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The cytokine erythropoietin (EPO) protects the heart from ischemic
injury, in part by preventing apoptosis. However, EPO administra-
tion can also raise the hemoglobin concentration, which, by in-
creasing oxygen delivery, confounds assignment of cause and
effect. The availability of EPO analogs that do not bind to the
dimeric EPO receptor and lack erythropoietic activity, e.g., car-
bamylated EPO (CEPO), provides an opportunity to determine
whether EPO possesses direct cardioprotective activity. In vivo,
cardiomyocyte loss after experimental myocardial infarction (MI)
of rats (40 min of occlusion with reperfusion) was reduced from
�57% in MI-control to �45% in animals that were administered
CEPO daily for 1 week (50 �g�kg of body weight s.c.) with the first
dose administered intravenously 5 min before reperfusion. CEPO
did not increase the hematocrit, yet it prevented increases in left
ventricular (LV) end-diastolic pressure, reduced LV wall stress in
systole and diastole, and improved LV response to dobutamine
infusion compared with vehicle-treated animals. In agreement
with the cardioprotective effect observed in vivo, staurosporine-
induced apoptosis of adult rat or mouse cardiomyocytes in vitro
was also significantly attenuated (�35%) by CEPO, which is com-
parable with the effect of EPO. These data indicate that prevention
of cardiomyocyte apoptosis, in the absence of an increase in
hemoglobin concentration, explains EPO’s cardioprotection. Non-
erythropoietic derivatives such as CEPO, devoid of the undesirable
effects of EPO, e.g., thrombogenesis, could represent safer and
more effective alternatives for treatment of cardiovascular dis-
eases, such as MI and heart failure. Furthermore, these findings
expand the activity spectrum of CEPO to tissues outside the
nervous system.

apoptosis � cardioprotection � cytokine � tissue injury

Erythropoietin (EPO) protects the brain and the spinal cord
from ischemic and traumatic injury (1, 2), the peripheral

nerve from diabetic damage (3), the kidney from ischemic (4, 5)
or toxic insults (6), and the heart from acute ischemia, either
permanent (7–9) or with reperfusion (10). Current data suggest
that the observed protective effects of EPO depend on an
antiapoptotic effect of this cytokine (7, 10). In the brain, EPO
also greatly reduces the inflammatory response after ischemia–
reperfusion (11). It is notable that in several acute models, e.g.,
brain ischemia, a single dose of EPO that does not increase the
Hb concentration nevertheless confers neuroprotection. How-
ever, in other in vivo injury models, including cardiac ischemia
with reperfusion and diabetic neuropathy, injury develops grad-
ually, and multiple doses of EPO appear superior but also
increase the Hb concentration. The possibility that part of the
benefit obtained with EPO in these models may depend on the
increased oxygen-carrying capacity of the blood cannot be
excluded. However, cardiac protection has clearly been demon-
strated after only a single dose (8, 10) when evaluated 1–3 days
after infarction before any increase in hematocrit was measur-

able. Furthermore, the fact that EPO is cytoprotective for
cardiomyocytes in vitro (7) indicates that it has some direct
cardioprotective effects independent of changes in Hb concen-
tration.

Recently, a second receptor for EPO that mediates EPO’s
tissue protection has been identified as consisting of the EPO
receptor and �-common (CD131) receptor, which is present in
the myocardium (12). The EPO molecule can be modified, such
as by carbamylation [carbamylated EPO (CEPO)], so that it
signals only through this receptor and not the homodimeric EPO
receptor yet is neuroprotective (13). By using CEPO, a definitive
proof of concept that cardiac protection by EPO does not depend
on, increases in red blood cell number can now be accomplished.

In the current study, we determined whether CEPO protects
cardiac myocytes from ischemia–reperfusion injury-related
apoptosis in vivo and in vitro. A CEPO-mediated reduced cell
loss was observed in vitro, as expected, and was also obtained
in vivo. Furthermore, a favorable outcome [left ventricular
(LV) function, basal and under stress] occurred in vivo after 1
week of daily dosing, which did not affect Hb concentration.
Taken together, these data confirm a direct effect of EPO�
CEPO on the myocardium.

Materials and Methods
All experiments were performed in a blinded fashion and in
accordance with all laws and regulations pertaining to animal
research.

