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Abstract Recombinant human erythropoietin (EPO), a
glycohormone, is one of the leading biopharmaceutical
products, while carbamylated erythropoietin (CEPO),
an EPO derivative, is attracting widespread interest
due to its neuroprotective effects without erythropoiesis
in several cells and animal models. However, exogenous
EPO promotes an angiogenic response from tumor cells
and is associated with tumor growth, but knowledge of
CEPO on tumor growth is lacking. Here we show that
CEPO, but not EPO, inhibited Neuro-2a growth and
viability. As expected, CEPO—unlike EPO—did not
activate JAK-2 either in primary neurons or in Neuro-
2a cells. Interestingly, CEPO did not induce GDNF
expression and subsequent AKT activation in Neuro-
2a cells. Before CEPO/EPO treatment, glial cell line-
derived neurotrophic factor (GDNF) neutralization and
GFR receptor blocking decreased the viability of EPO-
treated Neuro-2a cells but did not influence CEPO-
treated Neuro-2a cells. As compared to primary neu-
rons, the expression of CD131, as a receptor complex

binding to CEPO, is almost lacking in Neuro-2a cells. In
BABL/C-nu mice, CEPO did not promote the growth of
Neuro-2a cells nor extended the survival time compared
to mice treated with EPO. The results indicate that
CEPO did not promote tumor growth because of lower
expression of CD131 and subsequent dysfunction of
CD131/GDNF/AKT pathway in Neuro-2a cells, reveal-
ing its therapeutic potential in future clinical application.
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Introduction

Although erythropoietin (EPO) treatment is widely ac-
cepted as safe for anaemic patients, and data accumulat-
ed during the last decade indicate its neuroprotective
role, some concerns have been raised regarding the
safety of EPO treatment in non-anaemic patients. EPO
promotes the proliferation and survival of cancer cells
expressing EPO receptor (EPOR) in various human
tumors (Hedley et al. 2011). Thereby, it is postulated
that EPO–EPOR plays a significant role in tumor
growth, infiltration, and metastasis as well as treatment
resistance (Wang et al. 2007). The down-regulation of
EPOR expression on glioma cells reduces tumor growth
and enhances animal survival (Kumar et al. 2012; Peres
et al. 2011). On the other hand, constitutive activation of
EPOR promotes cell proliferation in melanoma cells,
increases cell proliferation and resistance to cisplatin
treatment and results in tumor invasion of surrounding
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tissue in vivo (Peres et al. 2011). Meta-analysis of 53
trials of erythropoiesis-stimulating agents in 13,933 can-
cer patients revealed increased mortality during active
therapy periods and worsened overall survival (Bohlius
et al. 2009). However, it is also reported that EPO and
EPOR were expressed in high-risk neuroblastomas
(NB) but did not modify tumor cell proliferation, sug-
gesting that EPO may be used safely in children with
NB (Sartelet et al. 2007).

Carbamylation of lysine residues in EPO results
in a derivative, carbamylated EPO (CEPO), which
does not increase haematocrit and does not bind
the haemopoietic EPO-R (Leist et al. 2004).
Several studies reported that CEPO protects the
brain from cerebral ischemia (Leist et al. 2004),
hypoxia (Fantacci et al. 2006) and traumatic injury
(Mahmood et al. 2007), spinal cord injury (King
et al. 2007), diabetic peripheral nerve damage
(Leist et al. 2004), and motor neuron degeneration
(Mennini et al. 2006). CEPO promoted neurite
outgrowth and neuronal spine formation in neurons
(Choi et al. 2014). The beneficial effect of CEPO
on spatial learning in rats subjected to traumatic
brain injury is similar to that of EPO. Despite the
2009 clinical trial which showed that treatment
with EPO was ineffective in stroke (Ehrenreich
et al. 2009), CEPO is currently entering into a
safety, tolerability, and pharmacokinetic clinical
trial for the treatment of acute ischemic stroke
and Friedreich’s ataxia (Leconte et al. 2011;
Boesch et al. 2014).

Although the neuroprotective role of CEPO has re-
ceived much attention, its role on tumor cells still lacks
adequate understanding. In this study, we examined the
possible risk of CEPO in tumor growth and explored its
molecular pathway.

Materials and methods

Ethics statement

All experiments and animal care were approved by the
Medical Ethics Committee of Huashan Hospital, Fudan
University, Shanghai, China. Animals were housed
under pathogen-free conditions, fed food and water
ad libitum, and maintained on a reversed 12:12 (h)
light/dark cycle for 1 week prior to experimental
manipulation.

