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 A b s t r a c t: There are several new erythropoiesis-stimulating agents that may 
potentially improve in the near future the management of anaemia in patients with chro-
nic kidney disease.  

 Some of the new erythropoiesis-stimulating agents have been synthesised by 
modification of the aminoacide sequence of the erythropoietin (EPO) molecule and hy-
perglycosylation and therefore they have improved pharmacokinetics (darbopoietin or 
CERA) by prolongation of the serum elimination half-life compared to epoietins. These 
agents may be administered less frequently with better stabilisation of blood haemoglo-
bin concentration. 

There are promising attempts to overcome the paraenteral method of drug 
administration. Such non-peptide drugs acts as inhibitors of prolyl hydroxylase and the 
GATA-2 transcription factor enhancing the endogenous EPO synthesis. 
 
Key words: darbepoietin alfa, CERA, EPO-mimetics, inhibitor of prolyl hydroxylase, 
synthetic erythropoietin peptides. 
 
 

Introduction 
 

The management of anaemia in patients with chronic kidney disease 
was revolutionised in the late eighties by the introduction of the recombinant 
human erythropoietin (rHuEPO) [1]. In the following 15 years a considerable 
number of clinical trials proved their efficacy and safety. A low haemoglobin 
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level has been identified as a risk factor for cardiovascular complications in pa-
tients with chronic kidney diseases (CKD) [2]. In the late eighties and nineties 
of the 20th century, when epoietins were introduced into clinical practice, 
almost all patients started treatment simultaneously with dialysis initiation. They 
already had cardiovascular complications enhanced by long-lasting anaemia at 
that time. Early correction of anaemia in CKD patients (before renal replace-
ment therapy), when cardiovascular complications are less advanced, is crucial 
for the risk reduction of cardiac disease and mortality [3]. The recommended 
target haemoglobin (Hb) concentration in CKD patients is lower than in the 
general population and in the same range for men and for women, regardless of 
different physiological levels in both sexes. The target Hb in anaemia manage-
ment guidelines has not changed very much since 1997 in Europe, USA and 
Australia. According to the European Best Practice Guidelines the lower Hb 
limit is >11 g/dl [4]. The new National Kidney Foundation guidelines for ana-
emia management in CKD recommend a similar lower Hb limit and pay atten-
tion to the upper Hb concentration, which should not be higher than 13 g/dl [5]. 
The results of the CREATE trial (Cardiovascular risk Reduction by Early Ana-
emia Treatment with Epoietin β) performed in non-dialysed CKD patients sho-
wed significant improvement of quality of life, without significant impact on 
mortality in patients with Hb concentration 13–15 g/dl [6].  In the other trial, 
CHOIR, the non-dialysed CKD patients treated with epoietin α with a target Hb 
of 13.5 g/dl showed increased risk of composite endpoint events (mortality, 
stroke, heart attack, hospitalisation) compared to patients with target Hb 11.3 g/dl 
[7]. The latter results are similar to the results in dialysis patients, in whom Hb 
normalisation increased mortality risk [8]. Currently there is inconclusive 
evidence for a specific upper Hb limit in CKD patients.   

Endogenous EPO is predominantly produced in renal peritubular, fibro-
blast-like cells in response to oxygen demand [1]. Erythropoietin binding to the 
extracellular domain of the EPO receptor on the erythroid progenitor cells re-
sults in dimerisation of two monomers [9]. Stimulation of these receptors pre-
vents apoptosis of burst-forming unit-erythroid (BFU-E), colony- forming unit-
erythroid (CFU-E) and normoblasts, thus enhancing the erythropoiesis [9].  

Commercially available tree isoforms of rHuEPO – epoietin-α (Eprex®, 
Procrit®), epoietin-β (NeoRecormon®) and epoietin-ϖ (Epomax®) are glycolpro-
teins produced by Chinese hamster ovary cells (epoietin-α and epoietin-β) or baby 
hamster kidney cells (epoietin-ϖ) containing the EPO gene. Although these glycol-
proteins differ in their carbohydrate structures and pharmacokinetic activity 
profiles (epoietin beta has a slightly longer elimination half-life), the treatment 
efficacy and the route of administration (only paraenteral) are almost identical.  

