
Abstract. Background: The overexpression of syndecan-1 in
breast carcinomas correlates with poorer prognosis and an
aggressive phenotype. The effect of syndecan-1 expression on
tumor response to neoadjuvant chemotherapy was determined
in locally advanced breast cancer. Patients and Methods:
Semi-quantitative syndecan-1 immunohistochemistry was
performed in pre-chemotherapy breast cancer biopsies of 37
patients undergoing high-dose neoadjuvant treatment with
cyclophosphamide and epirubicin. Results: 43.2% of breast
carcinomas stained positive for syndecan-1. Syndecan-1
expression was more frequent in ductal invasive carcinomas
than in other histological types (p=0.062). The pathological
response to chemotherapy was decreased in syndecan-1-
positive patients: 37.5% of syndecan-1-positive vs. 19% of
syndecan-1-negative patients attained pathologically "no
change". No syndecan-1-positive patient showed complete
remission. Also, a correlation between syndecan-1
immunostaining intensity and response to chemotherapy was
observed. Of the responding tumors, none showed strong
syndecan-1 expression (Score 3+), whereas 20% of the non-
responding tumors were strongly syndecan-1-positive.
Conclusion: Syndecan-1-expressing breast carcinomas show a
trend towards a decreased response to chemotherapy. 

The cell surface heparan sulfate proteoglycan syndecan-1
(SDC-1) is predominantly expressed by different epithelia
and plays multiple roles in the regulation of cell migration,
cell-cell and cell-matrix interactions, growth factor and
chemokine activity, and in the modulation of protease activity

(1, 2). These functions are reflected by changes in SDC-1
expression under several pathological conditions, including
wound repair (3, 4), pathological angiogenesis (4, 5) and
malignant diseases (6). Recently, SDC-1 has also emerged as
a molecular marker for breast cancer (7-12). In the study by
Barbareschi et al. (9), which included 254 breast carcinoma
cases with long-term follow-up, a strong epithelial expression
of SDC-1 was observed in 42% of the carcinomas. High
expression levels of SDC-1 were associated with high
histological grade, high mitotic count, large tumor size, 
c-erbB-2 overexpression and estrogen receptor (ER)- and
progesterone receptor (PR)-negative status. The study by
Leivonen et al. (10) involved 200 patients with a median
follow-up of 17 years. Epithelial SDC-1 expression was
associated with negative ER status, whereas stromal SDC-1
expression was associated with positive ER status. In contrast
to Barbareschi et al., no statistically significant association was
found between SDC-1 expression and tumor size or PR
status, respectively. Ten-year breast cancer-specific overall
survival was significantly reduced both for patients displaying
epithelial or stromal SDC-1 expression, respectively. Since
the 10-year overall survival was reduced to an even greater
extent in patients showing both epithelial and stromal SDC-1
expression, the authors proposed that this constellation may
be a predictor of unfavourable prognosis in breast cancer
(10). While several studies have assigned a prognostic value
to altered SDC-1 expression in breast carcinomas (9, 10, 12),
there is no study to date investigating the predictive value of
SDC-1 expression in breast carcinomas on response to
neoadjuvant chemotherapy. The neoadjuvant setting allows
the evaluation of medical therapies prior to surgery and the
destruction of residual or disseminated tumor cells, thus
improving breast-conserving operability in locally advanced
breast cancer (13, 14). Consequently, the clinical response to
neoadjuvant chemotherapy has been shown to predict both
disease-free and overall survival (15, 16). The identification
of biological markers, which are predictors of a good
response to neoadjuvant therapy, the assessment of not only
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allows survival benefits from a given treatment, but also
facilitates risk-adapted individual therapy concepts and the
development of pharmacological compounds targeting these
markers. Thus, the objective of our study was to investigate
the predictive value of SDC-1 expression for response to
neoadjuvant chemotherapy in patients treated for locally
advanced breast cancer. 

