
Abstract. Background: Fibroblast growth factor-2 (FGF-2)
supports tumor progression in breast cancer. FGF-2
signaling is modulated by heparan sulfate proteoglycans,
such as syndecan-1 (CD138). The exact role of CD138 in
ductal carcinoma in situ of the breast (DCIS) is still
uncertain. Differential expression depending on grading
could suggest a role for syndecan-1 during growth and tumor
progression. Materials and Methods: Samples of 127 cases
of breast DCIS associated with follow-up data were included.
CD138 staining intensity, number of positive cells,
intracellular and tissue localization were examined. Results:
Median follow-up was 45.4 months and median recurrence-
free survival (RFS) 86 months. Age, menopausal status and
previous hormone replacement therapy had no significant
influence on RFS. Smoking significantly influenced RFS
(p=0.008). Endocrine therapy or radiotherapy did not
improve RFS. Grading was not correlated with CD138
staining intensity, but was significantly associated with the
percentage of CD138-positive cells (low-vs. high-grade,
p=0.043). Estrogen receptor (ER) expression did not
influence staining intensity of CD138 (p=0.247), but
negatively correlated with the proportion of CD138-positive
cells (p=0.032). Progesterone receptor (PR) expression
significantly influenced the intensity of staining (p=0.010)

and the percentage of CD138-positive cells (p=0.004); both
were increased in PR-negative cases. CD138 staining
intensity and percentage of positive cells did not correlate
with RFS. Nuclear grade and syndecan-1 staining
localization were significantly associated (p=0.001). ER-
positive, and PR-positive DCIS more often exhibited
membrane-bound syndecan-1 than ER- or PR-negative cases
(p=0.001). Nuclear grade and tissue localization of CD138
correlated significantly (p=0.005). PR influenced CD138
tissue distribution, while ER did not. Syndecan-1 localization
did not statistically impact RFS. Conclusion: In DCIS of
different nuclear grades, tissue localization of syndecan-1 is
significantly divergent, suggesting a specific effect on biology
and progression of DCIS 

Ductal carcinoma in situ (DCIS) of the breast is a non-
invasive lesion. DCIS may give rise to invasive breast cancer
if it remains without appropriate therapy. Within 20 years,
20-50% of cases of DCIS progress to invasive tumors (1, 2).
Good differentiation is commonly correlated with hormone
receptor (HR) positivity. Fewer than 30% of poorly-
differentiated DCIS are HR-positive (3, 4). Most cases of
DCIS are currently treated by lumpectomy and postoperative
radiotherapy. The local recurrence rate is 10%; half of these
recurrences are invasive. A tumor-free margin after surgery is
essential for prevention of relapse (5-7). To individualize
treatment of DCIS, biomarkers are required to better identify
DCIS with aggressive biology (8, 9). 

Fibroblast growth factor-2 (FGF-2) is pro-angiogenic and
also influences breast cancer cells directly. These effects may
influence DCIS biology towards invasive growth. For
effective signaling, FGF-2 activity is modulated by the
heparan sulfate proteoglycan (HSPG) family as co-factors
(10, 11). Syndecan-1 is a member of this family (12, 13).
Syndecan-1 is important not only for normal breast
physiology, but also for breast cancer growth. In breast
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cancer, syndecan-1 expression is found in epithelial tumor
cells, in stroma or in both components (14, 15). High
syndecan-1 expression is often correlated with aggressive
tumor behavior. Syndecan-1 expression in DCIS is enhanced
in high-grade tumors (4) and is associated with enhanced
angiogenesis and lymphangiogenesis. The significance of
differential syndecan-1 expression in DCIS of different
nuclear grades is unclear. 

The objectives of this investigation were to measure the
impact of individual and epidemiological factors on
recurrence-free survival (RFS) after DCIS. In particular, the
role of syndecan-1 expression in DCIS was examined. The
syndecan-1 staining intensity, percentage of positively-
stained cells, cellular and tissue localization in DCIS are
important variables. The study aimed to clarify whether there
is differential expression between the DCIS sub-groups.
Differences could suggest an active role of syndecan-1
during tumor progression.

