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a b s t r a c t

Chondroitin sulfate proteoglycan 4 (CSPG4), a transmembrane proteoglycan originally identified in mel-
anoma cells, has been reported to be expressed in breast cancer cells. This study was performed to exam-
ine the expression and significance of CSPG4 in a cohort of breast cancer patients. Immunohistochemical
analysis of CSPG4 was performed on tissue microarrays constructed from tissue specimens from 240
breast cancer patients. CSPG4 staining was correlated with clinical and pathological characteristics, over-
all survival (OS), and disease recurrence. Contradicting to a previous report, our results showed that high
CSPG4 expression was not related to triple-negative status of breast cancer patients. The Kaplan–Meier
method showed that high CSPG4 expression was significantly associated with shorter time to recurrence
(TTR). Patients with high CSPG4 expression had poorer OS and shorter TTR in a multivariate survival anal-
ysis after adjustment for stage, tumor grade, expression of estrogen receptor and progesterone receptor,
and HER2 overexpression. This study showed that high CSPG4 expression correlates with disease recur-
rence and OS in breast cancers.

� 2013 The Authors. Published by Elsevier Inc. All rights reserved.

1. Introduction

Breast cancer is a highly heterogeneous disease in terms of mor-
phology, molecular characteristics, and response to treatment.
Molecular profiling studies have provided a glimpse of the com-
plexity and underlying genetic signature of breast cancer [1–3].
Several molecular subgroups have been proposed with the aid of
DNA microarray: luminal A, luminal B, human epidermal growth
factor receptor 2 (HER2), normal, and basal-like [1–3]. Immunohis-
tochemical profiling based on expression of estrogen receptor (ER),
progesterone receptor (PR), and HER2 approximate the molecular
taxonomy of breast cancer patients and provided prognostic infor-
mation and basis for treatment options [4–8].

Chondroitin sulfate proteoglycan 4 (CSPG4), also known as NG2,
is a transmembrane proteoglycan highly expressed in human

melanoma cells [9]. CSPG4 plays an important role in growth,
motility, and survival of melanoma cells [10–12]. In breast cancer,
CSPG4 has been found to be highly expressed on aggressive breast
cancer cell lines and contributed to the P-selectin binding that
potentiates the metastatic spread of breast cancer [13]. CSPG4
has also been reported to be expressed in primary triple-negative
breast cancer (TNBC), the subset of breast cancer that lacks the
immunohistochemical expression of ER, PR, and HER2, lesions
and TNBC cell lines, and may be a therapeutic target for mAb-based
immunotherapy in breast tumors with TNBC phenotype [14].
However, the frequency and clinical significance of CSPG4 in breast
cancer has yet to be determined. The objectives of the present
study included identification of breast tumors exhibiting the
CSPG4 phenotype, as well as assessment of CSPG4 expression in
relation to prognosis and various clinical and pathological features.

2. Materials and methods

2.1. Breast tissue microarray

Our study cohort was composed of 240 tumor specimens from
breast cancer excisions collected at the time of surgery between
January 2000 and December 2006 at the Department of Surgery,
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Kaohsiung Medical University Hospital, Taiwan. All patients were
newly diagnosed at the time of specimen collection and have not
yet begun radiotherapy, chemotherapy, or hormonal treatment.
Samples were fixed in 10% neutral buffered formalin and embed-
ded in paraffin. Areas of invasive carcinoma were selected and
marked on the hematoxylin and eosin stained slides. The corre-
sponding tissue blocks were sampled for tissue microarray
(TMA). Follow-up information, histopathological and clinical data
including age, sex, tumor size, ER, PR, HER2 overexpression, tumor
grade, stage, recurrence, and survival were obtained from the can-
cer registry and medical charts. The length of follow-up ranged
from 1 to 131 months, with a mean of 84 months. This protocol
was approved by the Institutional Review Board of Kaohsiung
Medical University Hospital.