Cardiomyocytes in Primary Culture. LV myocytes were isolated
from adult Sprague–Dawley rats and C57�BL6 mice as described
(14). Briefly, hearts were perfused through the aorta with
collagenase buffer (Selected Type II, Worthington Biochemical)
and gassed in an atmosphere of 85%O2 and 15% N2 at 37°C. LV
myocytes were then isolated by mechanical dissociation, sepa-
rated by differential centrifugation, and plated on 35-mm lami-
nin-coated polystyrene tissue culture dishes in MEM supple-
mented with Hanks’ salts and L-glutamine (GIBCO). After 1 h
of plating, the medium was changed, and CEPO [100 ng�ml,
prepared as described (13)] was added to the myocytes 30 min
before induction of apoptosis by staurosporine (2 �M, Sigma-
Aldrich). After 16 h of incubation, cardiomyocytes were fixed
and processed for the assessment of apoptosis. Identification of
apoptotic cell death was determined by the presence of double-
stranded DNA cleavage, using a terminal deoxynucleotidyltrans-
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ferase (TdT) assay, and confirmed by evaluation using interfer-
ence contrast microscopy of myocyte morphological features
characteristic of apoptosis.

In Vivo Experimental Protocol. Male Sprague–Dawley rats (253 �
4 g) were anesthetized with isoflurane 3% (O2, 0.25 liters�min;
N2, 0.4 liters�min) and were ventilated (70 breaths per min, tidal
volume of 1.2 ml per 100 g of body weight) through an endo-
tracheal cannula. The left anterior descending coronary artery
was ligated with a 7-O silk suture after exteriorization of the
heart through a 15-mm opening at the fourth-intercostal space.
An overhand knot was tied over two pieces of suture to arrest
blood flow and was removed after 40 min to initiate reperfusion.
Ischemia was confirmed by the appearance of ventricular ectopy
and blanching of the myocardium. The chest was then closed
under negative pressure, and the rat was weaned from mechan-
ical ventilation under continuous electrocardiographic monitor-
ing. Successful reperfusion was indicated by a restoration of
normal cardiac rubor. Sham-operated rats underwent identical
surgical procedures, but without coronary artery ligation. CEPO
dissolved in saline was administered a dose of 50 �g�kg of body
weight i.v. 5 min before reperfusion, then 50 �g�kg of body
weight s.c. every day for 6 days. Hematocrit was assessed in
duplicate from tail blood on day 7. Blood was collected 3–4 and
24 h after the last CEPO administration. CEPO in plasma was
measured with an ELISA by using CEPO as a standard, a
monoclonal anti-rhEPO (MAB287, R & D Systems) as capture
antibody, and a polyclonal anti-rhEPO (AB-286-NA, R & D
Systems), biotinylated according to standard procedures, as
detection antibody. The sensitivity of the assay was 0.5 ng�ml.

Echocardiography. Rats surviving a 40-min left anterior descend-
ing coronary artery occlusion underwent transthoracic echo-
cardiography (Aloka SSD-5500, Aloka, Tokyo) on day 14
under light sedation (diazepam and xylazine i.p.) by using a
13-MHz linear transducer at high frame rate imaging (57 Hz).
Short- and long-axis 2D views and M-mode at the level of
infarction were analyzed in real-time and recorded on a
magnetooptic disk for off-line analysis by a sonographer who
was blinded to study treatments. Anterior and posterior end-
diastolic and end-systolic wall thicknesses and LV internal
dimensions were measured, as recommended by the American
Society of Echocardiography (15, 16). Shortening fraction
(SF) was calculated from the composite LV internal, diastolic
(LVIDd) and LV internal, systolic (LVIDs) dimensions as

SF � ��LVIDd � LVIDs)�LVIDd] � 100

from M-mode short-axis views. LV end-diastolic volume, LV
end-systolic volume, and LV ejection fraction were calculated by
modified Simpson’s single-plane rule from a long-axis view. The
2D echocardiographic images were divided into 16 segments that
were counted as abnormal at any degree of wall motion abnor-
mality, e.g., akinesis, dyskinesis, and hypokinesis. LV wall dys-
synergy (akinetic, dyskinetic, and severely hypokinetic segments)
was considered as an in vivo index of the extent of damage caused
by infarction to the ventricular wall. Systolic and diastolic wall
stress was calculated from LV systolic and diastolic pressure
measured with a Millar catheter (see below) and echocardio-
graphic dimensions by the formula

WS � P�a3��1 � b3��2R3��b3 � a3�,

where P � intraventricular pressure, R � LV radial coordinate,
a � LV inner radius, and b � LV outer radius (17, 18). After
echocardiographic examination at rest, stepwise i.v. (22-gauge
heparin lock percutaneously inserted into the tail vein) infusion

of dobutamine (echo stress) was performed to evaluate myo-
cardial viability and recovery of global LV function (19, 20).

