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Abstract

and PD in the experimental studies.

Spinal Cord Injury (SCI) is a complex process which leads to destruction of neuronal tissue and also vascular
structure. Recent many studies have shown erythropoietin (EPO) has neuro-protective effects in acute SCI animal
models. Alzheimer’s disease (AD), Parkinson’s disease (PD) and SCI belong to central nervous system diseases,
a few studies also indicated that EPO may be effective for AD and PD. In this a short review article, we provide a
short overview of the animal and human studies on rhEPO in SCI, AD and PD. Further clinical studies should reveal
whether derivatives and variants of EPO provide any benefits over the clinical application EPO to against SCI, AD

Keywords: Erythropoietin; Spinal cord injury; Alzheimer’s disease;
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Many previous studies have shown that erythropoietin (EPO)
inhibits oxidative stress and glutamate release [1,2], regulates
inflammation [3], decreases lipid peroxidation [2] and increases
blood flow and tissue oxygenation [4] and nitric oxide production
[5,6] in various animal models. EPO is a glycoprotein cytokine which
is produced mainly by the fetal liver and adult kidney and involved in
regulation of red blood cell production. EPO exerts its effects through
interaction with EPO receptor (EPO-R), which belongs to the type I
family of single-transmembrane cytokine receptors [7]. The expression
of EPO and EPO-R was observed in the brain and spinal cord after injury
and regulated by tissue hypoxia [8-10]. In addition, proinflammatory
cytokines also induce EPO-R expression, but restrain endogenous
EPO production [10]. So it means that the high expression of EPO-R
was immediately induced after central nervous system injury, whereas
endogenous EPO expression is inhibited. A previous study found that
EPO can enhances differentiation of neural progenitor cells expressing a
high level of EPO-R toward the oligodendrocyte-lineage cells, through
activation of cyclin E and Janus kinase 2 pathways [11]. So it is possible
that high expression of EPO-R provides an opportunity for application
of exogenous EPO to against central nervous system diseases. Nerve
growth factor (NGF) and platelet-derived growth factor (PDGF)-B act as
protective agents through rescuing neuronal cells after injury of specific
neuronal pathways [12]. The recent studies shown that administration
of EPO can repair injured tissue and recovers neurological by increasing
expression of NGF and (PDGF)-B [13,14].

Spinal Cord Injury (SCI) is a catastrophic sudden and devastating
event associated with high mortality and morbidity and high social and
economic burden. The pathogenesis of SCI is a very complex process
which causes destruction of neuronal tissue and vascular structure.
Currently, researchers usually divided the pathogensis of SCI into two
phases@including the acute and secondary phase. The acute phase is
caused by direction disruption of tissues which cause limited neuronal
death surrounding the lesion epicenter and damage to axons and blood
vessels at the site of injury that results in vasoconstriction, hemorrhage
and ischemia [15]. The secondary phase usually involves a cascade of
secondary damage, including fluid-electrolyte imbalance, regional blood
flow alterations, glutamate-induced excitoxicity, free radical generation,