Materials and Methods
Representative paraffin-embedded tissue samples of DCIS and
associated clinical data were available for 127 patients. Patients
underwent surgery between 2000 and 2006 at the University
Hospital Kiel, Kiel, Germany, and had given informed consent. This
study was approved by the local Review Board (# AZ: D 452/13).
Clinical and pathological data were collected retrospectively.

De-paraffinization, rehydration, epitope retrieval and
immunohistochemical staining with EnVision™ Detection Systems,
peroxidase/DAB (Dako, Glostrup, Denmark), counterstainig,
dehydration and mounting were performed according to the
manufacturers protocol (Dako). Syndecan-1 was labeled by a
primary antibody (monoclonal CD138 mouse antibody (BC-03 405,
1:1000; Biozol, Eching, Germany). Pathological evaluation was
performed independently by two pathologists. HR status was
determined by immunohistochemistry and described by immune
reactive score (IRS) according to Remmele and Stegner (17). The
proportion of stained (i.e. positive) tumor cells was scored semi-
quantitatively. The staining intensity was rated from 0-3 (0 no
staining, 1 low, 2 moderate, 3 high staining intensity). Additionally,
localization of cellular staining (membrane bound, cytoplasmic or
nuclear) was precisely assessed, as was how syndecan-1 was
distributed within the DCIS tissue (central, peripheral and diffuse). 

Quantitative variables are presented using the mean and standard
deviation. Potential dependencies were examined by Chi-square test. In
case of inadequately small expected frequencies, the exact test according
to Fisher was used. Kaplan–Meier analysis and log-rank test or Cox
regression were examined with regard to the influence of investigated
parameters on RFS. Tests were two-sided and a significance level of 5%
was set. For statistical calculations, PASW Statistics 20 software (SPSS
Inc., an IBM Company, Chicago, IL, USA) was used.

Results

The median follow-up was 45.4 months. For 88 patients with
DCIS, sufficient follow-up was available to calculate RFS.
Eleven patients experienced relapse (DCIS or invasive breast

cancer). Four patients developed secondary malignancies or
have died (non breast cancer-related). The median RFS was
86 months. The sub-groups with different nuclear gradings
are represented by 16 low-grade, 44 intermediate-grade, 21
high-grade and 7 high-grade cases with microinvasion
(Figure 1a-f). No patient with a low-grade or a high-grade
DCIS with microinvasion experienced recurrence; 6
intermediate-grade and 4 high-grade DCIS relapsed. The
median duration of RFS is 85 months in the intermediate and
77 months in the high-grade DCIS group. No significant
difference in RFS in the two groups were revealed (log-rank
test, p=0.208) (Figure 2a). Neither estrogen receptor (ER)
(p=0.657), nor progesterone receptor (PR) (p=0.674)
expression had any impact on RFS. 

General epidemiological factors influencing the recurrence-
free survival. Patient age at primary diagnosis had no
significant effect on RFS (Cox regression analysis, p=0.111).
Patients’ age was on average 58 years (median=59 years,
range=36-82 years). The menopausal status of 81 patients
was known; out of these, 19 were pre-menopausal and 62
post-menopausal. There was a statistical trend towards an
improved RFS after menopause (p=0.057) (Figure 2b).
Information on previous hormone replacement therapy
(HRT) was available for 69 patients; 38 patients had never
used HRT and 31 were on HRT. Previous HRT was not
related to an adverse outcome after DCIS (p=0.128).

We also examined the influence of previous and current
nicotine consumption on RFS after DCIS. Smoking history
was available for 69 patients: 46 never smoked, 17 had
smoked prior to DCIS diagnosis, and 6 patients were current
smokers when diagnosed with DCIS. In the never-smoking
group, three breast cancer-related recurrences occurred and
in the group of previous smokers, two events occurred,
whereas in the group of current smokers, three events
occurred (50% of all currently smoking patients). A
significant negative influence of smoking on RFS (never
smokers vs. previous and current smokers) was found (log-
rank test, p=0.008) (Figure 2c).

