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the present study, there was no significant relationship
between the presence of TIL and tumor cell apoptosis in
TNBC. However, recent studies demonstrated that tumor
cell death induced by chemotherapy can promote cytotoxic
T-lymphocyte response that confers permanent antitumor
immunity [30, 31]. We used histological examination only
to identify apoptotic cancer cells. However, it would be
more informative to add other techniques, such as the
TUNEL method or immunohistochemistry, to identify
apoptosis from multiple angles.

We revealed no correlation between the expression of
basal-like markers and response to NAC in all of the breast
subtypes examined. Although the significance of basal-like
markers for clinical outcome is controversial [32-34], a lack
of association between basal-like markers and chemosensi-
tivity or prognosis has been demonstrated when breast can-
cers are divided into subtypes on the basis of ER and HER2
positivity [33, 34]. Nuclear p53 has been shown to be fre-
quent in TNBC [35], but the significance of p53 as a pre-
dictive marker for pCR is also controversial [36]. In the
present study we were unable to demonstrate any significant
impact of p53 as such a marker.

It is unknown whether TILs cause susceptibility to
chemotherapy, or they are simply a possible marker of
chemosensitivity. There are reports that showed TILs are a
predictor of response to neoadjuvant chemotherapy in
breast cancer [37, 38]. Hornychova et al. reported that the
infiltration of CD3" T-lymphocytes and CD83™ dendritic
cells were correlated with the effectiveness of primary
chemotherapy, evaluated as pCR [38]. Denkert et al.
showed that T-cell-related markers CD3D and CXCL9
expression were significantly associated with pCR [37].
Several studies suggested possible mechanisms of tumor-
immune interaction in response to chemotherapy. pCR to
neoadjuvant chemotherapy was shown to be associated
with an immunologic profile combining the absence of
immunosuppressive Foxp3™ regulatory T cells and the
presence of a high number of CD8" T cells and cytotoxic
cells [28]. These reports suggest subsets of TILs caused
susceptibility to chemotherapy.

In conclusion, we have demonstrated that the various
breast cancer subtypes classified by ER, PgR, and HER2
status have different pathological characteristics and pre-
dictive factors for response to chemotherapy. TNBC with a
high score for TIL and apoptosis is more likely to respond
to chemotherapy. Therefore, in patients with TNBC, the
immune response appears to influence on the response to
chemotherapy. Further examination is warranted to eluci-
date the mechanism involved in the immune response
component of chemosensitivity.
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Abstract

Background Triple negative (TN) breast cancer is defined
as a subtype that is negative for estrogen receptor (ER),
progesterone receptor (PgR), and human epidermal growth
factorreceptor 2 (HER2). To clarify the characteristics of TN
breast cancer, surveillance data of the Registration Com-
mittee of the Japanese Breast Cancer Society were analyzed.
Method Of 14,748 cases registered in 2004, 11,705
(79.4%) were examined for ER, PgR, and HER2. Of these,
the most prevalent (53.8%) was a hormone-responsive
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subtype with ER positive/PgR positive/HER2 negative,
followed by TN subtype (15.5%).

Results  The proportion of postmenopausal patients was
relatively high in the TN subtype. This cancer was diag-
nosed at a slightly advanced stage and with more cases
positive for lymph node metastases than other subtypes.
Morphologically, the TN subtype was more frequently
classified as solid-tubular carcinoma. Mucinous, tubular, or
secretary carcinomas were frequently found in the hormone
receptor positive/HER2 negative subtype, while squamous
cell carcinoma, spindle cell carcinoma, and metaplastic
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carcinoma with bone/cartilage metaplasia were very fre-
quently found in the TN group. Apocrine carcinoma was
also found very frequently in the TN group. Selection of
chemotherapy was not based on receptor subtypes, but was
determined by the degree of tumor progression.
Conclusions  Although TN types are similar to basal-like
breast tumor, as determined by gene profiling, their diag-
nosis needs verification by determination of the level of
epidermal growth factor receptor or cytokeratin 5/6
expression. TN type should be examined further for
immunohistochemical features and analyzed for prognostic
details in this cohort.

Keywords Triple negative tumor - Breast cancer -
Surveillance data

Introduction

Triple negative (TN) breast cancer represents a subtype
that is negative for the three main prognostic/predictive
receptors for breast cancer, namely, estrogen receptor (ER),
progesterone receptor (PgR), and HER2 (human epidermal
growth factor receptor type 2) [1]. ER and/or PgR positive
cancer, which means hormone receptor (HR)-positive
cancer, usually responds to endocrine therapy. Cancers
scored immunohistochemically as 3+ or 2+ and that are
‘fluorescence in situ hybridization” (FISH)-positive are
regarded as HER2-positive and are targets for treatment
with trastuzumab and other agents aimed at HER2. How-
ever, currently no targeted therapeutic agents have been
identified specifically for TN breast cancer, and the only
option at present is conventional systemic chemotherapy.
In this context, it is essential to be familiar with the bio-
logical features of TN breast cancer in order to develop the
best therapeutic strategy [1-3].

An alternative approach to subtyping breast cancers has
been developed by Sgrlie et al. [4, 5], who classified breast
cancer into four or more intrinsic subtypes on the basis of
gene profiling acquired from microarray analyses of a large
number of breast cancer tissue specimens. In their classi-
fication, the first was called a basal-like subtype; it shared
some characteristics with basement membrane cells and
had a high proliferative capability [6]. The second was the
HER2 (ErbB2) subtype, in which HER2 and related genes
were overexpressed and ER-related genes were under
expressed. This subtype was also relatively highly prolif-
erative and expected to respond to trastuzumab. The third
subtype had normal epithelium (normal-like subtype), but
its other significant features have yet to be established. The
fourth was called the luminal subtype, which expressed
various amounts of ER-related genes that could be further
subclassified into luminal A or B. If a connection can be
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found between the intrinsic subtypes and ‘classic’ breast
cancer subtypes based on receptor status, the correlation is
best understood by contrasting the basal-like subtype to TN
breast cancer, as the former is positive for cytokeratin 5/6
or epidermal growth factor receptor (EGFR) (HER1).

The basal-like subtype accounts for 15-20% of breast
cancers, irrespective of the method of analysis or ethnic
group [6]. However, premenopausal African—American
patients have a significantly higher incidence of this sub-
type compared to other patients [7]. It is well known that
the pathological and biological characteristics of breast
cancer are significantly worse in young African-American
patients and that they show a clinically poor prognosis. In
contrast, the basal-like subtype is relatively uncommon in
breast cancers diagnosed in Japanese women; in 793 breast
cancer patients, only 8% were this genetic subtype [8]. A
significant overlap has been repeatedly demonstrated
between the biological and clinical characteristics of spo-
radic TN breast cancers and basal-like subtypes, and breast
carcinomas arising in BRCA1 mutation carriers [5].

In the receptor subtype determination, there is an
ongoing debate on how to determine what to take as the
cutoff value for deciding the positive/negative expression
levels of hormone receptors. For example, there is no
agreement at present on whether ‘negative’ should be
based on: (1) no expression, (2) a score of 0 or 2 on the
Allred Score [9], which takes into account the number of
positive cells and the intensity of staining for the receptor
in question, or (3) the proportion of receptor-positive cells
less than 10% [10].