proinflammatory cytokine production, etc. These pathogenesis changes
finally lead to neurons injury or death. There is no a good therapeutic
method for patients with SCI to date. Over the past few decades,
methylprednisolone (MP) has been regarded as the first choice and
only available treatment for SCI patients and must be given to patients
within 8 h after injury. Currently, MP is no longer the standard of care
and merely a treatment option or in some medical centers, abandoned
altogether due to possible non-ignored severe side effects of high doses of
MP [16]. The extensive studies have reported EPO has neuro-protective
effects in animal models with acute SCI [15,17-25]. Our previous study
also got a similar result [26]. However, the animals are very different
from human, many studies have got good results in animal models, but
it may not be effective for patients. Does EPO show the neuroprotective
effects for patients with acute SCI? Recently, a few studies have reported
the results of EPO treatment of acute SCI in the clinic. In 2011, a
retrospective study suggested that EPO can provide the neuroprotective
against acute SCI and no complications are observed [27]. In this study,
27 patients with acute SCI received EPO and MP and 36 patients with
acute SCI got treatment with MP within 2 h after injury, the patients got
EPO 1000U/per via intramuscular injection, three times per week (at
the 2nd, 4th and 6th day) and treated for 8 weeks consecutively [27]. MP
was given to the patients according to the NASCIS III protocol [28], this
study also shown that EPO combined with MP could be better improved
neurological function [27]. A previous case report also shown EPO has
neuroprotective effect in post-operation cervical SCI. In this case report,
patient got Darbepoetin alpha (a long-action EPO derivate) 100 mcg,
subcutaneous daily for three times at seven days after trauma and no
complications were found [29]. In addition, a single-blind randomized
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trial study was performed by Costaetal. [30], they assessed the superiority
of EPO versus MP in improving clinical outcome of acute SCI, a total of
19 patients were conducted: 8 patients who got MP treatment according
to the NASCIS III protocol [28] were randomized to MP and 11 received
EPO iv (500 U/kg, repeated at 24 and 48 h) to EPO and all patients got
drugs treatment 8 h after injury. Their data shown EPO can promote
neural functional recovery. Moreover, no patients experienced serious
adverse effects [30]. However, Alibai et al. [31] reported a contrary
result with the previous [30], in their study, 20 patients with acute
traumatic cervical SCI less than 8 h after injury were included and all
the patients received standard regimen of MP [28], then patients were
randomly divided into EPO and placebo group, 14 patients from EPO
group received EPO in a dosage of 500 U/kg as bolus dose followed by
another 500 Ul/kg administered 24 h after the first dose and 6 patients
received injection of placebo (normal saline) in two same intervals. They
study suggested that administration of EPO cannot improve behavioral
outcomes of patients with traumatic cervical SCI and no participants
experienced serious adverse effects [31]. There are main four points
different between two studies: (a) In the first study, SCI patients from
experiment group receive EPO three times (repeated at 24 and 48 h), but
in the second study SCI patients only receive EPO two times (repeated
at 24 h). Acute SCI patients get EPO frequency that may affect the
final clinical results. It is well-known that frequency of drugs given to
patients are very important to gain good clinical results; b) Patients with
traumatic cervical or thoracic SCI and grade A or B of the American
Spinal Cord Injury Association Impairment Scale are conducted in the
first study, while only patients with cervical SCI are studied in the second
study. The degree and location of SCI determine the extent and future
outlook of SCI patients; (c) SCI patients in the experiment group from
the first study only receive EPO treatment and control group get MP
treatment, while SCI patients from experiment group receive EPO and
MP treatment and control group get MP treatment in the second study.
EPO combined MP whether better promote neural functional recovery
as compared to single EPO or MP treatment, it need more studies to
prove that conclusion. In addition to previous reasons, the sample size
of those two studies are too small, it may also cause the inconsistent
results of those two studies. The neuroprotective effects of EPO for
patients with acute SCI are controversial, so further clinical researches
are necessary. Currently, our team is also assessing the neuroprotective
effects of EPO in the clinical setting.

Alzheimer’s disease (AD) is the progressive neurodegenerative
disease of aging which is characterized by progressive memory loss
and decline cognitive dysfunction and it is the most frequent form of
dementia [32,33]. The common symptoms of AD include progressive
cognitive decline, irreversible memory loss, disorientation, language
impairment, and emotional instability [34]. AD is becoming a growing
problem around the world with a rapidly aging population in the
developed world and increasing life expectancy in the developing world
[35-37]. Recent report shows it affects approximately 35,000,000 people
all over the world and 5,000,000 new cases are increased every year [34].
This disease is a serious threat to the old people and next only to heart
disease, cancer and stroke in the cause of death in the elderly. Currently,
thereare no effective therapies against AD due to complex disease etiology
and unclear pathological mechanism. It is well-known that amyloid beta
(AP) is a key molecule in AD and it is critical to develop a treatment that
can arrest the AB-induced pathologic progression of AD. Li et al. [38]
study suggested that mice treated EPO (1000 U/kg) attenuated Ap42-
induced cognitive deficits and tau hyperphos-phorylation at multiple
AD-related sites through the regulation of glycogen synthase kinase-
3B and the Ap42-induced mitochondrial dysfunction and apoptosis in

brain. To the best of our knowledge, no literatures report about EPO
treatment of AD patients. In the future studies, researchers should try to
apply EPO into treatment of AD patients.

