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Introduction

The diagnosis of ductal carcinoma in situ (DCIS) has increased 
since the early 1980s mainly due to increased mammographic 
screening.1 Currently DCIS accounts for 20–30% of newly diag-
nosed breast cancers in screened populations.2 It is estimated that 
approximately 58,000 new DCIS cases were diagnosed in US in 
2008.3

Treatments for DCIS include breast-conserving surgery 
(BCS) alone, BCS with radiotherapy, and BCS with radiother-
apy and hormonal therapy.4,5 Currently there is no consensus 
on which women should be treated with the different regimens. 
Local recurrence rates for all patients range from 10–40% with 
half of all patients with recurrence developing invasive carci-
noma.6 The current classification of DCIS based on nuclear 
grade, architectural differentiation and the presence of necrosis 
does not adequately predict the likelihood of DCIS recurrence. 
Therefore, there is a critical need to identify novel predictors of 
DCIS recurrence.

Tumor cells grow in a complex microenvironment composed 
of (i) non-epithelial cells (including fibroblasts, pericytes, endo-
thelial and inflammatory cells), (ii) extracellular matrix and 
(iii) secreted diffusible growth factors/cytokines.7,8 The tumor 
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microenvironment has been postulated to play a key role in can-
cer initiation, progression and metastasis.9 Recently, proteins 
associated with invasive breast carcinoma stroma have been 
shown to correlate with prognosis; expression of both stromal 
CD10 and SPARC (secreted protein acid rich in cysteine) have 
been associated with decreased survival.10,11 CD10 functionally 
is a cell surface zinc-dependent metalloproteinase.10 In general, 
metalloproteinases can extensively remodel the extracellular 
matrix (ECM). SPARC is a multi-functional glycoprotein that 
acts through many signaling pathways and can regulate ECM 
interactions as well as tissue remodeling.12 Based on this func-
tional work, CD10 and SPARC may likely play an integral and 
early role in tumor invasion.

To date, there have been no studies addressing the clinical sig-
nificance of stromal CD10 or SPARC expression in DCIS. Here, 
we evaluated the predictive value of stromal CD10 and SPARC 
proteins in DCIS and examined their association with clinico-
pathological variables and DCIS recurrence.

Results

Of 97 patients, 21 underwent some form of recurrence. Thirteen 
patients recurred as DCIS and eight as invasive carcinoma. The 
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overall recurrence rate in this study population and percentage of 
patients progressing to invasive disease are consistent with pub-
lished rates.13,14 CD10 marker could be measured in stroma of 96 
patients and SPARC was measured in stroma of 92 patients. One 
patient with recurrence had only SPARC but not CD10 marker 
measured.

expression of stromal cD10 and sparc in association with 
clinicopathologic data. CD10. In normal breast tissue, strong 
CD10 expression was present in the myoepithelial cells. While 
majority of DCIS cases maintained myoepithelial cell CD10 
expression, a small number of cases had focally absent or attenu-
ated expression. Intralobular stroma in normal breast showed 
weak CD10 expression, while extralobular stroma was negative. 
No CD10 staining was present in the luminal epithelial cells. 
The 96 DCIS cases had stromal CD10 expression. Of those 96 
cases, 78 patients had absent or weak expression and 18 patients 
had high CD10 expression. Representative examples are shown 
in Figure 1.

The presence of necrosis, estrogen and progesterone receptors 
positivity, and HER2 expression were not significantly associated 
with CD10. However, there was a trend toward CD10 expression 
and high nuclear grade (Table 1). Interestingly, there was a sta-
tistically significant association between younger patient age and 
higher stromal CD10 expression.

SPARC. The expression of SPARC was most prominent in 
fibroblasts adjacent to the DCIS lesions. Strong staining was 
present in 24 cases and weak in 73 cases, respectively. Stroma dis-
tant to the DCIS lesion had weak or absent SPARC expression. 
Endothelial cells and myoepithelial cells showed SPARC stain-
ing. Luminal epithelial cells showed weak positivity in majority 
of cases. Representative examples of SPARC staining are shown 
in Figure 2.