Further modification of the erythropoetic peptide structure by hyper-
glycosylation and changing of the aminoacids strain (darbepoietin epoietin) or 
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other modifications (Continuous Erythropoietin Receptor Activator – CERA 
and Synthetic Erythropoiesis Protein – SEP) have produced additional improve-
ment to its pharmacokinetics.  

The attempt to design proteins with greater than rHuEPO haemopoietic 
activity has resulted in the creation of dimeric fusion proteins (EPO-EPO) and 
finally synthetic polypeptides conjugated with polyethylene glycol (pegylation) 
such as Hematide (AF37702). The higher activity of these dimeric moieties is a 
consequence of the facilitation of EPO receptor dimerisation. However, all those 
modifications have not imposed the necessity of a paraenteral route for the 
administration of these compounds.  

   The ‘hunt’ for non-peptide erythropoietic agents – EPO-mimetics – 
did not produce any spectacular discovery.   

Recently, quite a new approach has appeared – the enhancement of endo-
genous EPO synthesis by innovation of the prolyl hydroxylase and GATA-2 inhi-
bitors. The efficiency of such management, even in the case of cirrhotic kidneys, 
has brought new hope for the procurement of an orally active drug in the future.  

On the other hand, patents for a number of approved biopharmaceutical 
agents including epoietins have expired or will run out soon. The patents for 
epoietin-α expired in Europe in 2004 and biosimilar versions of this therapeutic 
agent (i.e. biosimilars) are likely to emerge onto the market soon [10]. The 
development of biosimilar proteins is more complicated than for conventional 
generic drugs. Biopharmaceuticals are heterogeneous proteins produced by dif-
ferent manufacturing processes. The pharmacodynamics and clinical effective-
ness of such biopharmaceuticals is unclear. The change in the formulation of 
epoietins highlights the potential for an increased risk of immunogenicity and a 
higher occurrence of antibody mediated pure cell aplasia (PRCA). Therefore the 
approval of these agents requires more than the confirmation of pharmacoki-
netic bioequivalence. The regulatory requirements for the approval of biosimi-
lars have not been yet fully established. Companies manufacturing biosimilar 
epoietins may obtain a product licence if a rigorous clinical trial programme is 
undertaken and postmarketing surveillance may be mandatory. Because of the 
above-mentioned problems some companies have abandoned their programmes 
of development of biosimilar epoietins. Biosimilar epoietins are already marke-
ted in countries such as China, India, Korea and Cuba. The quality and biolo-
gical activity of these products has been shown to be very variable [11]. 
 
 

Novel erythropoiesis stimulating peptide – NESP (Darbepoietin alfa) 
 
 Based on the knowledge that sialic acid residues in vivo are responsible 
for maintaining the biological activity of EPO, a new molecule containing not 



228 Więcek A., Nieszporek T., Chudek J. 

Contributions, Sec. Biol. Med. Sci XXVIII/1 (2007) 225–237 

three (as a native moiety of the human EPO), but five N-linked oligosaccharide 
chains (NESP), was synthesised [12, 13]. The original amino acid sequence of 
EPO was modified at 5 positions (Ala30Asn, His32Thr, Pro87Val, Trn88Asn 
and Pro90Thr) in order to attach additional oligosaccharides at asparagine 
residue positions 30 and 88 [12, 13]. Darbepoietin alfa binds to the EPO recap-
tor in a manner indistinguishable from native EPO, to stimulate an intracellular 
signalling pathway. However, the pharmacokinetics of darbepoietin alfa is 
different. The glycoprotein clearance is slower and the serum elimination half-
life is 3 times longer (25.3 vs 8.5 hrs in haemodialysis patients after intravenous 
injection) [12, 13]. The serum elimination half-life of darbepoietin alfa can be 
further prolonged to 48.4 hrs after subcutaneous injection [12] (Table 1). 
 
Table 1 –  Tabela 1 

Serum half-life (hours) of epoietins, darbepoietin alfa and CERA administered 
intravenously and subcutaneously (13, 17, 19). 

