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Abstract: As a negative modulator of the canonical Wnt signaling pathway, Naked1 (NKD1) is widely expressed in
many normal tissues. However, the expression and clinicopathological significance of NKD1 in patients with breast
cancer is still unclear. The aim of this study was to evaluate NKD1 expression in breast cancer and to investigate the
question of whether reduced expression of NKD1 may have any pathological significance in breast cancer development or progression. In this study, we performed western blotting and immunohistochemistry to evaluate the expression of NKD1 and relevance with clinicopathological factors in the breast invasive ductal carcinoma. Reduction
of NKD1 was significantly correlated with lymph node metastasis, histological grade and ER expression in breast
cancer. Patients with negative NKD1 expression had significantly lower cumulative postoperative 5 year survival
rate than those with positive NKD1 expression. This interpretation is in keeping with the results obtained from our
in vitro experiments on MDA-MB-231 cells, we demonstrated that upregulation of NKD1 expression by infect with an
adenovirus containing a NKD1 vector significantly reduced the migration of breast cancer cells. These data suggest
that NKD1 plays an important role in invasion in human breast cancer and it appears to be a potential prognostic
marker for patients with breast cancer.
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Introduction
Breast cancer survival has improved significantly over the last 30 years; however, it still
ranks second among cancer deaths in women
[1]. Therapeutic failure and distant metastasis
have been a major challenge in the treatment
of breast cancer. Thus, exploring more markers
to predict responsiveness of treatment, tumor
progression, and potential target therapies is
becoming more and more important [2, 3].
dNKD (Naked Cuticle Drosophila) was first found in Drosophila and mutation of the naked
gene could induce the loss of segmentation of
Drosophila [4]. Subsequently, NKD1 and NKD2,
two homologues of drosophila naked cuticle,
were also detected in mammalians [5]. These
two genes are located on chromosome 16q12.1
and 5p15.3, respectively, in human beings, and
share 43.8% amino acid sequence homology.
NKD1 has been proposed to interact with Disheveled (Dvl) through its conservative domain

which forms an EF-hand-like motif, functioning
as a negative regulator of the canonical Wnt/bcatenin signaling pathway [6-9]. Dish-eveled
(Dvl) is a positive regulatory factor located upstream of the Wnt pathway, and plays a role in
regulating at least two intracellular Wnt signal
pathways, such as the canonical Wnt/b-catenin
pathway and JNK/PCP pathway [10]. NKD1 is
an antagonist of the canonical Wnt/b-catenin
pathway. When it directly interacts with PDZ
domain of disheveled (Dvl) in the cytoplasm,
the canonical Wnt/b-catenin signaling pathway
is inhibited. It has been demonstrated that
NKD1 could act as a switch that directs disheveled (Dvl) toward the JNK/PCP pathway and
away from the canonical Wnt/b-catenin pathway, thus inhibiting the canonical Wnt pathway.
Although there are increasing reports of NKD1
today, the role of NKD1 in cancer progression
still needs to be further addressed. It has been
reported that the NKD1 mRNA level was upregulated in colorectal adenomas [11] and hepatoblastoma [12]. Conversely, NKD1 protein
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expression was down-regulated in some gastric
cancer tissues. This contradictory expression
level of NKD1 in cancer may result from the
tumor specificity caused by the complicated
signaling pathway. Moreover, to the best of our
knowledge, the relationship between NKD1 expression and clinicopathological features in human breast tumor has not been reported in the
English literature.
In the current study, we examine the expression
of NKD1 in 420 cases of breast invasive ductal
carcinoma (IDC) and correlate it with corresponding clinicopathological factors, including
histological type, euplastic differentiation, lymph node metastasis and clinical outcome. In
addition, we used adenovirus vector technology to increase endogenous NKD1 expression in
breast cancer cells to provide insight into the
role of NKD1 in the biological behavior of breast
cancers.
Materials and methods
Patient samples
The study included 420 patients with histological confirmed invasive ductal carcinoma of the
breast who underwent modified radical mastectomy at the Affiliated Hospital of Qingdao
University from 2000 to 2010. None of the
patients had undergone preoperative chemotherapy or radiation. Research protocols for the
use of human tissue were approved by and conducted in accordance with the policies of the
Institutional Review Boards at Qingdao University. The histological subtype was determined according to the World Health Organization
classification. The TNM stage was determined
postoperatively according to the American Joint
Committee on Cancer, and the histological grade was determined according to the ScarffBloom-Richardson grading system. The original
histological diagnosis used for clinical management was confirmed by three independent,
experienced, and expert histopathologists.
Cell line and culture
MDA-MB-231, human breast cancer cell line
was obtained from the Cancer Research Institute of Beijing, China. Cells were cultivated in
T75 tissue culture flasks in DMEM supplemented with 10% fetal calf serum, 100 IU/ml penicillin, 100 μg/ml streptomycin, 2 mM L-glutamine,
and 20 mM hydroxyethyl piperazine ethanesul4016

