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Abstract: Objective: The expression of FPN and Hepcidin in breast cancer tissues and their association with clinical 
features, endocrine classification of breast cancer and occurrence of anemia were studied. Methods: The expres-
sion of FPN and Hepcidin in breast cancer tissues from 64 patients with breast cancer was measured using im-
munohistochemistry (IHC), and the correlation between the expression of FPN and the expression of Hepcidin was 
analyzed together with their association with clinical features, endocrine classification of breast cancer and anemia. 
Results: The positive rate of FP1 expression in luminal A+luminal B group with a better prognosis was significantly 
higher than that in the group with a poor prognosis, while the expression of Hepcidin was significantly higher in the 
group with a poor prognosis compared with luminal A+luminal B group. The positive rate of FP1 expression in ER-
positive patients was remarkably higher than that in ER-negative group, while the expression level of Hepcidin was 
significantly higher in ER-negative group compared with ER-positive group. The expression of Hepcidin and FPN was 
associated with lymph node metastasis, without relation to age of patients and stage of tumors. The expression 
of FPN was also related to tumor size. The expression of Hepcidin was inversely related to that of FPN (r=-0.41, 
P<0.01). No difference was observed in the expression of Hepcidin or FPN between patients with anemia and those 
without anemia. Conclusion: Both Hepcidin and FPN were expressed in breast cancer tissues to varying degrees 
and their expression was related to the clinicopathological features, such as the endocrine classification of breast 
cancer, while no correlation was found between their expression and occurrence of anemia.
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Introduction

Breast cancer is the most common malignant 
tumor in women. China contributes 12.2% of all 
newly diagnosed breast cancer cases and 9.6% 
of breast cancer related deaths worldwide [1]. 
Studies have shown that iron is a cofactor for 
the proliferation and differentiation of tumor 
cells [2, 3]. The demand for iron is increased in 
many different types of cancers, and the 
metabolism of iron is disturbed by the abnor-
mal expression of various proteins which has 
an impact on tumor growth and metastasis [4]. 
The disturbance in iron metabolism caused by 
Hepcidin plays an important role in tumor 
growth of breast cancer, as the expression of 
ferroportin (FPN) can be regulated by Hepcidin 
to promote the proliferation of tumor cells [5, 
6]. Therefore, besides hemorrhage, anemia in 

cancer patients may also be caused by disorder 
in iron metabolism. Histopathological examina-
tions were performed on tissue specimens from 
64 patients with breast cancer using immuno-
histochemistry to analyze the correlation 
between expression of Hepcidin and expres-
sion of FPN and to study if their expression was 
in association with clinical features as well as 
with preoperative anemia.

Materials and methods

Patient selection and samples 

Paraffin slides from tissue samples of 64 breast 
cancer patients (admitted during January 
2011-January 2015) were used for the study. 
The diagnosis of breast cancer had been con-
firmed with histopathological examinations. 
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There was no history of chemotherapy or radio-
therapy before surgery. The median age was 55 
years. Criteria used for molecular classification 
of breast cancer were based on the 12th St. 
Gallen International Expert Consensus, and the 
details were as follows: Immunohistochemistry 
(staining for ER, PR, HER2 and Ki-67) was used 
for the classification; luminal A subtype was 
defined as ER and/or PR+, HER2-, Ki-67<14%, 
with a total of 15 cases; luminal B subtype was 
defined as ER and/or PR+, HER2-, Ki-67>14%, 
with a total of 18 cases; HER2 over-expression 
subtype was defined as ER- and PR-, HER2 
gene expression+++, or FISH+, with a total of 
11 cases; basal-like subtype was defined as 
ER-, PR- and HER2-, with a total of 20 cases. 
Among 64 patients, 14 patients were diag-
nosed as anemia with the diagnostic criteria of 

Hb<110.0 g/L. TNM staging was based on 
AJCC criteria, with 21 cases of T1, 43 cases of 
T2, T3 or T4; 26 cases had lymph node metas-
tasis, and 38 cases had no lymph node metas-
tasis; 2 cases had distant metastasis, and the 
remaining 62 cases had no distant metastasis. 
15 patients with normal para-cancerous tis-
sues were selected as control group.

Methods 

Immunohistochemical staining was performed 
on 64 paraffin specimens sectioned with 6 μm 
in thickness and 4 slices were sectioned for 
each specimen, followed by heating at 60°C for 
half an hour in an oven; xylene, absolute etha-
nol and ethanol solutions of different concen-
trations were used for dewaxing, followed by 

Figure 1. A. Positive Hepcidin expression (×100); B. Negative Hepcidin expression (×100); C. Positive FPN expres-
sion (×100); D. Negative FPN expression (×100).
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washing with water for 120 s. HE staining was 
then performed on one section slide, followed 
by microscopic examination to confirm the diag-
nosis of breast cancer. The other 3 sections 
were treated with SABC staining and PBS was 
used for preparation of negative control.