Serumski polu`ivot (~asovi) na administriranite epoietini, 
darbopoetin alfa i CERA 

 
 Intravenous Subcutaneous 
Epoietin alfa 6.8 ± 0.6 19.4 ± 2.5 
Epoietin beta 8.8 ± 0.5 24.2 ± 2.6 
Epoietin omega not determined not determined 
Darbepoietin alfa 25.3 ± 2.2 48.8 ± 5.2 
CERA 133 ± 10 137 ± 22 

mean values ± SEM 
  
 Longer serum elimination half-life enables less frequent administration 
of darbepoietin alfa than epoietin. Darbepoietin alfa may be administered once a 
week or even every second week in the initial treatment of anaemia and once 
every 3–4 weeks for the maintaining of haemoglobin concentration [14].  
 The treatment of renal anaemia with darbepoietin alfa is equally effect-
tive as with epoietin [15]. The drug was introduced into clinical practice in 
2002. There is still not enough information concerning the cost ratio over the 
currently used epoietins [15].  
 It is worth stressing that, until now, no case of antibody-mediated 
PRCA associated with darbepoietin alfa treatment has been reported.         
 
  

Synthetic Erythropoiesis Protein (SEP) 
 
 Kochendoerfer et al. have described a 166-aminoacid polypeptide of 
similar sequence to EPO, which differs strikingly in the number and type of 
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polymers attached to the main chain [16]. Two precisely-constructed branched 
peptides were designed to bear negative charges and give optimal potency and 
prolonged duration of action in vivo [16]. The biological activity of SEP is 
superior to epoietin alfa. The serum half-life is almost twice as high, not, howe-
ver as long or even as for darbepoietin alfa [16]. This fact limits at least its 
above-mentioned SEP applicability in the future.  
 
 

Continuous Erythropoietin Receptor Activator (CERA) 
 
 CERA is an innovative erythropoietic agent (synthetic polypeptide con-
jugated with methoxy-polyethylene glycolsuccinimidyl-butanoic acid), which has 
currently entered preclinical (phase III) studies in renal anaemia. Four placebo-
controlled phase I studies demonstrated a dose-dependent erythropoietic response 
of CERA with a prolonged serum half-life [17]. After both intravenous and sub-
cutaneous injections, serum elimination half-lives exceed 130 hrs [18] (Table 1). 
This unique feature suggests that CERA may be administered at longer than 
darbepoietin intervals. It has already been proved that the mean increase of hae-
moglobin level is similar in patients receiving CERA once a week and every 
third week [19].  
 The results of larger studies with CERA in dialysis patients should be 
available this year. 
 
 

Dimeric fusion peptides 
 
 The binding of native EPO to its receptor results in dimerisation, which 
is required to trigger the biological response [20]. This finding initiated a search 
for dimeric fusion peptides providing two polypeptide fragments with high affi-
nity domains for EPO receptor and a linker peptide [21].  
 Dimeric EPO-EPO protein with 6-aminoacid linker obtained by DNA 
recombination technique provided a new protein with a pharmacokinetics simi-
lar to EPO monomer (weaker binding affinity) and 3–4 times higher biological 
activity [22]. 
 It has been demonstrated that the length or – even more importantly – 
the structure of the linker may influence the activity of dimeric fusion protein. 
When the linker was too long, the activity of such a protein was similar to the 
monomer [21]. 
 Another dimeric fusion protein was composed of GM-CSF and EPO 
[23]. The idea of that invention was based on the fact that burst-forming unit-
erythrocyte (BFU-E) requires stimulation by GM-CSF (a granulocyte/monocyte 
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colony stimulating factor) or interleukin 3 (IL-3) for further differentiation to 
the next erythrocyte precursor – a colony forming unit-erythrocyte (CFU-E). 
During this transformation, the erythrocyte progenitor enables EPO receptors to 
synthesise – a target for the second part of this fusion protein. It is important to 
stress that GM-CSF – EPO fusion protein is more effective than a mixture of 
GM-CSF and EPO at the induction of erythroid differentiation [23].  
 A particularly interesting novel fusion protein contains EPO and an Fc 
fragment of human immunoglobulin G. This Fc fragment enables transport of such 
fusion protein across the epithelial cells barrier of the upper and central airways 
by binding to the specific receptors (FcRn). By this mechanism the EPO-Fc fu-
sion molecule can be delivered to the human body in aerosol form. The phase I 
clinical study demonstrated a dose-dependent increase of serum concentration 
of EPO-Fc fusion protein and an increase in the reticulocyte count [24]. 
 