The preparation and identification of CEPO

CEPO was prepared from rhEPO (Chemo Wanbang
Biopharma Co. Ltd., Shanghai) as described earlier
(Leist et al. 2004). Briefly, one volume of EPO
(1 mg/ml) was mixed with one volume of 1 M Na-
borate (pH=8.8), and recrystallized KOCN was added
to a final concentration of 1 M. The mixture was incu-
bated at 37 °C for 24 h. Samples were immediately
dialysed against milli-Q water and subsequently against
20 mM sodium citrate in 0.1 M NaCl, pH=6.0. After
dialysis, the samples were concentrated by Centricon
(Amicon) . The content was dete rmined by
bicinchoninic acid Protein Assay Kit (Beyotime,
Shanghai). The purity was verified, and the product of
CEPO digested with endoproteinase Lys-C was identi-
fied by SDS-PAGE with low molecular weight staining.

CEPO and EPO (200 μg) were dried under vacuum
and dissolved in 200 μl 6 M guanidinium-HCl, 250 mM
Tris, pH=9.5. Twenty-five microlitres of 0.1 M
dithioerytritol was added, and incubation was continued
in the dark at 37 °C. After 30 min, 25 μl of iodoacetamide
(0.6 M) was added, and incubation was continued for
60 min at RT. Finally, the sample was desalted on a 5-
ml HiTrap G25 column (Amersham-Biosciences, Little
Chalfont, UK) into 50 mM NH4HCO3, 0.4 M urea, pH=
8.3. Ten micrograms of EPO or CEPO was mixed with
0.4 μg of Lys-C proteinase at 37 °C for 20 h. Because
carbamylation targets lysine residues on rHuEPo, the
product of CEPO digested with endoproteinase Lys-C
was identified by SDS-PAGE and visualized by low
molecular weight staining (Fig. 1).

Primary neurons, Neuro-2a cells, and in vitro
CEPO/EPO treatment

Embryonic day 18 mouse cortex (Shanghai SLAC
Laboratory Animal Co. Ltd.) were dissected under a
microscope and then dissociated in Neurobasal-A me-
dium (Gibco) supplemented with 2 % B27 (Gibco),
100 U/ml penicillin, and 100 μg/ml streptomycin
(Gibco) by trituration. The cells were then plated in
flanks coated with poly-D-lysine (0.1 mg/ml, Sigma) at
a density of 1×106 cells/cm2. After 7 days, neurons
were collected for experiments.

Neuro-2a cells (mouse neuroblastoma cells) were
obtained from Shanghai Institute for Biological
Sciences and grown as monolayers in Dulbecco’s mod-
ified Eagle’s medium (Gibco), supplemented with 10 %
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fetal bovine serum (Gibco), 100 U/ml penicillin and
100 μg/ml streptomycin.

Then, neurons were exposed to hypoxia for up to 3 h in
a hypoxic incubator (Forma Anaerobic System, Marietta,
OH, USA) containing 94 % N2, 1 % O2, and 5 % CO2 to
establish neuronal oxygen-glucose deprivation (OGD).
After OGD treatment, the cells were returned to a 37-°C
normoxic incubator (95 % air and 5 % CO2) and incubat-
ed in Neurobasal-A medium for reoxygenation.

CEPO/EPO (Chemo Wanbang Biopharma Co. Ltd.,
Shanghai, 5 ng/ml) was added to cultured cells.

Immunocytochemistry

Cells were incubated with primary anti-JAK-2 (1:200,
Santa Cruz), anti-p-AKT (1:200, Chemicon), anti-CD131
(1:200; Santa Cruz), anti-MAP-2 (1:400, Chemicon), and
anti-NeuN (1:1000, Chemicon) overnight at 4 °C. After
washing, slides were incubated with a secondary anti-
body: Alexa Fluor 488 anti-rabbit (1:1000), Alexa Fluor
488 anti-rat (1:1000), Alexa Fluor 488 anti-mouse
(1:1000), Alexa Fluor 555 anti-mouse (1:1000), Alexa
Fluor 548 anti-rabbit (1:1000; all fromMolecular Probes,
Invitrogen). For double immunohistochemistry, appropri-
ate primary and secondary antibodies were used. Hoechst
33342 (Sigma) was used to identify the nuclei. All brain
sections were blindly examined under light microscopy
(Olympus BX60) equipped for fluorescence.