The purpose of this study was to disclose clinicopatho-
logical features of TN breast cancer. With the support of
the Registration Committee of the Japanese Breast Cancer
Society, we analyzed about 11,000 cases registered in 2004
in order to classify them by receptor subtypes based on
expression levels of ER/PgR/HER2 and to analyze the
clinicopathological characteristics of TN tumors.

Materials and methods
Basic data of patients

Comprehensive data on breast cancer patients diagnosed in
Japan in 2004 were registered by the Registration Com-
mittee of the Japanese Breast Cancer Society, who reported
the final registry data in 2008, although patient outcome
data have not been published yet. The registrations were
made by 352 institutions and included 14,749 cases. The
data collected were: age, clinicopathological features of the
tumor including size, presence of lymph node metastases,
and receptor status (ER, PgR, and HER2), surgical tech-
niques, and regimens of chemotherapy.

@ Springer
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(%) Table 1 Receptor subtype and status
60.0 Subtype ER/PgR/HER2 status
50.0 - Receptor profile ER/PgR/HER2
20.0 HR+/HER2— ER+ and/or PgR+, +lH =, ==, =I+I—
: HER2-
30.0 HR+/HER2+ ER+ and/or PgR+, 4, =14, =1+
HER2+
200 - 155 HR—/HER2+ ER-— and PgR—, HER2+ —/—/+
10.0 L a4 . 8:2 Triple negative ER—, PgR— and HER2— —/—/—
- % oo - +, Positive; —, negative
0-0 —
ER + + - + + - - - employed to make inter-group comparisons in the number
PgR  + = + + » + & = of cases and mean values. A significance level was set at
HER2 - - = Gl + + & less than 0.01 when multiple comparisons were required
Fig. 1 Breast cancer surveillance data reported by the Japanese ~ between four groups.

Breast Cancer Society

Individual participating institutions determined ER,
PgR, and HER?2 status by their own in-house method, as
well as the other criteria for the registration. In 2004 the
status of ER and PgR was being determined by the
immunohistochemical (IHC) technique using monoclonal
antibodies. Additionally, the cutoff level was mainly
adopted to a score of between 2 and 3 on the Allred Score
[9], or 10% as a staining proportion [10]. Tumors that were
immunohistochemically scored as 3+, or scored 2+ with
FISH-positive, were regarded as HER2-positive in a
majority of individual participating institutions.

Subanalysis of receptors

Subanalysis was performed by permission of the Regis-
tration Committee and the Board of the Japanese Breast
Cancer Society. Status of ER, PgR, and Her2 had been
determined in 11,705 cases (79.4% of all registered cases),
of which 1,819 cases (15.5%) were registered as negative
for any one of ER/PgR/HER2. The most prevalent subtype
was ER+/PgR+/HER2— (53.8%), followed by TN breast
cancer (15.5%) (Fig. 1).

Receptor subtypes were divided according to their ER/
PgR/HER?2 profiles: the HR+/HER2— subtype was posi-
tive for ER and/or PgR and negative for HER2; the HR+/
HER2+ subtype was positive for ER and/or PgR and
positive for HER2; the HR—/HER2+- subtype was negative
for both ER and PgR and positive for HER2; the triple
negative (TN) subtype was negative for all three receptors,
ER, PgR, and HER2 (Table 1)

Statistical processing

Fischer’s exact test was used to compare various preva-
lence rates among the groups. Unpaired f test was

a Springer

125

Results
Patient backgrounds

The relative proportions of the four cancer subtypes were:
HR+/HER2— subtype, 68.7%; HR-+/HER24 subtype,
7.6%; HR—/HER?2 subtype, 8.3%; and TN subtype, 15.4%.
There was no difference in mean age between the groups.
The incidence of bilateral breast cancer was significantly
lower in HER2-positive subtypes than in HER2-negative
subtypes (P = 0.040). The proportion of premenopausal
patients was significantly greater in HR-positive groups
(i.e., HR+/HER2— and HR+/HER2+ subtypes) than in
the HR-negative groups (i.e., HR—/HER2+ or TN sub-
type) (P < 0.001). There were no significant differences
between subtypes with respect of family history of breast
cancer, height, body weight, or body mass index (BMI)
(Table 2). Regarding disease stage, 37.2% of the HR+/
HER2— subtype were diagnosed at stage I, indicating
relatively early initiation of therapy, whereas the preva-
lence of stage I at diagnosis in HER2 was only 14.2%,
which meant these patients received their first treatment at
the slightly advanced stages of II-IV (Fig. 2).

Clinical findings

HR+/HER2— subtype was detected at an earlier stage than
the other subtypes, that is, when the tumor was somewhat
smaller in diameter, and compared advantageously in the
incidence of node metastases especially with the ER—/
HER2+ subtype. There was a tendency for the incidence of
distant metastases to be higher in the HER2-positive groups
(i.e., ER+/HER2+ and ER—/HER2+ subtypes) and for
breast-conserving therapy to be less frequently performed in
patients with the HR—/HER2+ subtype (Table 2).
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Table 2 Patient background and clinicopathological data

Receptor subtype

HR+/HER2— HR+/HER2+ HER2 TN
Number of patients (%) 8,039 (68.7) 892 (7.6) 977 (8.3) 1,797 (15.4)
Age median (range) 56 (NR-100) 54 (23-93) 56 (22-95) 57.5 (NR-94)
Ratio of bilateral breast cancer (%) 6.6" 5.9 4.8 6.2°
Incidence of breast cancer family history (%) 8.6 8.4 24.1 28.1
Ratio of premenopausal patients (%) 37.1° 38.8° 24,14 2814
Height (cm) mean + SD 1543 + 6.3 154.9 + 6.1 154.0 £ 6.2 153.8 + 6.3
Weight (kg) mean = SD 54.7 £ 9.0 545+ 8.8 539 £ 8.6 542 £ 9.0
BMI mean + SD 230 + 3.7 22T 35 227 £33 229 1+ 3.5
Tumor size (cm) mean £+ SD 2.6 £ 2.1° A2 3.5+ 2.6 34+27
Incidence of positive lymph node involvement (%) 20.6 34.9 38.5 322
Incidence of distant metastasis (%) 2.5 5.6 5.6 3.2
Incidence of breast-conserving surgery (%) 53.9 41.3 35.1 45.0

NR no record

* HER?2 positive versus "HER2 negative according to ratio of bilateral breast cancer; P = 0.040, Fisher’s exact probability test

¢ Hormone receptor-positive group versus Yhormone receptor-negative group according to the ratio of premenopausal patients; P < 0.0001,

Fisher’s exact probability test

¢ HR-+/HER2— subtype versus “TN subtype according to tumor size; P < 0.00001, standard ¢ test of mean and standard deviation (SD)