IHC scoring

Positive results were judged when the cyto-
plasm showed brownish yellow or brown in 
color. Microscopic examination was carried out 
in 4 randomly chosen high-power fields. The 
score system was based on two scores, and the 
first score was defined according to the inten-
sity of staining. 1 was given if the staining was 
pale yellow; 2 was given if brownish yellow; 3 
was given if dark brown. The second score was 
based on the number of cells that were posi-
tively stained. The score was 0 when positively 
stained cells were less than 10%; 1 when posi-
tively stained cells were 10%-26%; 2 when pos-
itively stained cells were 26%-50%; 3 when 
positively stained cells were 50%-75%; 4 when 
positively stained cells were more than 75%. 
The final result was obtained by multiplying the 
first score with the second score: (-) was given if 
the result is 0; (+) if the result was 1-4: (++) if 
the result was 5-8; (+++) if the result was more 
than 8.

Statistical analysis 

Statistical analysis was performed using SPSS 
16.0. Chi-square test was used to analyze the 
data with SNK test used to compare between 
the groups. Spearman rank correlation was 
also carried out. The significance level was 
0.05.

Results

Expression of Hepcidin in breast cancer

The difference between the positive rate of 
Hepcidin expression in normal para-cancerous 
tissues (13.3%) and that in cancer tissues 
(48.4%) was statistically significant (P<0.05). 
The positive rates of expression in T1 stage 
group and T2, 3 and 4 stage groups were 33.3% 
(7/21) and 55.8% (24/43), respectively, with no 
significant difference (P>0.05). Patients with 
lymph node metastasis and those without 
lymph node metastasis had a positive Hepcidin 
expression rate of 65.4% (17/26) and 36.8% 

(14/38), respectively, with significant differ-
ence (P<0.05). The positive rates of expression 
in luminal A+luminal B group and HER2 over-
expression subtype+basal like subtype group 
were 24.2% (8/33) and 74.2% (23/31), respec-
tively, and the difference was significant 
between the two groups (P<0.001). The differ-
ence between the positive rate of Hepcidin 
expression in ER (+) patients [22.6% (7/31)] 
and that in ER (-) patients [72.7% (24/33)] was 
statistically significant (P<0.001). The results 
are shown in Figure 1A, 1B and Table 1.

Expression of FPN in breast cancer

The difference between the positive rate of FPN 
expression in normal para-cancerous tissues 
(86.7%) and that in cancer tissues (59.4%) was 
not statistically significant (P>0.05). The posi-
tive rates of expression in group of T1 stage 
and in group of T2, 3 and 4 stages were 76.2% 
(16/21) and 27.9% (12/43), respectively, with 
significant difference (P<0.05). Patients with 
lymph node metastasis and those without 
lymph node metastasis had a positive FPN 
expression rate of 42.3% and 71.1%, respec-
tively, with significant difference (P<0.05). The 
positive rates of FP1 expression in luminal 
A+luminal B group and HER2 over-expression 
subtype+basal like subtype group were 75.8% 
(25/33) and 41.9% (13/31), respectively, and 
the difference was significant between two 
groups (P<0.05). The difference between the 
positive rate of Hepcidin expression in ER (+) 
patients [77.4% (24/31)] and that in ER (-) 
patients [42.4% (14/33)] was statistically sig-
nificant (P<0.001). The results are shown in 
Figure 1C, 1D and Table 1.

Association of FPN and Hepcidin expression 
in breast cancer tissues with occurrence of 
anemia 

There was no clear correlation between the 
expression of FPN and Hepcidin in breast can-
cer tissues and the occurrence of anemia 
(χ2=0.18 and 0.02 respectively, for FPN and 
Hepcidin, P>0.05 for both). Results are shown 
in Table 2.

Correlation between expression of FPN and 
expression of Hepcidin 

12 cases had positive Hepcidin expression 
among 38 cases which had positive FPN 
expression, with the remaining 26 cases having 
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negative Hepcidin expression, while 19 cases 
had positive Hepcidin expression among 26 
cases which had negative FPN expression, with 
the remaining 7 cases having negative Hepcidin 
expression (χ2=10.64, P<0.01).

