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Introduction

Breast cancer is the most common malignant tumor
among women. Approximately 1.3 million new cases of
breast cancer arise worldwide each year, and 460,000
women die annually from this disease [1]. Indeed, breast
cancer is predicted to account for 29% of malignant tumors
in women in 2012 [2]. Both the occurrence and progression
of breast cancer are caused by interactions of genetics, hor-
mones, and immune function, as well as various environ-
mental factors. Additionally, cancer cell invasion and early
metastasis are closely related to disease prognosis. 

Given the high incidence of breast cancer and its prog-
nosis, much research has been devoted to identifying and
employing biological indicators of breast cancer for aid-
ing in diagnosis and treatment of the disease. Several dif-
ferent molecules have received some attention as poten-
tial markers of breast cancer development. First, apopto-
sis inhibitor (Fas antigen/Apo-1/CD95), one of the mem-
bers of the death receptor superfamily [3], regulates apop-
tosis by combining with specific ligand FasL and initiat-
ing signaling through the death-inducing signal cascade
(DISC) [4]. Absence of Fas is related to tumorigenesis,
and indeed, Fas expression can reflect the biological
behavior of tumors, including breast cancer [5-7].
Another potential marker is nuclear factor-kappa B (NF-

κB), a transcription factor that binds DNA response ele-
ments and regulates expression of many genes. This pro-
tein specifically binds with the immunoglobulin κ light
chain gene enhancer κB sequence and is involved in
immune response, inflammation, cell proliferation, and
apoptosis [8, 9]. NF-κB is dysregulated in many tumor
types, with inappropriate activation stimulating tumor cell
growth and inhibiting tumor cell apoptosis [10-12]. In fact,
NF-κB is constitutively active in some breast tumors, mak-
ing it potentially useful as a breast cancer biomarker [13,
14]. Finally, human vascular endothelial growth factor-C
(VEGF-C), a platelet-derived growth factor, promotes
angiogenesis and lymphangiogenesis [15]. Specifically,
VEGF-C can induce formation and expansion of lymph
vessels in and around solid tumors and increase the contact
area of tumor cells and lymphatic vessels, contributing to
lymphatic metastasis of tumors [16]. In fact, VEGF-C is
overexpressed in some breast and many other tumors and
as such, is used as an indicator of lymph node metastasis
and long-term prognosis [17, 18]. 

While many studies have investigated expression of
Fas, NF-κB, and VEGF-C in various tumors, little corre-
lation has been observed between their expression. The
authors assessed in the present study the expression of
Fas, NF-κB, and VEGF-C in infiltrating ductal breast car-
cinoma. Statistical correlations were used to establish a
link between expression of these proteins and lay a foun-
dation for understanding their contribution to breast can-
cer metastasis.

Summary
Objective: To investigate the expressions of Fas, NF-κB, and vascular endothelial growth factor-C (VEGF-C) in infiltrating ductal car-

cinoma of the breast and provide scientific basis for early diagnosis and prognosis of breast cancer. Materials and Methods: The
immunohistochemical technique (SP method) was used to detect expression of Fas, NF-κB, and VEGF-C in 137 cases of breast-infil-
trating ductal carcinoma, 17 cases of intraductal carcinoma of the breast, and 20 cases of normal breast tissues, and analyze its relation-
ship with clinicopathologic factors of breast cancer and patients’ survival rate, as well as the correlation among their expression, clini-
copathologic factors, and survival rate. Results: Fas expression was less commonly detected in infiltrating ductal carcinoma than in intra-
ductal carcinoma and normal tissue. In contrast, both NF-κB and VEGF-C were more commonly detected in infiltrating ductal carcino-
ma than in intraductal carcinoma and normal tissue. Fas expression was correlated with tumor size, histological grade, and clinicopatho-
logical stage; NF-κB expression was correlated with tumor size, histological grade, lymph node metastasis; VEGF-C expression was
correlated with lymph node metastasis and clinical and pathological stages of breast cancer (p ≤ 0.05). Spearman rank correlation analy-
sis revealed a negative correlation between Fas expression and both NF-κB and VEGF-C expression in infiltrating breast cancer (p <
0.05) Additionally, Kaplan-Meier survival analysis demonstrated that five-year survival was higher for patients with Fas-positive sam-
ples but lower for those with VEGF-C-positive samples. Conclusions: The present results demonstrate that Fas and NF- B play a role in
the initiation and development of breast cancer, while VEGF-C appears to promote lymph node metastasis. Thus, these proteins may
serve as useful diagnostic and prognostic markers of invasive breast cancer. 
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Materials and Methods