(%)

m Triple Negative
HR-/HER2+
HR+/HER2+
HR+/HER2-

Fig. 2 Stage at diagnosis by receptor subtype

Pathological findings

From a viewpoint of morphologic classification, whereas
scirrhous carcinoma was most frequently found in ER+/
HER2— subtype, solid-tubular carcinoma prevailed in TN
breast cancer (Fig. 3). As to breast cancers of special types,
mucinous carcinoma occurred rarely in the TN group, but
was quite frequent among ER+/HER2— subtype patients
(Fig. 4a). Invasive lobular carcinoma was found reasonably
frequently in the HR+/HER2— type (Fig. 4b). Tubular and
secretary carcinomas were mostly found in patients with a
HR+/HER2— subtype (Fig. 4c).
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Triple
Negative

»III

B Ductal carcinoma in situ (DCIS)
B Papillo-tubular carcinoma
|

HR+/HER2- HR+/HER2+ HR-/HER2+

Solid-tubular carcinoma
Scirrhous carcinoma

Fig. 3 DCIS and histological subtypes of invasive ductal carcinoma
(IDC) by receptor subtype

Medullary carcinomas were observed frequently in the
TN group (Fig. 4d). Squamous cell carcinoma, spindle cell
carcinoma, or metaplastic carcinoma with bone/cartilage
metaplasia was likewise very common in patients in the TN
subtype (Fig. 4e). This group also included the highest
percentages of apocrine carcinomas (Fig. 4f).

Selection of chemotherapeutic regimens

Two main chemotherapeutic regimens were administered:
(1) anthracycline-containing regimens (ACR), which
included: doxorubicin plus cyclophosphamide (AC),
epirubicin plus C (EC), C plus A plus 5-fluorouracil (CAF)
and CEF, and (2) taxane (paclitaxel or docetaxel)-containing
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Fig. 4 a Incidence of mucinous carcinoma by receptor subtype. b Inci-
dence of invasive lobular carcinoma by receptor subtype. ¢ Incidence of
tubular or secretary carcinomas by receptor subtype. d Incidence of

Table 3 Chemotherapy according to receptor subtype

medullary carcinoma by receptor subtype. e Incidence of metastatic
carcinoma by receptor subtype. f Incidence of apocrine carcinoma by
receptor subtype

Subtype

HR+/HER2— HR+/HER2+ HR—/HER2+ TN
Number of cases 8,039 892 977 1,797
Node positive cases (%) 20.6 349 38.5 322
Number of patients treated by chemotherapy 3,913 696 940 1,563
Incidence of patients treated by ACR (%) 28.3 45.0 53.7 49.5
Incidence of patients treated by taxanes (%) 16.9 29.9 36.7 29.2
Incidence of neoadjuvant chemotherapy (%) 25.0 33.9 27.2 25.0

ACR anthracycline-containing regimen

regimens. In one patient there was a possibility that these
two main regimens might have been administered con-
comitantly. ACR was administered to 28.3% of HR-+/
HER2— subtype tumors and taxane-based regimens to
16.9%. However, the incidence of axillary lymph nodes
metastases was 20.6% in this subtype, which was smaller
compared to other subtypes. In the other three subtype
groups, as shown in Table 3, patients invariably received
ACR or taxane regimens. Although the incidence of neo-
adjuvant chemotherapy was almost identical in each sub-
type group, the HR4+/HER2+ group tended to be treated
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with this type of chemotherapy a little more frequently
(Table 3).

Discussion

Of 14,749 breast cancer cases in Japan in 2004, 11,705
(79.4%) were examined for their ER, PgR, and HER2
status. TN tumors, defined as negative for all three recep-
tors, accounted for 15.5% (1,819 cases). This was the
largest collection of data on the prevalence rate of TN
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tumors in Japan and was gathered from a large patient
sample. Although there were no restrictions placed on the
various centers for the methods they used for determining
the presence of the receptors, or the criteria employed for
their definition, we assumed that most cases had been
examined using immunohistochemistry, since this tech-
nique for the detection of the receptors was in widespread
use in 2004. It is possible that the hormone receptor status
of some cases in this current study were incorrectly
determined, because the definition criteria had not been
established at that time in 2004. Most Japanese institutions
regarded O or 2 on the Allred score as negative; others used
a cutoff value of 10% for the determination of ER/PgR.
Currently, the criteria for HER2 positivity are: 3+ with the
[HC method, or 2+ with the [HC method and positive with
the FISH method. However, in 2004, a tumor was defined
as positive for HER2 if the IHC method resulted in 3+
alone, or in 24 3+.

Hence, in the present analyses, there were no strict
criteria in place for the determination of ER, PgR, or
HER2, leaving each institution to apply its own criteria.
Now, however, it is considered that standardized analytical
methods and definition criteria have been adopted nation-
wide, so that future analyses will be more reliable. Nev-
ertheless, despite this limitation, we consider that the
results of this population study are clinically very signifi-
cant because of the large number of cases (over 11,000)
and participating institutions (over 350).

The basal-like subtype accounts for 15-20% of breast
cancers, irrespective of the method of analysis or ethnic
group [6]. However, premenopausal African—American
patients have a significantly higher incidence of this
subtype compared to other patients [7, 11]. It is well
known that the pathological and biological characteristics
of breast cancer are significantly worse in young African—
American patients and that they show a clinically poor
prognosis. Therefore, the high incidence of basal-like
subtype in young African—~American patients correlates
with the high histological grade of the tumors and the
poor prognosis of the disease in this specific patient
subgroup. On the other hand, it has been reported that this
basal-like subtype is comparatively rare in Japanese
women, with an incidence of only 8% documented in a
recent study of 793 breast cancer cases in Japan [8]. We
were interested in a possible familial nature of TN
tumors, because of suggestions of a link to BRCAI
mutation. In the present study, however, we could not find
any evidence of a family history of breast cancer in this
subtype or that it affected younger women than other
subtypes. This may have been due to the fact that various
subtypes of breast cancer are included in the definition of
‘TN,” although the basal-like subtype is thought to
comprise 40-80% of cases [7, 12].
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On the other hand, HR4+-/HER2— subtype tumors tended
to be smaller and the patients freer of lymph node metas-
tases at the time of diagnosis, while the HER2 subtypes
were often positive for regional or distant lymph node
metastases. This finding indicates the HR+/HER2— sub-
type tends to be detected at an earlier stage than the HR—/
HER2+ subtype, which was characteristically diagnosed at
an advanced stage. However, even if these tumors were
both detected at an early stage, the difference in outcome
would not be affected since HER2-positive tumors progress
more rapidly.

Regarding histological subtypes, scirrhous carcinoma
and solid-tubular carcinoma tended to be found more fre-
quently in the HR+/HER2— and the TN subtypes,
respectively. Although invasive lobular carcinoma was also
found in the TN type, its true incidence is unclear as it is
rarely difficult to distinguish from scirrhous carcinoma.
This TN subgroup also included many cases of medullary
and metaplastic carcinomas. Spindle cell and squamous
cell carcinomas of the TN tumors showed metaplasia
derived from invasive ductal carcinoma and exhibited
characteristics of basal-like tumors [12]. However, med-
ullary and apocrine carcinomas, which were included in the
metaplastic carcinomas, have a better prognosis than the
common type and, among TN breast cancers, should be
regarded as different from the more common basal-like
breast cancer.