Hemodynamics. At least 24 h after completion of echocardio-
graphic exams (i.e., day 15), a microtip pressure transducer
(SPC-320, Millar Instruments, Houston) was inserted into the
right carotid artery to measure systolic and diastolic blood
pressure and heart rate (Windowgraph, Gould Electronics,
Valley View, OH) under pentobarbital anesthesia (50 mg�kg
i.p.). The pressure transducer was then advanced into the LV to
measure systolic and end-diastolic pressure, the first derivatives
(positive and negative) of LV pressure over time.

Histomorphometry. Upon completion of hemodynamic measure-
ments, the heart was arrested in diastole by i.v. injection of a
2.5-M solution of KCl, quickly removed from the chest, blotted
dry, and weighted. The atria were trimmed, and the free right
ventricle wall and LV inclusive of the septum were weighed
individually. LV internal length was measured by use of a probe.
Two slices just below the arterial ligation, basal and apical, were
fixed in formaldehyde. Two 5-�m sections from each paraffin-
embedded slice (i.e., basal and apical) were obtained (one just
below the ligature and the other from the basal side of the apical
part of LV) and were stained with hematoxylin�eosin. Scar and
spared myocardium area were assessed by counting the number
of intersection points of an ocular grid with 121 points overlying
scar (infarct) or spared myocardium of the LV. Infarct area was
calculated as the ratio between scar area and the area of the
whole-LV section and expressed in percentages. The cardiomy-
ocyte cross-sectional area was measured by manually tracing the
cell contour on images acquired on the IMAGE ANALYZER IBAS 2.0
(Kontron–Zeiss image analysis system) at �400 magnification
and averaged �50 cardiomyocytes in each section (21). The total
number and volume of myocytes were determined by quantita-
tive morphometric methods on hematoxylin�eosin-stained 5-�m
sections (22). Measurements obtained in the two representative
sections of each heart were averaged.

In Situ TdT Assay for Detection of Apoptosis. Myocytes obtained by
isolation from different rat or mouse hearts of each experimental
groups were incubated with TdT (23). Positive controls (myo-
cytes treated with DNase I) and negative controls (omission of
biotin-16-dUTP or TdT) were also included. Nuclei were visu-
alized with propidium iodide, and interference contrast micros-
copy was used to exclude apoptotic nuclei of non-cardiomyocyte
origin. The number of TdT-labeled cells was determined by two
different operators blinded to the experimental groups by count-
ing an average of �450 isolated myocytes in each culture dish.
Immunofluorescent images were obtained by using an Olympus
FV500 laser-scanning confocal microscope.

Calculations and Statistical Analysis. All data are presented as
mean � SEM. Mean changes versus baseline in echocardio-
graphic variables during dobutamine infusion were calculated by
area under effect versus dose–response curve truncated at 15 �g
of dobutamine (i.e., the plateau) and used to estimate inotropic
reserve. Maximal values of heart rate and SF on dobutamine
were also calculated. Experimental groups were compared by
one-way ANOVA, followed by post hoc Dunnett’s test, using
myocardial infarction (MI)-control as reference group (PRISM 4.0
for Windows).

Results
In Vitro Study. In contrast to cells cultured in serum-free medium
for 16 h (Fig. 5 A and B, which is published as supporting
information on the PNAS web site), myocytes in the presence of
staurosporine showed cytoplasm shrinkage, nuclear condensa-
tion, and fragmentation (Fig. 5 C and D) associated with 3	-OH
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DNA ends identified by TdT assay (Fig. 5D). Only nuclei of
myocytes that retained the typical rod-shape morphology of
uninjured cells were negative for the TdT staining (Fig. 5 B–D).
After 16 h of culture in the absence of staurosporine, rat
myocytes exhibited a low basal percentage of TdT-labeled nuclei
(3.0 � 0.5%) that markedly increased 18.3-fold (55.0 � 3.7%;
P 
 0.01, Fig. 1) after staurosporine incubation (S, 2 �M) to the
medium. The presence of CEPO (S plus C) was associated with
a significant reduction of staurosporine-induced apoptosis to
37.5 � 4.8% (P 
 0.01), confirming a direct effect of CEPO on
survival. A similar degree of protection was observed for EPO
(S plus E). Cells from either rats or mice behaved similarly.