Influence of different treatment modalities. Follow-up data
regarding endocrine therapy were available for 75 patients. Of
these, 28 had not received endocrine therapy; 39 women had
received tamoxifen, seven had received aromatase inhibitors and
one a switch therapy with aromatase inhibitor and tamoxifen.
The log-rank test shows no advantage for any single regimen.
The principal use of endocrine therapy (n=47) compared to no-
drug therapy (n=28) did not improve RFS (p=0.815).

From a total of 127 patients, 124 had sufficient surgical
reports available. A total of 92 were treated with breast-
conserving surgery (BCS) and 32 with mastectomy; 29
patients after ablation and 84 after BCS remained free of
recurrence. Of 77 patients, 42 had not and 35 had received
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postoperative radiation therapy; four low-, 18 intermediate-,
11 high-grade, and two high-grade with microinvasion were
irradiated. No advantage for RFS by radiotherapy (log-rank
test p=0.941) was seen in this cohort.

Influence of general pathological factors on RFS. No
significant effect of tumor size on risk of recurrence was
found (Cox regression analysis, p=0.206). The tumor-free
resection margin was also not correlated with disease relapse
(p=0.381). Data of ER and PR expression and subsequent
follow-up were available for 54 cases. Seven cases of DCIS
did not express ER, whereas 47 were ER-positive; 22 were
PR-negative and 32 PR-positive. ER (p=0.657) and PR
(p=0.674) expression were not correlated with RFS.

Effect of syndecan-1 (CD138) staining intensity and
percentage of positive cells. Patient age and menopausal
status were not correlated with the percentage of syndecan-
1-positive cells or CD138 staining intensity. Data regarding
previous HRT were available for 77 women; 33 had received
HRT previously, 44 had not. Previous HRT had no statistical
impact on cellular staining intensity and the proportion of
positively stained cells.

A total of 51 out of 77 patients never smoked, 19 smoked
previously and seven were current smokers. No differences
among the different groups in relation to staining intensity
(p=0.88) or percentage of CD138-positive cells (p>0.999)
were revealed (Kruskal–Wallis test). 

ER and PR status were known for 75 patients; 14 were
ER-negative and 61 ER-positive. ER expression did not
correlate with staining intensity of syndecan-1 (p=0.247)
(Figure 3a) but of note, ER correlated inversely with the
proportion of CD138-positive cells (p=0.032) (Figure 3b). 

Thirty-three cases were PR negative and 42 PR positive.
A statistically significant inverse correlation of PR status
with CD138 staining intensity (p=0.010) was found (Figure
3c), as well as with the percentage of syndecan-1-positive
cells (p=0.004) (Mann–Whitney U-test) (Figure 3d). The
CD138 staining intensity was significantly greater and the
proportion of CD138-positive cells higher in PR-negative
DCIS cases.

Thirty low-grade, 58 intermediate-grade, 29 high-grade and
8 high-grade with microinvasion were included in this
analysis. Staining intensity was not correlated with nuclear
grading (Figure 4a). This is opposed by results which show
significant differences between low- and high-grade DCIS
(Kruskal–Wallis test, p=0.043) and between intermediate- and
high-grade DCIS (p=0.049) with respect to the number of
CD138-positive cells. A higher nuclear grade was significantly
correlated with a higher proportion of CD138-positive cells
(Figure 4b). Syndecan-1 staining intensity (p=0.629) and the
percentage of syndecan-1 positively- stained cells did not
influence RFS (Cox regression analysis, p=0.169).

Cellular localization of syndecan-1. One hundred and
eighteen cases of DCIS were included in this analysis. Out of
28 low-grade DCIS, 25 exhibited membrane-bound, one
cytoplasmic and two diffuse (membranous and cytoplasmic)
syndecan-1 staining. Forty-three out of 54 intermediate-grade
DCIS exhibited membrane-bound, four cytoplasmic and
seven diffuse cytoplasmic CD138 staining. Sixteen out of 28
high-grade DCIS cases exhibited membrane-bound, six
cytoplasmic and six diffuse syndecan-1 expression. Three out
of eight high-grade DCIS with microinvasion exhibited
membrane-bound, two cytoplasmic and three diffuse CD138
staining. A significant association between histological grade
and cellular staining localization of syndecan-1 was shown
(Chi-square test, p=0.001).