There was no apparent correlation between the choice of
chemotherapeutic regimen and tumor receptor subtype,
both an anthracycline-containing regimen (ACR) and tax-
anes were used depending on the degree of progression.
Neoadjuvant therapy was used in 27.2 and 25% of HR—/
HER2+ and TN tumors, respectively, indicating that in
2004 this therapy was being used in large resectable
tumors.

In conclusion, we analyzed data from a large number of
breast cancer cases registered by the Japanese Breast
Cancer Society in order to characterize and advance our
understanding of the TN subtype of breast cancer. The
present study demonstrated that it was important to estab-
lish standard analytical methods and criteria for detection
of ER, PgR, and HER2 and that in particular it was nec-
essary to define TN breast cancer more carefully. In the
future, we need to follow up the prognosis and response to
chemotherapy in these TN breast cancer cases in an attempt
to characterize the subtype in more detail [2]. TN breast
cancer simulates basal-like tumor, which has been classi-
fied from gene profiles. The basal-like type of TN breast
cancer is diagnosed by IHC methods based on the
expression of EGFR and cytokeratin 5/6. We are looking
into further analyzing the cases from the 2004 registry from
the perspectives of immunohistochemistry, prognosis, and
use of adjuvant chemotherapy.
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Abstract Chemokine receptor CXCR4 is known to be
crucially involved in tumor progression, but the role of
its ligand, stromal cell-derived factor-1 (SDF-1), remains
unclear. The present study was conducted to clarify the clin-
icopathological and prognostic impact of SDF-1 expression in
invasive breast cancers. Expression of SDF-1 mRNA and
protein was examined in five breast cancer cell lines with or
without estradiol treatment. In 52 surgically resected breast
cancers, the level of SDF-1 mRNA in frozen samples and the
pattern of SDF-1 protein immunoreactivity in formalin-fixed
paraffin-embedded tissue sections were compared. In another
cohort of 223 breast cancers, the correlation between SDF-1
immunoreactivity and clinicopathological parameters was
examined using a tissue microarray. Estradiol treatment
markedly increased the expression of SDF-1 mRNA and
protein in the estrogen receptor (ER)-positive cell lines, MCF-
7 and T47D. Among the 52 resected breast cancers, those with
a cytoplasmic-dominant pattern of SDF-1 expression showed
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higher SDF-1 mRNA levels (median 27.4) than those with
a membrane-dominant or negative pattern (median 13.6,
P = 0.0017). Accordingly, the cytoplasmic-dominant pattern
was defined as “high SDF-1 expression,” and other patterns
were defined as “low SDF-1 expression.” Among the cohort
of 223 tumors, “high SDF-1 expression” was detected in 158
(70.9%) and was significantly correlated with ER positivity
(P < 0.0001), HER2 negativity (P = 0.021), and lower grade
(P < 0.0001). Univariate analysis demonstrated that “high
SDF-1 expression™ was a significant indicator of better clin-
ical outcome in both the entire patient cohort (P = 0.017) and
the 133 patients with ER-positive tumors (P = 0.036), but not
in the 90 patients with ER-negative tumors. Multivariate
analysis showed that SDF-1 status was an independent factor
related to overall survival in patients with ER-positive tumors
(P = 0.046). SDF-1 status is a significant prognostic factor
and may be clinically useful for assigning adjuvant therapy to
patients with ER-positive invasive breast cancers.

Keywords SDF-1 (CXCL12) - Breast cancer -
Estrogen receptor - Estrogen-regulated genes -
Immunohistochemistry

Abbreviations

SDF-1  Stromal cell-derived factor-1
ERG  Estrogen-regulated gene
TMA  Tissue microarray

ER Estrogen receptor alpha

PR Progesterone receptor
Introduction

Breast cancer is one of the most serious and prevalent dis-
eases affecting women worldwide. Although age-adjusted
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rates of breast cancer incidence are decreasing in the United
States and the United Kingdom, they are still increasing in
Asian countries including Japan [1]. The clinical outcome
of patients with breast cancer in Japan has improved over
the last 50 years [2], and this has been partly attributable to
advances in adjuvant endocrine therapy and chemotherapy
[3].

Approximately 70% of breast cancers are known to
express estrogen receptor alpha (ER) and are considered
to be hormone-dependent. Estrogens regulate the
expression of various genes, and these estrogen-regulated
genes (ERGs), including those encoding progesterone
receptor (PR), transforming growth factor (TGF)-alpha,
cyclin D1, bel-2, and estrogen-responsive finger protein
(Efp), have been shown to play various roles in estrogen
signaling. Furthermore, ERGs are considered to be
potential predictive biomarkers of response to hormonal
therapy [4]. Currently, however, PR is the only ERG
whose expression is used routinely to determine whether
endocrine therapy is needed [5]. Recently, Hall and
Korach [6] have revealed that the transcriptional activa-
tion and protein expression of stromal cell-derived factor-
1 (SDF-1), also known as CXCLI12, are regulated by
estradiol in ER-positive breast cancer and ovarian cancer
cell lines.

SDF-1, which was initially cloned from murine bone
marrow stromal cells and characterized as a pre-B-cell
growth-stimulating factor [7, 8], is a small chemotactic
cytokine belonging to the CXC chemokine family. In
cooperation with its cognate receptor, CXCR4 [chemokine
(C-X-C motif) receptor 4], the CXCR4/SDF-1 axis plays
various roles in many normal and pathological processes
including embryogenesis, hematopoiesis, immunological
homeostasis, human immunodeficiency virus infection, and
the progression of rheumatoid arthritis. Furthermore, in
various types of cancer, including breast cancer, CXCR4
on tumor cells has been shown to be critically involved in
tumor progression [9]. In contrast, only a limited number of
studies have investigated tumor-derived SDF-1, and the
significance of this molecule in tumor biology is not fully
understood [10].

In order to elucidate the clinicopathological role of
tumor-derived SDF-1 in breast cancer, we examined the
expression of SDF-1 protein using immunohistochem-
istry and that of SDF-1 mRNA by quantitative real-time
reverse transcription-polymerase chain reaction (RT-
PCR) analysis in surgically resected specimens of
invasive breast cancer. In parallel, we also examined
SDF-1 expression in five human breast cancer cell lines
with and without estradiol treatment to acquire sup-
portive evidence for SDF-1 expression in breast cancer
tissues.
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Materials and methods
Cell lines

The human breast cancer cell lines MCF-7, T47D, MDA-
MB-231, MDA-MB-435, and MDA-MB-436 were pur-
chased from the American Type Culture Collection
(Rockville, MD, USA). Experiments using these cell lines
were performed within 6 months. The cells were cultured
in Dulbecco’s MEM (DMEM) containing 10% fetal bovine
serum and penicillin—streptomycin (100 U/ml). Before all
of the experiments, the cells were cultured for 48 h in
phenol red-free DMEM with 10% charcoal/dextran-treated
fetal bovine serum.

