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Ningning Gao - Hong Xu - Caigang Liu - Huanming Xu -
Guanglei Chen - Xuemei Wang - Yinyan Li - Yan Wang

Received: 12 May 2013 / Accepted: 22 July 2013 /Published online: 18 January 2014

© International Society of Oncology and BioMarkers (ISOBM) 2014

Abstract The purpose of this study is to investigate the rela-
tionship between nestin expression and clinicopathological
characteristics, immunohistochemical markers and to deter-
mine the prognostic impact of nestin expression in breast cancer
so as to lay a foundation for the treatment of breast cancer. A
total of 109 patients who were histologically diagnosed with
breast cancer and underwent radical operations from January
2006 to September 2007 in China Medical University were
enrolled in the study. Nestin protein expression was evaluated
by immunohistochemistry. The relationship between nestin and
other parameters was analyzed by using chi-square test and
Fisher’s exact test. Nestin expression was observed in 37.6 %
(41/109) of cases. There were no significant differences be-
tween the age of >40 and <40 years group in terms of nestin
expression (39.8 vs 18.2 %; P=0.161). The rate of nestin
expression between those with and without lymph node metas-
tasis was not significantly different (X*=0.086; P=0.769). The
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S-year survival rates of the patients with nestin expression and
those without were 34.1 % (14/41) and 55.9 % (38/68), respec-
tively (P=0.028). Overall, triple-negative breast cancers had
higher expression rates than other cancers (54.1 vs 29.2 %;
P=0.011). Nestin expression rate in ER- and PR-negative
tumors was found to be significantly higher than cases that
were ER- and PR-positive (P=0.011 and P=0.036, respective-
ly). However, it was not found that HER2 expression was
related to nestin expression (P=0.120). These results suggest
that the expression of nestin might play an important role in the
prognosis of breast carcinoma, especially in the triple-negative
subgroups.
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Introduction

Breast cancer is the most common malignancy in women. More
than 1.15 million people will be diagnosed with breast cancer
every year worldwide. Breast cancer accounts for 14.1 % of
deaths in all the female malignancies. Breast cancer greatly
threatens the physical and mental health of women [1, 2].
Primarily derived from mammary gland epithelial cells, breast
carcinoma tissue only expresses the markers of gland epithelial
cells. However, some studies observed that the tumor cells also
expressed markers derived from myoepithelium. Consequently,
breast cancer is a heterogeneous disease, and the included
phenotypes have different biological characteristics [3].

Current anti-breast cancer treatments such as endocrine
therapy and molecular target therapy are suitable for those
phenotypes that are ER/PR-positive and HER2-positive.
However, triple-negative breast cancer accounts for approxi-
mately 10-17 % of all breast carcinomas and is associated
with a poor clinical outcome [4]. Moreover, there has been no
individualized treatment for triple-negative breast cancer
recently.
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Nestin is a type VI intermediate filament protein that is
expressed in proliferating progenitor cells during the develop-
mental stages in a variety of embryonic and fetal tissues.
Studies have focused on the importance of nestin as a molec-
ular marker for neural stem cells [5—7]. It has recently been
shown that nestin is also expressed in tumor cells and prolif-
erating microvascular endothelial cells [8, 9]. Studies demon-
strated that nestin is preferentially expressed in triple-negative
and basal-like breast carcinomas.

Therefore, we carried out this study to investigate the
relationship between nestin expression and clinicopathologi-
cal characteristics, immunohistochemical markers and deter-
mine the prognostic impact of nestin expression in breast
cancer in order to lay a foundation for the treatment of breast
cancer.

Materials and methods
Patients and tissues specimens

A total of 109 patients that were histologically diagnosed with
breast cancer and had underwent radical operations obtained
in the Surgical Oncology Department of the First Hospital of
the Medical University from January 2006 to September 2007
were included. The inclusion criteria were as follows: (a)
curative operations were performed; (b) resected specimens
were pathologically examined; (c) more than ten lymph nodes
were pathologically examined after operation; and (d) com-
plete medical records were available.

Thin slices of tumor tissue of all cases received in our
histopathology unit were fixed in 4 % formaldehyde solution
(pH 7.0) for periods not exceeding 24 h. The tissues were
processed routinely for paraffin embedding, and 4-pum-thick
sections were cut and placed on glass slides coated with 3-
aminopropyl! triethoxysilane for immunohistochemistry.

Immunohistochemistry

The expression of nestin was analyzed by using the monoclo-
nal antibodies of mice from Santa Cruz Biotechnology (Santa
Cruz, CA, USA) by immunohistochemistry. Positive control
included samples of normal breast, where nestin is consistent-
ly expressed in myoepithelial cells and in endothelial
cells.Negative control was prepared by substituting the prima-
ry antibody over PBS.