 

EPO-mimetics and haematopoietic cell phosphatase (HCP) inhibitors 
 
 The search for small molecules with EPO mimetic properties focuses on 
two different approaches (Fig 1). The main ‘hunt’ concerns the small moieties 
enabling the cause of the dimerisation of EPO receptors. The alternative way 
targets the intracellular signalling pathway – enzymes, such as haematopoietic 
cell phosphatase (HCP) [25]. 
 The first approach led to the discovery of peptides called EPO-mime-
tics. One of these EMP1 (EPO mimetic peptide 1) is a small (20-aminoacid) 
cyclic peptide, containing some conservative amino acid residues of native EPO 
structure [21]. EMP1 shows a similar binding affinity to an EPO receptor and 
activates an intracellular pathway like a native EPO [26, 27]. However, even 
after EMP1dimerisation, its activity – both in vitro and in vivo conditions – re-
mains much lower [26]. This diminished EMP1 dimer activity is not related to 
its lower binding affinity, which suggests that a natural ligand activates the EPO 
receptor in multiple ways. This complex interaction between EPO and EPO re-
ceptor dampens our zeal for the rapid invention of small non-peptide orally 
delivered EPO-mimetics.  
 The second approach targets the intracellular signal transduction of the 
EPO receptor [25]. After the EPO receptor dimerisation, JAK2 protein undergoes 
autophosphorylation and subsequently phosphorytates the EPO receptor and 
STAT protein, which translocate to the nucleus and activate the transcription of 
the target genes [20]. Dephosphorylation of JAK2 protein by the haematopoietic 
cell phosphatase (HCP) is a negative regulator of the EPO receptor signalling 
(Figure 1) [20]. Thus, the inhibition of the HCP could augment the receptor 
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stimulation [25]. A number of HCP inhibitors were tested [25]. No data concer-
ning their efficacy are available. 
 

Figure 1 – Schematic depiction of EPO receptor signal transduction with mechanisms 
of EPO-mimetic and haematopoietic cell phosphatase (HCP) inhibitor action 

(Modified based on 34). 
Slika 1 ‡ [ematsko prika`uvawe na signalnata transdukcija 

na EPO receptorot so mehanizmi na EPO-mimetskata i 
hematopoetska akcija na inhibitorot na kleto~nata fosfataza 
 
 

Pegylated Peptide-Based Erythropoiesis-Stimulating Agent 
 
 Hematide (AF37702) developed by Affymax is a synthetic dimeric 
polypeptide linked to polyethylene glycol [28]. In contrast to dimeric fusion 
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peptides, its aminoacid sequence is unrelated to that of EPO. Thus, antibodies 
do not cross-react with rHuEPO and AF37702.  Regardless of this modification, 
the binding affinity to the erythropoietin receptor is maintained. The erythro-
poietic activity and efficacy of AF37702 have been confirmed in in vitro and in 
vivo studies [28]. Pharmacokinetic data showed an extended serum elimination 
half-life in comparison with epoietin alfa, (58.4 hrs) [28].  
 AF37702 may be especially useful in patients with previous PRCA as 
neutralisation antibodies against rhuEPO do not cross-react with its moiety [28]. 
 