Menopausal status had no effect on cellular syndecan-1
expression (Fisher’s exact test, p=0.332). Neither previous
HRT nor cigarette smoking (former or current) had a
significant effect on the cellular localization of syndecan-1.

ER expression affected the cellular distribution of
syndecan-1. Three out of 13 ER-negative DCIS exhibited
membrane-bound, five cytoplasmic and five diffuse
(membranous and cytoplasmic) cellular staining. A total 49
of 58 ER-positive cases exhibited membrane-bound
syndecan-1, three cytoplasmic and six diffuse distributions.
Differences in cellular staining were statistically significant
(p<0.001, Fisher’s exact test). ER-positive DCIS
significantly more frequently exhibited membrane-bound
syndecan-1 staining. Fourteen out of 32 PR-negative DCIS
exhibited membrane-bound, eight cytoplasmic and 10 diffuse
cellular syndecan-1 distribution. Syndecan-1 localization in
PR-positive cases was significantly different; 39 cases had
membrane-bound and none cytoplasmic syndecan-1
distribution, while one case did not show any syndecan-1
expression. The influence of PR status on cellular CD138
staining was statistically highly significant (Fisher’s exact
test, p<0.001). PR-positive cases almost exclusively
exhibited membranous syndecan-1. Fifty percent of PR-
negative cases exhibited no membrane-bound but a diffuse
or cytoplasmic staining pattern. 

Syndecan-1 localization in DCIS tissues. Syndecan-1 tissue
localization differed depending on nuclear grade (Figure 1a-
f). Out of 28 low-grade cases 11 had diffuse tissue
expression of syndecan-1, 11 had peripheral and six a
centrally located tissue expression of syndecan-1. Out of 54
intermediate-grade DCIS, CD138 tissue expression was
diffuse in 26, peripheral in 19 and central nine. Of 28 high-
grade DCIS, 22 exhibited diffuse syndecan-1 expression, two
peripheral and four central tissue expression patterns. In six
out of seven high-grade DCIS with microinvasion, one with
diffuse and one with peripheral distribution pattern were
detectable. There was a significant correlation between
grading and localization of syndecan-1 expression in DCIS
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Figure 1. Examples of distinct immunohistochemical staining patterns of syndecan-1 in ductal carcinoma in situ (DCIS) (×100 magnification). a:
Low-grade with weak membranous cellular syndecan-1 staining in <5% of tumor cells and diffuse tissue expression. b: Low-grade with weak
membranous cellular staining in 10% of tumor cells centrally in DCIS tissue. c: Intermediate-grade with strong membranous staining in 80% of
tumor cells and diffuse tissue expression. d: Intermediate-grade with weak membranous staining in <5% of tumor cells and peripheral tissue
expression. e: High-grade with strong cytoplasmatic staining in 90% of tumor cells and diffuse tissue expression. f: High-grade with microinvasion,
with strong membranous and cytoplasmatic cellular staining in 70% of tumor cells and diffuse tissue expression.
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Figure 2. Recurrence-free survival by: subtype (a), with
no statistical differences among the groups of different
nuclear grading (p=0.208); b: menopausal status, with
a statistical trend for an improved survival for post-
menopausal patients (p=0.057); c: previous or current
smoking (never smoker vs. smoker, p=0.008).



tissues (Chi-square test, p=0.005) (Figure 4a). A significant
influence of ER expression on tissue distribution of
syndecan-1 (located centrally, peripherally or diffuse) was
not detected (Fisher exact test, p=0.250) (Figure 3a and b).
Results for PR effects on tissue distribution differ
significantly. Of 71 DCIS, 32 were PR-negative and 39 PR-
positive. Of 32 PR-negative cases, 24 exhibited diffuse, five
peripheral and three central syndecan-1 expression. In 39
PR-positive DCIS, 16 had diffuse, 14 peripheral and nine
central syndecan-1 tissue expression. A significant

correlation of PR expression and expression of syndecan-1
in DCIS tissue was found (Pearson’s chi-square test,
p=0.016) (Figure 3c and d). 