Patients and Methods

Patients and treatment. The study population included 37 women with
locally advanced breast cancer (T2-4, N0-2, M0), treated with
epirubicin and cyclophosphamide neoadjuvant chemotherapy (17).
The patients were enrolled at the Department of Obstetrics and
Gynecology, Klinikum Bayreuth, Germany, between August 1997 and
March 2002, and they were staged according to the International
Union Against Cancer - Tumour Node Metastasis (UICC-TNM). The
median age of the patients was 51 years (range 29-66). Table I lists
their main clinicopathological features. In all women, the diagnosis
was histologically confirmed by tru-cut biopsy before chemotherapy.
Clinical examination, bilateral mammography, sonography of the
breast and axillary region, chest X-ray, liver sonography and bone
scintigraphy were performed to rule out metastatic disease at the time
of diagnosis. The study was approved by the Ethics Committees of the
University of Erlangen-Nürnberg, Germany, prior to patient
recruitment and each woman gave written informed consent.

Eligible patients, having a histologically-proven breast cancer
with advanced disease and no evidence of metastases or
inflammatory breast cancer, were randomly assigned to one of 2
groups (arm A and arm B) to receive different neoadjuvant
chemotherapy schedules.

Eighteen out of 37 patients were included in treatment arm A,
which consisted of 3 cycles of epirubicin (120 mg/m2, Pharmacia,
Erlangen, Germany) and cyclophosphamide (600 mg/m2, Baxter,
Frankfurt, Germany) followed by 5 Ìg/kgØday GM-CSF (Amgen,
München, Germany) s.c. or i.v. between days 2-12. The cycles
were repeated every 2 weeks. The remaining 19 patients were
included in treatment arm B, which consisted of 3 cycles of
epirubicin (120 mg/m2) and cyclophosphamide (600 mg/m2) given
every 3 weeks. In this arm, supportive GM-CSF was only given if
leukocytes were ≤2000/Ìl. Two to 3 weeks after completion of the
third chemotherapy cycle, all patients underwent surgical therapy;
patients showing a clinical response to chemotherapy (n=33)
received breast-conserving surgery and irradiation of the residual
breast at a dose of 60 Gy in 6 weeks. In 8 of these patients,
reconstruction of the breast was performed. Patients showing no
regression of the tumor (n=4) underwent a modified radical
mastectomy. 

Assessment of response. To monitor clinical response, the tumor and
axillary lymph node size were assessed after each treatment cycle
by palpation using a calliper. Changes in the calculated product of
the bi-dimensional tumor measurements at diagnosis and on
completion of chemotherapy were recorded. Standard UICC
criteria (18) were used to classify the clinical response to
chemotherapy: complete response (CR) was defined as the absence
of any residual clinical signs of disease, partial response (PR) as a
greater than 50% tumor shrinkage, no change (NC) as <50%
decrease or <25% increase in tumor size, and progressive disease
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Table I. Patient and tumor characteristics at the time of diagnosis (prior
to neoadjuvant chemotherapy).

No. of patients 37

Age (years)
Median (range) 51 (29 – 66)

Menopausal status
Premenopausal 11 (29.7%)
Postmenopausal 26 (70.3%)

Tumor size
T2 32 (88.9%)
T3 3 (8.3%)
T4 1 (2.8%)
Unknown 1

Lymph node status
N0 20 (55.6%)
N1 16 (44.4%)
Unknown 1

Grading*
I 0
II 10 (33.3%)
III 20 (66.7%)
Unknown 7

Histology
Ductal 25 (67.6%)
Lobular 9 (24.3%)
Other 3 (8.1%)

Estrogen receptor
Negative 7 (20%)
Positive 28 (80%)
Unknown 2

Progesterone receptor
Negative 10 (28.6%)
Positive 25 (71.4%)
Unknown 2

Her-2/neu
Negative 24 (70.6%)
Positive 10 (29.4%)
Unknown 3

Ki-67
≤18% 13 (38.2%)
>18% 21 (61.8%)

Unknown 3

p53
Normal 23 (67.6%)
Mutation 11 (32.4%)
Unknown 3

*Grading of surgical resection specimens postchemotherapy; not
applicable in seven patients.



(PD) as a 25% increase in tumor size or as the appearance of new
lesions, respectively. Additionally, the course of tumor size was
evaluated by sonography and mammography.