None of the standard potential prognostic factors (nuclear 
grade, necrosis, comedo type, ER, PR and HER2) with signifi-
cantly associated with stromal SPARC expression (Table 2). As 
with CD10 expression levels, there was a statistically significant 

Figure 1. expression of CD10 in stroma in ductal carcinoma in situ. (A) Weak stromal CD 10 expression with myoepithelial cells showing strong stain-
ing. (B) strong stromal CD 10 expression (CD 10 immunohistochemical stain x200).

Table 1. Univariate association between CD10 and recurrence or 
 various clinicopathologic factors

CD10 category: no (%)

0 1 2 p value

Recurrence <0.001

no 46 (61%) 24 (32%) 6 (8%)

yes 2 (10%) 6 (30%) 12 (60%)

Age Group 0.021

<=40 3 (43%) 1 (14%) 3 (43%)

40–60 19 (38%) 19 (38%) 12 (24%)

>60 26 (67%) 10 (26%) 3 (8%)

Nuclear grade 0.075

1 13 (59%) 9 (41%) 0 (0%)

2 20 (48%) 11 (26%) 11 (26%)

3 15 (47%) 10 (31%) 7 (22%)

Comedo type 0.524

No 35 (51%) 23 (33%) 11 (16%)

yes 13 (48%) 7 (26%) 7 (26%)

ER 0.496

neg 0.00 2 (20%) 1 (10%)

pos 41 (48%) 28 (33%) 17 (20%)

PR 0.768

neg 8 (50%) 6 (38%) 2 (13%)

pos 40 (50%) 24 (30%) 16 (20%)

Her2 1.000

neg 32 (50%) 20 (31%) 12 (19%)

pos 16 (50%) 10 (31%) 6 (19%)

Subtype 0.504

eR-her2+ 6 (86%) 1 (14%) 0 (0%)

eR-pR-her2- 1 (33%) 1 (33%) 1 (33%)

eR+her2- 31 (51%) 19 (31%) 11 (18%)

eR+her2+ 10 (40%) 9 (36%) 6 (24%)
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association between younger patient age at diagnosis and high 
stromal SPARC expression.

prognostic significance of stromal cD10 and sparc 
expression. A significant association was observed between the 
recurrence status and time to recurrence (Fig. 3a and B) with 
expression of CD10 (p < 0.001) and SPARC (p < 0.001) (Tables 
1 and 2). Recurrence was observed in 2 of 48 (4%) patients with 
CD10 = 0; in 6 of 30 (20%) patients with CD10 = 1; and in 
12 of 18 (66%) patients with CD10 = 2. Also, recurrence was 
observed in 2 of 27 (7%) patients with SPARC = 0; in 6 of 44 
(13%) patients with SPARC = 1; and in 13 of 24 (54%) patients 
with SPARC = 2. When combining both SPARC and CD10 
expression there was a strong correlation with the shortest time 
to recurrence (Fig. 3c). None of the standard potential prog-
nostic factors (nuclear grade, necrosis, comedo type, ER, PR and 
HER2) were significantly associated with the recurrence status or 
with the time to recurrence.

In the multivariate logistic model incorporating dichotomized 
new markers (0–1 vs. 2), both CD10 and SPARC were signifi-
cant predictors of recurrence (Table 3). The odds of recurrence 
were estimated to be 10.0 times higher (odds ratio = 10.2, 95% 
CI: 2.7, 37.7) for patients with CD10 = 2 than for patients with 
CD10 = 0 or 1. Similarly, the odds of recurrence were 3.9 times 
higher (odds ratio = 3.9, 95% CI: 1.1, 14.3) for patients with 
SPARC = 2, than for patients with SPARC = 0 or 1.

In the multivariate Cox proportional hazards model, only 
dichotomized CD10 (0–1 vs. 2) was a significant predictors of 
time to recurrence (hazard ratio HR = 5.9, 95% CI: 2.1, 17.3; p 
< 0.001), while dichotomized SPARC was not significant (HR = 
2.6, 95% CI: 0.8, 6.7; p = 0.112).

