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Epoetin alpha, epoetin beta and darbepoetin alfa:
Two-dimensional gel electrophoresis isoforms
characterization and mass spectrometry analysis

Since 1989 recombinant human erythropoietin (rhEPO) has been used as a drug for the
correction of anemia, but the misuse of rhEPO as an ergogenic agent among athletes
is a widespread doping practice. As a consequence there is a need for developing
reference methods for the detection of rhEPO in biological fluids, and to be able to
differentiate the recombinant from the natural protein. Recombinant human erythro-
poietin differs from its natural counterpart in the glycidic part of the molecule. Three
different commercial recombinant products Epoetin alpha (Eprex, Janssen Cilag),
Epoetin beta (Neorecormon, Roche) and Darbepoetin alfa (Nespo, Dompè) have been
used to evaluate the performance of two-dimensional gel electrophoresis (2-DE)
and mass spectrometry (MS) for the separation of isoforms and the identification of
the proteins respectively. All the compounds studied were well separated by means
of 2-DE: Epoetin alpha and beta focused in the same isoelectric point region giving
rise to six and eight spots respectively, whereas Darbepoetin alfa was found in a more
acidic zone with two spots. Results obtained with micro high-performance liquid
chromatography-electrospray ionization-time of flight (TOF) MS and matrix-assisted
laser desorption/ionization-time of flight MS for the three rhEPOs are reported. These
preliminary results suggest that by means of 2-DE and MS it should be possible to
reveal the presence of rhEPOs for antidoping purposes.
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Erythropoietin (EPO) is a 34 kDa glycoprotein hormone
controlling red blood cell production and is mainly pro-
duced in adults by interstitial cells of the kidney cortex.
EPO production is regulated by hypoxia that leads to an
increase of gene transcription, as there are no preformed
stores of EPO. The main targets of EPO are the colony
forming unit-erythroid (CFU-E) where, after binding to the
specific receptor, it stimulates the rapid tyrosine phos-
phorylation of a number of proteins.

As human (h)EPO was the first hematopoietic growth fac-
tor to be cloned, recombinant human (rh)EPO has been
available as a drug since 1989. It is used for the correction
of anemia due to renal failure and chronic diseases, but

the misuse of rhEPO among endurance sport athletes
has been suspected for several years. In fact in 1990 the
American Medical Association declared the misuse of
rhEPO to enhance athletic performance and in the same
year the use of rhEPO as an ergogenic agent was banned
by the International Olympic Committee. As the recombi-
nant hormone is not distinguishable in conventional
immunoassay from the homologous naturally occurring
protein, an indirect method based on multivariate analysis
of several hematological and biochemical parameters
was proposed in 2000 by Parisotto et al. [1]. Unfortunately
such a method can only indicate that erythropoiesis has
been stimulated, but cannot confirm the drug abuse.

Glycosylation is important for the biological activity of
EPO, in fact active hEPO presents four glycosylation
sites, resulting in a carbohydrate content of about 40%.
Whereas the polypeptide chain is genetically controlled,
the oligosaccharide chains are the result of a series of
post-translational enzymatic reactions, species- and tis-
sue-dependent, giving rise to a mixture of isoforms that
can differ in the recombinant protein compared to the

Correspondence: Dr. Anna Caldini, Laboratorio Centrale Analisi
Biochimico-Cliniche, Piastra dei Servizi, Azienda Ospedaliera
Careggi, Viale Morgagni 85-50139 Florence, Italy
E-mail: caldinia@ao-careggi.toscana.it
Fax: +39-055-4279416

Abbreviations: EPO, erythropoietin; rhEPO, recombinant human
erythropoietin

Proteomics 2003, 3, 937–941 937

 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 0173-0835/03/0606–937 $17.50�.50/0

DOI 10.1002/pmic.200300405



938 A. Caldini et al. Proteomics 2003, 3, 937–941

native hormone [2]. On the basis of these consideration
Lasne and de Ceaurriz [3] developed a method based on
IEF separation followed by immunoblotting, demonstrat-
ing that in urine samples rhEPO can be distinguished
from the human form due to their different isoelectric
profiles. More recently 2-DE has been proposed as a re-
liable method for the quality assurance of recombinant
proteins [4].