In Vivo Study. A total of 38 male CD rats underwent surgery, and
8 rats (21%) died within 6 h after surgery. There were no

differences in the distribution of perioperative mortality be-
tween the MI groups. Postmortem examination revealed exten-
sive MIs. Ten infarcted rats received CEPO in saline 0.9%
(MI-CEPO group), 13 rats used as controls received saline 0.9%
(MI-control group), and 8 rats served as Sham-operated controls
(Sham group). All were included in final analysis, except for
three MI-control rats who died during followup. CEPO was
measurable in all treated rats, at both 3–4 h and 24 h after s.c.
administration; concentrations averaged 55.5 � 8.7 ng�ml and
15.2 � 1.4 ng�ml, respectively. CEPO was always below the
detection limit in untreated rats. As anticipated, CEPO did not
affect the hematocrit on day 7 after surgery: MI-CEPO, 43.6 �
1.7%; MI-control, 41.6 � 2.0% (P � not significant).

Histomorphometric Analysis. Infarct size, calculated as the frac-
tional area of the scar, was smaller in MI-CEPO group than in
the MI-control group: 17% versus 23% (Fig. 2A; P � 0.065).
Calculated number of cardiac myocyte nuclei in the whole LV
was decreased significantly in both MI groups (Fig. 2B). Cardiac
myocyte volume per nucleus was smaller in CEPO-treated
animals (Fig. 2C; P 
 0.05). Consistent with this result, myocyte
cross-sectional area in MI-CEPO group was 14% lower than in
the MI-control group (Fig. 2D; P 
 0.05).

Echocardiography. Cardiac anatomical and functional variables
(LV wall thickness, internal chamber diameter, SF, LV volumes,
and ejection fraction, and LV wall motion) measured at rest
showed a dilated and dysfunctional left ventricle in infarcted
animals when compared with Sham-operated animals (Table 1).
CEPO treatment was associated with a nonsignificant improve-
ment in other variables except for LV wall stress in diastole.
Although LV wall stress increased in both systole and diastole for
infarcted animals, CEPO treatment significantly reduced the
deterioration compared with vehicle-treated controls (Fig. 3).
After dobutamine infusions from 0 to 40 �g�kg per min,
Inotropic reserve (Fig. 4A) and peak (maximum) SF were

Fig. 1. Mean percentage of myocytes positive for TdT assay counted on 450
cells in each dish obtained by isolation from different rat or mouse hearts.
Shown are data for rat control (n � 9), S (Staurosporine, n � 10), rat S plus C
(S plus CEPO, n � 10), mouse S plus C (n � 4), and mouse S plus E (S plus EPO;
n � 4).*, P 
 0.05; **, P 
 0.01 versus staurosporine.

Fig. 2. Histomorphometric evaluation of infarct size (A), number of cardiac myocyte nuclei in left ventricle (B), cardiac myocyte volume per nucleus (C), and
cross-sectional area of cardiac myocytes in the spared left ventricle of Sham-operated rats and in coronary-ligated rats untreated or treated with CEPO (D).
MI-control group; CEPO, MI-CEPO group. *, P 
 0.01 versus vehicle.
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greater in Sham-operated rats than in infarcted rats (P 
 0.01),
MI-CEPO rats responded to dobutamine better (P 
 0.05) than
did MI-control rats (Fig. 4 A and B). These effects on SF were
observed in the absence of differences in peak heart rate
(Fig. 4C).

Hemodynamics. Systemic arterial and LV pressures, their deriv-
ative and heart rate, did not show significant changes attributable
to MI, except for LV end-diastolic pressure that was significantly
increased: 2.1 � 0.5 mmHg in Sham versus 7.1 � 1.0 mmHg in
MI-control (P 
 0.01). CEPO attenuated the increase in LV
end-diastolic pressure observed in MI-controls: MI-CEPO,
4.3 � 0.6 mmHg; MI-control, 7.1 � 1.0 mmHg (P � 0.023).

