteristic of genes (n=15) (n=16) Pvalue

First time of significant upregulation by oestrogen

4h 7 (47%) 11 (69%) 0.51

8h 1 (7%) 0 (0%)

24 h 5(33%) 4 (25%)

48 h 2(13%) 1(6%)

Major biological function

Cell cycle and apoptosis 6 (40%) 5 (31%)

Growth factors, cytokines 1(7%) 3 (19%)
and hormones

Receptors and signal 2(13%) 5(31%) 0.34
transduction proteins

Transcription factors 6 (40%) 3 (19%)

and transcriptional
coregulators

Data of characteristics of genes were taken from a report by
Frasor et al. (2003). Data are presented as the number of cases
and percentage. Two genes corresponding PPP2R1B were
excluded in this table, because these were classified into both
Groups A and C.

Survivin was immunolocalised in the cytoplasm of
carcinoma cells, and some nuclei of the carcinoma cells
were also immunohistochemically positive for survivin
(Fig. 2E). Relative survivin immunoreactivity was
significantly (P=0.0003) higher in pDCIS than that in
DCIS-c or IDC-c (Fig. 2F).

As shown in Table 3, when we divided the cases into
two groups according to several important pathological
factors, such as nuclear grade, HER2 status and ER LI,
C-MYB immunoreactivity was significantly higher in
pDCIS than that in DCIS-c or IDC-c regardless of the
status. Similar tendency was also detected in RBAP46
and survivin immunoreactivities; but P values did not
reach significant levels in some groups.

Endocrine-Related Cancer (2012) 19 485-496

As two genes corresponding PPP2RIB were
classified into different groups (i.e. Groups A and C)
in the microarray analysis (Fig. 1), we performed
immunohistochemistry of PPP2R1B (also known as a
protein phosphatase 2, regulatory subunit A, B (PP2A-
APR)) in these cases. PPP2R1B immunoreactivity was
detected in the breast carcinoma cells (Supplementary
Figure S1A, see section on supplementary data given
at the end of this article), but its immunointensity
was generally weak and was not significantly different
among the pDCIS, DCIS-c and IDC-c groups
examined in this study (Supplementary Figure S1B,
see section on supplementary data given at the end of
this article).

Association between C-MYB, RBAP46 and
survivin immunoreactivity and various
clinicopathological parameters in pDCIS

Results of both microarray and immunohistochemical
analyses described earlier indicated that C-MYB,
RBAP46 and survivin were abundantly expressed in
pDCIS. As demonstrated in Table 4, when 53 pDCIS
cases examined were tentatively classified into two
different groups according to the median value of
C-MYB H-score, the status of C-MYB immunoreac-
tivity was inversely (P=0.006) associated with Ki67
LI in pDCIS cases. No other significant association
was detected between C-MYB immunoreactivity and
other clinicopathological parameters of the patients
examined, such as patients’ age, menopausal status,
nuclear grade, comedo necrosis, ER LI, PR LI and
HER?2 status. The status of RBAP46 immunoreactivity
was not significantly associated with any clinicopatho-
logical parameters examined (Table 5), while the status
of survivin immunoreactivity was positively associated
with patients’ age (P=0.002; Table 6). Association
between PPP2R1B immunoreactivity and clinico-
pathological parameters in pDCIS cases is summarised

Table 2 Association of various clinicopathological parameters among pDCIS, DCIS-c and IDC-c

Parameter pDCIS (n=53) DCIS-c (n=27) IDC-c (n=27) P value
Nuclear grade®
Grades 142 44 (83%) 24 (89%) 24 (89%) 0.68
Grade 3 9 (17%) 3 (11%) 3 (11%)
ER LI (%) 81 (12-100) 80 (15-100) 80 (8-100) 0.94
PR LI (%) 40 (0-100) 40 (0~100) 40 (0-100) 0.87
HER2 status?®
Negative 29 (55%) 18 (67%) 19 (70%) 0.33
Positive 24 (45%) 9 (33%) 8 (30%) <0.0001
Ki67 LI (%) 4 (1-12) 8 (1-23) 12 (1-32)
P value <0.05 was considered significant and is in boldface.
#Data are presented as the number of cases and percentage. All other values represent the median (min—max).
www.endoctrinology-journals.org 489
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Figure 2 Immunohistochemistry for C-MYB (A and B), RBAP46
(C and D) and survivin (E and F) in the breast cancer cases.
Immunoreactivity of C-MYB (A) and RBAP46 (C) was detected
in nuclei of carcinoma cells in pDCIS. Survivin was immunolo-
calised in the cytoplasm of carcinoma cells in pDCIS and was
also positive in some nuclei of the carcinoma cells (an arrow; E).
Bar=50 um respectively. Relative immunoreactivity of C-MYB,
RBAP46 and survivin in pDCIS, DCIS-c and IDC-c was
summarised in B, D and F respectively. Data are represented
as box and whisker plots. Briefly, the median value is
represented by a horizontal line in each box, and the 75th
(upper margin) and 25th (lower margin) percentiles of the
values are demonstrated. The upper and lower bars indicate the
maximum and minimum values respectively. In F, the median
value of relative survivin immunoreactivity in DCIS-c was 100.
Statistical analysis was carried out using the Kruskal-Wallis
test. P values <0.05 were considered significant and were
indicated in bold letter.

in Supplementary Table S1, see section on supple-
mentary data given at the end of this article.

Association between clinicopathological
parameters and three oestrogen-induced
proteins in DCIS-c and IDC-c

As summarised in Table 7, Ki67 LI was significantly
lower (P=0.04) in DCIS-c than that in IDC-c, but no
significant differences between clinicopathological
parameters of the patients and the status of immunor-
eactivity of C-MYB, RBAP46 and survivin were
detected between DCIS-c and IDC-c of 27 IDC
patients in this study.
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Discussion

pDCIS is generally considered as a precursor lesion of
IDC. Two different models have been proposed to
explain the possible mechanisms of transition from
pDCIS to IDC, i.e. theories of linear progression or
parallel disease (Wiechmann & Kuerer 2008). In the
former model, low-grade pDCIS lesions are considered
to progress to high-grade pDCIS lesions and then to
become IDC (Carter et al. 1988, Bodian et al. 1993,
Lakhani et al. 1999). In the latter model of hypothesis,
low-grade pDCIS lesions progress to low-grade IDC
and high-grade pDCIS lesions to high-grade IDC
(Sontag & Axelrod 2005, Wiechmann & Kuerer 2008).
Accumulating data including chromosomal-alteration
studies support the parallel disease theory (Hwang
et al. 2004, Irvine & Fentiman 2007), and the great
majority of molecular alterations detected in breast
carcinoma, including ESRI which codes for ER, can be
clearly detected already in pDCIS, whether high or low
grades (Nofech-Mozes et al. 2005, Burkhardt et al.
2010). In this study of ER-positive breast carcinoma,
both ER and PR LIs in pDCIS were similar to those
in IDC-¢c or DCIS-c, which is considered to be
compatible with parallel disease theory of develop-
ment. Shibuya et al. (2008) also previously demon-
strated that various oestrogen-producing enzymes were
abundantly expressed in pDCIS, and intratumoural
oestrogen concentration was similar between pDCIS
and IDC (Shibuya et al. 2008). Therefore, oestrogens
are considered to play pivotal roles in pDCIS as well
as in IDC.