Table 4 compares the SPARC and CD10 profiles of patients 
who recurred with DCIS and with invasive cancer. However, the 
difference in either marker expression was not significantly dif-
ferent between DCIS and invasive recurrences. CD10 expression 
patterns were very similar in patients that recurred with DCIS 
or with invasive carcinoma. Meanwhile, the majority of invasive 

Figure 2. expression of spARC in stroma in ductal carcinoma in situ. (A) Weak stromal spARC expression with myoepithelial cells, luminal cells and 
endothelial cells showing strong staining. (B) strong stromal spARC expression (spARC immunohistochemical stain x200).

Table 2. Univariate association between spARC and recurrence or 
 various clinicopathologic factors

SPARC category: no (%)

0 1 2 p value

Recurrence <0.001

no 27 (38%) 33 (46%) 11 (15%)

yes 2 (10%) 6 (29%) 13 (62%)

Age Group 0.004

<=40 3 (43%) 1 (14%) 3 (43%)

40–60 10 (20%) 21 (43%) 18 (37%)

>60 16 (44%) 17 (47%) 3 (8%)

Nuclear grade 0.345

1 9 (43%) 10 (48%) 2 (10%)

2 12 (29%) 17 (41%) 12 (29%)

3 8 (27%) 12 (40%) 10 (33%)

Comedo type 0.762

No 22 (33%) 29 (43%) 16 (24%)

Yes 7 (28%) 10 (40%) 8 (32%)

ER 0.273

neg 5 (50%) 2 (20%) 3 (30%)

pos 24 (29%) 37 (45%) 21 (26%)

PR 0.771

neg 6 (40%) 6 (40%) 3 (20%)

pos 23 (30%) 33 (43%) 21 (27%)

Her2 0.109

neg 17 (27%) 31 (50%) 14 (23%)

pos 12 (40%) 8 (27%) 10 (33%)

Subtype 0.064

eR-her2+ 5 (71%) 0 (0%) 2 (29%)

eR-pR-her2- 0 (0%) 2 (67%) 1 (33%)

eR+her2- 17 (27%) 32 (52%) 13 (21%)

eR+her2+ 7 (28%) 10 (40%) 8 (32%)
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recurrences (75%) had strong expression 
of SPARC (SPARC = 2). Since the number 
of invasive recurrences is small, there is not 
enough power to detect this trend as statisti-
cally significant.

Discussion

In this study we have shown that stromal 
CD10 and SPARC expression are predictors 
of DCIS recurrence. Patients included in this 
study were treated by wide excision only and 
carefully followed allowing us to eliminate 
the bias of hormone or radiation treatment 
in evaluating these markers. In the multi-
variate analysis strong CD10 expression was 
a significant predictors of time to recurrence 
(hazard ratio HR = 5.9, 95% CI: 2.1, 17.3; p 
< 0.001), while dichotomized SPARC was not 
significant.

Several studies have investigated stro-
mal CD10 and SPARC expression in human 
malignancies. Stromal CD10 expression was 
associated with decreased disease specific and 
overall survival in invasive breast cancer10,11 and 
was better predictor of disease outcome than 
lymph-node status, tumor size, histologic grade, 
or clinical stage. Stromal CD10 expression also 
correlated with a higher tumor grade and estro-
gen receptor negative status. To date only one 
study has addressed the expression of CD10 in 
DCIS. This study, evaluating 15 DCIS cases, 
showed a trend towards stromal CD10 expres-
sion in high grade DCIS. Our study was first to 
asses prognostic significance of stromal CD10 
expression in DCIS cases with long term fol-
low up data and to examine its expression with 
clinico-pathologic data. Our study also showed 
a trend toward higher nuclear grade with CD10 
expression and further defined CD10 as a 
marker of DCIS recurrence.

This study also provides further evidence 
that stromal expression of CD10 and SPARC 
may have a functional role in the early events 
of breast tumorigenesis and DCIS biology. 
Functionally, CD10, also known as com-
mon acute lymphoblastic leukemia antigen 
(CALLA), is a zinc-dependent membrane 

Figure 3. Kaplan-Meier curves for stromal spARC 
and CD 10 expression and time to recurrence 
among DCIs patients. (A) strong stromal spARC 
expression is associated with shorter time to 
recurrence. (B) strong stromal CD10 expression 
is associated with shorter time to recurrence. (C) 
strong expressions of both spARC and CD10 are 
associated with the shortest time to recurrence.
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of enhanced CD10 and SPARC expression and later-age onset 
patients (with additional or overlapping molecular events) may not 
require these proteins to progress to a disease state. Importantly, 
the mechanisms that confer this more aggressive tumor stromal 
phenotype clearly warrant additional study.