Specimens

Archived paraffin blocks were collected from January to
December 2004 in the Pathology Division, The Third People’s
Hospital of Yancheng. Blocks included 137 specimens of infil-
trating ductal breast carcinoma, 17 specimens of intraductal car-
cinoma, and 20 specimens of normal breast tissues removed due
to benign lesions. All infiltrating ductal carcinoma specimens
were obtained from females who ranged in age from 34 to 75
years (mean age 50.95 ± 4.7 years). Prior to surgery, patients
had not received any radiotherapy, chemotherapy, or biological
therapy. Paraffin blocks were serially sectioned at four µm, and
sections were placed onto slides and stained with hematoxylin
and eosin (H&E) using conventional methods. Cases were clas-
sified according to criteria for Histopathological Diagnosis of
Tumors [19]: 21 specimens were grade I, 63 were grade II, and
53 were grade III; and 75 cases had lymph node metastasis,
while 62 cases had no metastasis. Clinical tumor, node, metas-
tases (TNM) staging was performed according to the criteria
established by both Union for International Cancer Control
(UICC) and American Joint Committee on Cancer (AJCC) [20]:
19 specimens had a carcinoid tumor diameter ≤ two cm, 95
cases had a diameter of two cm to five cm, and 23 cases had a
diameter greater than five cm; additionally, 33 cases were TNM
grade I, 51 were grade II, 37 were grade III, and 16 cases were
grade IV. Follow-up was completed on December 31, 2009, and
the survival rate was calculated from surgery date to follow-up
cutoff date or death date due to recurrence, metastasis, or other
reasons. 

Immunohistochemistry 
Sections were dewaxed and rehydrated. Antigens were

retrieved at room temperature in citric acid (pH 6.0).
Endogenous peroxidase was blocked with 0.3% H2O2, then sec-
tions were washed in distilled water followed by 0.1 M phos-
phate-buffered saline (PBS). Sections were sealed with ten per-
cent goat serum and incubated at room temperature. Primary
antibodies against Fas, NF-κB, or VEGF-C  (Santa Cruz
Biotechnology, CA, USA) were applied and slides were placed
at 4°C overnight. Sections were washed with PBS, then second-
ary antibodies (Zhongshan-Golden Bridge Biotechnology Co.,
Ltd, Beijing, China) were applied for incubation at 37°C. DAB
chromogen (Zhongshan-Golden Bridge Biotechnology Co.,
Ltd, Beijing, China) was used according to manufacturer’s
instructions to develop staining color. Sections were washed
with distilled water, lightly re-stained with hematoxylin, dehy-
drated in an alcohol gradient, treated with dimethylbenzene, and
sealed with neutral resins. PBS was used as a negative control in
place of primary antibody, and known positive sections were
used as a positive control. 

Determination of staining results
Staining criteria for Fas, NF-κB, and VEGF-C were based on

criteria modified from the Shimizu method [21]: for each pro-
tein, brownish-yellow particles observed in the cytoplasm under
a light microscope indicated positive staining. Semi-quantitative
assessment was performed by two blinded pathologists using a
combination of staining proportion and intensity. Five fields
were randomly selected under 400× magnification. Staining
proportion was scored as the percentage of positively-stained
cells from all cells in the field and was scored as follows: ≤ 1%
of cells were positive was designated a 0; 2%-20% positive, 1;
21%-50% positive, 2; ≥ 51% positive, 3. Staining intensity
reflected the general degree of staining within the field, as fol-
lows: no staining was scored as 0, light staining as 1, and dark

staining as 2. After combining these two scores for each speci-
men, total scores were then translated to a negative (–) and pos-
itive (+) system, as follows: total score ≤ 1.9 as negative (–), 2-
2.9 as weak positive (+), 3-3.9 as positive (++), and ≥ 4 as strong
positive (+++). 