 

Inhibition of Hypoxia-Inducible Factor (HIF) prolyl 4-hydroxylase 
 
  Endogenous EPO production is stimulated by hypoxia. It is currently 
believed that a key element of the oxygen sensing mechanism is the Hypoxia 
Inducible Factor (HIF) [29]. HIFα is a cytosolic transcriptional factor constituti-
vely produced in the majority of cells (29). In normoxic conditions, HIFα is 
rapidly degradated [30]. As shown in figure 2, this process is mediated by the 
von Hippel-Lindau tumour suppressor protein, which enables ubiquitination and 
degradation of HIFα by targetting it to the proteosome [31]. After cell exposure 
to hypoxia, a stabilisation of HIFα is observed with subsequent dimerization 
with HIFß (29). HIF complex mediates the transcriptional response to hypoxia 
including enhancement of EPO synthesis [29, 32].  
 The mechanism of oxygen dependent HIF degradation is regulated by 
hydroxylation of HIF proline residues [33]. This modification is carried out by 
HIF-specific prolyl hydroxylase [34]. Recently it has been found that quite si-
milarly to hypoxia, FG-2216 (manufactured by FibroGen) inhibits prolyl hydro-
xylase leading to HIF stabilization and induction of EPO synthesis not only by 
the kidney, but also in the liver [35]. 
 It is worth stressing that FG-2216 shows high bioavailability after oral 
administration (over 75%) [35]. It is also characterised by high efficacy. In 
animals, an elevation up to 300-fold of plasma EPO concentration was observed 
after oral FG-2216 administration [36]. Also, after the bilateral nephrectomy, an 
increase of plasma EPO concentration was observed [36]. 
 In healthy human subjects, FG-2216 given orally in a dose of 10mg/kg 
or higher twice a week, effectively induced endogenous EPO synthesis [35]. 
Also in predialysis patients with chronic kidney disease a dose of 6mg/kg of 
FG-2216 weekly resulted in a 1g/dl increase of haemoglobin concentration after 
3 weeks therapy [37]. 
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Figure 2 – The mechanism of stimulation of EPO synthesis by inhibitors 

of prolyl hydroxylase and GATA-2 
Slika 2 ‡ Mehanizam na stimulacija na sintezata na EPO 
preku inhibicija na prolil hidroksilazata i GATA-2 

 
 
GATA-2 inhibitors 

 
The GATA-2 transcription factor suppresses erythropoietin gene trans-

cription by binding to the highly conservative GATA motif in the promoter 
region, that also includes the hypoxic response element – HIF-1 binding sequ-
ence [38]. Inhibitors of transcriptional factor GATA-2 stimulate erythropoietin 
gene transcription, quite similarly to the prolyl hydroxylase inhibitors. Both 
intraperitoneal injections of K-7174 and oral administration of K-11706 (GATA-2 
specific inhibitors) in animal models improved erythropoietin secretion and 
erythropoiesis suppressed by IL-1β or TNF-α [39, 40]. These studies raised the 
possibility that GATA-2 inhibitors might also in future be suitable for treating 
patients with refractory renal anaemia in inflammatory states. 
 
 

Conclusion 
 
 There are several new erythropoiesis-stimulating agents that may in the 
near future potentially improve the management of anaemia in patients with 
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chronic kidney disease. The new agents will be administered less frequently 
with better stabilisation of blood haemoglobin concentration. There are also 
promising attempts to overcome the paraenteral method of drug administration. 
Additionally, there is a real chance that the new compounds will be much more 
cost-effective than the currently-used epoietins. This fact will certainly improve 
the management of anaemia, the quality of life and hopefully also the survival 
of patients with chronic kidney diseases.   
 
 

R E F E R E N C E S 
 

1.  Eschbach J.W., Haley N.R., Adamson J.W. (1990): The anemia of chronic 
renal failure: pathophysiology and effects of recombinant erythropoietin. Contrib Nep-
hrol; 78: 24–36. 

2.  Eckardt K.U. (2005): Managing a fatefull alliance: anaemia and cardiovas-
cular outcomes. Nephrol Dial Transplant; (Suppl 6): vi16–20. 

3.  Xue J.L., Peter W.L., Ebben J.P. et al. (2002): Anemia treatment in the pre-
ESRD period and associated mortality in elderly patients. Am J Kidney Dis; 40: 1153–61. 

4.  Locatelli F., Pisoni R.L., Combe C. et al. (2004): Anaemia in haemodialysis 
patients of five European countries: association with morbidity and mortality in the 
Dialysis Outcomes and Practice Patterns Study (DOPPS). Nephrol Dial Transplant; 19 
(Suppl 2): 1–43. 

