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Objectives. To investigate the expression of estrogen (ER), progesterone receptors (PR), nuclear factor-𝜅B (NF-𝜅B), and tumor
necrosis factor-𝛼 (TNF-𝛼) in human breast cancer (BC), and the correlation of these four parameters with clinicopathological
features of BC.Methods and Results. We performed an immunohistochemical SABC method for the identification of ER, PR, NF-
𝜅B, and TNF-𝛼 expression in 112 patients with primary BC. The total positive expression rate of ER, PR, NF-𝜅B, and TNF-𝛼 was
67%, 76%, 84%, and 94%, respectively. The expressions of ER and PR were correlated with tumor grade, TNM stage, and lymph
node metastasis (𝑃 < 0.01, resp.), but not with age, tumor size, histological subtype, age at menarche, menopause status, number
of pregnancies, number of deliveries, and family history of cancer. Expressions of ER and PR were both correlated with NF-𝜅B
and TNF-𝛼 expression (𝑃 < 0.05, resp.). Moreover, there was significant correlation between ER and PR (𝑃 < 0.0001) as well as
between NF-𝜅B and TNF-𝛼 expression (𝑃 < 0.05). Conclusion. PR and ER are highly expressed, with significant correlation with
NF-𝜅B and TNF-𝛼 expression in breast cancer. The important roles of ER and PR in invasion and metastasis of breast cancer are
probably associated with NF-𝜅B and TNF-𝛼 expression.

1. Introduction

Breast cancer (BC) is the most common cause of death from
cancer in women and one of the important contributors to
the global health burden [1]. Current routine clinicalmanage-
ment of BC relies on few well-defined biological markers and
clinicopathological variables. Although numerous molecular
biomarkers have been introduced during the past decades,
only few of them such as estrogen (ER) and progesterone
receptors (PR) are likely to be included in routine clinical
practice [2]. Currently, ER and PR levels in BC tissue have
been used to predict patient’s course of disease and response
to adjuvant hormonal therapy [3]. Patients with tumors pos-
itive for either receptor (PR+/ER+) are generally considered
hormone receptor-positive for treatment decisions.

It is accepted that the inflammation within the tumor
microenvironment correlates with increased invasiveness
and poor prognosis in BC [4]. Compared to normal tissues,
most cytokines were overexpressed in cancer tissues, and
it has been confirmed that numerous cytokines expressions

were inversely correlated with the ER and PR status in BC
[5]. The steroid hormone receptors PR and ER may also play
important roles in the inflammatory process. Previous studies
proved that PR and NF-𝜅B mutually suppress each other’s
activity [6]. Because of the central role of NF-𝜅B in both the
inflammatory and immunological responses, inhibition of
NF-𝜅B by PR may result in anti-inflammatory and immuno-
suppressive reaction. Previous study also confirmed PR as an
anti-inflammatory agent in the endothelium, with potential
for the negative regulation of immune cell trafficking into
tissues [7]. In addition, ER has been identified as a regulator
of the proinflammatory properties [8].

However, despite the prevailing notion that there may
be more reports regarding the interactions between steroid
receptors and inflammatory process to be gained, no studies
have, to our knowledge, specially investigated the interrela-
tionship of PR and ER with NF-𝜅B and TNF-𝛼 in BC. In
the present study, we attempt to investigate the expression
of PR, ER, NF-𝜅B, and TNF-𝛼 in human breast cancer
and the possible correlations of these four biomarkers with
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clinicopathological features such as tumor grade, stage, and
metastasis.

2. Methods and Materials

2.1. Patients. Patients pathologically diagnosed with primary
breast cancer between June 2008 and June 2009 at the
Department of Pathology, Zhongnan Hospital of Wuhan
University (Wuhan, China), were enrolled in this study.
Clinicopathological parameters including age, histological
subtype, TNM stage, tumor grade, lymph node metastasis,
age at menarche, menopause status, number of pregnancies,
number of deliveries, and family history of cancer were
evaluated. For each case, both normal breast tissue and breast
cancer tissue were collected for analysis. The strept-avidin-
biotin-peroxidase complex (SABC) immunohistochemical
stainingmethodwas used to detect the expression of estrogen
receptor (ER), progesterone receptor (PR), nuclear factor-
𝜅B (NF-𝜅B), and tumor necrosis factor-𝛼 (TNF-𝛼) in breast
cancer tissues. This study has been approved by the Ethics
Committee of Zhongnan Hospital of Wuhan University
(Wuhan, China).

