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Abstract: Objective: The aim was to explore clinicopathological significance of Nasopharyngeal carcinoma-associ-
ated gene 6 (NGX6) expression in breast cancer and its relationship to angiogenesis. Methods: Clinicopathological 
feature of 168 patients with breast cancer were analyzed. NGX6 expression and microvessel density (MVD) in tumor 
tissue were measured using immunohistochemistry methods. The association of NGX6 expression with MVD and 
clinicopathological features was assessed. Results: Among 168 cases of breast cancer, NGX6 positive expression 
were found in 92 (54.8%) cases and NGX6 negative expression were found in 76 (45.2%) cases. Incidence rate of 
large size tumor, high tumor node metastasis (TNM) stage and lymph node metastasis in NGX6 negative expression 
group were higher than NGX6 positive expression group in breast cancer (P=0.003, 0.007, and 0.003, respectively). 
MVD in NGX6 negative expression group is 22.5±4.8, MVD in NGX6 positive expression group is 15.2±4.2. MVD 
in the NGX6 negative expression group was significantly higher than the NGX6 positive expression group (P<0.05). 
Conclusion: The expression of NGX6 was closely associated with tumor size, TNM stage, lymph node metastasis and 
MVD. NGX6 is involved in metastasis and angiogenesis activity of breast cancer. The study may provide a theoretical 
basis for anti-angiogenic therapy of breast cancer. 
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Introduction

Breast cancer is one of the most frequent 
malignant tumors with invasive fast-growing, 
high recurrence rate and fatality. Angiogenesis 
is the basis of tumor growth, invasion and 
metastasis. Current studies suggest that the 
process of angiogenesis is involved in unbal-
ance of angiogenesis factors and inhibitors. 
The balance is regulated by oncogene, sup-
pressor oncogene and some regulatory peptide 
[1-4]. NGX6 is a novel tumor suppressor gene 
(GenBank accession no. AF188239). It located 
in chromosome 9 p21-22 areas and showed 
the loss of heterozygosity in allele for many 
tumors [5-8]. Little is known about the relation-
ships between NGX6 expression and angiogen-
esis in breast cancer. The study discussed clini-
copathological significance of NGX6 expression 
in breast cancer and its relationship to 
angiogenesis.

Materials and methods

Patients

Between January 2012 and April 2014, a total 
of 168 operable patients with breast cancer 
confirmed with pathological examination at the 
Third Xiangya Hospital were retrospectively col-
lected for this study. All patients were female 
and the mean age of patients was 65 years 
(ranging from 28 to 76 years). None of the 
patients received radiotherapy, chemotherapy 
or immunotherapy prior to surgery. The clinical 
data were collected, including age, tumor fea-
tures, histologic classification, TNM stage, 
lymph node metastasis. The study protocol was 
approved by the Ethics Committee of Third 
Xiangya Hospital of Central South University. An 
informed consent was acquired from each 
patient in this study.
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Immunohistochemistry (IHC)

IHC was performed as previously described [9]. 
The specimens were fixed in 10% formalin solu-
tion and then embedded in paraffin. Serial sec-
tions were cut and prepared for hematoxylin 
and eosin (H&E) staining and immunohisto-
chemistry. The sections were incubated with 
Rabbit anti-NGX6 monoclonal antibodies 
(1:200 dilution, Abcam, USA) or CD34 antibody 
(1:100 dilution, Abcam, USA) overnight at 4°C, 

and then incubated at 37°C for 30 min with a 
secondary antibody against rabbit and mouse 
immunoglobulins (EnVision, DAKO, Denmark). 
Afterwards, the sections were stained with DAB 
for 5 min. The cytoplasm and cell membrane 
stained in yellow brown were the positive pat-
tern. Classification is done according to the 
strength of cells staining and the proportion of 
the positive cell [10]. The measurements of 
MVD were performed according to a well estab-
lished method by Weidner et al. [11]. All immu-

Figure 1. Representative immunohistochemical staining of NGX6 expression in breast cancer tissues. A. Positive 
expression of NGX6; B. Negative expression of NGX6. Representative images are shown at ×400 magnification.

Figure 2. Representative immunohistochemical staining of ER expression in breast cancer tissues. A. Positive ex-
pression of ER; B. Negative expression of ER. Representative images are shown at ×100 magnification.
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nohistochemical results were independently 
assessed by two pathologists double-blindly. 