Parkinson’s disease (PD) is a common neurodegenerative disease
with complex clinical features [39]. The main symptoms of PD include
bradykinesia, tremor and postural instability [40] and can severely affect
quality of patients’ life. It is well-known that the serious degeneration of
the dopamine (DA) neurons in substantia nigra pars compacta is key
to cause PD [41-44]. The traditional therapies for PD are only based on
DA-enhancing strategies which provide symptomatic relief during the
disease’s early stages, but it can’t improve neural functions, Moreover,
patients with PD need be a long term medication. Thus, preventing
apoptosis of the striatal DA neurons is critical to cure PD. Currently,
EPO has been regard as a potential therapeutic candidate for treatment
of PD due to its neuroprotective effects [14,17-26]. Some preclinical
studies has been done in order to observe the neuroprotective effects
of EPO treatment of PD [5,6,45,46]. A previous report shows that EPO
can inhibit 6-hydroxydopamine-induced neuron death in in vitro and
in vivo models of PD through activating the phosphatidylinosito 13-
kinase/Akt signalling pathway and the downstream substrate FoxO3a
[46]. Furthermore, in the rat models of PD, EPO can markedly suppress
apoptosis of striatal neurons and significantly improve neurological
function [46]. EPO has protective and treating effect in 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP) induced neurotoxicity in
this mouse model of Parkinson's Disease via increasing nitric oxide
production [5,6]. In addition, Carelli et al. [47] study shows that EPO,
whether ectopically administered or released by neural precursors, does
reverse MPTP-induced Parkinsonism in mice. Unilateral stereotaxic
injection of erythropoietin-releasing neural precursor cells can rescue
degenerating striatal DA neurons and promote behavioral recovery [47].
Recently, two studies in humans have investigated safety and efficacy of
EPO treatment of PD patients. Pedroso et al. [48] reported that 10 PD
patients gained EPO (60 U/Kg) administration via subcutaneously once
a week for five weeks. This dosage was safe and well tolerated. Moreover,
some variables such as motor function, cognitive status and mood
gained better clinical results as compared to the baseline pretreatment
assessment [48]. In the whole study, three patients experienced mild
adverse events: precordial discomfort and hypertension in one; leg
fatigue in another; renal colic in a third and these complications cannot
threat life [48]. In the second study, 13 PD patients got EPO (40,000
IU) treatment twice a week for five weeks [49]. At 12 months after
administration, EPO exerted beneficial effects on non-motor symptoms
but not on motor function. Moreover, no serious adverse effects were
observed in the whole study [49]. In summary, EPO might be a good
candidate for the treatment of PD, but more high quality studies in PD
patients are needed.

AD, PD and acute SCI all belong to central nervous system
diseases which reduce quality of life and increase the economic burden.
Moreover, there are no effective therapeutic strategies for AD, PD and
SCI. Currently, EPO gains more and more attention from the researchers
and they think EPO may be an effective therapy for those diseases due
to its neuroprotective action. However, many problems about EPO
treatment of AD, PD and SCI are needed to further studies before EPO
is widely applied in the clinic, such as complications, optimal dosage,
therapeutic time window, etc. Although the previous studies have shown
the different doses of EPO treatment of central nervous system diseases
are safe and no serious adverse effects [27,29-31,48,49], the possible
serious complications caused by EPO should be not ignored, especially
for the patients with hypertension or increased blood clotting. Timely
monitoring blood pressure and blood coagulation function may be help
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to reduce risk of stroke and blood clots. Current studies are unable to
provide a standard therapeutic strategy for AD, PD and SCI. In our
opinion, further studies in the clinic are needed, especially, high quality
studies should be encouraged to conduct. Furthermore, the mechanism
of EPO how to cross the blood-brain barrier (BBB) remains unclear.
It might be a specific receptor mediated translocation of EPO into
the central nervous system [50]. Oxidative stress increase the BBB
permeability by decreasing the expression of low-density lipoprotein
receptor-related protein 1 and up-regulating receptor for advanced
glycation end products in BBB [50-52]. The exact mechanism of EPO
over the BBB should have more attention from researchers in the future.
If we find the mechanism of EPO over the BBB, we will develop a new
type of EPO analogues which can quickly across the BBB to reach nidus
to repair the damaged nerves.
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