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he appearance and development of chronic kidney disease
(CKD) is often associated with a state of low levels
of erythropoietin (EPO) production, due to loss of kidney

Access this article online

Quick Response Code:

Cardiac antiapoptotic and proproliferative
effect of recombinant human erythropoietin in a
moderate stage of chronic renal failure in the rat

M. Teixeira'?, P. Rodrigues-Santos?, P. Garrido', E. Costa34, B. Parada', J. Sereno’,
R. Alves?®, L. Belo*$, F. Teixeira', A. Santos-Silva*s, F. Reis'

ABSTRACT

Objective: Recombinant human erythropoietin (rhEPO) therapy under circumstances of moderate chronic
renal failure (CRF), with yet lower kidney and heart lesion, may have a protective cardiac effect beyond the
correction of anemia, whose mechanism deserves better elucidation, namely by clarifying the impact on gene
expression profile of markers of apoptosis, inflammation, proliferation, angiogenesis, and lesion/stress in the
heart. Materials and Methods: Four groups of rats were studied over a period of 15 weeks (n=7 each):
control—without surgery and without drug treatment; rhEPO—treated with 50 IU/kg/week of rhEPO-beta;
CRF—submitted to partial nephrectomy (3/4); CRF + rhEPO—CRF with rhEPO treatment after the 3rd week
of surgery. The heart was collected in order to evaluate the gene expression, by real-time qPCR, of markers
of apoptotic machinery, inflammation/immunology, proliferation/angiogenesis, and lesion/stress. Results: The
main findings obtained were (a) CRF rats have demonstrated overexpression of EPO-R in the heart without
changes on EPO expression, together with overexpression of Bax/Bcl2 ratio, PCNA, and IL-2; (b) rhEPO
therapy on the heart of the rats with CRF induced by partial 3/4 nephrectomy promoted nonhematopoietic
protection, demonstrated by the apoptosis prevention, viewed by the Bax/Bcl2 balance, by the promotion of
proliferation, due to PCNA increment, and by the immunomodulatory action, expressed by a trend to prevent
the IL-2 increment. Conclusion: In this model of moderate CRF, rhEPO treatment showed important cardiac
nonhematopoietic effects, expressed mainly by the antiapoptotic and the proproliferative action, suggesting
that early rhEPQ therapy in moderate stages of CRF might have further therapeutic benefits.

KEY WORDS: Apoptosis, cardiovascular protection, gene expression, moderate chronic renal failure,
proliferation/angiogenesis

peritubular cells, responsible for its formation, with consequent
reduction in erythropoiesis, resulting in anemia.!! The reduction
of tissue oxygenation then causes an increase of cardiac function,
and subsequent left ventricular hypertrophy, in order to reply to
the oxygen demands by the peripheral tissues, which accounts for
subsequent development of heart failure—a triad of dysfunctions
known as cardiorenal anemia syndrome.!! The relationship
between the anemia secondary to kidney disease and the heart
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failure is already well described and accounts for the high
DOI: morbidity and mortality rates found in CKD patients.*’!
10.4103/0975-7406.92743

The use of recombinant human erythropoictin (thEPO) has
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emerged in the early 1990s as the most appropriate method to
control anemia in patients with CRE, and was responsible for a
better and longer life in those patients, both from amelioration of
anemia and beneficial cardiovascular impact.™*¢ Therefore, EPO
has been recognized as a key player in a broad variety of processes
in cardiovascular pathophysiology, including apoptosis, cell
proliferation, ischemia, and the nitric oxide (NO) pathway, which
reinforces their putative use in nonhematological conditions.!”
However, for a significant percentage of patients, thEPO loses
efficacy, becoming resistant, recommending dose increment
with further deterioration of heart function, most probably
due to the expected hyperviscosity and thromboembolisms. 1!
Therefore, although enhanced EPO synthesis is viewed as
an appropriate compensatory mechanism in the cardiorenal
syndrome, excessive EPO synthesis in the advanced stages
of both the chronic renal failure (CRF) and congestive heart
failure appears to be predictive of higher mortality.!" Thus, early
thEPO use, in stages of yet moderate renal failure and initial
cardiac deterioration, might have additional benefits. However,
this impact remains poorly investigated.