Statistical analysis

Data were analyzed using SPSS 13.0. 
Contingency coefficients were calculated to 
measure the correlation between NGX6 expres-
sion and clinicophathological characteristics in 
patients with breast cancer. The t-test was 
used to compare the difference of micro-vessel 
density (MVD) between patients with NGX6 

positive expression and those with NGX6 nega-
tive expression. A p-value of <0.05 was consid-
ered statistically significant.

Results

NGX6 expression in breast cancer 

Among 168 cases of breast cancer, positive 
expression was found in 92 (54.8%) cases 
(Figure 1A) and negative expression was found 
in 76 (45.2%) cases (Figure 1B).

Figure 3. Representative immunohistochemical staining of PR expression in breast cancer tissues. A. Positive ex-
pression of PR; B. Negative expression of PR. Representative images are shown at ×100 magnification.

Figure 4. Representative immunohistochemical staining of HER-2 expression in breast cancer tissues. A. Positive 
expression of HER-2; B. Negative expression of HER-2. Representative images are shown at ×100 magnification.
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Table 1. Correlation between NGX6 expression with clinico-
pathological features in patients with breast cancer 
Clinicopathologic  
features n

NGX6
χ2 P Contingency  

coefficient(+) (-)
Age
    <65 years 70 40 30 0.275 0.600 0.040
    ≥65 years 98 52 46
Tumor size
    <2 cm 81 54 27 8.948 0.003 0.225
    ≥2 cm 87 38 49
TNM stage
    I-II 58 40 18 7.214 0.007 0.203
    III-IV 110 52 58
Histological grade
    Well/moderately 73 45 28 2.468 0.116 0.120
    Poorly 95 47 48
ER
    Negative 64 39 25 1.592 0.207 0.097
    Positive 104 53 51
PR
    Negative 91 55 36 2.584 0.108 0.123
    Positive 77 37 40
HER-2
    Negative 83 48 35 0.624 0.430 0.061
    Positive 85 44 41
Lymph node metastasis
    Negative 67 46 21 8.685 0.003 0.222
    Positive 101 46 55

Correlation of NGX6 expression with clinico-
pathological features in patients with breast 
cancer 

Incidence rate of large size tumor (≥2 cm), high 
TNM stage (III-IV) and lymph node metastasis 
in NGX6 negative expression group were higher 
than NGX6 positive expression group in breast 
cancer, NGX6 expression was associated with 
tumor size, lymph node metastasis and TNM 
stage. Age, estrogen receptor (ER) (Figure 2), 
progesterone receptor (PR) (Figure 3), human 
epidermal growth factor receptor 2(HER-2) 
(Figure 4) and histological grade were not asso-
ciated with NGX6 expression, which were 
shown in Table 1. 

Correlation of NGX6 expression with microves-
sel density (MVD) in patients with breast 
cancer 

MVD in NGX6 negative expression group (Fi- 
gure 5A) is 22.5±4.8 per 0.2 mm2, MVD in 

negative group was significantly higher than 
that in the positive group. NGX6 expression 
was related with clinicopathologic features of 
breast cancer including tumor size, lymph node 
metastasis, TNM stage and MVD. All these sug-
gest that NGX6 was involved in the invasion, 
metastasis and angiogenesis activity of breast 
cancer patients.

The limitation of our study is that only a small 
number of patients were examined in this study, 
making it difficult to reach statistical signifi-
cance. We hope to study a greater number of 
patients in the future.

In conclusion, NGX6 is an important tumor sup-
pressor gene. It is closely related with angio-
genesis and metastasis. The study of the clini-
copathological significance of NGX6 expression 
in breast cancer and its relationship to angio-
genesis may provide a theoretical basis for 
anti-angiogenic therapy.

NGX6 positive expression group 
(Figure 5B) is 15.2±4.2 per 0.2 
mm2. MVD in the negative gro- 
up was significantly higher than  
the positive expression group 
(P<0.05).

Discussion

NGX6 proteins contain (EGF)-like 
domain structure and result in a 
variety of biological actions, such 
as tumor growth, invasion and 
metastasis [6-8]. These biologi- 
cal actions are closely related with 
angiogenesis. MVD is now wide- 
ly used to evaluate the tumor an- 
giogenesis [12-17]. The staining  
of endothelial cells for CD34  
was used to evaluate MVD. To 
explore the association of NGX6 
with MVD may contribute to under-
stand the clinicopathological sig- 
nificance of NGX6 expression in 
breast cancer.

In this study, the incidence rate of 
the large tumor size, high TNM 
stage (III-IV) and lymph node 
metastasis in NGX6 negative 
expression group were higher than 
NGX6 positive expression group in 
breast cancer. MVD in the NGX6 
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