Results of our present study also demonstrated that
Ki67 LI was significantly lower in ER-positive pDCIS
than that in ER-positive IDC. Antibody Ki67 recog-
nises cells located in all the phases of cell cycle except
for Gy (resting) phase (Gerdes et al. 1983), and Ki67 LI
is closely correlated with the cell proliferation activity
of the tissues (van Diest et al. 2004). Ki67 was also
reported as a prognostic factor in pDCIS (van Diest
et al. 2004) as well as in IDC (de Azambuja et al.
2007), and increased Ki67 was associated with
negative ER status of breast carcinoma (Burkhardt
et al. 2010). All these findings suggest that oestrogen
actions are more associated with cell proliferation of
breast carcinoma in IDC than in pDCIS.

This is the first study to demonstrate expression
profiles of oestrogen-induced genes in pDCIS
compared with IDC. Results of our present microarray
analysis did reveal that one-third of oestrogen-induced
genes were predominantly expressed in pDCIS, while
the other one-third of the genes mainly in IDC and the
rest in both categories with equivalent frequency.
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Table 3 Statistical associations of C-MYB, RBAP46 and survivin immunoreactivity among pDCIS, DCIS-c and IDC-c cases

according to several pathological parameters

Parameter C-MYB immunoreactivity

RBAP46 immunoreactivity

Survivin immunoreactivity

Nuclear grade

Grades 1+2 <0.0001

Grade 3 0.008
HER2 status

Negative <0.0001

Positive 0.01
ER LI (%)

8-79 0.0003

80100 0.0002

0.04 0.001
0.5 0.3
0.02 0.01
0.73 0.02
0.06 0.01
0.20 0.008

Data are presented as P values. P values <0.05 were considered significant and are in boldface.

These findings suggest that oestrogenic actions in
pDCIS were different from those in IDC, even if the
carcinoma cells expressed ER and intratumoural
oestrogen was present at a significant level in both of
these lesions. Among the genes predominantly
expressed in IDC (Group A in Fig. 1), EGR3 (early
growth-responsive gene 3) was reported to play a
pivotal role in the process of oestrogen-mediated
invasion in breast cancer, and its expression was
associated with adverse clinical outcome of the
patients with ER-positive IDC (Suzuki er al. 2007).
In addition, the kinetochore-bound protein kinase
BUBI (budding uninhibited by benzimidazoles 1) is
also considered to play possible role in the process of
breast tumourigenesis (Klebig er al. 2009), and its
mRNA expression was also reported to be positively
associated with clinical recurrence in ER-positive IDC
patients (Suzuki et al. 2012). MYC (C-MYC) was also
reported to be associated with poor prognosis or
adverse clinical outcome of ER-positive breast cancer
patients (Chen & Olopade 2008). Robanus-Maandag
et al. (2003) reported that MYC amplification may
drive transition from pDCIS to IDC in human breast
(Robanus-Maandag er al. 2003), although some
conflicting data were reported in the literature
(Burkhardt et al. 2010). These findings suggest that
oestrogen-mediated transactivation is considered to
vary among the target genes, and the genes promoting
aggressive biological or clinical behaviour of breast
carcinoma cells may be more efficiently induced by
oestrogen in IDC. However, immunoreactivity of
C-MYB, RBAP46 and survivin was not associated
with ER LI in pDCIS cases in this study, and previous
studies have demonstrated that the expression of these
molecules was regulated by several factors (for
instances, miroRNA-150 downregulated C-MYB in
liver cancer stem cells (Zhang et al. 2012), RBAP46
functioned as a downstream target gene of WT1 (Guan
et al. 1998), and genetic variants of the survivin
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promotor were associated with survivin expression (Xu
et al. 2004)). Therefore, factors other than oestrogen
may also be involved in the different expression
profiles of oestrogen-induced genes in pDCIS from
IDC. Our experiments serve as a starting point for
clarifying the molecular features of oestrogen actions
in pDCIS, and further examination is required.

We first identified C-MYB, RBAP46 and survivin as
oestrogen-induced proteins predominantly expressed
in pDCIS compared with IDC in this study. Among
these three genes identified by gene profilings, a
nuclear transcription factor C-MYB regulates differ-
entiation and proliferation in various types of cells (Oh
& Reddy 1999), and expression of C-MYB mRNA was

Table 4 Association between C-MYB immunoreactivity and
clinicopathological parameters in pDCIS

C-MYB immunoreactivity

Parameter High (n=26) Low (n=27) P value
Patients’ age 61 (48-80) 61 (39-80) 0.91
Menopausal status®
Premenopausal 7 (30%) 3 (56%) 0.14
Postmenopausal 19 (70%) 24 (44%)
Nuclear grade®
Grades 142 20 (77%) 24 (89%) 0.25
Grade 3 6 (23%) 3 (11%)
Comedo necrosis?
Absent 11 (42%) 7 (26%) 0.21
Present 15 (58%) 20 (74%)
ER LI (%) 84 (13-100) 80 (12-100) 0.77
PR LI (%) 40 (6-93) 46 (0-100) 0.72
HER2 status®
Negative 14 (54%) 15 (56%) 0.90
Positive 12 (46%) 12 (44%)
Ki67 LI (%) 3 (1-10) 6 (2-12) 0.006

Fifty-three pDCIS cases were classified into two (i.e. high and
low) groups according to the median value of C-MYB
immunoreactivity. P value <0.05 was considered significant
and is in boldface.

