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ABSTRACT. Hepcidin is a key protein of iron metabolism, which 
may play an important role in the prognosis of patients with chronic 
renal failure on maintenance hemodialysis. The purpose of this 
study was to investigate the relationship between the prognosis of 
maintenance hemodialysis patients and serum hepcidin level. We 
enrolled 60 patients on maintenance hemodialysis and 30 healthy 
controls from March 2012 to December 2012 in our hospital. 
Peripheral blood samples were collected to determine hepcidin 
by an ELISA method. Hepcidin levels of hemodialysis patients 
were significantly higher than those of the healthy control group. 
Hepcidin level was positively correlated with the degree of anemia 
in the dialysis group. Therefore, we conclude that hepcidin level 
is significantly increased in patients with chronic renal failure on 
maintenance hemodialysis and that increased hepcidin seriously 
affects the prognosis of chronic renal failure.
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INTRODUCTION

There is intracellular iron overload in end-stage renal disease (ESRD) patients, es-
pecially those on maintenance hemodialysis (MHD). This results in iron use disorder with 
reticuloendothelial system active due to sustained chronic inflammatory reaction (Nicolas et 
al., 2002a). Hepcidin is a low molecular weight peptide that was found in plasma ultrafiltrate 
using mass spectrometry by Krause in 2000, and it plays an important role in modulating 
iron homeostasis (Nicolas et al., 2002b). Intracellular iron metabolism is co-modulated by 
iron uptake protein (divalent metal transporter 1, DMT1) and iron export protein (ferropor-
tin, FPN) (Nemeth et al., 2004). The main modulating sites are the duodenal enterocyte and 
mononuclear macrophage: FPN is located on the outer membrane of the enterocyte fundus and 
decreases iron uptake in the duodenum, while a decrease in DMT1 located on the cytomem-
brane obstructs the absorption of iron in enterocytes, resulting in a decrease in iron uptake. 
A decrease in macrophage FPN obstructs iron uptake in macrophages (Nemeth et al., 2004).

FPN and DMT1 on the cell surface are combined and then phosphorylated, internal-
ized and ubiquitinated by hepcidin and finally degraded. Thus, hepcidin iron accumulation in 
macrophages prevents duodenal enterocytes from releasing iron into the circulation, so that 
there is intracellular iron overload and insufficient circulating iron (De Domenico et al., 2007; 
Pigeon et al., 2001). ESRD patients are always in a chronic inflammatory state. Especially 
for MHD patients, there is more severe inflammation with hemodialysis, which will strongly 
simulate the upregulation of hepcidin mRNA expression (Nicolas et al., 2002a; Vokurka et 
al., 2006). Meanwhile, the elimination of hepcidin decreases due to damage to renal function 
(Pak et al., 2006). Their co-effects weaken the downregulation of hepcidin by anemia and 
EPO causing a significant increase in hepcidin level in ESRD patients. This study was aimed 
at determining serum hepcidin level and its clinical significance in patients on MHD.

MATERIAL AND METHODS

Subjects

Sixty MHD patients seen in our hospital from March to December, 2012 and 30 
healthy individuals as the control group were enrolled in this study. The MHD group of 60 
cases were long-term hemodialysis patients in the Chinese People’s Liberation Army 452 Hos-
pital whose MHD term exceeded 6 months with 4 h per time and 2-3 times per week. The 
blood flow volume was 150-300 mL/min, and hemodialysis speed was 500 mL/min. Low-flux 
polymethylmethacrylate (PMMA) membranes and sodium bicarbonate buffer were used for 
all patients. Of the patients, 39 cases were male and 21 female, with an average age of 57.72 ± 
13.64 years old. All patients received oral ferrous succinate and intravenous r-HuEPO therapy 
with the administration of chalybeate and EPO for more than 4 weeks. Thirty individuals in 
the control group were undergoing a medical examination in the hospital during the same time, 
and they were healthy and without renal diseases as determined by system examination.

Exclusion criteria

The diseases that influence metabolism were excluded, such as chronic inflammation 
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in recent period, other chronic infection and uncontrollable hypertension. Also excluded from 
the study were those on oral prophylactic, pregnant women, people receiving blood transfusion 
within 6 weeks, people with bleeding, and those with glutamic-pyruvic transaminase and glu-
tamic-oxaloacetic transaminase levels 2 times more than normal (more than 45U/L), tumor, etc.

Sampling

A 2-mL non-anticoagulated blood sample was drawn from all subjects during morn-
ing before breakfast, allowed to clot at room temperature for 20 min and centrifuged for 10 
min at 3000 rpm. The supernatant was carefully collected to obtain the serum, which was 
placed in a -80°C freezer for cryopreservation. The venous blood sample was collected from 
MHD patients before hemodialysis.

Hepcidin assay

A competitive enzyme-linked immunosorbent assay (ELISA) was used to measure se-
rum hepcidin. The kit is produced by American R&B Company and uses a purified anti-human 
hepcidin antibody. The assay was performed strictly according to instructions.

Other laboratory tests

Iron metabolism indicator (ferritin), inflammation indicator (hsCRP), routine blood 
variables, etc. were tested by the clinical laboratory and biochemistry department.

Statistical analysis

The statistical software of SPSS 17.0 was adopted to conduct statistical analysis. 
The data are reported as means ± standard deviation, and the statistical data were accurate to 
the second decimal place. The t-test was used for the comparison of hepcidin level between 
groups. The chi-square test was used for the comparison of ratios. Pearson or Spearman cor-
relation analysis (according to whether the data showed normal distribution) was adopted for 
determining the correlation between hepcidin level and clinical variable. P < 0.05 was consid-
ered to be statistically significant.