5.  Clinical practice guidelines and clinical practice recommendations for ane-
mia in chronic kidney disease in adults (2006). Am J Kidney Dis; 47(Suppl 3): S16–85. 

6.  Drueke T.B., Locatelli F., Clyne N. et al. (2006): Normalization of hemoglo-
bin level in patients with chronic kidney disease and anemia. N Engl J Med; 355: 2071–84. 

7.  Singh A.K., Szczech L., Tang K.L. et al. (2006): Correction of anemia with 
epoetin alfa in chronic kidney disease. N Engl J Med; 355: 2085–98. 

8.  Besarab A., Bolton W.K., Browne. J.K. et al. (1998):  The effects of normal 
as compared with low hematocrit values in patients with cardiac disease who are rece-
iving hemodialysis and epoetin. N Engl J Med; 339: 584–90. 

9.  Watowich S.S. (1999): Activation of erythropoietin signaling by receptor 
dimerization. Int J Biochem Cell Biol; 31: 1075–88. 

10. Schellekens H. (2005):  Follow on biologics: challenges of the “next gene-
ration”. Nephrol Dial Transplant; 20 (Suppl 4): iv31–6. 

11. Macdougall I.C. (2006): Recent advances in erythropoietic agents in renal 
anemia. Semin Nephrol; 26: 313–8. 

12. Macdougall I.C. (2000): Novel erythropoiesis stimulating protein. Semin 
Nephrol; 20: 375–81. 

13. Nissenson A.R. (2001): Novel erythropoiesis stimulating protein for ma-
naging the anemia of chronic kidney disease. Am J Kidney Dis; 38: 1390–7. 

14. Jadoul M., Vanrenterghem Y., Foret M. et al. (2004): Darbepoetin alfa 
administered once monthly maintains haemoglobin levels in stable dialysis patients. 
Nephrol Dial Transpl; 19: 898–903. 



 Perspectives in the treatment of renal anaemia new concepts and new drugs 235   

Prilozi. Odd. biol. med. nauki XXVIII/1 (2007) 225‡237 

15. Morreale A., Plowman B., DeLattre M. et al. (2004): Clinical and econo-
mic comparison of epoetin alfa and darbepoetin alfa. Curr Med Res Opin; 20: 381–95. 

16. Kochendoerfer G.G., Chen S.Y., Mao F. et al. (2003): Design and chemical 
synthesis of a homogeneous polymer-modified erythropoiesis protein. Science; 299: 884–7. 

17. Macdougall J.C., Robson R., Opatrna S. et al. (2006): Pharmacokinetics 
and pharmacodynamics of intravenous and subcutaneus continuous erythropoietin receptor 
activator (C.E.R.A.) in patients with chronic kidney disease. J Am Soc Nephrol; 1: 1211–5. 

18. Haselbeck A., Bailon P., Pahlke W. et al. (2002): The discovery and cha-
racterisation of CERA (Continuous Erythropoietin Receptor Activator), an innovative 
agent for the treatment of anemia. Blood; 100: 227A. 

19. Locatelli F., Villa G., Arias M. et al. (2005): CERA (Continuous Erythro-
poietin Receptor Activator) maintains hemoglobin levels in dialysis patents when admi-
nistered subcutaneously up to once every 4 weeks. J Am Soc Nephrol; 15: 543A.  

20. Fisher J.W. (2003):  Erythropoietin, physiology and pharmacology update. 
Exp Biol Med; 228: 1–14. 

21. Sytkowski A.J., Lunn E.D., Risinger M.A., Davis K.L. (1999):  An ery-
thropoietin fusion protein comprised of identical repeating domains exhibits enhanced 
biological properties. J Biol Chem; 274: 24773–8. 

22. Dalle B., Henri A., Rouyer-Fessard P. et al. (2001): Dimeric erythropoie-
tin fusion protein with enhanced erythropoietic activity in vitro and in vivo. Blood; 97: 
3776–82. 