MTT assay

Cell viability was detected byMTTassay. Briefly, 100 μl
of MTT solution (0.5 mg/ml Duchefa) was added to
cultured cells and incubated for an additional 4 h at
37 °C, until the media turned purple. Absorbance at
570 nm was measured by a microplate reader after addi-
tion of 100 μl DMSO. Each experiment was done in
triplicate and repeated three times with separate cell prep-
arations. Results were expressed as a percentage of PBS
control.

Western blot analysis

Protein extracts (30 μg) were loaded on SDS-
polyacrylamide gels and transferred onto polyvinylidene
difluoride membranes (Immobilon-P; Millipore Corp.).
The membranes were incubated at 4 °C overnight with
antibodies against CD131 (1:200; Santa Cruz) followed by
incubation with a secondary antibody. Bands of proteins
were visualized with an enhanced chemiluminescence
system (GEHealthcare Life Sciences). As loading control,
antibody directed against β-actin (Sigma) was used.

GDNF ELISA

The supernatants from cultured cells were collected and
centrifuged to remove cells. GDNF levels were quanti-
fied using commercial ELISA kits (Promega) following

Fig. 1 The identification and erythropoiesis of CEPO. CEPOwas
prepared from rhEPO (Chemo Wanbang Biopharma Co. Ltd.,
Shanghai) as described earlier [12]. a After Lys-C digestion,
EPO was degraded into about 16-kDa molecules. For CEPO, no
degradation peptides were detectable (about 34 kDa). Lane 1 low
molecular weight marker (LMW), lane 2 very low molecular
weight marker (VLMW), lane 3 EPO without Lys-C digestion,
lane 4 EPO with Lys-C digestion, lane 5 CEPO without Lys-C
digestion and lane 6CEPOwith Lys-C digestion. bHematopoietic
bioactivity. EPO, CEPO, and saline were administered i.p. to C57/
B6 female mice (Shanghai SLAC Laboratory Animal Co. Ltd) at
dose of 50 μg/kg every other day until 30 days. The number of red
blood cells was accounted at 30 days after injection. Quantitative
value represents means±SD from six to eight samples of three
independent experiments. **P<0.01

Cell Biol Toxicol (2015) 31:29–38 31



the manufacturer’s instructions. The concentrations of
cytokines were quantified by reference to standard
curves. Determinations were performed in triplicate,
and results were expressed as pg/ml.

Antibody neutralization and receptor blocking

The interference of GDNF signaling was performed
using well-characterized GDNF neutralization anti-
bodies or GFR receptor antibodies. The neutraliza-
tion of GDNF was performed using 0.5 μg/ml
rabbit anti-mouse GDNF polyclonal antibodies
(BioVision) for 24 h prior to EPO/CEPO treatment.
Simultaneously, polyclonal rabbit anti-GFR recep-
tor antibodies (Chemicon) were directly added to
cultured cells for 24 h at a final concentration of
0.5 μg/ml before EPO/CEPO treatment, and cells
were washed with PBS to remove blocking anti-
bodies and then incubated with GDNF (0.5 μg/ml).
As a control, affinity-purified rabbit IgG was used
at the equivalent concentration.

CEPO/EPO treatment in Neuro-2a cell-injected mice

BALB/c-nu mice (Shanghai SLAC Laboratory
Animal Co. Ltd.) were i.p. injected in the left pos-
terior flank with 2×105 Neuro-2a cells and then
treated with CEPO (50 μg/kg), EPO (50 μg/kg) or
saline every other day for 14 consecutive days.
Growth of tumor was followed every day by exter-
nal caliper measurements. Surviving mice were re-
corded every day at 10:00 am.

Statistical analyses

Statistical analyses were performed using GraphPad
Prism 4 software. Comparisons were performed by
Student t test, and multiple comparisons were by
ANOVA followed by unpaired 2-tailed Student’s t
test. P value less than 0.05 was considered
significant.

Results

CEPO does not stimulate erythropoiesis

CEPO was obtained from rhEPO (Chemo
Wanbang Biotech Pharma Co., Ltd., Shanghai) by

chemical modification (Leist et al. 2004). CEPO
and rhEPO were digested by Lys-C and analyzed
by SDS-PAGE. After carbamylation of EPO, no
degradation peptides were detectable for CEPO
(Fig. 1a).