Immunohistochemical analysis
Nestin  expression was semi-quantitatively  classified
according to the following criteria: 0, <1 % of neoplastic cells

discretely expressed nestin in their cytoplasm; 1+, 1>, and
<10 % of discrete cytoplasmic expression in morphologically
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unequivocal neoplastic cells; and 2+, if >10 % of discrete
cytoplasmic expression in morphologically unequivocal neo-
plastic cells. Cases graded as 1+ and 2+ were considered to be
positive.

Statistical analysis

Statistical analysis was performed with SPSS statistics soft-
ware (version 17.0). Correlations between nestin and other
parameters were performed by using chi-square test and
Fisher’s extract test. The correlation among ER, PR, HER-2
and nestin protein expression was assessed by linear regres-
sion. Regression (7) values were regarded as indicating no
correlation (0.0-0.2), a low degree of correlation (0.2-0.4), a
moderate degree of correlation (0.4-0.6), a marked degree of
correlation (0.6-0.8), or a high degree of correlation (0.8—1.0).
Breast cancer-specific survival was expressed as the number
of months from surgery to the occurrence of an event
(distant metastasis or disease-related death). Cumulative sur-
vival probabilities were analyzed using the Kaplan—Meier
method. Differences of survival rates were tested by the log-
rank test. Multivariate analysis was carried out by using
logistic regression and the Cox proportional hazards model.
All tests were two-tailed, with a confidence interval of 95 %.
A P value of less than 0.05 was considered as statistically
significant.

Results
Patient characteristics

A hundred and nine cases had invasive ductal carcinoma. The
mean age was 51.03 years (range, 32—79 years). There were
37 patients with lymph node metastasis and 72 without lymph
node metastasis. Negative expression of ER, PR, and HER2
was found in 60, 66, and 88 cases, respectively. There were 41
cases with triple-negative breast cancers accounting for 34 %
of all included patients.

Relationship between nestin expression
and clinicopathological features

Immunohistochemical examination showed that nestin was
located in the cytoplasm of the tumor cells (Fig. 1a) and the
myoepithelial cells displayed strong nestin expression as pos-
itive control (Fig. 1b). There was no nestin expression in the
negative control (Fig. 1¢). Nestin expression was observed in
38.53 % (42/109) cases. There was no association between
nestin expression and age, histological type, tumor stage, and
lymph node metastasis were observed. Overall, triple-negative
breast cancers had higher expression rates of nestin than other
cancers (52.63 vs 30.98 %, P=0.027; Table 1).
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The myoepithelial cells displayed strong nestin expression as positive
control (IHC x400). ¢ There was no nestin expression in negative controls
(THC x400)

Nestin expression and ER, PR, and HER-2

After univariate analysis, nestin expression rate was
found to be significantly higher in the ER- and PR-
negative group than in ER- and PR-positive group
(P=0.011 and P=0.036, respectively; Table 2). HER2-
positive cases had higher nestin expression rates com-
pared with HER2-negative cases, but this was not significant-
ly different (52.4 vs 34.1 %; P=0.120). We performed logistic
analysis on the above factors in order to exclude the effects of
confounding factors. Multivariate analysis revealed that ER,
PR, and HER2 expression were not found to be related to
nestin expression (P=0.078, P=0.237, and P=0.255, respec-
tively; Table 3).

Table 1 Correlations between nestin and clinicopathological feathers

Varible n Nestin Nestin® P value
Age
>40 98 59 39 0.203
<40 11 9 2
Histological grades
I 39 26 13 0.789
I 50 30 20
I 20 12 8
Lymphovascular invasion status
Negative 68 42 26 0.863
Positive 41 26 15
Triple-negative cancer
Yes 37 17 20 0.011
No 72 51 21

Correlation among ER, PR, HER-2, and nestin expression
in breast carcinoma

After linear regression, a significant positive correlation be-
tween ER and PR expression was observed (r=1.000,
P=0.000; Table 4). At the same time, we found inverse
correlations between nestin and ER and between nestin and
PR (r=-0.245, P=0.011; r=—0.201, P=0.037, respectively;
Table 4). Nevertheless, no association was observed between
HER-2 and ER or nestin PR (»=0.161, P=0.095; »=0.149,
P=0.122, respectively; Table 4).

