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Abstract: Objective. To investigate the expression of Hep-
cidin and Neogenin in tissue from patients with colorec-
tal cancer, to evaluate the relationship between Hepcidin 
and Neogenin with clinical features, and to study their 
relationship with anemia. Methods Immuno- histochemi-
cal method was used to detect the expression of Hepcidin 
and Neogenin in 62 cases of colorectal cancer. At the same 
time, the relationship between them and their relation-
ship with clinical characteristics and anemia were ana-
lyzed. Results. The expression of Hepcidin was related 
to T stage (P<0.05), but not with age, gender, lymph node 
metastasis and distant metastasis. The expression of 
Neogenin was not correlated with T stage and lymph 
node metastasis, age, gender, and distant metasta-
sis (P>0.05). There was no significant difference in the 
expression of Hepcidin and Neogenin between anemia 
group and non-anemia group. There was no correlation 
between Hepcidin and Neogenin (r =-0.04, P>0.05). Con-
clusion. The expression of Hepcidin in colorectal cancer 
was related to the T stage, and had no correlation with 
Neogenin. The expression of Neogenin could not be used 
as an objective index to reflect the biological behavior of 
colorectal cancer.
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1  Introduction
At present, iron may play an important role in promoting 
the proliferation and differentiation of tumors. So, there is 

an increased demand for iron in tumors. The disorder of 
iron metabolism can obviously affect the proliferation and 
metastasis of tumor. In addition, there are many tumor 
patients with anemia; in addition to blood loss, radiother-
apy and chemotherapy, tumor bone marrow involvement, 
but also may be related to the disorder of iron metabo-
lism. Recent studies have shown that hepcidin was highly 
expressed upon stimulation of inflammatory mediators, 
especially. interleukin 6 in patients with cancer [1,2]. 
Additionally, hepcidin has been shown to cause iron 
metabolism disorders which results in anemia in patients 
[3, 4]. However, recent reports have suggested that iron 
may function as a cofactor that contributes to the prolifer-
ation and differentiation of tumors [5, 6]. So iron metabo-
lism disorders caused by hepcidin may play an important 
role in the development of cancer. Neogenin, a deleted in 
colorectal cancer (DCC) family member, has been iden-
tified as a receptor for the neuronal axon guidance cues 
netrins and repulsive guidance molecules repulsive guid-
ance molecules (RGM). RGMc, also called hemojuvelin 
(HJV), is essential for iron homeostasis. Recent studies 
shown neogenin can inhibit hemojuvelin (HJV) secretion 
and regulates BMP-induced hepcidin expression and iron 
homeostasis [7]. Therefore, this study used immunohisto-
chemical methods to determine the expression of Hepci-
din and Neogenin in the pathological tissues of 62 cases of 
colorectal cancer patients, and analyzed the relationship 
between Hepcidin and Neogenin and their relationship 
with clinical characteristics and anemia.

2  Methods

2.1  Data collection and population

62 cases of colorectal cancer patients who hospitalized 
between January 2009 and January 2014 in our hospital 
were included in this study, along with their surgical spec-
imens embedded by paraffin. All cases were confirmed 
by pathological examination, and none of them received 
chemotherapy or radiotherapy before surgery. There were 
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39 males and 23 females, the median age was 66 years. 
Criteria for the diagnosis of anemia in men were Hb less 
than 120.0 g/L and women with Hb less than 110.0 g/L, 
and there were 21 cases of anemia and 41 cases without 
anemia. Hb levels were110.0±12.9g/L(range: from 56.3g/L 
to 155.8g/L).TNM staging was consistent with the criteria 
for the pathology group of Chinese National Colorectal 
Cancer Cooperative Group. Among them, there were 16 
cases in stage T1 and T2, and 46 cases in stage T3 and 
T4. There were 31 cases with and 31 cases without lymph 
node metastasis, 7 cases with and 55 cases without 
distant metastasis. During the same period, we randomly 
selected 15 cases of normal intestinal mucosa of patients 
with colorectal cancer as a control group. This study was 
approved by the Ethics Committee of Taicang Hospital of 
Suzhou University. Informed consent has been obtained 
from all individuals included in this study.