CEPO treatment, at a dose of 50 μg/kg every
other day until 30 days, did not enhance the num-
ber of red blood cells compared to EPO-treated
groups, suggesting that CEPO, unlike EPO, does
not stimulate erythropoiesis (Fig. 1b). However,
EPO stimulated erythropoiesis compared to saline
(Fig. 1b; p<0.01).

Fig. 2 CEPO/EPO promotes proliferation in OGD model of pri-
mary neurons. Primary neurons were exposed to CEPO or EPO
(5 ng/ml), immediately after starting OGD for 3 h. Brdu (30 μg/ml)
was added to primary neurons for 48 h. Double staining of MAP-2
and Brdu was performed, showing that CEPO/EPO promotes
neurogenesis. Microphotographs are representative of three inde-
pendent experiments, and the quantitative value of Brdu+ neurons
represents means±SD from six to eight samples of two independent
experiments. Scale bars 50 μm. **P<0.01
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CEPO lacks proliferative activity and pAKT expression
in Neuro-2a cells

Brdu (30 μg/ml) was added to cultured neurons
immediately after OGD 3 h, and Brdu-positive
cells were identified in cultured neurons treated
with CEPO, EPO or saline. We noted that the
number of Brdu-positive cells co-staining with
MAP-2 was significantly higher in CEPO- or
EPO-treated groups compared to normoxia and
saline-treated groups (Fig. 2; p<0.01 vs. saline).
These results show that both CEPO and EPO
increased neuron proliferation after OGD.

To determine whether CEPO also has the capacity to
promote tumor growth, we designed the following ex-
periments: CEPO/EPO was added to Neuro-2a cells.
The results revealed that the viability of Neuro-2a cells
was increased in the EPO group than the CEPO group
after 24 h of culture (Fig. 3a, b; p<0.05), but there was
no significant difference between CEPO and PBS treat-
ment. Expression of phosphorylated AKT in CEPO-
treated Neuro-2a cells was lower than in EPO-treated
Neuro-2a cells (Fig. 3c; p<0.01). As expected, the ex-
pression of phosphorylated AKT by Western blot was
also lower in CEPO-treated cells than in EPO-treated
Neuro-2a cells (Fig. 3d; p<0.05).

Fig. 3 CEPO lacks proliferative
activity and pAKT expression in
neuroblastoma cells. Neuro-2a
cells were exposed to CEPO or
EPO (5 ng/ml) for 24 h. a Cell
viability was measured by MTT
assay. b Representative
micrographs of Neuro-2a cells
exposed to EPO/CEPO. c
Representative micrographs of
pAKT expression and the number
of pAKT-positive cells. d
Representative bands of
pAKT/AKT immunostaining and
the ratio of pAKT/AKT
expression. Quantitative values
represent means±SD from six to
eight samples of two independent
experiments. Microphotographs
are representative of three
independent experiments.
*P<0.05, ***P<0.001. Scale
bars 50 μm
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Fig. 4 The production of GDNF
in Neuro-2a cells exposed to
EPO/CEPO. a Primary neurons
and Neuro-2a cells were exposed
to CEPO or EPO (5 ng/ml) for
24 h, and the expression of
p-JAK-2 was detected by
immunocytochemistry and
Western blot. b Neuro-2a cells
were exposed to CEPO or EPO
(5 ng/ml) for 24 h, and the levels
of GDNF were measured by
ELISA. c GDNF neutralization
and GFR receptor blocking did
not affect cell viability in
CEPO-exposed Neuro-2a cells.
Interference with GDNF
signaling in cultured cells via
GDNF neutralization and GFR
receptor blocking was performed
as described in BMaterials and
methods^. Microphotographs are
representative of three
independent experiments.
Quantitative values represent
means±SD from six to eight
samples of two independent
experiments. Scale bars 50 μm.
*P<0.05
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CEPO did not activate JAK-2 and produce GDNF

Based on the evidence that CEPO does not promote the
proliferation of Neuro-2a cells and that expression of
phosphorylated AKT in CEPO-treated Neuro-2a cells is
lower than in EPO-treated Neuro-2a cells, we asked
whether the difference could be related to AKT activa-
tion. We measured the expression of JAK-2 in primary
neurons and in Neuro-2a cells treated with CEPO or
EPO. As expected, CEPO—unlike EPO—did not acti-
vate JAK-2 either in primary neurons or in Neuro-2a cells
(Fig. 4a).We also noted that the GDNF level was reduced
in Neuro-2a cells treated with CEPO compared to EPO
(Fig. 4b). We also performed GDNF neutralization and
GFR receptor blocking in Neuro-2a cells before
CEPO/EPO treatment. Cell viability in the EPO-treated
group was decreased, whereas no change was found in
the CEPO-treated group (Fig. 4c). These results show
that CEPO did not stimulate Neuro-2a cells to produce
GDNF, which may partly explain the low expression of
phosphorylated AKT and the inhibition of proliferation.