Discussion
The results obtained from the isolated adult rat ventricular
cardiomyocytes show that CEPO, a nonerythropoietic derivative

of EPO, possesses the same antiapoptotic effect as previously
observed for EPO (7). Positive results obtained by using cells
from two species (rat and mouse) confirm that the findings are
general in nature. Because CEPO has no affinity for the classical
EPO receptor (i.e., the erythropoietic dimeric form), cytopro-
tection by CEPO is mediated by another receptor type. Prior study
has shown that this tissue protective receptor uses the �-receptor
common to IL-3, IL-5, and granulocyte-macrophage colony-
stimulating factor (12) Extension of the protective effects of CEPO
from the nervous system to the heart supports the concept of EPO
and CEPO as general tissue-protective molecules.

In the cardiomyocyte model, exposure to staurosporine in-
duced the majority of myocytes to undergo apoptosis similar to
that observed for previous studies using 12–24 h of hypoxia (7,
8). Staurosporine, an inhibitor of protein kinase C, has been
shown to induce apoptosis in a wide variety of cell types,
including cardiomyocytes (24). An advantage of using stauro-
sporine to induce apoptosis is that the morphological and
molecular characteristics of staurosporine-induced injury, such
as cytoplasm shrinkage, nuclear condensation (Fig. 5) and
fragmentation, loss of mitochondrial transmembrane potential,
Bax translocation, cytochrome c release, and caspase-3 activa-
tion (25), closely mimic apoptotic processes during hypoxia and
reoxygenation of isolated adult cardiomyocytes (26).

The positive results obtained in vitro encouraged testing
cardiac protection in vivo by using a rat model of myocardial

Table 1. Baseline echocardiographic variables measured 14 days
after ischemia and reperfusion in rats Sham-operated, with
infarction treated with CEPO or untreated (VEH)

CEPO (n � 10) VEH (n � 10) Sham (n � 7)

Heart rate, bpm 403 � 20 346 � 18 354 � 25
LVIDd, mm 7.52 � 0.30 7.79 � 0.31 6.31 � 0.10*
LVIDs, mm 4.65 � 0.41 5.34 � 0.43 2.83 � 0.32*
SE, % 39.1 � 3.7 31.8 � 3.8 49.1 � 2.2*
IVSThd, mm 1.97 � 0.05 1.91 � 0.05 1.99 � 0.04
AWThd, mm 1.22 � 0.08 1.16 � 0.12 1.94 � 0.03*
EDV, ml 0.35 � 0.03 0.41 � 0.03 0.30 � 0.03
ESV, ml 0.15 � 0.02 0.19 � 0.02 0.06 � 0.03*
EF, % 54.7 � 4.7 51.1 � 12.1 81.1 � 2.0*
A�D�H extension, % 22.80 � 1.87 26.67 � 1.67 —

Dunnett comparison with the VEH group (reference group). *, P 
 0.01.
LVIDd, LV internal diastolic diameter; LVIDs, LV internal systolic diameter;
IVSThd, diastolic interventricular septum thickness; AWThd, diastolic anterior
wall thickness; EDV, end-diastolic volume; ESV, end-systolic volume; A�D�H,
akinesis�dyskinesis�hypokinesis.

Fig. 3. CEPO administration prevents full increase in LV wall stress in diastole
(A) and in systole (B). *, P 
 0.05 or **, P 
 0.01 versus MI-control (VEH).

Fig. 4. Echo dobutamine stress test for the assessment of myocardial viability
in lightly sedated rats. Inotropic reserve (A), Maximum (peak) SF (B), and
maximum heart rate (C) on dobutamine in Sham-operated rats and in coro-
nary ligated rats untreated or treated with CEPO are shown. VEH, MI-control
group; CEPO, MI-CEPO group. *, P 
 0.05; **, P 
 0.01 versus VEH group.
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infarction with reperfusion. Treatment with CEPO, beginning
just before the release of coronary occlusion, and then continued
once daily for 6 additional days, resulted in an attenuated loss of
cardiac myocytes and prevented compensatory hypertrophy, as
assessed on day 15 after infarction. These findings, similar to
those observed for EPO (7), can be explained by the antiapo-
ptotic action observed for both EPO (7) and CEPO, particularly
as expected for in the LV free wall (27, 28) and the region
adjacent to the infarcted LV free wall (29, 30). Although
assessment of MI size on day 15 by calculation of fractional area
of the scar is potentially complicated by scar shrinkage and
compensatory hypertrophy of spared myocardium, a trend to-
ward smaller scars in CEPO-treated rats was observed, which is
consistent with the observed 21% reduction in cardiomyocyte
loss. The attenuation of cell loss and hypertrophy by CEPO was
also accompanied by other evidence of more favorable changes
in LV function under both basal and stressed conditions. Spe-
cifically, the small but significant increase in LV end-diastolic
pressure observed in MI-control was normalized by CEPO. This
effect, together with the strong trend for smaller LV volumes in
the CEPO group, explains the significant reduction in LV
diastolic wall stress by 47%. Wall stress is a major determinant
of the LV progressive dilatation and the associated hemody-
namic deterioration that begins in the first days after MI, and it
becomes more evident over the following months.