Menopausal status did not affect syndecan-1 tissue
localization (p=0.332). Moreover, previous HRT (p=0.067)
and a history of smoking (p=0.691) were without statistical
influence on syndecan-1 tissue distribution. Fifty DCIS cases
with complete follow-up data exhibited diffuse tissue
staining for syndecan-1. Eighteen cases exhibited a
peripheral and 14 a central staining tissue pattern. No case
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Figure 3. Correlation of estrogen receptor (ER) status and syndecan-1 staining intensity (a) and number of syndecan-1-positive cells (b). Correlation
of progesterone receptor (PR) status and syndecan-1 staining intensity (c) and number of syndecan-1-positive cells (d). In the box plots, the bottom
and top of the box show the first and third quartiles of data. The band inside the box is the median. The whiskers represent the lowest and the
highest value of 1.5× interquartile range. Data not included between the whiskers are plotted as outliers using a small circle. 



with central staining experienced relapse, while seven cases
with diffuse and two with peripheral staining pattern did. No
significant correlation between syndecan-1 tissue localization
and RFS was found (log-rank test, p=0.415) (Figure 4c).

Discussion

There was a trend for a longer RFS in intermediate-grade
(vs. high grade) DCIS (p=0.208) (Figure 2a). Numbers are
small for sub-group analysis, therefore statistical conclusions
are limited. ER/PR expression was not correlated with RFS
after DCIS. Statistical results are limited as the HR status
was only known in a minority of cases. A comparison of
cases is difficult, as therapy standards have changed during
the course of the study. This may have led to biological
differences not being reflected in RFS data.

General epidemiological factors influencing RFS. Patient
age had no significant influence on RFS (p=0.111). The age

distribution is similar to that for other DCIS cohort studies
(15, 16). There is a trend for improved RFS in post-
menopausal women (p=0.057) (Figure 2b), although
numbers of pre-menopausal cases were small. Previous HRT
had no adverse effect on RFS. This is supported by
observations of other groups, where discontinuation of HRT
after diagnosis of ER-positive DCIS resulted in a rapid
reduction of cell proliferation (18). In the present study,
nicotine consumption was correlated with a worse RFS
(Figure 2c) after DCIS. Women smokers should be advised
about potential risks of continued smoking after DCIS.
These data differ from those of larger epidemiological
studies for invasive breast cancer. The Nurses Health Study
revealed no smoking-related increased breast cancer
mortality (19). The Women’s Health Initiative revealed a
trend for reduced risk for smokers (p=0.44). Other authors
report no higher nuclear grade DCIS after smoking (20).
Therefore the effects of smoking on prognosis after DCIS
remain controversial. 
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Figure 4. a: Syndecan-1 staining intensity in subgroups with different
nuclear staining (p=0.065). b: Number of syndecan-1-positive cells by
ductal carcinoma in situ (DCIS) subgroup, significant correlation: low-
vs. high-grade, p=0.043; and intermediate- vs. high-grade, p=0.049).
In the box plots the bottom and top of the box show the first and third
quartiles of data. The band inside the box is the median. The whiskers
represent the lowest and the highest value of 1.5×interquartile range.
Data not included between the whiskers are plotted as outliers using a
small circle or a star. c: Correlation of recurrence-free survival with
syndecan-1 localization in tissue.



Influence of different treatment modalities. No advantage for
endocrine therapy at all was shown in this cohort. Endocrine
therapy after HR-positive DCIS is not necessarily recommended
(22). Radiotherapy after BCS showed no advantage for RFS,
but the number of evaluated patients was small. Postoperative
radiation is standard for DCIS after BCS (22). High-risk lesions
were predominantly treated by mastectomy. Not surprisingly in
this sub-group, there have been no recurrences. 