Statistical analysis 

Statistical analysis was performed with SPSS15.0 statistical
software, and 2 test was performed to detect the correlation
between expression of Fas, NF-κB, VEGF-C, and clinicopatho-
logical parameters of infiltrating ductal carcinoma. Correlation
of Fas, NF-κB, and VEGF-C expression in tissues was analyzed
by Spearman method. Kaplan-Meier survival analysis was per-
formed on the relationship of each variable and five-year sur-
vival, and survival curves were generated. Meanwhile, log-rank
test was performed for inter-group survival test, and p < 0.05
was considered as statistically significant.

Results

Expression of Fas, NF-κB, and VEGF-C in breast
tissues

Fas, NF-κB, and VEGF-C proteins were each detected
using immunohistochemistry in infiltrating ductal breast
cancer specimens (Figures 1, 2, and 3). For Fas, expression
was detected in 50.4% (n = 137) of infiltrating ductal car-
cinoma samples, 64.7% (n = 17) of intraductal carcinoma
samples, and 85.0% (n = 20) of normal breast tissues. In
contrast, NF-κB expression was detected in 62.0% of infil-
trating ductal carcinoma samples, 41.2% of intraductal
samples, and just 10.0% of normal breast samples; similar-
ly, VEGF-C was expressed in 68.6%, 47.1%, and 0%, of
infiltrating ductal carcinoma, intraductal carcinoma, and
normal breast samples, respectively. Expression of Fas,
NF-κB, and VEGF-C were significantly different among
infiltrating ductal carcinoma, intraductal carcinoma and
normal breast (p < 0.05, Table 1).

Correlation of Fas, NF-κB, and VEGF-C expression with
clinicopathological characteristics of infiltrating ductal
carcinoma

Fas expression was correlated with tumor diameter,
histological grade, and TNM stage (Table 2). NF-κB
expression was related to tumor size, histological differ-
entiation degree, and lymph node metastasis (Table 3).
VEGF-C expression was related to lymph node metasta-
sis, TNM stage, and degree of malignancy; furthermore,
its expression rate increased with increasing tumor diam-
eter (Table 4).

Correlation of Fas, NF-κB, and VEGF-C expression in
infiltrating ductal carcinoma tissues

To determine whether expression of these proteins is
related to one another, the authors assessed correlation of
expression of one protein within a sample with expression
of the other proteins. Twenty (14.6%) of 137 infiltrating
ductal carcinoma samples were negative for both Fas and
NF-κB, and 37 samples (27.0%) were positive for both
Fas and NF-κB. Of the 68 samples lacking Fas expres-
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sion, 48 (70.6%) were positive for NF-κB expression.
Alternatively, of the 69 samples with Fas expression, 37
(53.6%) were negative for NF-κB expression. Spearman
correlation analysis (r = -0.175) indicated that expression
of Fas and NF-κB were negatively correlated (Table 5). 

Similar results were found for Fas and VEGF-C expres-
sion. Thirteen (9.5%) of 137 samples were negative for
both Fas and VEGF-C expression, while 39 (28.5%) were
positive for both proteins. However, in the 68 samples
lacking Fas expression, VEGF-C was expressed in 55
(80.9%) of them. Furthermore in 69 samples positive for
Fas expression, VEGF-C was detected in 39 (56.5%) of
them. Thus, expression of Fas was also negatively corre-
lated with VEGF-C expression (r = -0.262) (Table 6). 

Table 1. — Positive expression rates of Fas, NF-κB, and
VEGF-C in infiltrating ductal breast carcinoma, intraductal
carcinoma, and normal breast tissues (%).

Tissues n Fasa NF-κBb VEGF-Cc

Positive (%) Positive (%) Positive (%)

Infiltrating ductal 137 50.4 62.0 68.6
carcinoma

Intraductal 
carcinoma 17 64.7 41.2 47.1

Normal breast 
tissue 20 85.0 10.0 0

a p = 0.002, χ2 = 9.099; b p = 0.034, χ2 = 6.301; c p = 0.031, χ2 = 11.162.

Table 2. — Correlation between Fas expression and
clinicopathological characteristics of infiltrating ductal breast
carcinoma.