23. Coscarella A., Liddi R., Bach S. et al. (1998): Pharmacokinetic and immu-
nogenic behavior of three recombinant human GM-CSF-EPO hybrid proteins in cyno-
molgus monkeys. Mol Biotechnol; 10: 115–22. 

24. Dumont J.A., Bitonti A.J., Clark D. et al. (2005): Delivery of an erythro-
popietin-Fc fusion protein by inhalation in humans through an immunoglobulin trans-
port pathway. J Aerosol Med; 18: 294–303. 

25. Barbone F.P., Johnson D.L., Farrell F.X. et al. (1999): New epoetin mole-
cules and novel therapeutic approaches. Nephrol Dial Transpl; 14 (Suppl 2): 80–4. 

26. Wrighton N.C., Farrell F.X., Chang R. et al. (1996):  Small peptides as 
potent mimetics of the protein hormone erythropoietin. Science; 273: 458–64. 

27. Johnson D.L., Farrell F.X., Barbone F.P. et al. (1997): Amino-terminal 
dimerization of an erythropoietin mimetic peptide results in increased erythropoietic 
activity. Chem Biol; 4: 939–50. 

28. www.affymax.com 
29. Lee J.W., Bae S.H., Jeong J.W. et al. (2004): Hypoxia-inducible factor 

(HIF-1) alpha, its protein stability and biological functions. Exp Mol Med; 36: 1–12. 
30. Groulx I., Lee S. (2002): Oxygen-dependent ubiquitination and degrada-

tion of hypoxia-inducible factor requires nuclear-cytoplasmic trafficking of the von 
Hippel-Lindau tumor suppressor protein. Mol Cell Biol; 22: 5319–36. 

31. Zimmer M., Doucette D., Siddiqui N., Iliopoulos O. (2002): Inhibition of 
hypoxia-inducible factor is sufficient for growth suppression of VHL-/- tumors. Mol 
Cancer Res; 2: 89–95. 



236 Więcek A., Nieszporek T., Chudek J. 

Contributions, Sec. Biol. Med. Sci XXVIII/1 (2007) 225–237 

32. Semenza G.L. (2001):  HIF-1, O(2), and the 3 PHDs: how animal cells 
signal hypoxia to the nucleus. Cell; 107: 1–3. 

33. Liu C., Shi Y., Han Z. et al. (2003): Suppression of the dual-specificity 
phosphatase MKP-1 enhances HIF-1 trans-activation and increases expression of EPO. 
Biochem Biophys Res Commun; 312: 780–6. 

34. Masson N., Ratcliffe P.J. et al. (2003): HIF prolyl and asparaginyl hydro-
xylases in the biological response to intracellular O(2) levels. J Cell Sci;116: 3041–9. 

35. Urquilla P., Fong A., Oksanen S. et al. (2004): Upregulation of endoge-
nous erythropoietin (EPO) in healthy subjects by inhibition of hypoxia inducible factor 
(HIF) prolyl hydroxylase. J Am Soc Nephrol; 15: 546A. 

36. Langsetmo I., Young B.A., Zhang W. et al. (2005): Effect of FG-2216 on 
anaemia and iron transport in rat model of anemia of chronic disease. J Am Soc Neph-
rol;15: 548A. 

37. Więcek A., Piecha G., Ignacy W., et al. (2005): Pharmacological stabiliza-
tion of HIF increases hemoglobin concentration in anemic patients with chronic kidney 
disease. Nephrol Dial Transplant; 20 (Suppl 5): v195. 

38. La Ferla K, Reimann C, Jelkmann W, Hellwig-Burgel T. (2002):  Inhibi-
tion of erythropoietin gene expression signaling involves the transcription factors GATA-2 
and NF-kappaB. FASEB J; 16, 1811–3. 

39. Imagawa S., Nakano Y., Obara N. et al. (2003): A GATA-specific inhibi-
tor (K-7174 rescues anemia induced by IL-1β, TNF-α or L-NMMA. FASEB J; 17: 1742–4. 

40. Nakano Y., Imagawa S., Matsumoto K. et al. (2004): Oral administration 
of K-11706 inhibits GATA binding activity, enhances hypoxia-inducible factor 1 bin-
ding activity, and restores indicators in an in vivo mouse model of anemia of chronic 
disease. Blood; 104: 4300–7. 
 
