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1 Hepcidin 

1.1 Structure 

In 2001, the hepcidin was identified and termed a peptide with anti-microbial effects 
(1)

. It consists of 

84 amino acids and is known as preprohepcidin. The peptide is subsequently split together to generate a 60-

amino-acid protein called prohepcidin and then processed to make a 25-amino-acid protein called hepcidin. 

Prohepcidine's last conversion to hepcidin is catalyzed by furin 
(2)

. The 25 amino acid peptides are the main form 

of human urine, despite the shorter peptides of 20 and 22 amino acids 
(3)

. 

1.2 Synthesis  

Systemic hepcidin can largely be found in the liver and can also be found in the renal tubules, the 

heart, the retina, fat, lungs and brains, stomach and pancreas. In unique biological liquors such as the bile, the 

ascetic, the pleural fluid and the cerebral fluid, hepcidin was also found 
(3)

. The bioactive type is hepcidin-25, a 

25 amino acid peptide with a molecular weight of 2.8 kD. Hepcidin-20, -22, and -24 are hepcidin isoforms with 

no biological relevance 
(4)

. The production of hepatic hepcidin is boosted by high availability of iron and 

inflammation of the body. It is blocked by low flowing iron, erythropoiesis and hypoxia 
(5)

.  

1.3 Kinetics 
Hepcidin-25 either circulates freely or is bound to a minimum of α 2-macroglobulin, and albumin. 

The amount of hepcidin bound to protein is uncertain and the free circulating fracture varies between 11 to 98%  
(6)

. Protein-connected hepcidin may be biologically more active than hepcidin unbound 
(7)

. However, the fact that 

hepcidin clearance bound by protein is reduced, hence leading to an improved half-life and activity can be 

elucidated. Hepcidin is removed from its action and urine excretion sites by cellular breakdown. In healthy 

persons, hepcidin fractional excretion is low (not beyond 3 to 5 percent) 
(8)

, implied that hepcidin under normal 

conditions is either reabsorbed nearly fully in the renal tubule and depleted in the renal tubule (due to its protein-

bound character) 
(9)

.  

1.4 Function 

In the duodenum and upper jejunum, dietary iron is absorbed. Ferroportin (FPN) transporter of iron 

mediates the systemic circulation of cellular iron efflux at the enterocytes basolateral location. FPN is an efflux 

transmembrane channel that carries cellular iron to the plasma. In cells regulating plasma iron levels, such as 

duodenal enterocytes, hepatocytes, is found in abundance. A crucial FPN regulator is Hepcidin, the peptide 

hormone. It binds to FPN on cells exporting iron, including hepatocytes, macrophages and enterocytes. Binding 

hepcidin to ferroportin results in ferroportin endocytosis and lysosomal breakdown, reduced plasma iron supply 

and reduced iron availability for erythropoiesis 
(10)

. 

2 Chronic kidney disease (CKD) 
CKD, which has been established for at least three months and has health repercussions, is described 

as defecting the structure or function of the kidney 
(11)

. Recurrent inflammation and high inflammatory markers 

are characteristic of CKD. A positive phase reactant, highly sensitive C-reactive protein (hs-CRP), predicts 

inflammation and is associated with cardiovascular mortality in individuals with renal insufficiency. Highly 

sensitive C-reactive protein (hs-CRP) and high serum hepcidin levels in individuals with CKD reflect an 

inflammatory condition associated with progressive renal failure, loss of renal function, and development of 

chronic disease anemia. The inflammatory mediator hs-CRP is higher in people with CKD. CKD is chronically 

inflamed by chronic disequilibrium between the variables prooxidant and antioxidant. Oxidative stress, which 

causes reduced insulin internalization and an increased ferritin production, results in resistance to insulin 
(12)

. 