fonic acid, and incubated in a humidified incubator containing 5% CO2 at 37°C.
Western blot analysis
Tissues or cells were lysed in RIPA buffer supplemented with protease inhibitor mixture for
30 min at 4°C. The cell lysates were then sonicated briefly and centrifuged (14,000 g at 4°C)
for 15 min to remove insoluble materials. Equal
amounts of protein were separated by SDSPAGE and transferred to a PVDF membrane.
Membranes were blocked with 5% nonfat dry
milk and then incubated with first antibody, folowed by horseradish peroxidase-conjugated
secondary antibody. Protein bands were visualized by ECL chemiluminescence method.
Construction of Tet-off adenoviral-mediated
system
The recombinant adenovirus was assembled
and produced using the Adeno-X Tet-Off Expression System 1 (Clontech, Mountain View,
CA, USA) according to the manufacturer’s instructions. First, a NKD1 construct (consisting
of a full-length NKD1 cDNA fused to a C-terminal
GFP tag) was cloned into a pTREShuttle2 vector
(Clontech) containing a tetracycline-responsive
element upstream of the cytomegalovirus minimal promoter. Next, the resultant TRE-GFPNKD1 expression unit was excised from the
pTRE-NKD1 vector using the I-CeuI and PI-SceI
restriction enzymes and then ligated to Adeno-X
System 1 Viral DNA (Clontech). The resultant
recombinant Adeno-X-GFP-NKD1 vector (AdNKD1) was packaged into infectious adenoviral
particles by transfecting HEK293 cells, and the
recombinant adenoviruses were subsequently
harvested by lysing the transfected cells. For
transient expression of NKD1, cells were coinfected with a recombinant adenovirus (AdNKD1) and a regulator virus (Adeno-X Tet-off
virus) in serum-free media for 12 h, followed by
incubation in complete medium.
Invasion assay
Invasion assays were performed using the
Chemicon Cell Invasion Assay Kit (Millipore,
Billerica, MA, USA) according to the manufacturer’s protocol. Briefly, cells (4×104) were plated onto a Matrigel-coated transwell invasion
chamber and incubated at 37°C for 24 h. Noninvading cells were removed by wiping the
upper side of the transwell. Invading cells were
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Table 1. Correlation of NKD1 immunoreactivity
with clinicopathological variables in 420 patients
with breast cancer
Number
(420)

NKD1 expression
+
p value

Age (years)
<50
≥50

256
164

179
127

77
37

0.091

Tumor size
≤2 cm

136

94

42

0.137

2-5 cm

162

115

47

≥5 cm

122

97

25

238
96
86

171
63
72

67
33
21

0.003*

114
157
149

90
120
96

24
37
53

0.014*

189
231

145
161

44
70

0.107

179
241

121
185

58
56

0.037*

202
218

152

50
154

0.289
64

302
118

218
88

84
30

0.685

N Stage
N0
N1
N2, 3
Histological grade
G1
G2
G3
Ki67
≤14%
>14%
ER
Negative
Positive
PR
Negative
Positive
Her-2
Negative
Positive

fixed with methanol and stained with hematoxylin. Three independent invasion assays were
performed in triplicate. Five random fields on
average were counted using a light microscope.
Statistical analysis
All values in the text and figures are presented
as mean ± SD. Overall survival rates were determined using Kaplan-Meier estimator, an event being defined as death for cancer correlated cause. The log-rank test was used to identify differences between the survival curves of different patients’ groups. In univariate
analysis, 2-tailed χ2 tests for categorical variables and 2-tailed t test for continuous variables were used for statistical comparisons.
4017