Material and Methods

patient population. Ninety seven DCIS cases were included in 
this study. Their follow up ranged from 53.4 to 202.1 months 
(median = 110.8, mean = 114.1). Medical charts were reviewed 
to obtain treatment and follow up information. Local recurrence 
was our primary endpoint of interest and was defined as DCIS or 
invasive breast cancer in the ipsilateral breast at least six months 
after excision of primary DCIS with negative margins. DCIS or 
invasive disease identified during the first six months after the 
index DCIS was considered part of the initial disease. Therefore, 
women with invasive breast cancers identified during this period 
were excluded from the cohort as they were considered to have 
invasive disease, and not pure DCIS, at presentation.

Slides from primary DCIS cases were reviewed for histo-
pathologic features. DCIS architectural type (solid, cribriform, 
micropapillary and comedo), nuclear grade (low, intermediate, 
high) and presence or absence of necrosis were recorded. Estrogen 
receptor, progesterone receptor and HER2 status were obtained 
from pathology reports.

immunohistochemistry. Paraffin-embedded blocks were fixed 
in 10% neutral-buffered formalin and processed for immuno-
histochemical analysis. Tissue sections were de-paraffinized in 
xylene, re-hydrated in ethanol, re-hydrated with water, and washed 

metalloproteinase. Matrix metalloproteinases play key roles in con-
trolling cell growth, differentiation and signal transduction by mod-
ulating the activity of peptide factors and regulating their access to 
the receptors.15 In tumor associated stroma, CD10 and other matrix 
metalloproteinases facilitate invasion and metastasis by degrad-
ing extracellular matrix proteins. Our results suggest that CD10 is 
expressed in a subset of DCIS cases and confers higher risk of DCIS 
recurrence.

SPARC, also known as osteonectin and is a 32 kDa secreted 
glycoprotein that interacts with ECM proteins to promote the 
disassociation of cells from the matrix, thereby promoting cell 
motility. SPARC plays an important role in wound healing, 
embryonic development and tumorigenesis.16 In addition to 
interacting with ECM components SPARC interacts with growth 
factors such as VEGF and FGF.

Increased SPARC expression has been identified in multi-
ple tumors and is associated with poor prognosis.17-19 In breast 
carcinomas SPARC was identified as a member of a cluster of 
genes associated with increased invasive capacity.20 In addition, 
mRNA levels of SPARC inversely correlate with estrogen recep-
tor status, indicating that SPARC expression is associated with 
more aggressive breast cancers.18 The role of SPARC in tumori-
genesis is complex since it is expressed in epithelial and stro-
mal compartments. Interestingly, epithelial SPARC expression 
did not confer worse prognosis in lung and pancreatic cancers 
whereas stromal SPARC expression has been associated with 
poor clinical outcomes independent of common clincopatho-
logic parameters.17,21 The mechanism by which stromal SPARC 
expression confers a worse prognosis is not known. One of the 
potential mechanisms by which SPARC promotes tumorigenesis 
is angiogenesis. SPARC was initially identified as a protein secre-
ated by endothelial cells in vitro.22 Increased SPARC expression 
was detected in newly formed vessels in malignant melanoma 
xenografts and during neovascularization of aortic stenosis.23,24 
SPARC was also shown to mediate several stages of epithelial to 
mesenchymal transition and its expression is a feature of meta-
plastic breast carcinomas.25

The prognostic significance of stromal CD10 and SPARC 
expression seen in our study suggests there may be a need for 
therapeutic efforts that not only target tumor cells, but that also 
target the juxta-tumoral stroma that provides the supportive 
microenvironment. Given the success of compounds that target 
the tumor microenvironment such as bevacizumab, sunitinib 
and hedgehog pathway inhibitors it is not unreasonable to hope 
that agents that target the activated fibroblast component of the 
tumor microenvironment may improve patient outcomes.26-28