The aim of the present work was to investigate the isoform
pattern of different commercial rhEPOs by 2-DE and to
evaluate the possibility of differentiate them by MS. We
studied three different commercial products: Epoetin alpha
(Eprex; Janssen-Cilag, Milan, Italy), Epoetin beta (Neore-
cormon; Roche, Milan, Italy) both recombinant human
EPOs synthesized in Chinese hamster ovary cells, and the
novel erythropoiesis stimulating protein Darbepoetin alfa
(Nespo, kindly provided by Dompè, Milan, Italy).

The three products were pretreated with reduction/alkyla-
tion prior to IEF according to Castagna et al. [5] with slight
modifications. Ten micrograms of protein were precipi-
tated in methanol/acetone (8:1 v/v) for 90 min at �20�C
and then centrifuged at 7500 rpm for 15 min at 4�C. After
discarding the supernatant, the pellet was resuspended
in 150 �L of a solution containing 7 M urea, 2 M thiourea,
2% CHAPS, 100 mM DTT, 0.2% Ampholine (Bio-Rad,
Milan, Italy), 40 mM Tris pH 8.8, and a trace of bromophe-
nol blue and incubated for 90 min at room temperature.

Alkylation was performed by adding 10 �L of iodoaceta-
mide (10 mM final concentration) to the samples that
were then incubated for 90 min at room temperature. The
dry IPG strips (7 cm, pH 3–10 or pH 3–6; Bio-Rad) were
rehydrated with the sample solution for 4 h in a passive
manner. The strips were then focused on the Protean IEF
Cell (Bio-Rad) for 25 000 Vh [5] in order to achieve a high
resolution of spots. In the second dimension the proteins
were separated in the presence of SDS using 8–16%T
gradient polyacrylamide gels. Finally gels were stained
with the fluorescent dye Sypro Ruby (Bio-Rad) according
to manufacturer’s instructions. Fluorescence was
recorded by Fluor-S System and data analyzed using
PDQuest software (Bio-Rad).

In previous experiments results obtained using pH 3–10
and pH 3–6 IPG strips were compared (data not shown).
According to the results obtained with the IEF/immuno-
blotting method [3, 7], all the studied compounds focused
in the acidic region of the strips. As the resolution of spots
was clearly improved by using the narrow range IPG
strips, IPG strips pH 3–6 were then used in subsequent
experiments. 2-DE gels were run for Epoetin alpha, beta
and Darbepoetin alfa alone (n = 5) and as various mixtures

Figure 1. Synthetic images obtained from the matchsets
of five different gels (PDQuest, Bio-Rad) for each com-
pound. The program detected six spots for Epoetin alpha
(A), eight for Epoetin beta (B) and two for Darbepoetin
alfa (C).

(n = 3). The system showed good reproducibility both in
terms of number of spots detected and of relative position
in the gel: in Fig. 1 the synthetic standard matchsets
obtained for each compound are shown. Epoetin alpha
(Fig. 1A) and Epoetin beta (Fig. 1B) demonstrated 6 and 8
well separated isoforms respectively, whereas Darbe-
poetin alfa (Fig. 1C) seems to be composed of two iso-
forms, although the quality of separation does not allow
exact evaluation of the number of spots. As Darbepoetin
alfa is likely to be more acidic than the other rhEPOs, it
should be supposed that it accumulates to the anode.

The results obtained for the different mixtures are shown
in Figs. 2 and 3. Due to the high similarity between Epoe-
tin alpha and beta, the number of spots did not change in
the mixture of the two compounds (Fig. 2C). On the other
hand, Darbepoetin alfa focused in a more acidic region
and was clearly separated from Epoetin alpha and beta
when the three proteins were run all together (Fig. 3).

The different rhEPOs were also analyzed by microHPLC-
MS. The HPLC column was a Vydac C18 50�0.3 mm,
5 mm, 300 Angstrom, running at 5 �L/min. A 9012 HPLC
pump from Varian (Leinì, Turin, Italy), equipped with a LC
Packings (Amsterdam, The Netherlands) AcurateFlowSplit-
ter, has been used for the gradient elution of the rhEPOs;
A and B solvents were deionized water and acetonitrile,
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Figure 2. Representative 2-DE gels of Epoetin alpha (A)
and beta (B) run alone and together (C). The same number
of spots was found in the mixture as in Epoetin beta alone
due to the comigration of the two compounds that were
not distinguishable between each other.

respectively, both containing 0.05% TFA. The elution pro-
gram was as follows: percentage of B was maintained at
5% for two min, then increased to 90% in 15 min and
maintained for 3 min. The column eluted was directly
transferred to a Mariner ESI-TOF mass spectrometer,
equipped with an ionspray interface (Applied Biosystems,
Rome, Italy). The acquisition was performed in the mass
range from 1000–4000 m/z at a scan rate of 3 s/scan and
the ionspray and orifice voltages were 4.0 kV and 250 V,
respectively. The resolution full width half maximum
(FWHM) was 4000.