Quantitative RT-PCR

Total RNA was extracted by using RNeasy Mini (Qiagen,
Hilden, Germany) from the five cell lines, 52 samples of
frozen tumor tissue, and 13 samples of frozen mammary
gland tissue without any apparent histological abnormality.
Each RNA sample was subjected to complementary DNA
synthesis, and quantitative RT-PCR was performed with
the ABI Prism 7500 Sequence Detection System (Applied
Biosystems, Scoresby VIC, Australia). The TagMan® Gene
Expression Assay used was Hs00171022_m1 for SDF-1.
The expression of 18s-rRNA was assessed as an internal
control in order to verify mRNA integrity. In quantitative
RT-PCR analysis using frozen tissue samples, the expres-
sion level of SDF-1 mRNA was calculated by the delta-
delta Ct method for each sample.

Enzyme-linked immunosorbent assay (ELISA)

For quantification of SDF-1 secreted into the supernatant of
the cell lines, a DuoSet ELISA Development System (R&D
Systems, Minneapolis, MN, USA) was used in accordance
with the manufacturer’s instructions. Each experiment was
performed three times, and mean values were calculated.

Immunofluorescence

Cells were fixed with 4% paraformaldehyde for 10 min at
room temperature, followed by a wash with 0.5% Tween
20 in phosphate-buffered saline (PBS). The cells were then
incubated with mouse monoclonal anti-human SDF-1
antibody (MAB350, R&D Systems) or murine IgG isotype
control monoclonal antibody (MAB002, R&D systems),
and SDF-1 protein and murine IgG background staining
were visualized using fluorescein-isothiocyanate (FITC)-
conjugated goat anti-mouse antibody as a secondary
antibody (AP192F, Chemicon, Temecula, CA, USA).
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Nuclei were visualized by 4,6-diamidino-2-phenylindole
counterstaining.

Patients and tumor tissues

This study was carried out after obtaining approval from
the internal review board. Frozen samples of invasive
breast carcinoma tissue were obtained from a case series of
52 patients who had undergone surgery at the National
Defense Medical College Hospital, Tokorozawa, Japan,
between 2005 and 2007. These frozen tumor samples were
used to evaluate levels of SDF-1 mRNA by quantitative
RT-PCR. From formalin-fixed, paraffin-embedded samples
of the corresponding 52 tumors, 4-um-thick sections were
prepared and subjected to immunohistochemistry for SDF-
| protein expression.

From among 247 consecutive patients who had under-
gone mastectomy or breast-conserving surgery for unilat-
eral invasive breast carcinoma at the National Defense
Medical College Hospital between 1995 and 1999, com-
plete medical records and appropriate tissue samples for
constructing tissue microarrays were available for 223
patients. The tumors resected from these 223 patients were
included in another retrospective immunohistochemical
study of SDF-1 expression.

The 223 patients had been followed up for a median
period of 74 months (range, 1-151 months), during which
there were 58 relapses and 30 deaths. After surgical ther-
apy, the patients with ER- and/or PR-positive breast cancer
had received endocrine therapy for 2 years or more, and the
patients with large tumors and/or nodal metastasis had
received adjuvant chemotherapy. Fifteen patients with
locally advanced breast cancer had received preoperative
chemotherapy, for example, two or more courses of the
cyclophosphamide-epirubicin-5-fluorouracil (CEF) regi-
men. Two-hundred and twenty-one patients were females
and two were males. Additional patient characteristics are
summarized in Table 1. For these 223 tumors, histological
types and nuclear grade were re-examined for the present
study by two observers (T. K. and H. T.). Other clinico-
pathological data were collected from the medical records
and pathology reports.

Tissue microarray construction

We constructed tissue microarray blocks as described
previously [11]. Briefly, double tissue cores 2 mm in
diameter were taken from each donor block, and these core
specimens were transferred to a recipient block using a
Tissue Microarrayer (Beecher Instruments, Silver Spring,
MD, USA). One Tissue microarray (TMA) block contained
a maximum of 26 tumor samples, and 13 TMA sets were
prepared for the present study.
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Immunohistochemistry

Immunohistochemistry was performed on whole tissue sec-
tions from the 52 tumors, which were also subjected to
quantitative RT-PCR, and on the TMA sections from the 223
tumors. Antibodies used were mouse monoclonal anti-human
SDF-1 (R&D Systems), mouse monoclonal anti-human
CXCR4 (MAB173, R&D systems), mouse monoclonal anti-
human ER (clone 1D5, Dako, Glostrup, Denmark), rabbit
polyclonal anti-HER?2 antibody included in a HercepTest kit
(Dako), and murine IgG isotype control antibody (R&D
Systems). After deparaffinization of 4-pum-thick tissue sec-
tions, antigens were retrieved by microwaving in 10 mM
sodium citrate (pH 6.0) for SDF-1, CXCR4, and murine
isotype antibody, or by autoclaving in 10 mM Tris—HCI (pH
9.0) for ER. Non-specific binding was blocked by incubation
in 1% normal swine serum (Dako) in PBS. The slides were
incubated with the primary antibodies at 4°C overnight and
then reacted with a dextran polymer reagent combined with
secondary antibodies and peroxidase (Envision Plus; Dako)
for 1 h at room temperature. Specific antigen—antibody
reactions were visualized with 0.2% diaminobenzidine tetr-
ahydrochloride and hydrogen peroxide. Counterstaining was
performed using Mayer’s hematoxylin.

The expression of SDF-1 was assessed according to the
proportion of the stained area (<10% as negative, >10% as
positive). Positive staining was further classified into two
patterns according to the localization of SDF-1 immuno-
reactivity: cytoplasmic-dominant staining (C-pattern), and
membrane-dominant staining (M-pattern). For CXCR4,
nuclear staining in >10% and <10% of carcinoma cells was
defined as positive and negative expression, respectively. A
HER?2 score was assigned according to the standard pro-
cedure, and a score of 3+ was classified as positive. ER was
defined as positive if nuclear staining was seen in >10% of
carcinoma cells. The results of immunohistochemistry were
evaluated by two observers (T.K. and H.T.) independently,
and cases with discrepant judgments were re-evaluated by
discussion until consensus was obtained.