RESULTS

There was no significant difference in age and gender between the 2 groups studied, but 
blood pressure in the MHD group was higher than that in the control. In the MHD group, the 
primary disease was mainly chronic glomerulonephritis which accounted for 78.33% (Table 1).

As shown in Table 2, hemoglobulin in the MHD group was significantly lower than 
that in the control group, while ferritin, HsCRP and hepcidin in the MHD group were signifi-
cantly higher than in the control.

The correlation analyses were separately carried out between serum hepcidin level 
and clinical indicator in the two groups. Hepcidin level in the MHD patients and controls was 
positively correlated with hsCRP and ferritin, negatively correlated with hemoglobin and he-
matocrit, as shown in Table 3.
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DISCUSSION

Hepcidin was separated and purified from human blood ultrafiltrate by Krause in 2000. 
Human Hepc gene is located in 19q13.1, and hepcidin is mainly synthesized and secreted by the 
liver (Nicolas et al., 2002b). There is rare Hepc gene expression in heart, spinal cord, lung, and 
renal tubular cells. The kidney is responsible for eliminating hepcidin (Pak et al., 2006), which 
plays an important role in modulating iron homeostasis. It makes the small intestine decrease 
iron uptake and reticuloendothelial system decrease iron release. Therefore, it has a negative 
regulatory effect on iron metabolism, and it may play a key role (Girndt et al., 1999). The ex-
pression of hepcidin is regulated by many factors. Anemia, oxygen deficiency, EPO increase, 
and insufficient iron downregulate hepcidin mRNA expression (Pigeon et al., 2001; Frazer et 
al., 2002), while inflammation, infection and iron overload upregulate its expression (Origa et 
al., 2007). Renal disease investigators pay more and more attention to the relationship between 
hepcidin and chronic renal failure complications related to iron metabolism disorder (such as 

Characteristics MHD group Control group P

Age (year)   57.72 ± 13.64   56.91 ± 12.24 >0.05
Gender (Male/Female) 39/21 18/12 >0.05
Systolic blood pressure 141.3 ± 16.2 121.1 ± 10.4 <0.05
Diastolic blood pressure   94.8 ± 14.1   76.4 ± 11.3 <0.05
Primary disease
Chronic glomerulonephritis    47 (78.33%) - -
Hypertensive renal damage    4 (6.67%) - -
Diabetic nephropathy    6 (10.0%) - -
Polycystic kidney disease 3 (5.05) - -

Table 1. Normal clinical data comparison between the two groups.

MHD = maintenance hemodialysis.

Laboratory parameters MHD group Control group P

WBC (x109/L)   5.70 ± 1.43   5.91 ± 1.39 >0.05
Platelets (x109/L)  144.01 ± 43.17  156.55 ± 65.32 >0.05
RBC (x1012/L)   3.15 ± 0.36    3.78 ± 0.58  >0.05
Hemoglobin (g/L)  109.34 ± 15.11  125.46 ± 17.33 <0.05
hsCRP (mg/l)   3.55 ± 2.35   1.03 ± 0.57 <0.05
Ferritin (ng/mi)  171.12 ± 60.54    90.57 ± 29.44  <0.05
Hepcidin(ug/l)    83.12 ± 23.24   24.12 ± 10.21 <0.05

Table 2. Test results comparison between the two groups.

MHD = maintenance hemodialysis; WBC = white blood cell; RBC = red blood cell; hsCRP = high-sensitivity 
C-reactive protein.

Laboratory parameters                                                 MHD group                                                Control group

 r P r P

Ferritin  0.79 <0.05  0.67 <0.05
hsCRP  0.81 <0.05  0.77 <0.05
RBC -0.43 <0.05 -0.32 <0.05
Hemoglobin -0.24 <0.05 -0.29 <0.05

Table 3. Correlation between serum hepcidin level and clinical parameters between the two groups.

MHD = maintenance hemodialysis; hsCRP = high-sensitivity C-reactive protein; RBC = red blood cell.
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arteriosclerosis, anemia, etc.).
In this study, a quantitative ELISA method was used to measure serum hepcidin level 

in MHD patients and healthy people. The hepcidin level in the MHD group was found to be 
significantly higher than in the control. Repeated infections in MHD patients, with blood in 
contact with hemodialysis membrane (Ganz, 2006), use of dialysate with endotoxin (Turgut 
et al., 2009) and lack of urine, may result in activation of monocytes. The activated monocyte 
will produce inflammation mediators such as IL-1, IL-6, IL-12 and tumor necrosis factor-α, 
etc. (Horwitz and Rosenthal, 1999; Glei et al., 2002), then causing the obvious chronic inflam-
mation in MHD patients.

The hepcidin level is negatively correlated with hemoglobin and hematocrit while 
positively correlated with ferritin and hsCRP in the two groups in this study. It was shown 
that hepcidin level is not only correlated with inflammation factors, but also significantly cor-
related with anemia.

There are several limitations in this study. First, it was a single center study of a small 
sample, so the results are not sufficient to reflect the whole MHD population. There is a need 
for more basic research and large-scale multiple center clinical studies to further verify the 
results of the present study. Second, the blood hemodialysis process may influence the hepci-
din level. Because of the limited experimental conditions, the influence of the MHD process 
on hepcidin level was not studied. However, despite the above disadvantages in this study, it 
was further demonstrated that hepcidin expression level increased in MHD patients and the 
mechanism of anemia. The clinical meaning for determining hepcidin level in MHD patients 
was preliminarily discussed here.
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