2.2. Immunohistochemistry. Immunohistochemical staining
of the 4 𝜇m paraffin-embedded sections was performed with
the SABC method using a SABC Kit (Boster Co., Wuhan,
China). Briefly, 4 𝜇m sections were dewaxed in xylene (2 ×
10min) and rehydrated through an alcohol gradient: 100%
ethanol (2 × 10min), 95% ethanol (1 × 8min), 80% ethanol
(1× 5min), and 70%ethanol (1× 5min) followed by 1× 10min
in ddH

2
O. Then, the sections were soaked in 3% hydrogen

peroxide for 25min. The sections were then incubated with
rat anti-human TNF-𝛼, PR, ER, or NF-𝜅B monoclonal anti-
body (diluted 1 : 1000, Santa Cruz Biotechnology, Santa Cruz,
CA,USA) at 37∘C for 1.5 h andwerewashed in 0.01MPBS and
exposed to secondary antibody (1 : 200, Boster Co., Wuhan,
China), followed by treatment with the SABC complex, and
stained with diaminobenzidine. The optical densities of the
specific bands were scanned and measured by image analysis
software (HPIAS 2000, Tongji Qianping Company, Wuhan,
China).

2.3. Stained Sections Analysis. The intensity of immunostain-
ing was assessed by two independent observers. The degree
of TNF-𝛼, NF-𝜅B, PR, and ER immunopositivity in tumors
was graded according to Fromowitz et al. as follows [9]: pink
brown staining scored 1, yellow brown scored 2, and dark
brown scored 3. Positive cell rate <25% scored 1, 25–50%
scored 2, 51–75% scored 3, and >75% scored 4.Then, positive
cell rate score and color score were added, and the results
were graded into one of three categories: score 2-3 means
weakly staining; score 4-5meansmoderate staining; score> 5
means strongly staining. Specimens of those categories were
considered positive expression (+). Otherwise, tissue samples
were considered negative (−).

2.4. Statistical Analysis. Data were expressed as mean ±
SD, number, and percentages. The relationship between

Table 1: Clinicopathological features of breast cancer patients (𝑛 =
112).

Clinicopathologic parameters Number of cases (%)
Age (years) (median 50, range 35–72)
<50 56 (50)
≥50 56 (50)

Histologic subtype
Ductal carcinoma 97 (85.8)
Invasive lobular carcinoma 6 (5.3)
Mucinous adenocarcinoma 4 (3.6)
Intraductal carcinoma 4 (3.6)
Lobular carcinoma in situ 1 (0.9)

TNM stages
I-II 66 (58.9)
III-IV 46 (41.1)

Lymph node metastasis
Yes 60 (53.6)
No 52 (46.4)

Tumor grade
I-II 75 (67.0)
III 37 (33.0)

Tumor size
<5 cm 77 (68.8)
≥5 cm 35 (31.2)

Age at menarche (years)
<15 76 (67.9)
≥15 36 (32.1)

Menopause
Yes 61 (54.5)
No 51 (45.5)

Number of pregnancies
<4 75 (67.0)
≥4 37 (33.0)

Number of deliveries
<3 95 (84.8)
≥3 17 (15.2)

Family history of cancer
Yes 21 (18.8)
No 91 (81.2)

clinicopathological parameters, immunohistochemical stain-
ing intensity, and percentage of positively stained tumor cells
was tested using the 𝜒2 or Fisher’s exact tests if appropriate.
Statistical analysis was performed using SPSS software (SPSS
18.0, SPSS Inc., Chicago, IL). 𝑃 value less than 0.05 was
considered significant.