The pathological tumor response was graded according to Sinn
et al. (19): grade 4, no microscopic evidence of residual tumor cells
in all resected specimens of the breast; grade 3, only residual, non-
invasive tumor; grade 2, focal invasive tumor ≤5 mm; grade 1,
resorption and tumor sclerosis; grade 0, no effect. The final
pathological response was designated as follows: grade 4: CR;

grade 1-3: PR; grade 0: NC. Pathological non-responders were
postoperatively treated with 12 cycles of 5-FU (2 g/m2, weekly) and
4 cycles of Taxol (Bristol-Meyers-Squibb, München, Germany)
(125 mg/m2, every 3 weeks) (20). Patients with complete or partial
response to neoadjuvant chemotherapy were subjected to 1
additional cycle of high-dose epirubicin and cyclophosphamide
followed by 2 cycles of cyclophosphamide-, methotrexate-, 5-
fluorouracil (CMF) (methotrexate: Medac, Hamburg, Germany; 5-
fluorouracil: GRY-Pharma, Kirchzarten, Germany). 
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Figure 1. Representative immunohistochemical staining patterns for syndecan-1. A) 0, B) 1+, C) 2+, D) 3+, E) strong cytoplasmic staining, F) strong
stromal staining.



All tumor specimens were obtained at the time of mastectomy
or breast-conserving therapy. The tumor tissue was fixed in
formalin and embedded in paraffin; 3-Ìm hematoxylin-eosin-
stained slides were finally obtained and reviewed by a pathologist.
Tumor size, classified according to the pT system, was measured
macroscopically on stained sections containing the largest tumor
and, in some samples, the size was estimated on the basis of a
sequential slide series. The TNM classification (21) was applied,
and tumor grade was classified based on UICC criteria as follows:
grade I: well-differentiated, grade II: moderately-differentiated,
and grade III: poorly-differentiated. Each sample was
independently assessed by 2 experienced pathologists unaware of
the clinical outcome of the patients. 

Immunohistochemical analysis. The tru-cut/core biopsy taken at the
first clinic attendance for diagnostic purposes was used as pre-
random assignment tumor sample. All tissue samples were fixed in
formalin (standard formaldehyde fixation) immediately after
removal, followed by embedding in paraffin for sectioning and
subsequent analysis of biological markers.

Estrogen receptor (ER) and progesterone receptor (PgR) status,
Her-2/neu, p53 and Ki-67 were assessed by immunohistochemistry,
as described previously (22). ER, PgR and the p53 mutation were
assessed to be positive when the percentage of reacting cells was
higher than 10%. Her-2/neu was scored according to the
Herceptest (DakoCytomation, Glostrup, Denmark) system. A high
proliferative activity was assigned to samples containing more than
18% of tumor cell nuclei immunoreactive for the Ki-67 antigen. 

Immunostaining of pre-chemotherapy biopsies for SDC-1 was
performed as follows: 3-Ìm sections of paraffin-embedded breast
cancer samples were mounted on slides coated with poly-L-lysine,
followed by dewaxing and rehydrating through a graded ethanol
series. For antigen retrieval, the sections were boiled in Reveal
buffer (BioCarta, Hamburg, Germany) in a pressure cooker 
(103 kPa/15 psi, 5 min). After blocking of non-specific binding
sites, the sections were incubated with the mouse anti-human SDC-
1 primary antibody BB4 (Serotec, Düsseldorf, Germany) diluted
1:100 in PBS/1% BSA, overnight at 4ÆC. Endogenous peroxidase
was quenched with methanol / 0.6% H2O2 and the slides were
washed 3 times with Tris-buffered saline. Bound primary antibody
was visualised using DAKO Mouse-EnVision-HRP and the

NovaRed substrate (Vector Laboratories, Burlingame, CA, USA).
Positive controls were sections of epithelial (membranous and
cytoplasmic) SDC-1 staining of non-malignant tissue. Negative
controls were obtained by omitting the primary antibodies.
Counterstaining was performed using hematoxylin. Positive
staining for SDC-1 presented as predominantly membraneous or
cytoplasmic staining, respectively (Figure 1). The immunostaining
intensity was categorized semi-quantitatively into 4 groups, as
described previously (23): negative (score 0): no staining; weakly-
positive (score 1+): faint/barely perceptible staining in the majority
of tumor cells; moderately-positive (score 2+): moderate staining
in the majority of tumor cells; and strongly-positive (score 3+):
strong staining of the majority of tumor cells. A score of 0 was
deemed as a negative absolute score, while a score of 1-3 was
considered to be a positive absolute score. Strong stromal
immunostaining was scored independently (Figure 1, Table II).