The lack of CD131 expression in Neuro-2a cells

Then, we asked why CEPO can induce primary neurons
to produce GDNF but does not stimulate Neuro-2a cells
to generate GDNF. CEPO acts upon a heteroreceptor
complex comprising of both EPO-R and CD131 which
has been reported to be related to CEPO-enhanced neu-
ral progenitor cell proliferation and differentiation. We
compared CD131 expression in primary neurons and
Neuro-2a cells and found that CD131 was highly co-
expressed with MAP-2 on primary neurons, but not in
Neuro-2a cells (Fig. 5a, b). Western blot confirmed that
CD131 expression is very low in Neuro-2a cells com-
pared to primary neurons (Fig. 5c; p<0.001).

CEPO inhibits Neuro-2a cell growth in vivo

To further verify CEPO-mediated inhibition of Neuro-
2a cell growth in vivo, BABL/C-nu mice were vacci-
nated by injection with 2×105 Neuro-2a cells in the left
posterior flank. CEPO (50 μg/ml), EPO (50 μg/ml), and

Fig. 5 Expression of CD131 in primary neurons and Neuro-2a
cells. Primary neurons and Neuro-2a cells were cultured as de-
scribed in BMaterials and methods^. Cell number and viability
were assessed, and cell cultures with a viability>90 % were used.
a Representative micrographs of CD131 (red) andMAP-2 (green)
expression in primary neurons (up) and Neuro-2a (down) cells by

immunocytochemistry. b Number of CD131+ cells in primary
neurons and Neuro-2a cells. c Expression of CD131 in primary
neurons and Neuro-2a cells by Western blot. Microphotographs
are representative of three independent experiments. Quantitative
values represent means±SD from six to eight samples of two
independent experiments. Scale bars 100 μm. ***P<0.001
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saline were given every other day at the same dose for
14 consecutive days.We observed that mice treated with
EPO had prominent tumor growth compared to the
saline- or CEPO-treated mice after 2 weeks (Fig. 6a).
Survival curves showed that CEPO-treated mice had
somewhat longer survival time compared to EPO-
treated mice (44 vs. 38.5 days, p<0.05; Fig. 6b).
Taken together, our results demonstrate that CEPO did
not promote the growth of Neuro-2a cells compared to
EPO, revealing its therapeutic potential in future clinical
application.

Discussion

The recent evidence showing that CEPO lacks erythro-
poietic effect while being neuroprotective suggests that
the neuroprotective effect of CEPO is not linked to
erythropoietic function. However, mechanisms underly-
ing the neuroprotection of CEPO have not been fully
characterized. It has been stated that EPO first activates
JAK-2, which then engages secondary signaling path-
ways that involve MAPK and PI3K/AKT, while CEPO
appears to require the common β chain of IL-3/IL-5/
GM-CSF receptor (also known as CD131) (Leconte

et al. 2011). Recent reports propose that CD131 is
expressed at low levels in the brain (Wang et al. 2007).
In studies of EPO, many possible anti-apoptotic signal-
ing pathways have been reported, including JAK-2,
STAT5, MAPK, and/or AKT signaling (Brines and
Cerami 2005). Consistent with a previous finding
(Leist et al. 2004), our results show that CEPO did not
activate JAK-2, while AKT activation was observed in
both CEPO-/EPO-treated cells.

The question is how CEPO results in AKTactivation
without activating JAK-2. In a mouse model of diabetic
autonomic neuropathy, CEPO exhibited neurotrophic
function via NGF (Schmidt et al. 2008). In traumatic
brain injury, CEPO promoted neurogenesis and in-
creased BDNF expression (Mahmood et al. 2007).
Other investigations showed that GDNF can trigger
the activation of the PI3K/AKT pathway (Anitha et al.
2006), resulting in cell survival and stimulation of
neurogenesis. GDNF, as an important neurotrophic fac-
tor for the survival and differentiation of neurons
(Airaksinen and Saarma 2002), prevents neuronal cell
death in CHP134 neuroblastoma cell line (Takada et al.
2001) and enhances the migration of U87 and U251
glioma cells but not C6 cells through the increase of
MMP-13 production (Lu et al. 2010). GDNF
overexpressed in glioblastoma cell lines and human
gliomas may contribute to the increased cellular
survival via AKT activation and JNK inhibition
(Ng et al. 2009). A recent study showed that, in
the absence of conventional receptors, a novel
receptor for GDNF (heparan sulfate proteoglycan
syndecan-3) is provided for GDNF-induced cell
growth (Bespalov et al. 2011).