3. Results

3.1. Clinicopathological Features. Clinicopathological char-
acteristics of total 112 primary breast cancer patients are
shown in Table 1. On the basis of archival pathology reports,
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Figure 1: Immunohistochemical staining. (a) Control (isotype monoclonal antibody); (b) progesterone receptor (PR); (c) estrogen receptor
(ER); (d) tumor necrosis factor-𝛼 (TNF-𝛼); (e) nuclear factor-𝜅B (NF-𝜅B) (200x); (f) positive expressionwas also confirmed by image analysis
software HPIAS 2000. IOD: integrated option density. Data were expressed as mean ± SD.

there are 97 cases of ductal carcinoma (97/112), 6 of invasive
lobular carcinoma (6/112), 4 of mucinous adenocarcinoma
(4/112), 4 of intraductal carcinoma (4/112), and 1 of lobular
carcinoma in situ (1/112). Fifty-six (50%) patients were 50
years of age or younger. All 112 patients in our study cohort
were classified into different prognostic groups according to
the TNM classification system. Forty-six patients had stages
III-IV, while 66 patients had stages I-II. Seventy-five patients
(67%) undergoing with a tumor grade I-II, while 37 patients
(33%) of grade III. Lymph node metastasis was present in 60
patients (60/112, 54%). The majority (76/112, 68%) reached
menarche at age of 15 years or younger, and 61 patients (61/112,
55%) in this study underwent a natural menopause. Most
patients (91/112, 81%) had no family history of cancer.

3.2. Immunohistochemical Findings. According to the
immunohistochemical staining (Figure 1), ER, PR, and NF-
𝜅B positive staining were limited to the nucleus, and TNF-𝛼
positive staining was mainly limited to the cell membranes.
As seen in Table 2, the total positive expression rate of PR
was 67% (75/112), while the total positive expression rate of
ER was 76% (85/112) in the cancer tissue. In addition, 65%
were ER+/PR+, 11% were ER+/PR−, 2% were ER−/PR+, and
22% were ER−/PR−. The total positive TNF-𝛼 expression
rate in cancer tissue was 94% (105/112), and 84% (94/112) of
cancer specimens were NF-𝜅B positive. Correspondently,
the positive expression rate in the normal tissue specimens
was 15% of ER, 18% of PR, 0% of NF-𝜅B, and 2% of TNF-𝛼.
Moreover, the positive rates of these four parameters in
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Table 2: Immunohistochemical reactivity of PR, ER, NF-𝜅B, and TNF-𝛼 (𝑛 = 112).

Parameters Expression Cancer tissue (%) Normal tissue (%) 𝜒
2

𝑃 value

ER + 85 (76) 17 (15) 83.23 <0.0001
− 27 (24) 95 (85)

PR + 75 (67) 20 (18) 55.29 <0.0001
− 37 (33) 92 (82)

NF-𝜅B + 94 (84) 0 (0) 162.0 <0.0001
− 18 (16) 112 (100)

TNF-𝛼 + 105 (94) 2 (2) 189.8 <0.0001
− 7 (6) 110 (98)

PR: progesterone receptor; ER: estrogen receptor; NF-𝜅B: nuclear factor-𝜅B; TNF-𝛼: tumor necrosis factor-𝛼.

Table 3: The relationship between PR/ER and TNF-𝛼/NF-𝜅B expression (𝑛 = 112).

Receptors TNF-𝛼 expression
𝜒
2

𝑃 value NF-𝜅B
𝜒
2

𝑃 value
+ − + −

PR + 62 13 5.694 0.0170 74 1 36.56 <0.0001
− 23 14 20 17

ER + 70 15 8.043 0.0046 80 5 27.14 <0.0001
− 15 12 14 13

PR: progesterone receptor; ER: estrogen receptor; NF-𝜅B: nuclear factor-𝜅B; TNF-𝛼: tumor necrosis factor-𝛼.

Table 4: The relationship between ER and PR expression as well as the relationship between NF-𝜅B and TNF-𝛼 expression (𝑛 = 112).