Statistical analysis. After evaluation of immunohistological staining
in a blinded fashion, statistical analyses were carried out using the
SPSS 10.0 statistical software. The ¯-square test was used to test
associations between SDC-1 expression in tumors and response to
neoadjuvant chemotherapy. To analyze the predictive value of
SDC-1 expression for clinical and pathological response, datasets
were divided into the following categories: "response" [complete
response (CR) + partial response (PR)] and "non-response" [no
change (NC)]. The significance level was p≤0.05. 

Results

Immunohistochemical SDC-1 expression. Immunolabeling for
SDC-1 presented as cytoplasmic or membranous staining,
respectively. In accordance with previous observations (9,
10), the intensity of SDC-1 staining among different tumors
varied from complete absence of staining to strong diffuse
staining. Moderate or strong staining intensity, defined as
"positive" immunoreaction, was present for SDC-1 in 43.2%
in evaluable breast carcinomas (Figure 1). Additional strong
stromal immunostaining was frequently detected in 33.3%
of all cases (Table II).

Response to neoadjuvant chemotherapy – treatment activity.
All 37 investigated patients completed the treatment
according to the study protocol. The clinical response could
not be determined in 1 patient. At the end of the
chemotherapy administration, 6 patients (16.7%) attained
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Table II. Immunohistochemical analysis of SDC-1 expression in human
breast carcinomas (n=37); epithelial staining.

Score No. (%)

0 21 (56.8)
1+ 6 (16.2)
2+ 8 (21.6)
3+ 2 (5.4)

negative 21 (56.8)
positive 16 (43.2)

stromal+* 12 (33.3)

*additional stromal staining was scored independently of epithelial
staining.

Table III. SDC-1 expression stratified for clinical response to neoadjuvant
chemotherapy. 

CR PR NC No.

SDC-1 *
0 4 (19.0%) 14 (66.7%) 3 (14.3%) 21

1 2 (13.3%) 13 (86.7%) 0 15

*p=0.249 (CR vs. PR vs. NC).



clinical CR (cCR) and 27 patients (75.0%) attained clinical
PR (cPR), for an overall clinical response rate of 91.7%
(Table III). Three patients (8.3%) showed clinically NC
(cNC), and no patient progressed. Information on the
pathological response was available for all patients (Table
IV). One patient (2.7%) was found to have a pathological
CR (pCR) and 26 patients (70.3%) had a pathological PR
(pPR). Thus, the overall pathological response rate was
73%. Ten patients (27%) showed pathological NC (pNC). 

Relationship between expression of SDC-1 and response to
chemotherapy. The pathological response to chemotherapy
was decreased in SDC-1-positive patients (Table IV).
Pathological NC was obtained in 37.5% of SDC-1-positive
patients as compared to 19% of SDC1-negative patients.
None of the SDC-1-positive patients had a pCR. Also, with
respect to staining intensity, a correlation between the SDC-1
immunoreaction and response to chemotherapy was
observed. None of the responding tumors showed strong
SDC-1 expression (Score 3+), whereas 20% of the non-
responding tumors were strongly SDC-1-positive (Table V).
However, regarding the stromal staining pattern, a different
relationship was observed: those patients with stromal SDC-1
expression tended to respond better to chemotherapy than
those without stromal staining (n.s.; p=0.414; Table VI). No
correlation was observed between SDC-1 expression and the
clinical response.