2.2  Experimental methods

Immunohistochemistry was performed by using the 
StreptAvidin-Biotin Complex (SABC) staining system. Four 
consecutive sections, each with a thickness of 5 μm, were 
cut from the paraffin blocks and then incubated at 60°C 
for 30 minutes. Dimethylbenzene, anhydrous alcohol, and 
different concentrations of alcohol were used to dewax 
the sections. They were then washed with water for two 
minutes. One section from each set was stained with 
hematoxylin and eosin to facilitate the pathological diag-
nosis according to the manufacturer’s protocol (Wuhan 
Boshide Biological Engineering Co., Ltd., China. Produced 
by R&D Co., Ltd., German). The remaining three sections 
were stained by the SABC method according to the manu-
facturer’s protocol (Fuzhou Maixin Biotech. Co, Ltd，pri-
mary antibodies was from Abcam Hong Kong, Ltd.). Phos-
phate-buffered saline instead of the primary antibody was 
used as a negative control.

2.3  Result Evaluation

The cytoplasm and nucleus stained as pale or yellow 
brown were evaluated as positive. At high magnifica-
tion, the five fields were randomly selected, positive was 
defined as the staining color was yellow or deeper color 
and the number of positive cells was larger than 10%.

2.4  Statistical Analysis

Using the SPSS statistical software (version 16.0), the data 
were calculated by Chi square test.we compared groups 
with the SNK method, Person test, and using Spearman 
rank test to grade correlation analysis, P < 0.05 for the dif-
ference was statistically significant.

3  Results 

3.1  Expression of Hepcidin in colorectal 
cancer 

The positive expression rate of Hepcidin in normal intes-
tinal mucosa was 20% (3/15), and the positive rate was 
66.1% (41/62) in colorectal cancer tissues, and the differ-
ence was significant (P= 0.003). The expression of Hepci-
din in cancer tissues in stage T3 and T4 was significantly 
higher than that in stage T1 and T2 (P<0.05). But there 
was no significant difference among the patients with or 
without lymph node metastasis and distant metastasis 
(P>0.05). (for detail See Figure 1 and Table 1).

3.2  Expression of Neogenin in colorectal 
cancer

The positive expression rate of Neogenin in normal intesti-
nal mucosa was 100% (15/15), the positive expression rate 
in cancer tissue was 83.8% (52/62), and the difference was 

Figure 1: A. Hepcidin Positive (×100); B. Negative stain control (×100) C H&E (×100)
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not significant (P =0.45). There showed no significant dif-
ference in different stages (P>0.05), with or without lymph 
node metastasis (P>0.05), and with or without distant 
metastasis(P>0.05)(For details, see Figure 2 and Table 1).

3.3  Correlation between anemia and the 
expression of Hepcidin and Neogenin

There was no correlation between the expression of Hep-
cidin and Neogenin in tumor tissues with anemia. Chi 
Square were 0.40 and 2.38 respectively,all P>0.05 (for 
detail, see Table 2).

At the same time, we also applied the Spearman 
rank correlation test method to analysis the relationship 
between hemoglobin levels and the expression of hepci-
din and Neogenin in tumor tissues, the results were indi-
cated that there also no correlation(r = 0.08 and r =-0.04 
respectively, all P > 0.05.  

3.4  Correlation between the expression of 
Neogenin and Hepcidin

32 of 52 Neogenin positive patients expressed Hepcidin, 
and 7 cases of 10 Neogenin negative patients expressed 
Hepcidin (χ2 =0.01, P >0.05).

4  Discussion
Iron might serve as the synergistic factor to induce the 
cellular proliferation and differentiation in cancer. Metab-
olism of iron in tumor cells has changed a lot, many pro-
teins which participated in the regulation of iron metabo-

Figure 2: A. Neogenin Positive (×100); B Negative stain control (×100) C H&E (×100)

Table 1: Expressions of Hepcidin and Neogenin in colorectal cancer and their association with clinical characteristics.

Charact-eristics
Hepcidin Neogenin
Negative Positive Chi Square Negative Positive Chi Square

             Age ≤60 5 14
0.70

1 18
2.60

>60 16 27 9 34
Gengder male 15 24

0.99
5 34

0.85
female 6 17 5 18

T-stage TI, T2 9 7
4.82*

3 13
0.11

T3, T4 12 34 7 39
LNTa Yes 8 23

1.80
4 27

0.48
Not 13 18 6 25

DMb Yes 1 6
1.52

1 6
0.02No 20 35 9 46

Note: 1. * P <0.05, others P >0.05. 2 a:LNT=Lymph node metastasis.b:DM= Distant metastasis 

Table 2: Correlation between anemia and Hepcidin and Neogenin 
Expression in colorectal cancer tissue.