#Data are presented as the number of cases and percentage.
All other values represent the median (min—max).
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Table 5 Association between RBAP46 immunoreactivity and
clinicopathological parameters in pDCIS

RBAP46 immunoreactivity

Parameter High (n=28) Low (n=25) P value
Patients’ age 65 (39-80) 54 (49-77) 0.06
Menopausal status®
Premenopausal 4 (14%) 6 (24%) 0.81
Postmenopausal 24 (86%) 19 (76%)
Nuclear grade®
Grades 1+2 21 (75%) 23 (92%) 0.99
Grade 3 7 (25%) 2 (8%)
Comedo necrosis?
Absent 9 (32%) 9 (36%) 0.77
Present 19 (68%) 16 (64%)
ER LI (%) 88 (12—100) 80 (13-100) 0.60
PR LI (%) 44 (6-100) 40 (0-100) 0.19
HER2 status®
Negative 16 (57%) 13 (52%) 0.71
Positive 12 (43%) 12 (48%)
Ki67 LI (%) 4 (1-12) 4 (2-10) 0.31

Fifty-three pDCIS cases were classified into two (i.e. high and
low) groups according to the median value of RBAP46
immunoreactivity.

#Data are presented as the number of cases and percentage.
All other values represent the median (min—max).

rapidly stimulated by oestrogen administration in the
MCEF7 breast carcinoma cells (Frasor et al. 2003).
C-MYB protein was detected in ER-positive IDC and
was associated with a good prognosis in the patients
(Guerin et al. 1990, Drabsch er al. 2007, Deisenroth
et al. 2010, Thorner et al. 2010). Immunohistochem-
istry for C-MYB in pDCIS has been reported only by
McHale et al. (2008) to the best of our knowledge, in
which C-MYB immunoreactivity in the breast carci-
noma containing both pDCIS and IDC was signi-
ficantly higher than that in normal/hyperplastic
epithelium. Results of our present study first demon-
strated that C-MYB immunoreactivity was signi-
ficantly higher in pDCIS than in IDC and was
inversely associated with Ki67 LI in pDCIS. Very
recently, Thorner et al. (2010) reported that stable
RNAi knock-down of endogenous C-MYB in the
MCF7 cells increased tumourigenesis, both in vitro
and in vivo, suggesting a tumour suppressor function in
luminal breast cancer subtypes (Thorner et al. 2010).
Results of our present study are consistent with these
previously reported studies, and decreased induction of
C-MYB expression by oestrogen may result in the
possible acceleration of oestrogen-mediated cell
proliferation of breast carcinoma in IDC.

RBAP46, a nuclear protein, was originally identified
as histone-binding proteins and its components of
protein complexes have been demonstrated to be
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involved in the process of histone deacetylation and
chromatin remodelling (Zhang er al. 1997, Bowen
et al. 2004). RBAP46 mRNA expression was reported
to be rapidly induced by oestrogens in MCF7 cells
(Frasor et al. 2003). Results of previous in vitro studies
demonstrated that RBAP46 modulated oestrogen
responsiveness in MCF7 cells in a gene-specific
manner through interaction with ERa (Creekmore
et al. 2008), and RBAP46 was also reported to inhibit
an oestrogen-stimulated progression of transformed
breast epithelial cells (Zhang et al. 2007). However,
immunohistochemical evaluation of RBAP46 has not
been reported in breast carcinoma to the best of our
knowledge. In this study, RBAP46 immunoreactivity
was more frequently detected in ER-positive pDCIS
than in IDC, which also indicated that RBAP46 may
play an important role in the alteration of oestrogen
actions in the process of transition from pDCIS to IDC.

Survivin is known as an inhibitor of apoptosis,
which prevents cell death by mainly blocking activated
caspases (Ryan et al. 2006). Survivin mRNA
expression was reported to be slowly induced by
oestrogen in MCF7 cells (Frasor et al. 2003).
Immunolocalisation of cytoplasmic survivin has been
reported in human breast carcinoma by several groups,
with positivity ranging from 56 to 76% of pDCIS cases
(Barnes et al. 2006, Okumura et al. 2008) and 17 to

Table 6 Association between survivin immunoreactivity and
clinicopathological parameters in pDCIS

Survivin
immunoreactivity

High Low
Parameter (n=25) (n=28) P value
Patients’ age 66 (48-80) 54 (39-80) 0.002
Menopausal status®
Premenopausal 4 (16%) 6 (21%) 0.61
Postmenopausal 21 (84%) 22 (79%)
Nuclear grade®
Grades 1+2 19 (76%) 25 (89%) 0.20
Grade 3 6 (24%) 3 (11%)
Comedo necrosis®
Absent 7 (28%) 11 (39%) 0.39
Present 18 (72%) 17 (61%)
ER LI (%) 87 (27-100) 80 (12-100)  0.25
PR LI (%) 47 (0-100) 40 (7-100) 0.58
HER2 status?®
Negative 12 (48%) 17 (61%) 0.35
Positive 13 (52%) 11 (39%)
Ki67 LI (%) 4 (1-12) 4 (1-12) 0.80

Fifty-three pDCIS cases were classified into two (i.e. high and low)
groups according to the median value of survivin immunoreacti-
vity. Pvalue <0.05 was considered significant and is in boldface.
®Data are presented as the number of cases and percentage.
All other values represent the median (min—-max).
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Table 7 Association of clinicopathological parameters and three
oestrogen-induced proteins between DCIS-c and IDC-c in 27
IDC patients

Parameter DCIS-c IDC-c P value
Nuclear grade®
Grades 1+2 24 (33%) 24 (25%) 0.99
Grade 3 3 (17%) 3 (17%)
ER LI (%) 80 (15-100) 80 (8~100)  0.97
PR LI (%) 40 (0-100) 40 (0-100)  0.56
HER2 status®
Negative 18 (67%) 19 (70%) 0.77
Positive 9 (33%) 8 (30%)
Ki67 Ll (%) 8(1-23) 12(1-32)  0.04

C-MYB immunoreactivity 5 (0-70)
RBAP46 immunoreactivity 69 (0-250)
Survivin immunoreactivity 100 (0~220)

3(0-70)  0.13
60 (0-230)  0.80
80 (0-150)  0.19

@Data are presented as the number of cases and percentage.
All other values represent the median (min—-max). P value
<0.05 was considered significant and is in boldface.