2.1 Anemia in CKD 

Anemia has been considered one of the most frequent concomitants for CKD, and is produced by 

many reasons such decreasing the production of endogenous erythropoietin in the kidney, decreasing the 
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survival of erythrocytes and dietary shortcomings (folate and vitamin B12). In patients with CKD with a main 

therapy that involved regular blood transfusions, recombinant human erythropoietin (rHuEpo) developed 

treatment for anemia that resulted in secondary iron overload. While rHuEpo protects patients from blood 

transfusions and minimises the risk of iron excess, it does also play an important role in the anemia of CKD 

patients. Although it carries oxygen, it is also able to harm cells via free radicals, and systemic iron must thus be 

maintained under control. Iron is recycled and transferred by the reticuloendothelial system (RES) to bone 

marrow (BM) in healthy humans from senescent erythrocytes where it is mixed with erythroblasts. Normal iron 

homeostasis is maintained by offsetting daily loss by duodenal dietary iron absorption. Due to increased blood 

loss and possible deficiencies in gastrointestinal absorption and notably in dialysis-dependent CKD patients, 

total body iron levels in CKD patients are likely to become depleted, causing a deficit of iron. Furthermore, 

many CKD patients exhibit iron functional deficiencies due to reticuloendothelial iron blockages, which are 

described as being unable to produce adequate iron for erythroblast formation in spite of suitable storage. The 

complex character of the disease makes it challenging to quantify the iron status in CKD patients. Ferritin is the 

major iron storage protein whose intracellular iron concentration controls production 
(13)

.  

Hepcidin anemias may be classed as low and high hepcidin anemias. High hepcidin concentrations 

only cause anemia of the iron deficit, limiting iron uptake and lowering the supply of iron to erythropoiesis. 

Ineffective erythropoiesis characterizes the so-called anemias marked by low hepcidin levels and iron excess 
(14)

. 

Two rare, inherited illnesses (iron-refractory iron deficiency and hepcidin-generating adenomas in an inborn 

error of glucose metabolism) and a common condition have been shown to have high hepcidin anemias (anemia 

of inflammation) 
(15)

. The "iron-loading anemia" is characterized by ineffective erythropoiesis and low or 

unsuitable normal hepcidin concentrations which causes iron overload. The prototype is β-thalassemia, a 

recessive genetic disease that results in anemia and excessive α-globin chain formation caused by mutations in 

the β-globin gene. Last formed hemichroms in the bone marrow, resulting in ineffective erythropoiesis and 

damage maturating erythroid precursors 
(14)

. 

2.2 Hepcidin in CKD 
In non-dialysis patients and dialysis patients, Serum levels of hepcidin-25 are increased, potentially 

due to increased synthesis or decreased clearance (caused by increasing body iron and inflammatory levels). 

Both hemodialysis and peritoneal dialysis removes hepcidin from the blood. Hepcidin was found in the 

ultrafiltrate and linked to a dialyser membrane following a hemodialysis session
 (16)

.   

3 Atherosclerosis in CKD 
CKD patients have an increased risk, mainly due to cardiovascular reason, for premature mortality. 

More than 40 years ago, CKD's relationship with hemodialysis was discovered with speeded atherosclerosis. 

However, it has been postulated recently that the increased risk of atherosclerosis in the early stages of CKD 

arises 
(17)

. The main contributors to CV death in elderly CKD patients seem to be traditional risk factors for 

atherosclerosis. Traditional and new risk factors are equally essential at CKD stage 4 according to the 

Community Data for the Risk of Atherosclerosis (ARIC) and new risk factors in dialysis patients are 

significantly more prevalent than those in the general population. Age, smoking, DM and hypertension (HTN), 

dyslipidemia and resistance to insulin are traditional risk factors. Oxidative stress, inflammation, intestinal 

dysbiosis, endothelial dysfunction, subsequent hyperparathyroidism, advanced glycation products, and vascular 

calcification are non-traditional new risk factors 
(18)

. Dyslipidemia is frequent in CKD patients and has a 

significantly atherogenic profile with low levels of HDL cholesterol and high levels of triglyceride, oxidized 

LDL 
(19)

.  

Iron release from macrophages can be blocked predominantly in the liver by systemic hepcidin. 

Hepcidin causes FPN to breakdown and increases macrophage intracellular iron. An increased oxidized LDL 

cholesterol input, enhanced inflammatory signaling, decreased cholesterol efflux and intracellular reactive 

oxygen species (ROS) formation might lead to intracellular iron buildup. These cells usually exhibit a 

characteristic of pro-inflammatory foamy macrophage. In these settings, macrophages play a part in the 

development of atherosclerosis 
(10)

. 
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