Statistical analysis

Comparisons between groups were evaluated using chi-
squared test, Fisher’s exact test, or Mann—Whitney U-test.
Multiple comparisons (post hoc test) were carried out by
the Bonferroni method. Survival curves of patients were
drawn using the Kaplan—Meier method. Cox’s univariate
and multivariate proportional hazards models were used to
explore the association of variables with disease-free and
overall survival. For all the tests, differences at P < 0.05
were considered to be statistically significant. All analyzes
were performed using the JMP 6.0 software package for
Windows (SAS Institute Inc., Cary, NC, USA).
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Table 1 Clinicopathological
implication of SDF-1
expression in surgically resected
breast cancers

Abbreviation: IDC invasive
ductal carcinoma, ILC invasive
lobular carcinoma

* Mucinous carcinoma (6),
Medullary carcinoma (3),
Spindle cell carcinoma (1),
Apocrine carcinoma (2),
Tubular carcinoma (5),
Micropapillary (1), Endocrine
carcinoma (1)

Results

Total (n = 223) SDF-1
“High expression” “Low expression” P value
(n = 158) [n (%)] (n = 65) [n (%)]

Age

Median y (range) 52 (30 ~ 82y)

<52 111 87 (79) 24 (37)

>52 112 71 (45) 41 (63) 0.018
ER status

Negative 90 49 (31) 41 (63)

Positive 133 109 (69) 24 (37) <0.0001
HER2 status

Score -2+ 202 148 (94) 54 (83)

Score 3+ 21 10 (6) 11 (17) 0.021
Nuclear grade

1 45 38 (24) 7(11)

2 95 78 (49) 17 (26)

3 83 42 (27 41 (63) <0.0001
Tumor size

<5.0 em 176 128 (81) 48 (74)

>5.0 cm 42 25 (16) 17 (26) 0.13

Unknown 5 5(3) 0(0)
Lymph node metastasis

(=) 117 86 (55) 31 (48)

(+) 101 67 (42) 34 (52) 0.29

Unknown 4 4(3) 0(0)
Distant metastasis

() 211 151 (96) 60 (92)

+) 8 3(2) 5(8) 0.052

Unknown 4 4 (2) 0 ()
Stage

1 or2 181 131 (83) 50 (77)

3or4 37 22 (14) 15 (23) 0.16

Unknown 5 5(3) 0 (0)
Tumor histology

IDC 194 136 (86) 58 (89)

ILC 10 10 (6) 0(0)

Special® 19 12 (8) 7(11) 0.095
CXCR4

Negative 62 35 (22) 27 (42)

Positive 161 123 (78) 38 (58) 0.0033

SDEF-1 expression is induced by estradiol
in ER-positive breast cancer cell lines

To determine whether breast cancer cells produce SDF-1,
we subjected breast cancer cell lines to quantitative RT-
PCR, ELISA, and immunofluorescence analysis. Quanti-
tative RT-PCR detected a low level of SDF-1 mRNA in the
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ER-positive cell lines MCF-7 and T47D (clear columns in
Fig. la), but the mRNA level increased about 7-fold and
21-fold, respectively, in response to estradiol treatment
(filled columns in Fig. 1a). In contrast, the level of SDF-1
mRNA was very low in the ER-negative cell lines MDA-
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MB-231, MDA-MB435, and MDA-MB-436, and did not
change after estradiol treatment (Fig. 1a).

The results of ELISA were similar to those of quanti-
tative RT-PCR. Mean levels of secreted SDF-1 protein in
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Fig. 1 SDF-1 expression in breast cancer cell lines. a Effect of
estradiol on SDF-1 transcriptional activity in the five cell lines
evaluated by quantitative RT-PCR. After treatment with 10 nM
estradiol (filled columns) or ethanol vehicle (clear columns) for 48 h,
total RNA was extracted. The relative SDF-1 mRNA values were
calculated by estimating the ratio of SDF-1 copies to 18s-rRNA
copies. Columns, mean values of three samples; bars, standard
deviation; E2, estradiol. b Effect of estradiol on SDF-1 protein
secretion by the five cell lines evaluated by ELISA. After treatment

the supernatant of MCF-7 and T47D cells after estradiol
treatment were 117 and 378 pg/ml, respectively (filled
columns in Fig. 1b). In contrast, SDF-1 protein was
undetectable in the supernatant of these two ER-positive
cell lines without estradiol treatment, or in the supernatant
of the three ER-negative cell lines, irrespective of estradiol
treatment (Fig. 1b).

Immunofluorescence analysis revealed diffuse and strong
cytoplasmic SDF-1 immunoreactivity in almost all cells of
the MCF-7 and T47D cell lines after estradiol treatment
(Fig. lc), whereas no, or only faint SDF-1 immunoreactivity
was observed in the three ER-negative cell lines, regardless
of estradiol treatment (data not shown). Taken together,
these findings indicated that ER-positive breast cancer cell
lines expressed SDF-1 in response to estradiol, whereas ER-
negative breast cancer cell lines did not.
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with 10 nM estradiol (filled columns) or ethanol vehicle (clear
columns) for 72 h, the level of SDF-1 protein in the supernatant of
each cell line was measured. Columns, mean values of three samples;
bars, standard deviation; E2, estradiol; ND, not detectable.
¢ Expression of SDF-1 protein detected by immunofluorescence in
the ER-positive cell lines, MCF-7 and T47D. Upper: Cells were used
after treatment with estradiol for 72 h. SDF-1 immunoreactivity was
visualized in both cell lines. Lower: Immunofluorescence using
murine IgG isotype control antibody showed no immunoreaction

Correlation between protein expression pattern
and mRNA level of SDF-1 in surgically resected
breast cancers

Next, we conducted an immunohistochemical study to
compare the expression levels of SDF-1 mRNA and protein
in 52 samples of surgically resected invasive breast carci-
noma and 13 samples of normal mammary gland tissue
located adjacent to the tumors. Unremarkable mammary
duct epithelia were found to have strong cytoplasmic
immunoreactivity for SDF-1 (Fig. 2a). Among the 52
samples of breast cancer, 31 (60%), 18 (34%), and 3 (6%)
showed C-, M-, and negative SDF-1 immunoreaction pat-
terns, respectively (Fig. 2b—d). Cancer-associated fibro-
blasts (CAFs) sometimes showed weak SDF-1 staining
(arrows in Fig. 2b—d), but the intensity and area of the
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Fig. 2 SDF-1 expression in samples of human breast cancer. a-d
SDF-1 immunoreaction pattern in surgically resected breast cancer
tissues and normal mammary tissues. a Unremarkable mammary duct
epithelia show strong cytoplasmic SDF-1 immunoreactivity.
b C-pattern. Strong cytoplasmic-dominant immunoreactivity is evi-
dent in all constituent cells. ¢ M-pattern. Moderate membrane-
dominant immunoreactivity is evident in almost all constituent cells.
d Negative immunoreaction pattern. e-h Immunohistochemistry
using murine IgG control antibody for a—d. Murine IgG isotype
control antibody showed no immunoreactivity. i-1, Hematoxylin and
eosin (H&E) sections for a-d. H&E and IgG control images are
shown at x 100 magnification with boxed areas indicating the x400
magnification images shown for SDF-1 staining. Cancer-associated
fibroblasts showed a weak immunoreaction for SDF-1 (arrows in Fig.
b—d). m Correlation between results of immunohistochemistry and
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quantitative RT-PCR. The median expression levels of SDF-1 mRNA
in normal mammary gland tissues (n = 13), in the “high SDF-1
expression” group comprising tumors with the C-pattern (n = 31),
and in the “low SDF-1 expression™ group comprising tumors with the
M- and negative patterns (n = 21), were 25.0, 27.4 and 13.6,
respectively. Bonferroni-adjusted comparisons between groups
showed that mRNA levels differed significantly between the tumors
with “high” and “low SDF-1 expression” (P = 0.0017), and between
the normal mammary tissues and the tumors with “low SDF-1
expression” (P = 0.0019). The Y-axis represents the relative level of
SDF-1 mRNA expression normalized against 18s-rRNA, calculated
relative to the sample with the lowest expression, which was assigned
a value of 1.0. Boxes and whiskers, 25th to 75th and 10th to 90th
percentiles, respectively; the median is the central line in each box;
circles, outliers
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SDF-1 immunoreactivity on tumor cells were much
stronger and wider than on CAFs. Immunohistochemistry
using mouse IgG control antibody showed no immunore-
activity (Fig. 2e-h). RT-PCR showed that the median
levels of SDF-1 mRNA expression in the groups of tumors
with C-, M-, and negative patterns were 27.4 (interquartile
range, 18.2-39.8), 14.2 (interquartile range, 8.5-21.7), and
6.0 (interquartile range, 4.5-20.4), respectively. The med-
ian levels of SDF-1 mRNA differed significantly between
the C- and M-pattern groups and between the C- and
negative pattern groups (P = 0.0011 and 0.031, respec-
tively, Mann-Whitney U-test).