71% of IDC cases (Tanaka et al. 2000, Kennedy et al.
2003, Barnes et al. 2006, Sohn et al. 2006, Al-Joudi
et al. 2007, Hinnis et al. 2007, Kleinberg et al. 2007).
In particular, Barnes et al. (2006) reported that
cytoplasmic survivin immunoreactivity was signi-
ficantly (P=0.0001) frequent in pDCIS compared
with IDC, which is consistent with results of this study.
In addition, Barnes et al. also reported that the status of
survivin immunoreactivity was significantly correlated
with pDCIS recurrence and suggested that survivin was
involved particularly in an early event of breast
carcinoma development. Therefore, anti-apoptotic
effects of oestrogen may play an important role also
in pDCIS. Results of our present study also demon-
strated a positive association between the status of
survivin immunoreactivity and patients’ age in pDCIS
cases (Table 6). Considering a previous report that
polymorphisms in survivin promotor were associated
with the age of onset of ovarian cancer (Han et al.
2009), some factors other than oestrogen may be
involved in the development of pDCIS, but it awaits
further investigations for clarification.

Amari et al. (1999) examined the loss of hetero-
zygosity in tumours derived from 23 patients, which
harboured synchronous lesions of atypical ductal
hyperplasia (ADH), DCIS and IDC, and reported that
genetic alterations accumulate during cancer pro-
gression from ADH to DCIS and finally to IDC
(Amari et al. 1999). However, several groups reported
a close association of molecular features between
DCIS-c and IDC-c (Done et al. 1998, Half et al. 2002,
van der Groep et al. 2009, Burkhardt er al. 2010). In
this study, various clinicopathological features and
three oestrogen-induced proteins examined were not
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significantly different between DCIS-c and IDC-c in
ER-positive IDC cases. Therefore, alterations of
oestrogenic actions may mainly occur at the possible
transition from pDCIS to IDC, rather than the
intraductal to invasive growth of cancerous cells.
Further examinations are required to clarify molecular
features of oestrogen actions in pDCIS, which may also
contribute to improved histopathological diagnosis of
pDCIS through definitive differentiation from DCIS-c
of IDC in the biopsy specimen of human breast.

In summary, we examined the expression profiles of
oestrogen-induced genes in pDCIS using microarray
analysis to characterise molecular features of oestrogen
actions in pDCIS. Results demonstrated that one-third
of the genes examined were predominantly expressed
in pDCIS rather than DCIS-c or IDC-c of IDC cases.
Among these pDCIS-associated genes, C-MYB,
RBAP46 and survivin immunoreactivity was signi-
ficantly higher in pDCIS than that in DCIS-c or IDC-c
by subsequent immunohistochemical analysis. In
particular, C-MYB immunoreactivity was inversely
associated with Ki67 LI in pDCIS cases. These results
suggest that expression profiles of oestrogen-induced
genes in pDCIS are different from those in IDC, and
C-MYB, RBAP46 and survivin may play important
roles to characterise the oestrogen actions in pDCIS.
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Abstract

Background: Body mass index (BMI) may be an important factor affecting breast cancer outcome. Studies conducted
mainly in Western countries have reported a relationship between higher BMI and a higher risk of all-cause death or

breast cancer-specific death among women with breast cancer, but only a few studies have been reported in Japan so
far. In the present prospective study, we investigated the associations between BMI and the risk of all-cause and breast

been diagnosed.

cancer-specific death among breast cancer patients overall and by menopausal status and hormone receptor status.

Methods: The study included 653 breast cancer patients admitted to a single hospital in Japan, between 1997 and
2005. BMI was assessed using a self-administered questionnaire. The patients were completely followed up until
December, 2008. Hazard ratios (HRs) and 95% confidence intervals (Cls) were estimated according to quartile points of
BMI categories, respectively: <21.2, 2212 to <23.3 (reference), 223.3 to <25.8 and 225.8 kg/mz.

Results: During the follow-up period, 136 all-cause and 108 breast cancer-specific deaths were observed. After
adjustment for clinical and confounding factors, higher BMI was associated with an increased risk of all-cause death
(HR=261; 95% Cl: 1.01-6.78 for BMI 2258 vs. 221.2 to <23.3 kg/m?) among premenopausal patients. According

to hormonal receptor status, BMI 225.8 kg/m? was associated with breast cancer-specific death (HR = 4.95; 95% Cl: 1.05—
23.35) and BMI <21.2 kg/m2 was associated with all-cause (HR=2.91; 95% Cl: 1.09-7.77) and breast cancer-specific
death (HR=7.23; 95% Cl: 1.57-33.34) among patients with ER+ or PgR + tumors. Analysis by hormonal receptor status
also showed a positive association between BMI and mortality risk among patients with ER+ or PgR + tumors and with
BMI 2212 kg/m2 (p for trend: 0.020 and 0.031 for all-cause and breast cancer-specific death, respectively).

Conclusions: Our results suggest that both higher BMI and lower BMI are associated with an increased risk of mortality,
especially among premenopausal patients or among patients with hormonal receptor positive tumors. Breast cancer
patients should be informed of the potential importance of maintaining an appropriate body weight after they have

Keywords: Breast cancer, Survival, Body mass index, Hormone receptor, Menopausal status

Background

Many previous epidemiologic studies have demon-
strated that higher body mass index (BMI) is asso-
ciated with an increased risk of postmenopausal breast
cancer, whereas it is associated with a reduced risk of
premenopausal breast cancer [1]. Furthermore, some
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studies conducted mainly in Western countries have
found associations between higher BMI and a higher
risk of all-cause death [2-10] or breast cancer-specific
death [6,11,12] among women with breast cancer, al-
though other studies have found no such association
[13-16]. As various inconsistencies have been reported
across menopausal status between BMI and survival
among premenopausal [2,4,8,12,17-21] and postmeno-
pausal women [5,8,11,12,21], it is important to stratify
menopausal status in order to adequately assess the re-
lationship between BMI and mortality of breast cancer
patients.

© 2012 Kawai et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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In adipose tissue, conversion of androgens to estrogens
by aromatase occurs [22]. Estrogen accelerates breast
tumor growth via the estrogen receptor. Breast tumors
have estrogen or progesterone receptors, and tumor sub-
types defined by these receptors may represent biologic-
ally different entities [23,24] and influence the survival of
patients. Therefore it seems important to consider tumor
subtypes when evaluating the relationship between BMI
and mortality due to breast cancer, and in fact several
studies have already investigated the effects of tumor
subtype in terms of hormone receptor status
[2,4,9,10,13,14,20].

In Japan, two previous studies have assessed the rela-
tionship between BMI and survival in breast cancer
patients [25,26]. However, those studies were small in
scale and controlled for only a few known risk factors.
Only one previous study has addressed this issue in
terms of menopausal status [26], but no attempt has
yet been made to do so in terms of hormone receptor
status.