In summary, stromal CD10 and SPARC expression are new 
markers of an increased risk for DCIS recurrence, independent of 
commonly assessed clinical parameters, including nuclear grade, 
comedo necrosis, hormone receptor expression and HER2. Future 
work will decipher if SPARC and CD10 may be used with a panel 
of other proteins and parameters (including age) to successfully 
predict the correct clinical management of women diagnosed 
with DCIS. It is of note that we found a statistically significant 
connection between SPARC and CD10 stromal expression and 
age. Perhaps early-age onset DCIS may be facilitated in a setting 

Table 3. Results from logistic and Cox models predicting DCIs 
 recurrence

Logistic model for the 
rate of recurrence

Odds Ratio 95% CI p value

spARC 2 vs. 0-1 3.94 1.09–14.26 0.037

CD10 2 vs. 0-1 10.02 2.66–37.71 0.001

Cox model for the time to 
recurrence

Hazard Ratio 95% CI p value

spARC 2 vs. 0-1 2.35 0.82–6.72 0.112

CD10 2 vs. 0-1 5.93 2.05–17.13 0.001

Table 4. Association of stromal CD10 and spARC with recurrence type

CD10 in stroma score

Recurrence 0 1 2 p value

DCIs 1 (8%) 4 (33%) 7 (58%) 1.000

Invasive 1 (13%) 2 (25%) 5 (63%)

SPARC in stroma score

Recurrence 0 1 2 p value

DCIs 1 (8%) 5 (38%) 7 (54%) 0.4167

Invasive 1 (13%) 1 (13%) 6 (75%)



396 Cancer Biology & Therapy Volume 10 Issue 4

prognostic factors (nuclear grade, necrosis, comedo, ER, PR and 
Her2) was analyzed using log-rank test. Time to recurrence was 
evaluated using the Kaplan-Meier estimate of the survival curves.

For 21 patients who recurred, association between recurrence 
type (DCIS or invasive) and each new marker was tested using 
Fisher’s exact test.

For multivariate analyses, SPARC and CD10 scores were 
dichotomized as 2 vs. 0–1. Exact version of logistic regression 
was used for multivariate analysis of recurrence rates. Cox pro-
portional hazards model was used for the multivariate analysis 
of time to recurrence. No violations of the proportional hazards 
assumptions were detected. Data were analyzed in SAS 9.1 (SAS 
Institute Inc., Cary, NC) and R (free software environment for 
statistical computing and graphics).
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in 1% phosphate-buffered saline. Prior to primary antibody appli-
cation, slides underwent antigen retrieval. Slides were steamed for 
20 minutes in a Dako Target Retrival Solution, pH 6. After HIER 
treatment, the slides were allowed to cool for 20 minutes and then 
were washed 3 times in 1% PBS and then sections were then 
treated with peroxidaze block for 10 min. For CD10 staining, 
primary antibody (Vector, cat# VP-C328, Burlingame, CA) was 
applied to slides and incubated for 60-min, using a 1:200-dilution. 
Secondary antibody used in the process was Mouse Mach3 from 
Biocare Medical cat#M3M530l. For SPARC staining, a primary 
antibody (Ab-Cam, cat# ab14174, Cambridge, MA) was applied 
to slides and incubated for 60-min, using a 1:200-dilution. The 
secondary antibody used for immuno-staining was Rabbit Mach3 
from Biocare Medical (cat # M3M530l). Immune complexes were 
visualized with the chromogenic substrate Dako Liquid DAB+ 
Substrate-Chromogen Solution (DAKO K3468) (diaminobenzi-
dine tetrahydrochloride) for 5 minutes.

Staining was scored semi-quantitatively as negative (0; no 
staining), weak (1; either diffuse weak staining or strong staining 
in less than 30% of stromal cells) and strong (2; defined as strong 
staining of 30% of stromal cells).

statistical methods. Association between recurrence status 
and stromal SPARC and CD10, as well as prognostic factors 
(nuclear grade, necrosis, hormone receptor and HER2 status) 
was performed using the Fisher’s exact test.

Association between the time to recurrence and stromal 
SPARC and CD10, as well as between the time to recurrence and 
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