Clinicopathological n Fas Positive χ2 p
characteristics Pos. Neg. expression values values 

cases cases rate (%)

Age (years)
≤ 45 46 21 25 45.6 0.019 0.892 > 0.05
> 45 91 48 43 52.7

Carcinoma diameter (cm)
≤ 2 19 17 2 89.5 5.094 0.03 < 0.05
2-5 95 40 45 42.1
> 5 23 2 21 8.7

Histologic grade
Grade I 21 14 7 66.7 < 0.05
Grade II 63 38 25 60.3 5.992 0.02
Grade III 53 17 26 32.0

Lymph node metastasis
Yes 75 39 36 52.0 0.177 0.073 > 0.05
No 62 30 32 48.4

TNM Staging
Stage I-II 84 48 36 57.1 3.990 0.046 < 0.05
Stage III-IV 53 21 32 39.6

Table 3. — Correlation between NF-κB expression and
clinicopathological characteristics of infiltrating ductal breast
carcinoma.
Clinicopathological n NF-κB
characteristics Pos. Neg. Pos. χ2 p

cases cases expression values values
rate (%)

Age (years)
≤ 45 46 25 21 54.3 1.742 0.190 > 0.05
> 45 91 60 31 65.9

Carcinoma diameter (cm)
≤ 2 19 9 10 47.4 4.346 0.038 < 0.05
2-5 95 58 37 61.1
> 5 23 18 5 78.3

Histologic grade
Grade I 21 8 13 38.1 < 0.05
Grade II 63 41 22 65.1 6.139 0.04
Grade III 53 36 17 67.9

Lymph node metastasis
Yes 75 53 22 70.7 5.233 0.022 < 0.05
No 62 32 30 51.6

TNM Staging
Stage I-II 84 49 35 58.3 1.269 0.263 > 0.05
Stage III-IV 53 36 17 73.5

Table 4. — Correlation between VEGF-C expression and
clinicopathological characteristics of infiltrating ductal breast
carcinoma.
Clinicopathological n VEGF-C
characteristics Pos. Neg. Pos. χ2 p

cases cases expression values values
rate (%)

Age (years)
≤ 45 46 29 17 63.0 0.530 0.470 > 0.05
> 45 91 63 28 69.2

Carcinoma diameter (cm)
≤ 2 19 10 9 52.6 3.955 0.08 > 0.05
2-5 95 66 29 69.5
> 5 23 18 5 78.3

Histologic grade
Grade I 21 12 9 57.1 > 0.05
Grade II 63 43 20 68.3 1.895 0.185
Grade III 53 39 14 73.6

Lymph node metastasis
Yes 75 58 17 77.3 5.852 0.015 < 0.05
No 62 38 26 58.0

TNM Staging
Stage I-II 84 51 33 60.7 6.291 0.012 < 0.05
Stage III-IV 53 43 10 81.1

Table 5. — Correlation between Fas and NF-κB expression in
nfiltrating ductal breast carcinoma.
Fas NF-κB p value r value

positive negative

Positive 37 32 0.041 -0.175
Negative 48 20

Table 6. — Correlation between Fas and VEGF-C expression
in infiltrating ductal breast carcinoma.
Fas NF-κB p value r value

positive negative

Positive 39 30 0.002 -0.262
Negative 55 13

Table 7. — Correlation between NF-κB and VEGF-C
expression in infiltrating ductal breast carcinoma.
NF-κB VEGF-C p value r value

positive negative

Positive 64 21 0.031 0.184
Negative 30 22
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Finally, 22/137 (16.1%) samples were negative for both
NF-κB and VEGF-C expression, while 64/137 (46.7%)
were positive for both proteins. In samples negative for
NF-κB, 57.7% (30/52) expressed VEGF-C; in samples
positive for NF-κB, 75.3% (64/85) also expressed VEGF-
C. Expression of NF- B and VEGF-C were positively cor-
related (r = 0.184) (Table 7). 

Correlation between expression of Fas, NF-κB, and
VEGF-C and infiltrating ductal carcinoma prognosis 

To determine whether expression of these three poten-
tial markers of invasive breast cancer correlated with dis-
ease outcomes, the authors assessed five-year follow-up
data for the patients. Of the 137 cases of infiltrating duc-
tal carcinoma, 18 patients were lost to follow-up and five

patients died of accidental causes, leaving 114 cases com-
pleting follow-up. By December 31, 2009, 33 patients
had died from breast cancer recurrence or metastasis; 81
patients had survived. The five-year survival rate was
71.1%, with a mean survival period of 51.47 ± 2.01
months. Kaplan-Meier survival analysis revealed that
five-year survival was significantly higher for patients
with Fas-positive tumor samples. Further, log-rank test
showed a significant difference in five-year survival rates
between patients with Fas-positive and Fas-negative sam-
ples (χ2 = 4.448, p = 0.035), indicating that Fas expression
was positively correlated with five-year survival. In con-
trast, NF-κB expression resulted in a significantly
decreased five-year survival rate, but log-rank test found
no statistical difference in five-year survival rates
between patients with and without NF-κB expression (χ2