In the present study, therefore, we investigated the re-
lationship between BMI and the risk of all-cause death
and breast cancer-specific death among breast cancer
patients in terms of menopausal status and also hormone
receptor status using a hospital-based prospective cohort
study. Some known risk factors, tumor stage, and data
on the therapy used for breast cancer were taken into ac-
count as covariates. Analyses stratified according to
menopausal and hormone receptor status were per-
formed, along with analysis of the patients overall.

Methods

Study subjects

Between January 1997 and December 2005, 718 female
patients aged 29 years or over were newly diagnosed as
having breast cancer at the Miyagi Cancer Center Hos-
pital (MCCH). All of these patients were requested to
complete a questionnaire upon initial admission. After
diagnosis, their details were entered into the hospital-
based cancer registry and the patients were followed up.
This cancer registry recorded clinical and pathological
findings and information on antineoplastic treatments
for all patients with cancer admitted to the MCCH. The
MCCH is located in Natori City, situated in the southern
part of Miyagi Prefecture. It has 383 administrative beds,
and functions as both a general hospital and a compre-
hensive research institute for both all types of cancer and
benign diseases.

Among the 718 newly diagnosed breast cancer
patients, 664 (92.5%) completed the questionnaire. After
excluding 7 patients with a history of cancers other than
breast cancer, the 657 remaining patients were included
in the present study, which was approved by the ethical
review board of Miyagi Cancer Center.
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Questionnaire and clinical information

In January 1997, we began a survey in connection with
the present study. Information on lifestyle and personal
history was collected from all patients using a self-admi-
nistered questionnaire, which was distributed to patients
on the day of their reservation for initial admission to
the MCCH, ie., 10-15 days before admission, and col-
lected by nurses on the actual admission day. Details of
the questionnaire survey have already been described
elsewhere [27,28].

The questionnaire covers items on demographic char-
acteristics, current height and weight, family histories of
cancer and other diseases, general lifestyle factors before
the development of current symptoms including history
of smoking, menopausal status, and comorbidity of other
diseases.

Clinical information including tumor stage and treat-
ment, such as chemotherapy, radiation therapy and
endocrine therapy, was obtained from the MCCH hos-
pital-based cancer registry. Information on hormone re-
ceptor status, i.e. expression of the estrogen receptor
(ER) and progesterone receptor (PgR), was extracted
from medical records. To measure ER and PgR status,
enzyme immunoassay (EIA) was used in the early period
of the study. After mid-2003, immunohistochemistry
(IHC) was conducted. The cut-off point for receptor
positivity in the EIA was 14 fmol/mg for ER and 13
fmol/mg for PgR. In the IHC assay, a histology score
(HSCORE) of 220 for ER and one of >6 for PgR were
evaluated as positive [29]. The concordance between the
two assays was 94.3% for ER and 100% for PgR in the la-
boratory of the MCCH [29]. Receptor status was un-
known for ER in 69 cases (10.5%), PgR in 80 (12.2%)
cases, and both in 69 (10.5%) cases. 392 (59.7%) cases
were ER +and 318 (48.4%) were PgR +.

Ascertainment of exposures and follow-up

At the MCCH, initial therapy is administered after ad-
mission in principal. Therefore, data on weight and
height collected using the questionnaire was considered
to be pretreatment data. BMI was calculated as weight
divided by the square of current height (kg/m?). Height
and weight were measured by medical staff in a sub-
sample (n=315) of our study at the time of initial hos-
pital admission. The self-reported height and weight data
were highly correlated with the measured data (correl-
ation coefficient: 0.94 for height and 0.96 for weight).
Four patients for whom BMI values were missing were
excluded, leaving a final total of 653 patients for analysis.
We stratified the patients according to BMI quartile
points: <21.2 kg/m® 221.2 kg/m® to <233 kg/m?
>23.3 kg/m” to <25.8 kg/m* and >25.8 kg/m”. The BMI
category >21.2 kg/m® to <23.3 kg/m” was selected as the
reference.
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Follow-up was performed by reference to the MCCH
Cancer Registry up to December 31, 2008. Active follow-
up was conducted by accessing hospital visit records,
resident registration cards and permanent domicile data.
Information on the dates and causes of death was
obtained with permission from the Ministry of Justice.
During the study period, no subject was lost to follow-

up.

Statistical analysis

The end point of our analysis was all-cause death and
breast cancer-specific death according to the Inter-
national Classification of Disease for Oncology, Tenth
Edition (ICD-10). Survival time was calculated for each
patient from the date of diagnosis to the date of death or
the end of follow-up (December 31, 2008).

The Cox proportional hazards model was used to esti-
mate hazard ratios (HRs) and 95% confidence intervals
(CIs) for all-cause death and breast cancer-specific death
in relation to BMI [30]. Tests for trend were employed
in the Cox model for all BMI categories and for
>21.2 kg/m? respectively, because we expected the over-
all relationship of BMI to mortality to be U-shaped ra-
ther than linear (i.e, we expected women with BMI
<21.2 kg/m® have higher mortality than the reference
category). We considered the following variables to be
potential confounders: age, tumor stage (in situ or loca-
lized, local invasion, lymph node metastasis, distant me-
tastasis), hormone receptor status (ER+or PgR+, ER-/
PgR-), radiation therapy (no, yes), chemotherapy (no,
yes), endocrine therapy (no, yes) and comorbidities (no,
yes). Comorbidities included hypertension, ischemic
heart disease, stroke and diabetes mellitus. Smoking
(current, past, never), family history of breast cancer in
mother or sister (no, yes), and physical activity (almost
no, more than one hour per week, missing), some of
which have already been established as risk factors for
breast cancer, were also considered to be adjusted for
[31-33]. Missing values for confounders were treated as
an additional variable category, and included in the
model.

Separate analyses were conducted after dividing the
patients according to premenopausal or postmenopausal
status, along with analysis of the patients overall. Stratifi-
cation according to hormonal receptor status was also
performed. To evaluate heterogeneity of the associations
between BMI and all-cause death and breast cancer-spe-
cific death across menopausal status (premenopausal vs.
postmenopausal) and hormone receptor status (ER +or
PgR +vs. ER-/PgR-), interaction terms (BMI * meno-
pausal status, BMI * hormone receptor status) were
tested. Likelihood ratio tests were used to assess the sig-
nificance of heterogeneity by comparing the model in-
cluding the interaction term to the main-effects model.
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Menopause was defined as the cessation of menstrual
periods due to natural or other reasons, including sur-
gery. With regard to menopause due to other reasons,
we were unable to obtain any information about history
of oophorectomy; therefore, patients 44—57 years of age
(defined as the mean age at natural menopause +2 SD)
were regarded as having unknown menopausal status.