Values of P < 0.05 were taken to show a significant difference between means.
Results
Patients’ characteristics
The profiles of the 420 patients and the tumor
characteristics are shown in Table 1. All patients were female between the ages of 23
and 82 years (45.3 ± 10.5 years). According
to the histological grading, 27.1% (114/420),
37.4% (157/420), and 35.5% (149/420) of
tumors were grade 1, grade 2, and grade 3,
respectively. Tumor size ranged from 0.4 to
12 cm (2.62 ± 1.67 cm). Tumors larger than 2
cm were present in 67.6% (284/420) of patients. Lymph node involvement was evident
in 43.3% (182/420) of patients. The overall
percentage of tumors positive for each marker was as follows: 57.4% (241/420) ER-positive; 51.9% (218/420) PR-positive; 28.1%
(118/420) Her-2-positive.
Expression of NKD1 in breast cancer
Immunohistochemical staining was performed to determine the protein expression of
NKD1 in breast cancer using anti-NKD1 antibody. As shown in Figure 1A, NKD1 was expressed in the nucleus of normal ductal epithelium and terminal duct-lobular unit of the
breast, NKD1 expression was reduced in poorly differentiated IDC samples with syncytial
growth pattern. Low NKD1 protein expression
was observed in 72.9% (306/420) of IDC
cases (Table 1).
Total protein of 52 paired IDC tissues and adjacent noncancerous breast tissues were extracted and the protein expression of NKD1 was
detected by western blot. The relative protein
levels were downregulated by 0.16-fold in 35 of
the 52 (67.3%) IDC cases when compared to
the paired normal breast tissue samples. The
results showed that the expression of NKD1
protein in IDC is lower than that in normal
breast tissue (P<0.05, Figure 1).
Down-regulation of NKD1 in breast cancers
and correlated with clinicopathological features of breast cancer patients
We determined the NKD1 expression in breast
cancer tissues and matched distal normal tissues. Figure 1 illustrated NKD1 expression in
Int J Clin Exp Pathol 2015;8(4):4015-4021
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Figure 1. Low-expression of NKD1 in breast cancer tissues. (A) Immunohistochemistry results of NKD1 expression in paired breast cancer tissue samples. NKD1 was expressed in the nucleus of normal breast epithelial cells
(Normal expression) (b). NKD1 expression was significantly decreased in breast epithelial cell carcinoma (Reduced
expression) (a). (B) Western blot analysis demonstrated the NKD1 expression in breast cancer tissues and matched
distal normal tissues from three randomly selected breast cancer patients. (C) Compared with normal breast tissue
(1N-3N), NKD1 protein expression was significantly decreased in breast cancer tissues (1T-3T) (P<0.05).

with positive NKD1 expression (Table 1). Calculation of the survival duration of the 420
involved patients by the Kaplan-Meier method
revealed that the patients who featured NKD1negative tumors demonstrated a shorter survival when compared with those patients who
suffered from NKD1-positive tumors (P=0.0173,
Figure 2).

Figure 2. Association between NKD1 expression
and disease-free survival in breast cancer patients. Reduced NKD1 expression was significantly
(P=0.0173) correlated with shorter disease-free survival in breast cancer patients. Survival curves were
plotted using the Kaplan-Meier method.

three randomly picked patients. Low levels of
NKD1 protein were found in human breast cancer tissues compared with the paired normal
tissues from the patients. This was also confirmed by immunohistochemical staining. Moreover, in order to further investigate the correlation between expression of NKD1 and clinicopathological features, samples were used for
examination with immunohistochemical staining. Statistical analysis revealed negative NKD1 expression was significantly associated with
lymph node metastasis, histological grade and
ER expression compared with those patients
4018