Correlation between expression of SDC-1 and tumor biological
factors. Besides an association of SDC-1 expression with
ductal carcinomas (p=0.062), no further correlations with
tumor characteristics, such as tumor size, lymph node
involvement, histological grading or hormone receptor
status, were observed (Table VII). Both steroid hormone
receptors correlated positively with each other (p<0.001),
and the ER- and PgR-statuses were (inversely) correlated
with the proliferation rate as assessed by Ki-67. 

Treatment arms. Statistical analysis, stratified for both
treatment arms, showed no differences between arm A and
arm B concerning the distribution of histopathological
characteristics, expression of SDC-1 and response rates to
chemotherapy.

Discussion

SDC-1 expression is frequently altered in human carcinomas,
but the role of SDC-1 in tumor growth is still controversial.
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Table IV. SDC-1 expression stratified for pathological response to
neoadjuvant chemotherapy.

Pathological response

No. CR* PR NC p

SDC-1 
negative 21 1 16/26 4/10
(score 0) (100%) (61.5%) (40%)

positive 16 10/26 6/10
(score 1-3) (38.5%) (60%) 0.211

*CR = complete response; PR= partial response; NC= no change. 
p = response (CR+PR) vs. non-response (NC) (¯2 test).

Table V. Relationship between the degree of SDC-1 expression and
pathological response.

Response
0 1

n=10 n=27

SDC-1 grading
0 4 (40%) 17 (63%)
1 3 (30%) 4 (14.8%)
2 1 (10%) 6 (22.2%)
3 2 (20%) –

p=0.056

Table VI. Relationship between stromal syndecan-1 expression and
pathological response.

Stromal SDC-1 expression
negative (n=24) positive (n=12)

no response 7/24 (29.2%) 2/12 (16.7%)

response 17/24 (70.8%) 10/12 (83.3%)

Table VII. Relationship between syndecan-1 expression, histology, ER*
and PgR* status.

SDC-1-negative SDC-1-positive p

Histology n=21 n=16 0.062
ductal 11 (52.4%) 14 (87.5%)
lobular 7 (33.3%) 2 (12.5%)
other 3 (14.3%) –

Estrogen receptor n=21 n=14 0.863
negative 4 (19%) 3 (21.4%)
positive 17 (81%) 11 (78.6%)

Progesterone receptor n=21 n=14 0.445
negative 5 (23.8%) 5 (35.7%)
positive 16 (76.2%) 9 (64.3%)

* preoperative determination of ER and PgR receptor status



Some carcinomas down-regulate this receptor whereas others
display variable or up-regulated expression profiles (6, 11, 24).
Concerning human breast carcinomas, recent reports show
SDC-1 overexpression in more than one-third of the evaluated
tissues, with high expression correlating to the most invasive
tumors (9, 12, 24). In the present study, the question of
whether SDC-1 expression in advanced breast carcinomas is
correlated with clinicopathological markers or response to
neoadjuvant chemotherapy was analyzed.

In a recently published study, Leivonen et al. (10) evaluated
clinicopathological markers in a large series of human breast
carcinomas, searching for a correlation with SDC-1
expression. No statistically significant association between
stromal SDC-1 expression and age, tumor size, axillary nodal
status, histological grade, ploidy, S-phase fraction or PR status
was found. Our analysis of the breast carcinomas prior to
chemotherapy confirm these findings, showing no significant
correlation between the expression patterns of SDC-1 with
tumor size, lymph node involvement or histological grading.
Of note, our analysis confirmed a relationship between the
histological type and SDC-1 expression: invasive ductal
carcinoma, which is the most frequent histotype, was SDC-1-
positive in 87.5% of samples and SDC-1-negative in 52.4%.