PR (𝑛)
𝜒
2

𝑃 value NF-𝜅B (𝑛)
𝜒
2

𝑃 value
+ − + −

ER (𝑛) + 73 12 57.04 <0.0001
− 2 25

TNF-𝛼 (𝑛) + 90 15 3.972 0.046
− 4 3

PR: progesterone receptor; ER: estrogen receptor; NF-𝜅B: nuclear factor-𝜅B; TNF-𝛼: tumor necrosis factor-𝛼.

cancer tissue were significantly increased compared with
that in the normal tissue (𝑃 < 0.0001, resp.).

3.3.The Relationship between PR, ER, NF-𝜅B, and TNF-𝛼. We
found a highly significant correlation between PR/ER expres-
sion and TNF-𝛼/ NF-𝜅B level in breast cancer (Table 3).
Sixty-two of 75 (83%) PR-positive cases were TNF-𝛼-positive.
In contrast, twenty-three of 37 (62%) PR-negative cases
positively expressed TNF-𝛼. Fourteen of 37 PR-negative cases
and 13 of 75 PR-positive cases had lost TNF-𝛼 expression.
Meanwhile, our results also showed significant correlation
between ER expression and TNF-𝛼 levelin BC. Respectively,
seventy of 85 (81%) ER-positive cases expressed TNF-𝛼,
while only 15 of 27 (56%) ER-negative cases showed TNF-
𝛼 expression. Fifteen positive and 12 negative ER cases
lost TNF-𝛼 expression. In addition, the correlation between
PR/ER expression and NF-𝜅B expression was also observed.
Seventy-four of 75 PR-positive (99%) and 80 of 85 ER-positive
(94%) cases were NF-𝜅B positive, while only 20 of 37 PR-
negative (54%) and 14 of 27 ER-negative (52%) cases wereNF-
𝜅B positive.

We also investigated the relationship between ER and
PR expression as well as the relationship between NF-𝜅B

and TNF-𝛼 expression. The PR expression was significantly
correlated with the expression of ER in BC. As shown
in Table 4, seventy-three ER-positive cases were also PR-
positive. The expression of TNF-𝛼 was also correlated with
the NF-𝜅B expression. Ninety TNF-𝛼 positive cases showed
NF-𝜅B expression, while only 4 negative TNF-𝛼 cases were
NF-𝜅B positive.

3.4. The Correlation of These Parameters with Clinicopatho-
logical Features. Table 5 showed the relationships between
these four parameters and clinicopathological features of
BC patients. The expressions of ER and PR were both
correlated with tumor grade, TNM stage, and lymph node
metastasis (𝑃 < 0.01, resp.), but not with age, histological
subtype, tumor size, age at menarche, menopause status,
number of pregnancies, number of deliveries, and family
history of cancer (𝑃 > 0.05, resp.). The expressions of NF-
𝜅B and TNF-𝛼 were significantly and strongly correlated
with tumor size, tumor stage, and lymph node metastasis in
breast cancer tissue (𝑃 < 0.05, resp.). In addition, NF-𝜅B
was also positively correlated with tumor grade in BC (𝑃 <
0.01). However, neither NF-𝜅B nor TNF-𝛼 has correlation
with the clinicopathological features including patient age,
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histological subtype, age at menarche, menopause, number
of pregnancies, number of deliveries, and family history of
cancer (𝑃 > 0.05, resp.).

4. Discussion

Progesterone receptor (PR) and estrogen receptor (ER) are
the most widely studied markers in breast tissue [10]. Cur-
rently, clinicians rely on the results of PR and ER expression
levels to make therapeutic decisions for BC patients. More-
over, both PR and ER expression levels in BC are used as
predictive biomarkers of response to endocrine therapy [11].
In this study, we have analyzed the correlation of PR and
ER with some known prognostic factors including patient
age, histological subtype, TNM stages, age at menarche,
menopause, number of pregnancies, number of deliveries,
and family history of cancer. As reported in the literature, ER
is expressed in about 70–75% of invasive breast cancer [12],
and about 50% of breast cancer expresses the progesterone
receptor (PR) [13]. It has been shown that the expression of
PR is activated by ER [14]. Thus, PR expression commonly
parallels ER expression in breast cancer [15]. However, these
two receptors were present in only 15–30% of luminal
epithelial cells and not elsewhere in normal human breast
[16]. Our immunohistochemical analysis showed that the PR
and ER positive expressions were mainly located in nucleus,
and the positive expression rate of PR and ER was about 70%.
In addition, there was a positive correlation between PR and
ER. However, either ER or PR was rarely observed in normal
breast tissues. These results in our study were in line with
previous studies.