Results were regarded as significant if the two-sided P
values were <0.05. All statistical analyses were per-
formed using the SAS software package (version 9.2;
SAS Institute, Cary, NC).

Results

During a median follow-up period of 5.85 years, 136 all-
cause and 108 breast cancer-specific deaths were observed.
The characteristics of the patients at the time of breast
cancer diagnosis are shown in Table 1. Heavier patients
tended to have hormonal receptor-positive tumors. With
regard to hormone receptor status, 410 (62.8%) cases were
ER+or PgR+, and 174 (26.6%) were ER-/PgR-. Women
with higher BMI were more likely to be older, to be post-
menopausal, to exercise more, to have more comorbidities,
and to have hormone receptor-positive tumors.

Table 2 shows the association of BMI with all-cause
death. Compared to women with BMI 2212 to
<23.3 kg/m?, those with BMI <21.2 kg/m® were shown
to have a higher risk of death by age-adjusted analysis
(HR=1.73, 95% CI: 1.07-2.80), but not by multivariate-
adjusted analyses (1.60, 0.97-2.63). No dose-response
relationship was observed between BMI and all-cause
death (multivariate-adjusted p for trend =0.59). Analysis
limited to women with BMI >21.2 kg/m?* also demon-
strated no dose-response relationship (multivariate-
adjusted p for trend =0.11). Stratification by menopausal
status yielded inconsistent results. BMI had no signifi-
cant association with all-cause death among postmeno-
pausal women, whereas a significantly increased risk of
all-cause death was found among premenopausal obese
women (BMI 225.8 kg/m?) in both age-adjusted (2.49,
1.03-6.03) and multivariate-adjusted analyses (2.61,
1.01-6.78). For premenopausal women with BMI
>21.2 kg/m?, trend test demonstrated a marginal dose—
response relationship between BMI and all-cause death
(multivariate-adjusted p for trend=0.059). The trends
were not significantly different between premenopausal
and postmenopausal women with BMI >21.2 kg/m? (P for
heterogeneity of trends =0.11).

With regard to breast cancer-specific death, age-
adjusted analysis and multivariate-adjusted analysis
showed that women with BMI <21.2 kg/m?* were not at
higher risk (Table 3). No dose-response relationship be-
tween BMI and breast cancer-specific death was found.

Analysis stratified by hormonal receptor status demon-
strated differences in the risk of death across strata for
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Table 1 Characteristics of the study cohort
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BMI Total
< 21.2 >21.2 to< 23.3 > 23.3 to< 25.8 >25.8

Age (years) mean = S.D. 537 + 134 552+ 112 589+ 120 600+ 119 570+ 124
Person-years 963.0 10524 10201 9973 40328
Patients (n) 163 166 161 163 653
All-cause death (n) 42 27 29 38 136
Breast cancer-specific death (n) 34 21 26 27 108
Smoking (%)

Never 724 789 85.7 822 79.8

Current or Past 252 175 124 14.1 173

Missing 25 36 19 37 29
Stage (%)

In situ or Locarized 399 434 34.2 393 392

Lymph node Metastasis 307 349 416 356 357

Local Invasion 104 6.6 99 80 8.7

Distant Metastasis 1.8 24 50 31 3.1

Missing 172 127 93 14.1 133
Hormone receptor (%)

ER + or PgR+ 589 578 65.2 69.3 62.8

ER-/PgR- 282 30.1 255 227 266

Missing 129 120 93 80 106
Radiation therapy (%)

No 773 783 86.3 834 813

Yes 227 21.7 13.7 16.6 18.7
Chemotherapy (%)

No 74.8 76.5 752 785 76.3

Yes 252 235 248 215 237
Endocrine therapy (%)

No 755 759 79.5 712 755

Yes 245 241 205 288 245

No 95.1 92.8 90.7 86.5 913

Yes 49 72 93 135 87
Menopausal status (%)

Premenopausal 54.6 440 39.1 319 424

Postmenopausal 411 518 578 66.3 54.2

Missing 42 34 18 34
Physical activity (%)

Almost no 515 53.0 453 46.6 492

More than one hour per week 436 398 46.0 503 449

Missing 49 7.2 87 31 6.0
Comorbidities (%)

No 86.5 80.1 714 67.5 764

Yes 135 199 286 325 236

* Menopause was defined as the cessation of menstrual periods due to natural or other reasons including surgery.

® Includes hypertension/ischemic heart disease/stroke/diabetes mellitus.

During a median follow-up period of 5.85 years, 136 all-cause and 108 breast cancer-specific deaths were observed.
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Table 2 HR (95%Cl) of all-cause death associated with BMI overall and by menopausal status

BMI Patients Person- All-cause Age-adjusted Multivariate-adjusted
years death HR 95% Cl HR 95% Cl
All
<212 163 963.0 42 173 107 - 280 1.60 097 - 263
221210 <233 166 10524 27 1.00 (reference) 1.00 (reference) ?
2233 10 <258 161 1020.1 29 1.03 061-175 0.88 051 -151
2258 163 997.3 38 1.37 083 -225 146 087 - 244
p for trend 035 059
p for trend in women with BMi 221.2 0.18 011
Premenopausal
<212 89 556.1 18 204  088-469 175 0.71 - 429
221210 <233 73 5102 8 1.00 (reference) 1.00 (reference) ®
223310 <258 63 3916 1 174 070-435 161 063 - 411
2258 52 3198 13 249 1.03-6.03 261 1.01-678
p for trend 052 0.29
p for trend in women with BMI 2212 0.05 0.059
Postmenopausal
<212 67 3716 20 156 082-298 093 047 - 1.86
=212 to <233 86 500.7 17 1.00 (reference) 1.00 (reference) ®
2233 t0 <258 93 589.2 16 074  037-147 045 021 -094
2258 108 670.7 22 093 049 -175 0.72 036 - 145
p for trend 0.086 02
p for trend in women with BMI 221.2 091 071
Pre v Post p for heterogeneity of trends 0.13 024
Pre v Post p for heterogeneity of trends in women with BMI 221.2 0.09 0.11

® Adjusted by age, stage (in situ or localized, lymph node metastasis, local invasion, distant metastasis, missing), hormone receptor (ER +or PgR+, ER-/PgR-,
missing), radiation therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), smoking (current, past, never, missing), family history of breast cancer in
father, mother, brother or sister (no, yes), menopausal status (premenopausal, postmenopausal, missing), physical activity (almost no, more than one hour per

week, missing) and comorbidities (no, yes).

b Adjusted by age, stage, hormone receptor, radiation therapy, chemotherapy, endocrine therapy, smoking, family history of breast cancer in father, mother,

brother or sister, physical activity and comorbidities.