The main objective of this study was to evaluate whether
the expression of SDC-1 in locally advanced breast cancer is
predictive for the response to neoadjuvant chemotherapy.
Analysis of the pathological response to neoadjuvant
chemotherapy with respect to SDC-1 expression revealed a
reduced effect in SDC-1-positive patients as compared to
SDC-1-negative patients. In this study, 73% overall patients
showed a pathological response, with a pCR in 2.7% patients
and pNC in 27%. With respect to SDC-1 expression,
pathological "no change" was obtained in 37.5% of SDC1-
positive patients as compared to 19% of SDC-1-negative
patients. None of the SDC-1-positive patients had a pCR.
Furthermore, none of the responding tumors was strongly
SDC-1-positive, whereas 20% of the non-responding tumors
showed high SDC-1 expression. To determine whether our
results were merely a reflection of differences between distinct
groups, we evaluated whether tumor biological factors with
well-established prognostic relevance were related to SDC-1
expression. No significant correlations between SDC-1
expression and histopathological factors were found.
Concerning clinical response to chemotherapy, no relationship
with SDC-1 expression was observed. In a recently published
study, Leivonen et al. observed that epithelial SDC-1
expression was associated with negative ER status, whereas
stromal SDC-1 expression was associated with positive ER
status (10). Ten-year survival was significantly reduced for
patients displaying both epithelial and stromal SDC-1
expression, leading to the conclusion that this concomitant
expression may be a predictor of unfavorable prognosis in
breast cancer. These findings indicate different functional

roles for stromal and epithelial syndecan-1, respectively. In a
study by Stanley et al. (7), SDC-1 staining was greatly reduced
in malignant cells within infiltrating ductal carcinomas (n=20)
as compared to the ductal epithelium of normal breast and
stromal-epithelial neoplasms, which exhibited extensive
basolateral epithelial staining. Strong SDC-1 staining was
detected within the connective tissue and on stromal cell
surfaces. In contrast, it was absent in control tissues and on
neoplasms (7). In contrast to Stanley et al. (7), we observed
an increased SDC-1 staining in malignant cells within invasive
ductal carcinomas. Thus, our findings are more in line with
the studies of Leivonen et al. (10) and Barbareschi et al. (9),
who observed an increased epithelial staining for SDC-1,
investigating much larger patient collectives than Stanley et al.
(7). Importantly, increased SDC-1 staining within the group
of ductal carcinomas correlated with a decreased breast
cancer-specific survival (p=0.02) in the study by Leivonen et
al. (10), and both Leivonen et al. and Barbareschi et al.
assigned a negative prognostic value for increased SDC-1
expression in breast carcinomas (9, 10). 

Apparently, SDC-1 overexpression by breast cancer cells
appears to correlate with a decreased expression of (stromal)
matrix proteins (12). This could indicate a possible role of
SDC-1 in tumor matrix remodeling, which would, in turn,
influence tumor cell signaling (25). Recently, a growth-
promoting loop between breast cancer cells and stromal
fibroblasts, which depended on the presence of SDC-1, has
been shown (26). SDC-1 up-regulation was noted in cells of
tumor stroma surrounding tumor connective tissue. These
stromal cells, characterized as spindle cells with
myofibroblastic differentiation, may contribute to the
dedifferentiation of tumor cells and the development of
metastasis (25). In our study, a strong stromal immunostaining
for SDC-1 was observed in 33.3% of the evaluated tissues,
with an overall SDC-1-positive immunoreaction in 43.2% of
the cases. Importantly, 29.2% of the patients showing negative
stromal expression of SDC-1 exhibited no pathological
response, whereas only 16.7% of the SDC-1 stromal-positive
patients fell in this category. Thus, our data would be
compatible with a concept of different predictive functions of
stromal and epithelial SDC-1 expression, respectively, in
neoadjuvant chemotherapy of breast carcinomas.

Although previously published data suggest an important
role for SDC-1 as a prognostic marker and as a molecule
relevant for the etiology of human breast cancer, to date the
predictive value of SDC-1 in breast cancer has been unclear.
In this study, a decreased response to chemotherapy was
observed in SDC-1-positive patients. Our data suggest a
potential ability of SDC-1 expression to predict breast cancer
susceptibility to chemotherapy.

In conclusion, the current study provides evidence for a
negative predictive value of SDC-1 expression in breast
carcinomas. SDC-1 expression in breast cancer may adversely
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affect the response to chemotherapy treatment. However, due
to the limited sample size in this study, our findings have to be
confirmed in larger series. Nonetheless, this study represents a
suitable background for further investigations in this field. 
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