Injecting an absolute amount of about 100 ng of each
rhEPO, the preliminary results showed a minimal and un-
expected chromatographic resolution of the three rhEPOs
at the conditions described (Fig. 4, top). The ESI mass
spectra of the three rhEPOs showed poor quality in terms
of mass resolution and signal intensity. This was probably
due to the clusters of the multicharged species deriving
from the various isoforms of these heavily glycosylated
molecules. The poorly resolved cluster did not allow a
reliable mass deconvolution of the spectra, using the
facility of the Data Explorer (V4.0) software (Applied Bio-
systems). The mass spectrometric behavior of the three
rhEPOs has been tested analyzing the HPLC purified pro-
teins by MALDI-TOF MS. The analyses were performed
on an Ultraflex TOF/TOF mass spectrometer (Bruker Dal-

Figure 3. Representative 2-DE
gels of Epoetina alpha (A), beta
(B), Darbopoetin alpha (C) run
alone and together (D). As Dar-
bepoetin alfa focused in a more
acidic region, it was clearly
separated from the other two
compounds.

tonics, Bremen, Germany) equipped with a nitrogen laser
(337 nm). The fraction collected from the HPLC was lyo-
philized and then resuspended in 100 �L of acetonitrile:
deionised water (1:1) mixture containing 0.1% TFA. A 1 �L
volume of this solution (containing about 3.5 pmol of pro-
tein) was added directly onto the polished stainless steel

target with sinapinic acid as MALDI matrix. The MALDI-
TOF mass spectra of the three intact proteins showed a
broad peak corresponding to the singly-charged species
of the various isoforms. In Fig. 5 the mass spectra re-
corded for Epoetin alpha (A), Darbepoetin alfa (B) and a
1:1 molar mixture of Darbepoetin alfa and Epoetin beta
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Figure 4. Total ion current signal (top) recorded from microHPLC-ESI-MS analysis and the corre-
sponding ESI mass spectra (bottom) of the three rhEPOs (A, Epoetin alpha; B, Darbepoetin alfa; C,
Epoetin beta). A 5 �L volume of a mixture of the three commercial products (containing about 100 ng
of each protein) was injected.

Figure 5. MALDI-TOF mass
spectra of the three rhEPOs: A,
Epoetin alpha; B, Darbepoetin
alfa; C, Epoetin beta and Darbe-
poetin alfa (1:1 molar ratio).

(C) are reported. Epoetin alpha and beta showed a max-
imum at about 28.5 kDa, while Darbepoetin alfa showed
a maximum at about 36.0 kDa: these data are in agree-
ment with those reported in the recently published paper
of Stanley and Poljak [6] on the analysis of rhEPOs by
MALDI-TOF MS. The possibility of analyzing the protein

of each single spot of the 2-DE gel by MALDI-TOF MS is
now under investigation.

Our data show that by means of 2-DE it is possible to
separate with good resolution and sensitivity the different
rhEPOs. The next step of our project is to verify the feasi-
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bility of this separative technique in urine samples, follow-
ing the method recently described of urine concentration
[7, 8]. The concentration of EPO obtained in the final
retentate by Lasne et al. [7] should allow the detection
of this hormone in 2-DE gels when using highly sensitive
fluorescent stains such as Sypro Ruby. Unlike the more
usual silver stain, this fluorochrome has the advantage
that is suitable for subsequent MS analysis. As MS is con-
sidered the gold standard for identification of misused
drugs for antidoping purposes, our preliminary results
suggest that, by the combined approach of 2-DE and
MS, it should be possible to develop a candidate refer-
ence method for rhEPOs abuse. Further studies are in
progress to verify the feasibility of this approach in biolog-
ical fluids.
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