An increased risk of all-cause death was found among premenopausal women with BMI >25.8 kg/m?. Trend test for premenopausal women with BMI >21.2 kg/m?

also showed a marginal dose-response relationship.

ER/PR status (Table 4). Among women with ER+or
PgR + tumors, BMI was significantly associated with both
all-cause (multivariate-adjusted p for trend=0.02) and
breast cancer-specific death (multivariate-adjusted p for
trend = 0.031) if the women had a BMI of >21.2 kg/mz.
Heavier women (225.8 kg/m?) with ER + or PgR + tumors
showed a higher risk of breast cancer-specific death
(4.95, 1.05-23.35). BMI <21.2 kg/m?* carried a higher
risk of all-cause (2.91, 1.09-7.77) and breast cancer-spe-
cific death (7.23, 1.57-33.34) compared to women with
BMI >21.2 to <23.3 kg/m” No significant association
between BMI and all-cause and breast cancer-specific
death was found for ER-/PgR- tumors. For all-cause and
breast cancer-specific death, the trends were not signifi-
cantly different between ER+or PgR+and ER-/PgR-
women with BMI 221.2 kg/m* (P for heterogeneity of
trends = 0.10 and 0.13, respectively).

Discussion

This study demonstrated that higher BMI was signifi-
cantly associated with all-cause death among premeno-
pausal patients after adjustment for clinical and known
factors that are associated with the mortality risk of
breast cancer patients. Analysis stratified according to
hormonal receptor status showed that higher and lower
BMI were associated with increased risks of all-cause
and breast cancer-specific death only for patients with
ER +or PgR +tumors. Previous studies that investigated
the relationship between BMI and outcome in Japanese
breast cancer patients considered only a few known risk
factors as covariates, included only a small number of
cases, and did not assess hormone receptor status
[25,26]. Our study is of importance in having assessed
the relationship between BMI and all-cause or breast
cancer-specific death by taking into account multiple risk
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Table 3 HR (95%Cl) of breast cancer-specific death associated with BMI overall and by menopausal status

BMI Patients Person- Breast cancer- Age-adjusted Multivariate-adjusted
years specific death HR 95% Cl HR 95% Cl
All
<212 163 963.0 34 1.69 098 -292 159 090 - 2.81
221210 <233 166 10524 21 1.00 (reference) 1.00 (reference) @
2233 to <258 161 1020.1 26 132 074 - 2.35 1.20 066 -2.17
2258 163 997.3 27 1.40 0.79 - 249 146 081 - 2.64
p for trend 0.64 087
p for trend in women with BMI 221.2 0.20 0.18
Premenopausal
<212 89 556.1 15 1.60 0.68 - 3.80 122 047 -3.14
221210 <233 73 5102 8 1.00 (reference) 1.00 (reference) ®
2233 to <258 63 3916 11 1.77 0.71 - 441 162 063 - 4.20
2258 52 3198 10 195 Q.77 - 496 168 061 -465
p for trend 048 034
p for trend in women with BMI 221.2 018 0.51
Postmenopausal
<212 67 3716 15 1.89 087 -4.11 122 052 -286
2212 t0 <233 86 500.7 11 1.00 (reference) 1.00 (reference) ®
2233 t0 <258 93 589.2 13 1.09 049 - 245 079 032-193
2258 108 670.7 14 1.02 046 - 2.26 1.03 043 - 250
p for trend 0.15 0.56
p for trend in women with BMI 221.2 0.86 045
Pre v Post p for heterogeneity of trends 0.13 027
Pre v Post p for heterogeneity of trends in women with BMI 221.2 0.29 / 0.80

2 Adjusted by age, stage (in situ or localized, lymph node metastasis, local invasion, distant metastasis, missing), hormone receptor (ER+ or PgR+, ER-/PgR-,
Missing), radiation therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), smoking (current, past, never, missing), family history of breast cancer in
father, mother, brother or sister (no, yes), menopausal status (premenopausal, postmenopausal, missing), physical activity (almost no, more than one hour per

week, missing) and comorbidities (no, yes).

® Adjusted by age, stage, hormone receptor, radiation therapy, chemotherapy, endocrine therapy, smoking, family history of breast cancer in father, mother,

brother or sister, physical activity and comorbidities.

No dose-response relationship between BMI and breast cancer-specific death was found.

factors for breast cancer, in addition to menopausal sta-
tus and hormone receptor status, in Japanese women.
Our results demonstrated that higher BMI was signifi-
cantly associated with all-cause death among premeno-
pausal patients, and were consistent with several
previous observational studies of premenopausal or
younger women that demonstrated poorer overall sur-
vival with increased BMI [2,4,17,18,20]. A meta-analysis
including 43 studies showed that the effect of obesity on
higher all-cause or breast cancer-specific death was lar-
ger among premenopausal than among postmenopausal
women {21]. Our present results demonstrated that the
effect of higher BMI was greater for all-cause death than
for breast cancer-specific death (HR=2.61; 95% CL
1.01-6.78 for BMI >25.8 kg/m? for all-cause death; HR =
1.68; 95% CI: 0.61-4.65 for BMI >25.8 kg/m? for breast
cancer-specific death). One possibility is that women

with higher BMI have poorer overall survival because of
a higher risk of comorbidities. Therefore, we reanalyzed
the data after excluding patients who had comorbidities.
Within the limited statistical power, the effect of higher
BMI was significant for all-cause death among premeno-
pausal patients (HR =3.42; 95% CI: 1.23-9.47 for BMI
>25.8 kg/m? for all-cause death, p for trend for BMI
>21.2 kg/m?=0.0068) and not significant for breast can-
cer-specific death. These were perhaps potential media-
tors of the adverse effect of higher BMI in
premenopausal breast cancer patients, independent of
comorbidities.