Discussion

The demand for iron is increased in many differ-
ent types of cancers, and the metabolism of 
iron is disturbed by the abnormal expression of 
various proteins which has an impact on tumor 
growth and metastasis [7, 8]. Brookes et al. [9] 
consider that FPN expression is reduced in can-
cer patients and the increased level of intracel-
lular iron in colorectal cancer tissues promotes 
the growth of tumors. Increased levels of iron 
may induce the down-regulation of E-cadherin 
expression, which is also positively linked to the 
invasive behavior and metastasis of cancer. 
Wnt signaling can also be activated by the 
increased intracellular level of iron, which stim-
ulates the progression of tumors [10]. Study 
also suggests that the level of FPN mRNA is 
lower while the level of Hepcidin mRNA is high-

nohistochemistry method in our study. It was 
found that compared with normal papa-cancer-
ous tissues, the positive rate of Hepcidin 
expression in breast cancer tissues was 
increased significantly (P<0.05). Also the 
expression of Hepcidin was found to be associ-
ated with lymph node metastasis. Similarly, 
although the results were not statistically sig-
nificant (P=0.07), the positive rate of FPN 
expression in breast cancer patients was lower 
than that in normal para-cancerous tissues, 
and the negative FPN expression was linked to 
the T staging and lymph node metastasis. The 
above results showed that the expression of 
Hepcidin and FPN in breast cancer patients 
was associated with local invasion and lymph 
node metastasis of the tumor.

Breast cancer is a group of highly heteroge-
neous tumors, and the molecular classification 
of breast cancer based on variations in gene 
expression provides an important basis for the 
heterogeneity nature of breast cancer, staging 
of cancer, estimation of prognosis, and individ-
ualization of treatment [12]. As a result, the 

Table 1. Expressions of FPN and Hepcidin in breast cancer and their associations with anemia, endo-
crine classification of breast cancer and clinical features

Group
FPN Hepcidin

No. of posi-
tive cases 

No. of nega-
tive cases χ2 No. of posi-

tive cases 
No. of nega-
tive cases χ2

Below 60 years of age 20 21 0.12 16 25 0.35
Above 60 years of age 13 21 10 10 25 13
Molecular classification
    Luminal A+B 25 8 15.97** 8 25  7.58**
    Her2-overexpression+Basal-like 8 23 18 13
T staging:
    T1 14 7 2.86 8 25 7.58**
    T2/T3/T4 19 24 21 12
Lymph node metastasis:
    Yes 9 17 5.04* 15 11 5.29*
    No 24 14 11 27
ER/PR:
    Positive 24 7 16.09** 7 24 8.12**
    Negative 9 24 19 24
Note: *P<0.05; **P<0.01; P>0.05 for the rest.

Table 2. Association of FPN and Hepcidin expression in 
breast cancer tissues with occurrence of anemia

Group
FPN Hepcidin

Positive Negative Positive Negative
Patients with anemia 9 5 7 7
Patients without anemia 29 21 26 24

er in breast cancer, and the expres-
sion of FPN and Hepcidin is associ-
ated with the prognosis of breast 
cancer [11].

The expression of Hepcidin and FPN 
in breast cancer tissues from 64 
patients was investigated by immu-
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results from immunohistochemistry were com-
pared with the endocrine classification results 
of cancer, and it was found that the positive 
rate of Hepcidin expression in luminal A+luminal 
B group with a better prognosis was significant-
ly lower than that in HER2 over-express- 
ion+basal-like group with a poor prognosis 
(P<0.01), while the expression of FPN was sig-
nificantly higher in the group with better prog-
nosis compared to the group with poor progno-
sis (P<0.05). Similarly, the expression of 
Hepcidin was significantly higher in the ER-ne- 
gative group compared with the ER-positive 
group, while the positive rate of FP1 expression 
was significantly higher in the ER-positive 
patients than in the ER-negative patients. 
These results indicated that the expression of 
Hepcidin and FPN was clearly associated with 
the subtypes of breast cancer based on molec-
ular classification, which therefore can be used 
for the estimation of prognosis of breast cancer 
patients. Further studies showed that there 
was an association between the expression of 
Hepcidin and the expression of FPN in breast 
cancer tissues, which indicated that FPN was a 
downstream target of Hepcidin in breast can-
cer and Hepcidin regulated the metabolism of 
iron through stimulating the down-regulation 
and degradation of FPN [13, 14].

Hepcidin is considered to play an important 
role in the occurrence of anemia in chronic dis-
eases such as chronic inflammatory diseases 
and malignant tumors [15, 16]. The up-regula-
tion of Hepcidin can reduce the expression of 
FPN and stimulate the breakdown of FPN, 
resulting in a decreased level of intracellular 
iron which leads to anemia [17-19]. The level of 
Hepcidin was shown to be associated with ane-
mia in post-operative radio- and chemo-therapy 
patients as well as advanced cancer patients 
[20]. But our study suggested that the expres-
sion of Hepcidin and FPN had no association 
with the occurrence of anemia in breast cancer 
patients.

In summary, the expression of Hepcidin and 
FPN was detected in breast cancer tissues, and 
their expression was related to the endocrine 
classification as well as the clinicopathological 
features of breast cancer. Combination of test 
results for Hepcidin and FPN expression with 
results from other examinations was very use-
ful for the estimation of prognosis and treat-
ment decisions. Therefore, the expression of 

FPN and Hepcidin in breast cancer patients 
should be further investigated.
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