 

Р e з им е 
 

ПЕРСПЕКТИВИ ВО ТРЕТМАНОТ НА РЕНАЛНАТА АНЕМИЈА: 
НОВИ КОНЦЕПТИ И НОВИ ЛЕКОВИ 

 
Więcek A., Nieszporek T., Chudek J. 

 
Department of Nephrology, Endocrinology and Metabolic Diseases, 

Silesian University Medical School, Katowice, Poland 
 
 

Има неколку нови стимулирачки агенси на еритропоезата кои можат во 
блиска иднина потенцијално да го подобрат лекувањето на анемијата кај пациен-
тите со хронична бубрежна болест. 

Некои од овиe нови стимулирачки агенси на еритропоезата биле синтети-
зирани преку модификација на аминокиселинската секвенца на EPO молекулата и 
хипергликозилација и поради тоа имаат подобрена фармакокинетика (Дарбо-пое-
тин или CERA) преку пролонгирањето на полуживотот на серумската елимина-
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ција споредено со епоиетините. Овие агенси можат да бидат администрирани по-
ретко и да покажуваат подобра стабилизација во концентрацијата на хемоглобинот. 

Има некои ветувачки обиди да се надмине парентералниот начин на упо-
треба. Таквите не-пептидни лекови делуваат како инхибитори на пролил хидро-
ксилазата и GATA-2 транскрипцискиот фактор на тој начин зголемувајќи ја ендо-
гената синтеза на EPO. 
 
Клучни зборови: дарбепоиетин алфа, CERA, EPO-миметици, инхибитор на про-
лил хидроксилаза, пептиди на синтетички еритропоетин. 
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Table 1: Serum half-life (hours) of epoietins, darbepoietin alfa and CERA administered 
intravenously and subcutaneously (13, 17, 19). 
Tabela 1: Serumski polu`ivot (~asovi) na administriranite epoietini, 
darbopoetin alfa i CERA 
 
 Intravenous subcutaneous 
Epoietin alfa 6.8 ± 0.6 19.4 ± 2.5 
Epoietin beta 8.8 ± 0.5 24.2 ± 2.6 
Epoietin omega not determined not determined 
Darbepoietin alfa 25.3 ± 2.2 48.8 ± 5.2 
CERA 133 ± 10 137 ± 22 

mean values ± SEM 
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Fig 1. 
Schematic depiction of EPO receptor signal transduction with mechanisms of 
EPO-mimetic and haematopoietic cell phosphatase (HCP) inhibitor action 
(Modified based on 34). 
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Fig 2. 
The mechanism of stimulation of EPO synthesis by inhibitors of prolyl 
hydroxylase and GATA-2. 
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Рeзиме 
Перспективи во третманот на реналната анемија: нови концепти и 

нови лекови 
 Więcek A., Nieszporek T., Chudek J  
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Има неколку нови стимулирачки агенси на еритропоезата кои 

можат во блиска иднина потенцијално да го подобрат лекувањето на 
анемијата кај пациентите со хронична бубрежна болест. 

Некои од ови нови стимулирачки агенси на еритропоезата биле 
синтетизирани преку модификација на аминокиселинската секвенца на 
ЕПО молекулата и хипергликозилација и поради тоа имаат подобрена 
фармакокинетика (Дарбопоетин или ЦЕРА) преку пролонгирањето на 
полуживотот на серумската елиминација споредено со епоиетините. Овие 
агенси можат да бидат администрирани поретко и да покажуваат подобра 
стабилизација во концентрацијата на хемоглобинот. 

Има некои ветувачки обиди да се надмине парентералниот начин 
на употреба. Таквите не-пептидни лекови делуваат како инхибитори на 
пролил хидроксилазата и ГАТА-2 транскрипцискиот фактор на тој начин 
зголемувајќи ја ендогената синтеза на ЕПО. 
 
Клучни зборови: дарбепоиетин алфа, ЦЕРА, ЕПО-миметици, инхибитор 
на пролил хидроксилаза, пептиди на синтетички еритропоетин. 
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