2.2. Immunohistochemistry

The breast TMA was evaluated for CSPG4 expression using
immunohistochemical staining. Briefly, 4-lm-thick sections were
deparaffinized in xylene, dehydrated through three alcohol
changes. Endogenous peroxidase activity was quenched with 3%
hydrogen peroxide in methanol. Antigen retrieval was performed
in 96 �C solution of 0.01 mol/L sodium citrate buffer (pH 6.0) for
30 min. Slides were then incubated with anti-NG2 mouse mono-
clonal antibody (1:50 dilution, ab83508, Abcam, Cambridge, MA)
for 30 min at room temperature. Human melanoma samples and
an isotype- and concentration-matched nonimmune IgG (Abcam)
were used as positive and negative controls, respectively. Staining
was detected using the EnVision Detection Systems Peroxidase/
DAB, Rabbit/Mouse kit (Dako, Glostrup, Denmark). After visualiza-
tion, the TMA sections were then counterstained with hematoxylin
(MERCK, Darmstadt, Germany). The expression of CSPG4 was eval-
uated for intensity of reactivity and percentage of positive cells.
The intensity was evaluated as 0, 1, 2, and 3 for negative, weak,
moderate, and strong staining, respectively. The percentage of tu-
mor cells showing positive staining was recorded as follows: 0,
staining in <1%; 1, staining in 1–10%; 2, staining in 11–50%; and
3, staining in >50% of tumor cells. The total score, ranged from 0
to 9, was calculated by multiplying the intensity and percentage
scores. The CSPG4 immunoreactivity was assessed independently
by two pathologists scoring coded sections and conflicting scores
were resolved at a discussion microscope.

2.3. Statistical analysis

Receiver operating characteristics (ROC) curve analysis was ap-
plied to calculate the expression cut-off value predicting survival
for CSPG4. Expression level of CSPG4 was analyzed with clinical
data to assess for correlation with clinical outcome by Pearson’s
chi-square test. Overall survival (OS) and time to recurrence
(TTR) were estimated by the Kaplan–Meier method and compared
by the log-rank test. OS was defined as the time from diagnosis un-
til the time of death. TTR was defined as the time between date of
diagnosis and date of local recurrence/distant metastasis. Patients
still alive/without evidence of recurrence were censored at last fol-
low-up. The Cox proportional hazards regression model was used
to test the statistical independence and significance of CSPG4 in
predicting the risk of death and recurrence. Variables in the model
included tumor grade, stage, ER, PR, and HER2 overexpression. A
p < 0.05 was considered to indicate statistical significance.

3. Results

Table 1 depicts distribution of the intensity and percentage
scores of CSPG4 immunohistochemical staining of the 240 breast

tumor samples examined. A total score was obtained by multiply-
ing the percentage and intensity scores for each sample. A cut-off
value of 6 was established by ROC curve analysis and was used
as the uniform cut-off point for subsequent analyses. High CSPG4
expression, as defined by a score of 6 or greater, was observed in
66 of the 240 (27.5%) breast tumors examined. Fig. 1 shows exam-
ples of cases with high and low CSPG4 expression. Clinical and
pathological characteristics of patients, including triple-negative
status, stratified by CSPG4 expression level showed that there
was no apparent difference between the two groups (Table 2).

Table 1
Distribution of the intensity and percentage scores of CSPG4 immunohistochemical
staining of the 240 breast tumors.

Percentage score N

0 1 2 3

Intensity score 0 40 0 0 0 40
1 0 12 60 51 123
2 0 0 11 46 57
3 0 0 2 18 20

N 40 12 73 115 240

Fig. 1. Representative immunohistochemistry analysis of CSPG4 protein expression
on TMA of breast cancer samples. The breast TMA was stained and scored as
described in materials and methods. (A) Negative CSPG4 expression (score = 0). (B)
Low CSPG4 expression (score = 4). (C) High CSPG4 expression (score = 6).
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