Unlike EPO, CEPO does not bind the classical ho-
modimeric EPOR, and its neuroprotective action ap-
pears to require the common β chain of IL-3/IL-5/
GM-CSF receptor (also known as CD131). The block-
age of CD131 resulted in reduced GDNF production,
and that addition of GDNF to cultured neurons in-
creased phosphorylated AKT, suggesting that CD131
participates in CEPO-induced GDNF production and
that CEPO protects neurons via the CD131/GDNF/
AKT pathway (unpublished data). However, knockout
of the common β chain fully abolished the tissue-
protective properties of EPO in the nervous system
(Brines and Cerami 2006) . EPO prevented
staurosporine-induced apoptosis of differentiated hu-
man neuroblastoma SH-SY5Y cells and activated the
STAT5, AKT, and MAPK signaling pathways,

Fig. 6 CEPO extends survival days in BALB/c-nu mice injected
with CEPO. BALB/c-nu mice were injected with CEPO, EPO or
saline (NS) every other day for 14 consecutive days as described in
BMaterials and methods^. a Representative photograph of tumor
size at 2 weeks after injection of Neuro-2a cells. b Survival curves
of mice from 12 mice in each group from three independent
experiments. Scale bars 1 cm. p<0.05, CEPO vs. NS
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comprising the Bclassical^ Epo receptor signaling com-
plex (Um and Lodish 2006; Um et al. 2007). Thus,
further studies on CEPO/EPO signaling on neuroprotec-
tion are still needed.

In addition, we noted that the level of GDNF was
lower in CEPO-treated Neuro-2a cells than in EPO-
treated cells, showing that CEPO did not stimulate
Neuro-2a cells to produce GDNF, which in turn explains
the low expression of phosphorylated AKT and the
inhibition of cell proliferation. The AKT signaling net-
work is considered a key determinant of the biological
aggressiveness of these tumors. Specific inhibition of
AKT has been studied, such as with LY249002, with
significant effects on cell progression and apoptosis in
tumoral cells (Sartelet et al. 2008).

CEPO acts upon a heteroreceptor complex compris-
ing both EPO-R and CD131 which is reported to be
related to CEPO-enhanced neural progenitor cell

proliferation and differentiation. When comparing
CD131 expression in primary neurons and Neuro-2a
cells, we found that CD131 was highly co-expressed
in MAP-2-positive primary neurons, but not in Neuro-
2a cells. It has been stated that CEPO signals through
EPO-R and CD131 heteroreceptor (Leist et al. 2004;
Wang et al. 2007). The deficiency of CD131 expression
in Neuro-2a cells should obstruct the CEPO-mediated
signaling pathway, thereby explaining why CEPO did
not promote the growth of Neuro-2a cells in vitro and
in vivo.

In conclusion, CEPO did not promote the growth of
Neuro-2a cells because of low levels of CD131 and
GDNF in Neuro-2a cells (Fig. 7). Overall, these findings
highlight the potential usefulness of CEPO in the treat-
ment of neurodegenerative and neuropsychiatric dis-
eases without triggering adverse effects such as throm-
bosis or tumor growth.

Fig. 7 Diagram of different biological roles for EPO/CEPO in
primary neurons and Neuro-2a cells. In primary neurons and
Neuro-2a cells, EPO can bind homodimeric EPO-R to first activate
JAK-2, which then engages secondary signaling pathways that
involve AKT. AKT pathway might participate in neuroprotection
and/or tumor growth. EPO has also been implicated in other
signaling pathways that are not shown in this diagram. CEPO does

not bind classic homodimeric EPO-R to activate JAK-2 but ap-
pears to require a heteroreceptor complex comprising of both
EPO-R and CD131, which can trigger the GDNF-AKT pathway,
and mediate neuroprotection in primary neurons. However, CEPO
does not promote growth of Neuro-2a cells because of low levels
of CD131 expression that hinder CD131-GDNF-AKT pathway
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