Figure 1. — Detection of Fas expression in infiltrating ductal breast carcinoma tissue by immunohistochemistry. A) grade 1 (×200),
B) grade II (×200), and C) grade III (×100) infiltrating ductal carcinoma.
Figure 2. — Detection of NF-kB expression in infiltrating ductal breast carcinoma tissue by immunohistochemistry. A) grade 1
(×200), B) grade II (×200), and C) grade III (×100) infiltrating ductal carcinoma.
Figure 3. — Detection of VEGF-C expression in infiltrating ductal breast carcinoma tissue by immunohistochemistry. A) grade 1
(×200), B) grade II (×200), and C) grade III (×100) infiltrating ductal carcinoma.

Fig. 1

Fig. 2

Fig. 3
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= 2.695, p = 0.101). However, survival time of patients
with NF-κB-positive samples was shorter than those with
NF-κB-negative samples. Similarly, five-year survival
rate was significantly lower in patients with VEGF-C-
positive samples; log-rank test found no significant differ-
ence in five-year survival rates between patients with and
without VEGF-C expression (χ2 = 4.721, p = 0.030), indi-
cating that positive expression of VEGF-C was negative-
ly correlated with five-year survival. 

Discussion

Breast cancer prognosis is closely related to early diag-
nosis and the biological characteristics of the tumor. In
the present study, the authors through using immunohis-
tochemistry, detected Fas, NF-κB, and VEGF-C protein
expression in samples of infiltrating ductal breast carcino-
ma to explore the correlation between their expression
and clinicopathological characteristics of breast cancer.
The authors sought to establish the value of these proteins
as clinical indicators for diagnosis and prognosis of the
disease.

Expression of the apoptosis-inducing Fas antigen is
reportedly down-regulated or lost in breast cancer, liver
cancer, ovarian cancer, and other tumor cells, and, indeed,
Fas expression is more likely to decrease with increasing
degree of malignancy [22-24]; the present results corrob-
orate these observations. It was also found that Fas
expression was highest in infiltrating ductal carcinoma of
the lowest malignancy grade, with significantly decreas-
ing expression rates from grade I to grade III tissues.
Additionally, Fas negative expression was positively cor-
related with tumor diameter and TNM stage of infiltrating
ductal carcinoma, and patients with Fas-negative samples
had a lower five-year survival rate than those with Fas-
positive samples, consistent with previous reports [25,
26]. Thus, down-regulation of Fas expression in malig-
nant tumors may promote tumor progression. Decreased
Fas expression may allow tumor cells to escape immune
surveillance, and during subsequent tumor progression,
selective proliferation of cells may occur: that is, breast
cancer cells may make the immune system attack tumors
cells with a lower malignancy degree and positive Fas
expression through selective cell apoptosis, while tumor
cells with a higher malignancy degree and negative Fas
expression survive, lead to further development of
tumors. Loss of Fas expression in cancer cells may pre-
vent attack by tumor-infiltrating lymphocytes (TIL) and
cytotoxic T lymphocytes (CTL), which are usually initi-
ated by FasL expression. When FasL is expressed in can-
cer cells, apoptosis signaling is initiated through the Fas
system, allowing TIL and CTL to kill tumor cells. When
Fas expression is lost in tumors, apoptosis is evaded.
Therefore, tumor cells lacking Fas expression are more
likely to grow, leading to larger carcinoma diameter and
higher malignancy degree, making loss of Fas expression
an important potential cause of tumorigenesis [27, 28].

NF-κB refers to the most abundantly expressed

p50/RelA (p50/p65) heterodimer in the Rel/NF-kB fami-
ly. The protein is a core regulation and control member in
the apoptotic pathway, controlled by death receptor sig-
naling and able to regulate downstream anti-apoptotic
genes via trans-activation [29]. NF-κB is constitutively
activated in many tumors. As a transcription factor, con-
stitutive expression of NF-κB can lead to increased tran-
scriptional activity, particularly of downstream gene
products like VEGF (including VEGF-C). Increased
VEGF activity can result in increased tumor vasculariza-
tion and promote infiltration of surrounding tissues [30]. 