Considering that the use of human tissues is obviously limited
by ethical reasons, our group has previously extensively
characterized a model of moderate CRE!M! in which thEPO
treatment has promoted erythrocytosis and prevented
tachycardia, catecholamines increment and dyslipidemia, with
arise of serum TGF-b1.l'*¥ Thus, thEPO therapy, under these
circumstances, has promoted a beneficial effect on the cardiac
tissue, which might be attributed to its protective actions,
namely of proproliferative and antiapoptotic nature, as was
previously suggested in other conditions and pathologies, !
but that deserves a more extensive evaluation, particularly in
moderate stages of CKD, before critical impairment of the
kidney and heart tissues.

EPO gene activation, mainly by hypoxic states, is linked with
several important pathways, with unequivocal impact on renal
and cardiac tissues function and structure. The 3 X end of the
EPO gene contains an element of response to situations of
hypoxia (HRE), which interacts with multiple transcription
factors, including hypoxia-induced factor (HIF), a regulator of
the genes that are involved in adaptation to changes in oxygen
levels. The HIF will act on several genes, including the vascular
endothelial growing factor (VEGF) and the glucose transporter
GLUT-1."" Although the regulation of erythropoiesis occurs
mainly in the peritubular cells of the kidneys, 10% of EPO is
expressed in extrarenal tissues, such as in liver, brain, spleen,
and lungs.'”! Binding of EPO to its receptor (EPO-R) causes a
change in intracellular calcium levels, including the formation
of IP3 that is able to inhibit the occurrence of apoptosis due
to activation of its effector, Akt, an apoptotic blocker involved
in proliferation and cell survival.l®! The interaction between
the EPO and its receptor also leads to activation of ras/MAPK
signaling pathways, by activating nuclear factor kB (NF-xB),
with consequent strengthening of cell proliferation.!'”]

This study was designed to assess the effects of thEPO therapy
on heart gene expression profile in a moderate stage of CRF. We
hypothesize that thEPO use under these circumstances of lower
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tissue lesion/impairment may have a protective effect beyond
the correction of anemia, whose mechanism deserves better
elucidation by clarifying the impact on gene expression profile
of several markers of apoptosis, inflammation, proliferation,
angiogenesis, and lesion/stress.

Materials and Methods

Animals and treatments

Male Wistar rats (Charles River Lab. Inc., Barcelona, Spain),
weighing +275 g, were maintained in an air conditioned room,
subjected to 12:12 h dark/light cycles and given standard rat chow
(IPM-R20), Letica, Barcelona, Spain) and free access to tap water.
Animal experiments were conducted according to the European
Communities Council Directives on Animal Care. The rats were
divided into 4 groups (7 rats each), during a 15-weck protocol:
control—without drugs and surgery; thEPO(beta)—50 1U/kg/
week s.c. Recormon® (Roche Pharmaceuticals), without surgery;
CRF-induced by a 2-stage (3/4) nephrectomy: first, about half
of the left kidney was removed and, 1 week later, the entire right
kidney was removed; CREF +rhEPO-treated with thEPO after the
3rd week of surgery. All the animals have completed the protocol.
Control sham-operated rats were considered not required based
on preliminary studies from us, which have demonstrated a
similar pattern for hematologic and renal parameters with the
nonoperated controls throughout the treatment period.

Renal and hematologic data

Blood samples were collected in rats under intraperitoneal
anesthesia with a 2 mg/kg body weight of a 2:1 (v:v) 50 mg/
mL ketamine (Ketalar®, Parke-Davis, Lab. Pfeizer Lda,
Seixal, Portugal) solution in 2.5% chlorpromazine (Largactil®,
Rhéne—Poulenc Rorer, Lab. Vitéria, Amadora, Portugal), by
venipuncture from the jugular vein into syringes without an
anticoagulant (for serum sample collection) or with EDTA
for hematologic studies. Serum creatinine, urea, and uric acid
concentrations were used as renal function indexes through
automatic validated methods and equipments (Hitachi 717
analyzer). Red blood cell (RBC) count, hematocrit (HTC), and
hemoglobin (Hb) concentration were assessed in whole blood
EDTA by using an automatic Coulter Counter® (Beckman
Coulter Inc., CA, USA).