When the 52 tumor samples were classified into two
groups, i.e., “high SDF-1 expression” tumors comprising
the C-pattern group, and “low SDF-1 expression” tumors
comprising the negative plus M-pattern groups, the median
levels of SDF-1 mRNA were 27.4 (interquartile range,
18.2-39.8) and 13.6 (interquartile range, 6.5-20.5) in the
tumors showing “high” and “low SDF-1 expression”,
respectively. The median level of SDF-1 mRNA in samples
of normal mammary gland tissue was 25.0 (interquartile
range, 15.2-58.4). The levels of SDF-1 mRNA differed
significantly between the tumors showing “high” and “low
SDF-1 expression” (P = 0.0017), and between normal
mammary gland tissue and the tumors showing “low SDF-
1 expression” (P = 0.0019, post hoc Bonferroni test;
Fig. 2m). Taken together, the data indicated that the pattern
of immunoreactivity for SDF-1 protein was significantly
correlated with the level of its mRNA.

Clinicopathological and prognostic implications
of SDF-1 immunoreactivity for the entire patient cohort

We next evaluated the patterns of SDF-1 protein expression
using another large cohort of patients with invasive breast
cancer for whom long-term follow-up data were available,
in order to clarify the clinicopathological and prognostic
significance of tumor-derived SDF-1. One-hundred and
fifty-eight patients (71%) had tumors showing “high SDF-1
expression” and 65 (29%) had tumors showing “low SDF-1
expression”, the latter comprising 55 (24%) tumors with an
M-pattern and 10 (5%) with a negative pattern. “High SDF-
1 expression” showed a more significant association with
younger patient age (<52 years, P = 0.018), HER2 nega-
tivity (P = 0.021), and lower nuclear grade (P < 0.0001)
than “low SDF-1 expression”. In particular, positive ER
staining was detected more frequently in tumors with “high
SDF-1 expression™ (109 of 158, 69%) than in those with
“low SDF-1 expression” (24 of 65, 37%) (P < 0.0001,
Table 1). Tumor size, lymph node status, or clinical stage
was not significantly correlated with SDF-1 status. Tumor
histology also showed no significant correlation with SDF-1
status, but all 10 invasive lobular carcinomas showed “high
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SDF-1 expression”. Nuclear CXCR4 staining was positive
in 78% (123 of 158) of tumors with “high SDF-1 expres-
sion,” and this proportion was significantly higher than that
among tumors with “low SDF-1 expression” (58%, 38 of
65, P = 0.0033, Table 1).

Among the 223 patients examined, there was a significant
difference in the disease-free and overall survival curves
between the “high” and “low SDF-1 expression” groups
(P = 0.0058 and 0.017, respectively; Fig. 3a, b). Univariate
analysis also showed that clinical stage, nuclear grade, ER
status, and HER2 status were significant or almost significant
indicators of clinical outcome (Table 2). Multivariate anal-
ysis using the Cox proportional hazard model including these
indicators showed that SDF-1 status was a factor signifi-
cantly predictive of disease-free survival (P = 0.036), along
with clinical stage (P <0.0001) and nuclear grade
(P = 0.0012). However, only clinical stage was selected as a
significant prognostic factor for overall survival
(P < 0.0001), and the impact of SDF-1 status was marginal
(P = 0.099, Table 2). Univariate analysis showed that
CXCR4 was of no prognostic significance (data not shown).

Clinicopathological and prognostic implications
of SDF-1 immunoreactivity among ER-positive
patients

As our data clearly indicated a marked correlation between
the expressions of ER and SDF-1 in vitro and in vivo, we
carried out further analysis to clarify the significance of
SDF-1 expression in the subgroup of patients with ER-
positive tumors. Among the 133 cases of ER-positive breast
cancer, 109 (82%) showed “high SDF-1 expression.” SDF-
1 status was not significantly correlated with nuclear grade,
tumor size, lymph node status, stage, histological type, or
nuclear CXCR4 expression, but “high SDF-1 expression”
was correlated with younger patient age (P = 0.0025;
Table 3). A HER2 score of 3+ was detected in only two
cases, both of which showed “low SDF-1 expression”.
Additionally, among only five cases that had distant
metastasis at the time of diagnosis, two showed “high SDF-
1 expression™ and three showed “low SDF-1 expression™,

In the 133 ER-positive patients, there was a significant
difference in the disease-free and overall survival curves
between the groups showing “high” and “low SDF-1
expression” (P = 0.0047 and 0.036, respectively; Fig. 3c,
d). Furthermore, in these cases, multivariate analysis
showed that SDF-1 status was an independent prognostic
factor not only for disease-free survival, but also for overall
survival (P = 0.015 and 0.046, respectively; Table 4).
Nuclear grade and clinical stage also had a significant
impact on overall survival (Table 4). Among ER-negative
cases, there was no significant difference in the survival
curves between the two groups (Fig. 3e, f).
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Fig. 3 Prognostic impact of SDF-1 status detected by immunohisto-
chemistry in the patients with primary breast cancer. a-b all 223
patients; c—d 133 patients with ER-positive tumors; e—f 90 patients
with ER-negative tumors. a Disease-free survival curves for the 158
patients whose tumors showed “high SDF-1 expression™ and the 65
patients whose tumors showed “low SDF-1 expression.” The two
curves differ significantly (P = 0.0058). b Overall survival curves for
the 158 patients whose tumors showed “high SDF-1 expression” and
the 65 patients whose tumors showed “low SDF-1 expression.” The
two curves differ significantly (P = 0.017). ¢ Disease-free survival
curves for the 109 patients whose tumors showed “high SDF-1
expression” and the 24 patients whose tumors showed “low SDF-1