Tumor necrosis factor alpha (TNF-𝛼) is amultifunctional
cytokine involved in apoptosis, inflammation, and immunity
[17]. TNF-𝛼 has been reported to be elevated in the blood
serum of patients diagnosed with advanced stage BC and
correlate with an increased number and size of metastatic
sites [18]. The increased level of TNF-𝛼 was possibly linked
to the activation of NF-𝜅B [19], which plays a crucial role
in inflammation and carcinogenesis [20]. Previous study
provided a significant correlation between TNF-𝛼 expression
and the expression of putative TNF-𝛼-inducible NF-𝜅B-
related genes in human breast cancer [21]. In our study, the
positive TNF-𝛼 expression rate was correlated with that of
NF-𝜅B in BC. It has also proved that low levels of TNF-
𝛼 in the extracellular matrix (ECM) of BC promote the
growth and proliferation of tumor cells [22]. Recently, we
have established that transmembrane TNF-alpha (tmTNF-
𝛼) monoclonal antibody (mAb) exerts effective antitumor
activities in BC [23]. The interrelationships between the
steroid hormone receptors and cytokines including TNF-𝛼
have been demonstrated in several studies. It is reported that
increased endogenous TNF-𝛼 may promote tumor invasion
via downregulating the PR expression in BC [24]. In addition,
Chavey et al. [5] demonstrated that TNF-𝛼 was more abun-
dant in PR-negative BC than in PR-positive ones. Moreover,
TNF-𝛼 has an important role in regulating estrogen synthesis
in malignant breast tissues [25]. ER may also inhibit TNF-𝛼

activation via repressing the TNF-responsive element (TNF-
RE) and TNF promoter [26]. However, our results showed
that either ER or PR has a positive correlation with both
TNF-𝛼 and NF-𝜅B expression in BC. This may be associated
with the different functions of two isoforms of TNF-𝛼, the
transmembrane, and secretory TNF-𝛼. Further study would
be needed to investigate the possible underlyingmechanisms.

The relationship between steroid hormone receptors
PR/ER and clinicopathological parameters remains uncer-
tain. Several studies demonstrated that ER expression has
strong correlation with histological subtype [27] and patient
age at the time of diagnosis [28, 29], while some other studies
reported that PR has no positive relationship with clinico-
pathological features including patient age and menopause
status [30]. In our study, both PR and ER expressions were
correlated with tumor grade, TNM stage, and lymph node
metastasis. Moreover, expression of both TNF-𝛼 and NF-
𝜅B was correlated with tumor size, tumor grade, and TNM
stage. Those results indicate that these four parameters may
be involved in the carcinogenesis of breast cancer and may
play an important role in invasion and metastasis of BC.
Considering the positive correlation of steroid receptors with
both TNF-𝛼 and NF-𝜅B expression, it is possible that the
biological activities of ER and PR may be associated with the
expression of NF-𝜅B and TNF-𝛼 in human breast. However,
the initial mechanism has not been elucidated yet.

In conclusion, PR and ER are highly expressed, with
significant correlation with tumor grade, TNM stage, and
lymph node metastasis as well as with TNF-𝛼 and NF-𝜅B
expression in breast cancer. Thus, these two steroid receptors
may be involved in the carcinogenesis of breast cancer,
and their roles in invasion and metastasis of breast cancer
are probably associated with the expression of NF-𝜅B and
TNF-𝛼. However, additional studies are required to further
elucidate these relationships.
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