Univariate analysis revealed that reduced NKD1 expression appeared to be correlated with
a decreased disease-free survival rate (P=
0.0173; Table 2; Figure 2). As expected, high
histological grade, increased T stage, and lymph node metastasis (N stage) were significantly correlated with poor prognosis. Hormone
receptor status was also associated with prognosis. In multivariate analysis, there was significant correlation between NKD1 expression level and disease-free survival rate.
Upregulation of NKD1 suppresses the invasive
ability of breast cancer cells
To further examine whether the reactivation of
NKD1 expression can regulate breast cancer
invasion, we analyzed the invasion capability of
the highly metastatic MDA-MB-231 cells using
the methods described above. The number of
MDA-MB-231 cells in the untreated group that
migrated through the membrane was (87.80 ±
7.42)/HP. A significant reduction in the number
of invasive cells was observed for 24 h when
the cells infected with an adenovirus containing
a NKD1 vector compared to the control. The
Int J Clin Exp Pathol 2015;8(4):4015-4021
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Table 2. Univariate survival analysis of clinicopathological parameters and NKD1 exession
Parameter
Tumor size
≤2 cm
2-5 cm
≥5 cm
N Stage
N0
N1
N2, 3
Histological grade
G1
G3
G3
ER
Negative
Positive
Her-2
Negative
Positive
NKD1
Negative
Positive

Disease free survival
Mean (months) SE (95% CI) P value
94
87
75

1 (92-96)
3 (81-93)
4 (67-83)

0.0002*

94
85
66

2 (90-99)
5 (76-94)
4 (57-74)

0.0001*

non-small cell lung cancer and correlated
with poor prognosis. However, evaluation
of NKD1 ex-pression in breast invasive
ductal carcinoma has not yet been elucidated to date. In order to provide insight
into these clinicopathological aspects,
we used paired IDC/normal tissues and
breast cancer cell lines to investigate the
NKD1 expression at protein levels, and
correlated the data from IDC tissues with
pathologic and clinical findings in the
individual patients.

In this study, we compared NKD1 protein
expression with clinicopathological val94
1 (92-96) 0.0002*
ues in 420 patients with IDC breast can87
3 (81-93)
cer. In the present study, positive nucleus
75
4 (67-83)
staining of NKD1 was found in normal
ductal and glandular epithelium of the
74
5 (64-83) 0.0003*
breast and in 27.1% of IDC cases, suggesting that NKD1 is required for a nor93
2 (89-97)
mal physiological function. However, 306
*
cases (72.9%) of IDC exhibited reduced
91
2 (86-95)
0.0311
expression of NKD1, which was signifi74
5 (65-83)
cantly correlated with poor differentiation, lymph node metastasis and ER ex83
4 (76-91)
0.0255*
pression in breast cancer. Furthermore,
91
2 (86-95)
patients with negative NKD1 expression
*p<0.05, significant difference.
had significantly lower cumulative postoperative 5 year survival rate than those
number of invading cells was significantly dewith positive NKD1 expression. Theorecreased when MDA-MB-231 cells infected with
tically, this would result in activating the canonian adenovirus containing a NKD1 vector (37.56
cal Wnt pathway by losing NKD1’s negative
± 5.83)/HP (Figure 3).
regulatory effect in the pathway [18]. Collectively, these data suggest that reduced NKD1
Discussion
expression is positively correlated with breast
cancer development and progression.
Several aberrant intracellular signaling pathTo explore the relationship between NKD1 and
ways in human breast cancers have been identhe biological behavior of breast cancer cells,
tified [13, 14]. Aberrant activation of the wingwe upregulation NKD1 function by using gene
less-type (Wnt) pathway is one such pathway
transfection technology in the MDA-MB-231
with certain proteins, such as naked cuticle
cell line which has low endogenous NKD1 exDrosophila (NKD), known to function in a negapression. Cancer metastasis is a major cause
tive autoregulatory loop that blocks Wnt signalof morbidity in cancer patients. Cancer metasing by sequestering disheveled protein (Dvl)
tasis consists of multiple sequential steps and
and mitigating pathway initiation [15, 16]. NKD
invasion is one of the most characteristic steps
functions as a positive regulatory factor locatduring the cascade of metastasis [19]. Many
ed upstream of the Wnt pathway. Despite instudies have demonstrated the importance of
creasing reports of NKD1, its role in carcinoinvasion in the early stages of metastasis [20].
genesis has not been fully understood. Zhang
To investigate the pathological role of NKD1 in
et al. reported down-regulated NKD1 expresbreast cancer, we carried out invasion assays
sion in non-small cell lung cancer with conusing NKD1 overexpressing cells. Upregulation
versely up-regulated NKD1 mRNA [17]. The stof NKD1 decreased the invasiveness of breast
udy demonstrated that down-regulation of NKcancer cells. Since invasive growth of tumors is
D1 protein increased the invasive potential of
4019
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