Survival outcome

Survival analysis revealed that nestin was associated with
breast cancer-specific survival in 109 cases (P=0.014 log rank
test; Fig. 2a). Subgroup analysis showed that nestin expression
was associated with a shorter breast cancer-specific survival
in the lymph node negative group (P=0.014, log-rank test;

Table 2 Correlations between nestin and ER, PR, HER2

Variable n Nestin~ Nestin™ P value
ER
+ 49 37 12 0.011
- 60 31 29
PR
+ 43 32 11 0.036
- 66 36 30
HER-2
+ 21 10 11 0.120
- 88 58 30

ER estrogen receptor, PR progesterone receptor, HER-2 human epidermal
growth factor receptor 2
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Table 3 Multivariate analysis of the factors related to nestin expression

Characteristic Exp(B) 95 % CI for Exp(B) P value
ER 2228 0.914-5.430 0.078
PR 0.576 0.231-1.437 0.237
HER2 1.778 0.660—4.788 0.255
Constant 0.409

CI confidence interval, ER estrogen receptor, PR progesterone receptor,
HER-2 human epidermal growth factor receptor 2

Fig. 2b), and there was no association between nestin expres-
sion and shorter breast cancer-specific survival in the lymph
positive group (P=0.381, log-rank test; Fig. 2c). However,
application of COX regression model analysis showed that
nestin was not an independent prognostic factor of breast
cancer.

Discussion

Comprehensive therapy for breast cancer has improved the
clinical curative effect, but there are no effective treatments for
some phenotypes such as triple-negative breast cancer be-
cause of its heterogeneity. Moreover, more than 40 %
of breast cancer patients still recur. Relapse and metastasis are
still the main cause of treatment failure and death from breast
cancer [2].

Since Makino discovered some subset of tumor cells that
were defined as cancer stem cells (CSCs) or tumor-initiating
cells (TICs) in tumor cell groups in 1959 [10], the study on
CSCs has gained great attention. Studies have shown that
TICs are the basal cause of the occurrence, progression, inva-
sion, metastasis, resistance to radiation and chemotherapy, and
the recurrence of the tumor [11, 12]. So far, tumor stem cells
have been detected in various tumors, including breast, lung,
colon cancer, malignant melanomas, gliomas, and so on [13].

Researchers have found that the expression of nestin may
determine the high tumorigenicity of breast cancer stem cells
by establishing the tumor mouse model. Nestin is expressed in
dividing cells during the early stages of development in the
central nervous system, peripheral nervous system, myogenic,
and other tissues [14]. Nestin has been utilized as a marker of
proliferation and migration, and it has recently been suggested

Table 4 Correlations

among ER, PR, HER-2 Characteristic r value P value
and nestin expression in
breast carcinoma ER vs PR 1.000 0.000
ER vs HER-2 0.161 0.095
ER estrogen receptor, PR Nestin vs ER —0.245 0.011
progesterone receptor, Nestin vs PR —0.201 0.037
HER-2 human epidermal  Nestin vs HER-2 ~ 0.149 0.122
growth factor receptor 2
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Fig.2 a Univariate analysis of the prognostic impact of nestin expression on
breast cancer-specific survival (P=0.014, log-rank test). b Lymph node
negative on the breast cancer-specific survival according to the nestin expres-
sion (P=0.014, log-rank test). ¢ Lymph node negative on the breast cancer-
specific survival according to the nestin expression (P=0.381, log-rank test)



Tumor Biol. (2014) 35:1751-1755

1755

that nestin can be used as a myoepithelial marker [15].
Moreover, studies demonstrated that it was associated with
the degree of malignancy and the poor clinical prognosis of
tumors [16, 17]. Based on these observations, we deduced that
nestin could be an indicator of tumor malignancy.

Recent research on western patients demonstrated that
nestin is preferentially expressed in basal-like breast carcino-
mas [18]. A study based on Asian patients also confirmed this
[17]. At the same time, the former found that high levels of
nestin are expressed in a small subgroup of luminal cancers
and the nestin was not associated with breast cancer-specific
survival.

In our study, nestin was preferentially expressed in triple-
negative breast cancers, which coincides with previous results.
And nestin was observed to be associated with 5-year breast
cancer-specific survival, corroborating a study based on Asian
patients [17]. While compared to past study results, these are
somewhat different. Parry et al. found that there was no corre-
lation between nestin expression, metastasis-free survival, or
breast cancer-specific survival [7]. The difference of these may
be caused by the selected cases and the nations. Linear regres-
sion analysis revealed that nestin expression correlated to the
negative expression of ER and PR, and there was no obvious
correlation between the expression of nestin and HER2, con-
sistent with previous reports [17, 19]. Based on our results, it is
evident that nestin may have an important effect on the devel-
opment and metastasis in breast carcinoma.

Conclusion

This study detected nestin expression in 109 cases with breast
carcinoma by immunohistochemical method. Our study
showed that triple-negative breast cancer has a high level of
nestin expression. Nestin expression was associated with 5-
year breast cancer-specific survival. Nestin might be utilized
as a new potential marker for clinical diagnosis and therapy
for breast carcinoma. However, the clinical significance and
the underlying mechanisms of nestin expression are not
completely clear, and further study in larger cohorts of breast
carcinoma is needed to explore the relationship between nestin
expression and its clinical implications.
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