The authors found that NF-κB expression was higher in
infiltrating ductal carcinoma than in intraductal carcino-
ma and normal breast tissues. Furthermore NF-κB
expression was correlated to carcinoma diameter, histo-
logical grade, and lymph node metastasis. Higher NF-κB
expression has been reported for patients with lymph
node metastasis compared to those without lymph node
metastasis [31]. A previous study [32] suggested that NF-
B is related to cell apoptosis induced by DNA damage
that is caused by chemotherapy; indeed, NF-κB expres-
sion is not only related to occurrence and development of
tumors, but also influences the sensitivity of tumor cells
to chemotherapy and disease prognosis. However, the
present study did not find a difference in five-year sur-
vival for patients with and without NF-κB expression in
their tumors. Further studies are needed to find the cause
of these differences. 

Current hypotheses [33] suggest that abnormal activa-
tion of NF-κB leads to uncontrolled regulation of the cell
cycle, manifested as unlimited cell proliferation and divi-
sion, and tumor formation. NF-κB dysfunction can not
only initiate the development of breast cancer, but may
also influence the invasion, growth, and progression of
breast cancer. NF-κB may regulate cellular adhesions and
induce transcription of other proteins to promote tumor
invasion and metastasis. Thus, NF-κB may represent an
appropriate clinical target for tumor therapy.

VEGF-C, a member of the VEGF family of growth fac-
tors, is expressed in both embryos and mature tissues. In
adults, VEGF-C is mainly expressed in heart, placenta,
ovary, small intestine, and thyroid. During embryonic
development, VEGF-C is involved in formation of the
lymphatic network. However, VEGF-C is also expressed
in malignant tumors, and tumor cells with VEGF-C
expression have a higher rate of local lymph node metas-
tasis [34]. In the present study VEGF-C was detected
more commonly in infiltrating ductal carcinoma than in
intraductal carcinoma or normal breast tissues.
Additionally, expression was correlated with lymph node
metastasis and TNM stage. Five-year survival was also
reduced in patients with VEGF-C-positive samples, sug-
gesting that VEGF-C expression may predict breast can-
cer recurrence, consistent with the literature [35, 36].

VEGF-C expression can promote growth, invasion, and
metastasis of tumors. Over-expression in tumors can
induce lymphatic endothelial cell proliferation through its
receptor, VEGFR-3, located in lymphatic endothelial
cells. Additionally, lymph-vessel extension, development
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of lymph networks, and formation of lymph vessels
around the tumors can be induced. Meanwhile, existing
lymph vessels can also proliferate and increase in diame-
ter, merge with newly-formed lymph vessels, and transfer
tumor cells into lymph nodes, causing lymph node metas-
tasis [36, 37]. Lymph node metastasis is the most com-
mon method by which breast cancer spreads. Thus,
VEGF-C, by reflecting the degree of lymph node involve-
ment, may help determine staging of breast cancer and its
treatment options. 

While many studies have focused on the pairwise corre-
lations between Fas, NF-κB [38], and VEGF-C, few have
focused on the correlation among all three, particularly in
breast cancer. The present results suggest that a possible
pathway to promote tumor lymph node metastasis may
contain Fas, NF-κB, and VEGF-C. This mechanism would
involve loss of Fas expression, subsequent NF-κB activa-
tion, and downstream activation of VEGF-C, promoting
lymphangiogenesis and lymphatic metastasis. 

Briefly, in infiltrating ductal breast carcinoma, Fas
expression was negatively correlated with the expression of
both NF-κB and VEGF-C. A loss of Fas expression was
correlated to increasing tumor severity, while NF-κB and
VEGF-C expression reflected more severe disease.
Additionally, loss of Fas but positive expression of NF-κB
and VEGF-C were each correlated with lower five-year
survival rates. Thus, loss of Fas and increased expression of
NF-κB and VEGF-C can promote breast cancer progres-
sion. NF-κB and VEGF-C may serve as both diagnostic
and prognostic indicators of invasive breast cancer. 
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