Discussion

In the present study, we showed that the expression of
SDF-1 was regulated by estradiol in the ER-positive cell
lines, MCF-7, and T47D, and found that SDF-1 status was
significantly correlated with several clinically important
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expression”. The two curves differ significantly (P = 0.0047).
d Overall survival curves for the 109 patients whose tumors showed
“high SDF-1 expression” and the 24 patients whose tumors showed
“low SDF-1 expression”. The two curves differ significantly
(P = 0.036). e Disease-free survival curves for the 49 patients whose
tumors showed “high SDF-1 expression” and the 41 patients whose
tumors showed “low SDF-1 expression”. The two curves do not
differ significantly (P = 0.53) f Overall survival curves for the 49
patients whose tumors showed “high SDF-1 expression” and the 41
patients whose tumors showed “low SDF-1 expression.” The two
curves do not differ significantly (P = 0.48). All P values were
calculated using the Cox proportional hazards model

factors, especially ER status, in samples of human breast
cancer. In addition, we revealed that SDF-1 status was a
statistically significant prognostic factor among cases of
ER-positive breast cancer. To our knowledge, this is the
first study to have demonstrated the importance of tumor-
derived SDF-1 in ER-positive breast cancers.
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Table 2 Prognostic indicators detected by Cox’s univariate and multivariate analyses in patients with primary breast cancer

Variable Univariate Multivariate
HR (95%CI) P value HR (95%CI) P value
Disease-free survival
SDF-1
“High expression” 1 0.0058 1 0.036
“Low expression™ 1.45 (1.11-1.89) 1.38 (1.02-1.86)
Clinical stage
lor2 1 <0.0001 1 <0.0001
3or4 2.83 (2.16-3.72) 2.67 (2.01-3.54)
Nuclear grade
1 1 <0.0001 1 0.0012
2 1.30 (0.78-2.52) 1.51 (0.90-2.93)
3 3.10 (1.93-5.90) 2.34 (1.40-4.55)
ER
Positive 1 0.10 1 0.39
Negative 1.24 (0.96-1.61) 0.88 (0.65-1.19)
HER2
Negative 1 0.025 1 0.21
Positive 1.57 (1.06-2.19) 1.29 (0.86-1.86)
Overall survival
SDF-1
“High expression” 1 0.017 1 0.099
“Low expression” 1.56 (1.09-2.21) 1.39 (0.94-2.07)
Clinical stage
lor2 1 <0.0001 1 <0.0001
Jord 3.34 (2.34-4.88) 325 (2.23-4.78)
Nuclear grade
1 1 0.0002 1 0.16
2 1.22 (0.60-3.38) 1.32 (0.65-3.68)
3 3.36 (1.79-9.13) 1.96 (0.96-5.49)
ER
Positive 1 0.047 1 0.58
Negative 1.42 (1.00-2.03) 1.23 (0.74-1.73)
HER2
Negative 1 0.0068 1 0.11
Positive 1.94 (1.22-2.87) 1.49 (0.90-2.35)

Abbreviation: 95%CI 95% confidence interval

Many researchers have investigated the role of the
CXCR4/SDF-1 axis in tumor biology, and demonstrated
the importance of CXCR4 expression for tumor progres-
sion in vitro [12-20] and in vivo [21-26]. In addition, some
types of cancer cell lines have been shown to produce both
SDF-1 and its receptor, CXCR4, and to use this signaling
system in an autocrine manner [6, 27-29]. A number of
clinical studies of glioma [30], colorectal cancer [31],
gastric cancer [32], and oral squamous cell carcinoma [33]
have concluded that higher SDF-1 expression is correlated
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with lymph node and/or distant metastasis and poorer
clinical outcome.

In contrast, using a mouse model, Wendt et al. [34, 35]
showed that breast and colon cancer cell lines with forced
expression of SDF-1 established fewer secondary tumors
than those with null SDF-1 expression. In patients with
testicular germ cell tumors, high SDF-1 expression was
correlated with longer relapse-free survival [36]. These
differences in the clinical impact of tumor-derived SDF-1
might depend on the type of cancer.
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Table 3 Clinicopathological

implication of SDF-1 Lol [n e L5 silg
expression in surgically resected “High expression” “Low expression” P value
ER-positive breast cancers (n = 109) [n (%)) (n = 24) [n (%)]
Age
<52 67 60 (55) 7(29)
>52 66 49 (45) 17 (71) 0.025
Nuclear grade
1 38 32 (29) 6 (24)
2 65 56 (51) 9 (38)
3 30 21 (20) 9 (38) 0.15
Tumor size
<5.0 cm 109 90 (82) 19 (79)
>5.0 cm 20 15 (14) 521) 0.53
Unknown 4 4 (4) 0(0)
Lymph node metastasis
(=) 72 60 (55) 12 (50)
(+) 57 45 (41) 12 (50) 0.65
Unknown 4 4 (4) 0 (0)
Stage
1or2 109 91 (83) 18 (75)
3or4 20 14 (13) 6 (25) 0.21
Unknown 4 4 (4) 0 (0)
Tumor histology
IDC 116 94 (86) 22 (92)
Abbreviation: IDC invasive e G 616) u)
ductal carcinoma, ILC invasive Special® 11 9(8) 2(8) 0.49
lobular carcinoma CXCR4
* Mucinous carcinoma (5), Negative 32 24 (22) 8 (33)
Tubular carcinoma (3), Positive 101 85 (78) 16 (67) 0.29

Micropapillary (1)

Several previous reports and our results have indicated
that SDF-1 is one of the ERGs [6, 37-39]. Hall and Korach
[6] showed that SDF-1 induced proliferation of ER-positive
breast and ovarian cancer cell lines, and proposed that
SDF-1 might be a strong mediator of estrogen-induced cell
proliferation. However, our clinical data demonstrated that
tumors with high SDF-1 expression showed more indolent
characteristics, i.e., ER positivity, a lower tumor grade, and
lack of HER2 overexpression. At present, the function of
SDF-1 as an ERG in ER-positive tumors in vivo remains
unclear.

We conducted subset analysis of the prognostic signifi-
cance of SDF-1 immunoreactivity in groups of patients
with ER-positive and ER-negative tumors. In a subset of
133 ER-positive tumors, multivariate analysis showed that
“high SDF-1 expression,” as well as lower nuclear grade
and earlier clinical stage, were independent indicators of
better prognosis. On the other hand, in a subset of 90 ER-
negative tumors, the “high” and “low SDF-1 expression”
groups had similar clinical outcomes. In general, ERG
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expression has been thought to reflect the activity of ER
signaling pathways in breast cancers, and it has been
proved that several ERGs, e.g., PR, are indicators of
responsiveness to endocrine therapy [4, 40]. Therefore, it is
possible that SDF-1 immunoreactivity might be a new and
powerful predictor of endocrine responsiveness in breast
cancer cells.

In our present study, 54% (49 of 90) of ER-negative
breast cancers had “high SDF-1 expression.” It has been
shown that SDF-1 expression can be induced by hypoxia-
induced factor-1 (HIF-1) in endothelial cells [41], by
fibroblast growth factor-2 (FGF-2) in stromal cells [42],
and by bone morphogenetic protein (BMP) in cancer-
associated fibroblasts (CAFs) [43]. Thus, multiple alter-
native pathways mediated by these molecules may be
involved in the upregulation of SDF-1 in ER-negative
breast cancers.

Interestingly, the intracellular distribution pattern of
SDF-1 immunoreactivity in surgically resected breast
cancers was a distinctive characteristic, and significantly