Effect of syndecan-1 staining intensity and proportion of
positively stained cells. Syndecan-1 staining intensity did not
correlate with nuclear grading (Figure 4a). However, there
were significant differences between low- and high-grade
DCIS, and between intermediate- and high-grade DCIS in
regard to the percentage of syndecan-1-positive cells. High
nuclear grading was correlated with higher numbers of
syndecan-1-positive cells (Figure 4b). It has previously been
reported that in invasive carcinomas, expression of membrane-
bound syndecan-1 is up-regulated compared to benign tissue
(23-25). Thereby FGF-2 binding is altered in the tumor (10,
26, 27). Aggressive tumor biology correlates with strong
syndecan-1 expression (15, 28-30). Well-differentiated tumors
and benign epithelium often express syndecan-1 on the cell
surface (30). Syndecan-1-positive cancers exhibit reduced
chemosensitivity (25, 29, 31). It can be assumed that
syndecan-1 directly affects DCIS progression. Other authors
report an association of epithelial syndecan-1 pattern with an
ER-negative phenotype and stromal syndecan-1 expression
with an ER-positive tumor type (32-33). This study found no
impact of ER expression on staining intensity of syndecan-1.
But ER expression was inversely-correlated with the
proportion of syndecan-1-positive cells. In ER-positive cases,
significantly fewer syndecan-1 positive cells were present
(Figure 3a and b). CD138 staining intensity was significantly
stronger in PR-negative DCIS and the proportion of CD138-
positive cells significantly increased in PR-negative cases
(Figure 4c and d). Overall, there was no significant correlation
between syndecan-1 staining intensity nor of percentage of
syndecan-1 positively stained cells and RFS. 

Cellular localization of syndecan-1. A majority of low- and
intermediate-grade DCIS exhibited membrane-bound syndecan-
1 staining. High-grade cases were slightly more often associated
with membrane-bound staining than with cytoplasmic or diffuse
cellular syndecan-1 pattern. The association between DCIS of
different nuclear grade with cellular staining localization was
statistically significant. ER and PR status were correlated with
a specific cellular syndecan-1 pattern. ER-negative DCIS
expressed syndecan-1 in the cytoplasm, while ER-positive DCIS
expressed membrane bound syndecan-1. PR-negative DCIS
revealed a mixed pattern of syndecan-1. PR-positive DCIS
exclusively exhibited membrane-bound syndecan-1. The results
suggest that the membranous expression of syndecan-1 is anti-

proliferative, while cytoplasmic expression supports aggressive
tumor biology. The finding that membrane-bound syndecan-1
may act in an anti-proliferative manner is surprising considering
its role as a co-receptor for growth factors such as FGF-2. On
the other hand, two recent articles showed that siRNA depletion
of syndecan-1 in MDA-MB-231 breast cancer cells enhances
invasiveness and proliferation (albeit moderately) via activation
of integrin signaling (34, 35). 

Syndecan-1 localization in DCIS. There was no significant
influence of ER expression on syndecan-1 distribution in
DCIS tissue. In invasive breast cancer, an association
between ER negativity and syndecan-1 tissue localization has
been described (36). The correlation between grading and
localization of syndecan-1 expression in DCIS tissue was
highly significant. Although no case with central syndecan-1
expression experienced relapse during follow-up, no
significant effect of syndecan-1 tissue localization on RFS
was shown herein (Figure 4c). This is surprising as
expression patterns in sub-groups are strikingly different.
Retrospectively, it cannot be determined whether this is due
to small numbers within the subgroups, or perhaps a minor
influence of syndecan-1 localization on RFS. 

Conclusion
The essential results of this DCIS study are a significant
correlation between nuclear grade and the proportion of
syndecan-1-positive cells. This analysis shows a trend for a
longer disease-free survival in low-grade DCIS. Tissue
localization of syndecan-1 differed significantly in DCIS of
different grades. HR expression was inversely correlated with
the proportion of syndecan-1-positive cells. In HR-positive
cases, significantly fewer syndecan-1-positive cells were
present. Syndecan-1 staining intensity and percentage of
syndecan-1-positive cells in DCIS were found to have no
significant effect on RFS. The significantly diverse
syndecan-1 staining in DCIS of different nuclear grades
suggests an influential role of syndecan-1 in behavior and
progression of DCIS. 
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