In the present study, an association of higher BMI with
poorer outcome was seen in women with ER + or PgR +
tumors. This result is consistent with previous studies
that have indicated an association of higher BMI with
poorer outcome, being especially pronounced among
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Table 4 HR (95%Cl) of all-cause and breast cancer-specific death associated with BMI by hormone receptor status

BMI Patients Person- All-cause death Breast cancer-specific death
years Number of death HR?® 95% CI Number of death HR?® 95% Ci
ER + or PgR+
<212 96 581.5 18 291 1.09-7.77 16 723 157-3334
221210 <233 96 6125 6 1.00 (reference) 2 1.00 (reference)
2233 to <258 105 670.5 12 116 041-324 9 331 067 -1641
2258 13 7089 21 249 096 - 647 12 495 1.05-2335
p for trend 0.85 057
p for trend in women with BMI 221.2 0.02 0.031
ER-/PgR-
<212 46 2952 14 095 041-220 10 090 035-229
>21.21to <233 50 3507 12 1.00 (reference) 1 1.00 (reference)
2233 t0 <258 41 2650 13 072 030-175 13 088 035-221
2258 37 2419 11 094 038-233 9 100 038-264
p for trend 0.77 091
p for trend in women with BMI 221.2 0.96 0.98
ER + or PgR + v ER-/PgR- p for heterogeneity of trends 0.80 061
ER + or PgR + v ER-/PgR- p for heterogeneity of trends in women with BMI 221.2 0.10 0.13

2 Adjusted by age, stage (in situ or localized, lymph node metastasis, local invasion, distant metastasis, missing), radiation therapy (no, yes), chemotherapy (no,
yes), endocrine therapy (no, yes), smoking (current, past, never, missing), family history of breast cancer in father, mother, brother or sister (no, yes), menopausal
status (premenopausal, postmenopausal, missing), physical activity (almost no, more than one hour per week, missing) and comorbidities (no, yes).

Among women with ER+or PgR + tumors, BM! was significantly associated with both all-cause and breast cancer-specific death in those with BMI >21.2 kg/m?,
and lighter (BMI <21.2 kg/m? women also had a higher risk of all-cause and breast cancer-specific death.

women with hormone receptor-positive tumors [9,10].
Several hypotheses to explain why obese breast cancer
patients show poorer survival can be considered. Firstly,
there may be differences in sensitivity to estrogen among
tumors with different types of hormone receptors. A pre-
vious study found that hormone receptor-positive
tumors showed a better response to endocrine therapy
than ER-/PgR- tumors [34], indicating that ER + or PgR +
tumors are the most sensitive to estrogen hormone. Sec-
ondly, it has been postulated that higher estrogen concen-
trations may confer increased biological aggressiveness on
hormone receptor-positive tumors, as BMI is directly
related to circulating estrogen levels [22,35,36]. Thirdly,
higher BMI is associated with upregulation of a number
of cellular proliferation pathways [37]. Consequently,
obesity might lead to an increase of tumor cell prolifera-
tion and metastasis through undefined adipokine effects
on tumor cells [17]. For example, leptin, an adipocyto-
kine, is produced mainly by adipose tissue and is known
to act as a cancer growth factor [38], as well as
promoting angiogenesis and potentially stimulating the
growth of breast cancer cells, thus possibly leading to
reduced patient survival [39].

Our present multivariate-adjusted analysis showed that
BMI <21.2 kg/m?, i.e. low BMI, was associated with ele-
vated risks of both all-cause and breast cancer-specific
death among women with ER + or PgR + tumors. The re-
lationship between low BMI and higher cancer mortality

risk might be at least partly explained by the presence of
circulating tumor cells (CTCs) in the peripheral blood of
patients [40]. CTCs are derived from clones in the pri-
mary tumor [41] and are thought to become scattered to
various organs, leading to the development of distant
metastasis [42]. In patients showing chronic undernutri-
tion, cytokine reactions and subsequent activation of the
immune system are compromised, which might affect
the tumor-immune system interaction in distant organs
[43]. In this study, the BMI <21.2 kg/m?* category might
have included undernourished patients as well as prop-
erly nourished, naturally lean patients. This may have
partly contributed to the increased risk of all-cause and
breast cancer-specific death. Another reason for the rela-
tionship between the BMI <21.2 kg/m” category and
higher risk of cancer mortality might have been the
slightly higher proportion of patients with advanced-
stage breast cancer. Therefore, we attempted to analyze
the data by omitting cases of advanced breast cancer.
However, this analysis yielded almost the same results
(data not shown).

The major strengths of the present study were that no
subject was lost to follow-up during the study period.
The MCCH Cancer Registry conducts active follow-up
by accessing hospital visit records, resident registration
cards and permanent domicile data. In cases of death oc-
curring outside the hospital, information on the date and
cause of death was obtained with permission from the
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Ministry of Justice. Another strength was the relatively
low proportion of patients for whom data on hormone
receptor status were missing (10.6%). In previous studies,
the proportion of patients for whom data on ER and/or
PgR status were missing ranged from 5.0% to 48.1%
[2,4,9,10]. Distribution of receptor status for ER and PgR
was roughly the same as those in previous studies which
investigated 3,089 patients from ten hospitals in Japan
[44]. A further strength was that it gave consideration
not only to clinical stages but also to treatments such as
chemotherapy, endocrine therapy and radiation therapy
from an epidemiological viewpoint.

Several limitations of our study should also be consid-
ered. First, although BMI has been accepted as an index
of obesity, it cannot be used to identify the distributions
of fat and muscle tissue. Second, we used self-reported
BMI at the baseline, and there may have been a mis-
classification of exposure due to self-reported weight and
height. However, the self-reported current height and
weight data were highly correlated with measured data,
and therefore any possible bias was likely small. Third,
stratification by hormone receptor status may have
resulted in false positive or false negative results. The
95% Cls were wide for HRs by hormone receptor status,
suggesting that statistical power might be limited be-
cause of relatively small number of patients and all-cause
and breast cancer-specific deaths. To obtain reliable
results with this stratification, subsequent recruitment of
patients and follow-up will be required. Fourth, the
generalizability of our results to the Japanese population
as whole may be limited because our study was con-
ducted among a population living in a rural area. More
studies are needed to verify our results instead of to as-
sess the generalizability.

Conclusions

In conclusion, being obese is a risk factor for all-cause
death in premenopausal women and a risk factor for all-
cause and breast cancer-specific death in patients with
ER+or PgR+tumors. Lower BMI is associated with
higher all-cause and breast cancer-specific death in
patients with ER + or PgR + tumors. As higher and lower
BMI are directly related to mortality [45], it is important
to maintain an appropriate body weight for height.
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