Anemia
Neogenin Hepcidin
Positive Negative Positive Negative

Yes 15 6 15 6
NO 37 4 26 15
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lism showed highly expressed, and they could apparently 
affect the proliferation and metastasis in cancer [8-11]. 
Patients with cancer often show a high level of serum hep-
cidin [12].Studies showed that the increased intracellular 
iron could promote the development of cancer mediated 
by the stimulation of Wnt signaling pathway [13,14].We 
found that patients with high T staging (T3, 4) had high 
level of hepcidin expression(χ2 =4.82, P<0.05), which had 
no relevant with patients’ age, gender, lymph node metas-
tasis or distant metastasis. And this result was consistent 
with Wards’ study [15,16] which showed that hepcidin 
expression of patients with colorectal cancer was related 
to T staging .We found the expression of neogenin was not 
correlated with T stage and lymph node metastasis, age, 
gender, and distant metastasis (P>0.05).The result showed 
neogenin was not correlated with tumor severity, and neo-
genin could not be used as an objective index to reflect the 
biological behavior of colorectal cancer. 

At the same time, the study results showed that there 
was no correlation between neogenin expression and T 
stage, patients age, gender, lymph node metastasis and 
distant metastasis(all P>0.05), suggesting that the expres-
sion of Neogenin may have no association with hepcidin 
in colorectal cancer.

The correlation analysis between Hepcidin and Neo-
genin was carried out. The results confirmed that Hepci-
din and Neogenin had no correlation with in colorectal 
cancer (χ2 =0.01,P > 0.05), which showed that the abnor-
mal expression of Hepcidin in colorectal carcinoma was 
not related to Neogenin.

Of course, it is possible that less cases of general cases 
and case with distant metastasis before surgery (only 8 
cases) led to the negative results, which certainly has to 
be further studied by expanding the clinical sample size.

Anemia is one of the common symptoms in patients 
with intestinal tumor. It is generally considered that the 
anemia is a chronic disease in chronic inflammation and 
malignant tumors (ACD), Current research [17-19] has con-
firmed that Hepcidin plays a key role in the occurrence and 
development of ACD [17]. Elevated expression of Hepcidin 
can inhibit the intestinal iron absorption and inhibit the 
release of iron from the mononuclear macrophage system, 
which makes the iron storage in the cells, iron reduction in 
bone marrow, and ultimately lead to iron loss and anemia 
[18,20-22]. Our previous studies [19] also showed that Hep-
cidin plays an important role in the treatment of postop-
erative radiotherapy and chemotherapy in patients with 
advanced tumor anemia, the expression of hepcidin in 
patients with anemia was significantly higher compared 
with that of patients without anemia (P<0.05), which was 
negatively correlated with Hb (r =-0.2597,P<0.01). 

But there has not report research about the relation-
ship between the expression of Hepcidin and anemia in 
tumor tissue yet. Our study showed that there was no 
difference between the Neogenin and the Hepcidin in the 
tissues of the patients with anemia and anemia, and there 
was no correlation between the level of Hb and Hepcidin 
and Neogenin in the patients. The local level of the iron 
in the tumor tissue does not represent the level of the 
whole body of the patient. In another research, we [23] 
analyzed the relationships between expression of Hepci-
din in Breast cancer tissues and the levels of those factors 
in serum. No statistically significant correlations were 
observed(r =0.1419, P>0.05). So we speculated the serum 
level of hepcidin in colorectal cancer has not any relation 
with the hepcidin expression level of tumor tissue, and it 
was consistence with the result that there were no rela-
tionship between the expression of hepcidin in colorectal 
cancer tissue and anemia.

In conclusion, our study showed that the elevation 
expression of Hepcidin in colorectal cancer was related to 
the T staging of cancer patients, and the expression level 
of Neogenin was not related to the biological behavior of 
colorectal cancer. Also the expression of Hepcidin and 
Neogenin in tumor tissue was not related to anemia.
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