Because 40 min of ischemia followed by reperfusion led to
a mild-to-moderate structural and functional impairment over
a period of 15 days, we reasoned that LV functional reserves,
as assessed by dobutamine infusion, might amplify differences
attributable to treatment with CEPO (19, 20). Indeed, al-
though the SF under baseline conditions was comparable at
39 � 4% in the CEPO group and 32 � 4% in the MI-control
group (P � NS), the CEPO-treated group showed a better
response than vehicle to dobutamine (Fig. 4A), with a greater
peak SF, without significant differences in the maximum heart
rate (Fig. 4 B and C).

Cardioprotection by EPO has been shown to involve both
acute and delayed components, which is consistent with a
pharmacological form of preconditioning (reviewed by
Bogoyevitch in ref. 31). In our experiments, we administered
CEPO at the time of reperfusion in a manner consistent with
timing for many clinical interventions, e.g., percutaneous angio-
plasty. This procedure likely provides both acute and delayed
effects. However, it is currently unknown what schedule of
dosing will result in maximum tissue salvage. In a recent limited
time-window study using EPO, administration at the time of
cardiac reperfusion was associated with a better outcome than
when given 2 h before (32). However, given the prolonged time
course of ventricular remodeling and development of heart

failure and its association with continued cardiomyocyte apo-
ptosis (reviewed in refs. 30 and 33), it is most likely that multiple
doses of tissue-protective cytokines will be required to produce
maximum protection. Another critical but unexplored question
concerning intervention with tissue protective cytokines in myo-
cardial ischemia is information on the optimum dose. This issue
is especially critical because EPO has been shown to exhibit an
inverted U-shaped dose–response curve in a number of exper-
imental systems, e.g., EPO-mediated endothelial cell nitric oxide
(NO) production (34), such that high doses of EPO lose bio-
logical activity. Furthermore, because EPO has been shown in
the nervous system to require only a brief presence to trigger
protective functions (2), further study will be needed to deter-
mine whether peak serum concentrations or area under the
concentration curve is the important variable.

The larger fraction of myocardium recruitable for contraction
in the CEPO group and the structural and functional benefits
obtained with CEPO definitively demonstrate that cardiopro-
tection can be separated from the erythropoietic action of EPO.
The dissociation of myocardial protection from erythropoiesis is
highly desirable from the perspective of a therapeutic use of
CEPO. Notably, in mice, EPO-mediated increases in hematocrit
causes vasoconstriction and cardiac dysfunction through NO
depletion and endothelin activation (35, 36). Furthermore, in
humans, recombinant human EPO (rhEPO) administration can
lead to hypertension (37–39). It is also well known that EPO can
cause thrombosis and therefore tissue injury (40). Even a single
exposure of normal humans to EPO causes a dose-dependent
increase in E-selectin within 2 days, which is consistent with
significant endothelial cell activation (41). Similar responses
have also been documented for other markers associated with
thrombosis, e.g., P-selectin, and in vitro studies confirm direct
and rapid prothrombotic effects of EPO on the endothelium
(42). Clearly, an increased potential for thrombosis is not
desirable in vascular occlusive myocardial disease.

These considerations suggest that the possible beneficial
effects of rhEPO therapy might be masked or even reversed by
these adverse effects of EPO. The availability of nonerythro-
poietic derivatives such as CEPO, retaining tissue protection but
without the undesired effects of rhEPO, could be safer and more
effective therapeutics for cardiovascular diseases such as myo-
cardial infarction and heart failure. Finally, we expect that the
protective effects of molecules like CEPO will extend to other
tissues and organs for which EPO has been shown in experi-
mental models to provide protection from injury.
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