Heart collection and preparation

The rats were sacrificed by cervical dislocation, under
intraperitoneal anesthesia, previously described, and the heart
was immediately removed, placed in ice-cold Krebs buffer and

carcfully cleaned of adherent fat and connective tissue, freezing
therefore in RNA later™ tubes at -80°C.

Heart gene expression analysis
Total RNA isolation

The heart was isolated in autopsy and stored in RNA later™
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solution (Ambion, Austin, TX, USA). Samples were removed
from preservation solution and 1200 ul. of REI" Lysis Buffer
were added to proceed with disruption and homogenization for
2 min at 30 Hz using TissueLyser (Oiagen, Hilden, Germany).
Tissue lysate were processed according to the protocol from
RNeasy® Mini Kit (Qiagen, Hilden, Germany). Total RNA
was eluted in 50 uL. of RNase-free water (without optional
treatment with DNAse). In order to quantify the amount of total
RNA extracted and verify RNA integrity (RIN, RNA Integrity
Number), samples were analyzed using 6000 Nano Chip® kit,
in Agilent 2100 bioanalyzer (Agilent Technologies, Walbronn,
Germany) and 2100 expert software, following manufacturer
instructions. The yield from isolation was from 0.5 to 3 ug; RIN
values were 6.0-9.0 and purity (A, /A,) was 1.8-2.0.

Reverse transcription

RNA was reverse transcribed with SuperScript™ I first-strand
synthesis system for RI-PCR (Invitrogen, California, USA).
One microgram of total RNA was mixed with a 2x First-
Strand Reaction Mix and a SuperScript™ III Enzyme Mix
(Oligo(dT) plus Random hexamers). Reactions were carried
out in a thermocycler Gene Amp PCR System 9600 (Perkin
FElmer, Norwalk, CT, USA), 10 min at 25°C, 50 min at 50°C
and 5 min at 85°C. Reaction products were then digested with
1 wL, RNase H for 20 min at 37°C and, finally, cDNA eluted to
a final volume of 100 L. and stored at —20°C.

Relative quantification of gene expression

Performed using 7900 HT Sequence Detection System (Applied
Biosystems, Foster City, CA, USA). A normalization step
preceded the gene expression quantification, using geNorm
Housckeeping Gene Selection kit for Rattus norvegicus (Primer
Design, Southampton, UK) and geNorm software (Ghent
University Hospital, Center for Medical Genetics, Ghent,
Belgium) to sclect optimal housckeeping genes to this study.!'*!
Real-time PCR reactions used specific QuantiTect Primer
Assays (Oiagen, Hilden, Germany) with optimized primers
for TGF-B1 and PCNA, as proliferative markers; VEGF
as an angiogenesis marker; a synthase 2 (inducible) and 3
(constitutive, endothelial) from nitric oxide, NOS2 and NOS3
as indicators of endothelial and constitutive enzyme activity;
Cytochrome c as a vascular damage factor; 1L-2, NF-xB,
and TNF-o as inflammatory markers; and at least apoptotic
indicators, such as caspase 9, caspase 3, Bax, Bcl2, Fas and Fas
ligand. Endogenous controls were also used: GAPDH, ACTB,
TOPI, and RPL13 together with QuantiTect SYBR Green PCR
Kit Gene expression (Qiagen, Hilden, Germany) according to
manufacturer’s instructions. RT-qPCR reactions were carried
out with 100 ng ¢cDNA sample, primers (50-200 nM) and 1X
QuantiTect SYBR Green PCR Master Mix. Nontemplate control
reactions were performed for each gene, in order to assure no
unspecific amplification. Reactions were performed with the
following thermal profile: 10 min at 95°C plus 40 cycles of 15 s
at 95°C and 1 min. at 60°C. Real-time PCR results were analyzed
with SDS 2.1 software (Applied Biosystems, Foster City, CA,
USA) and quantification used the 272 method.!"”!
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Statistical analysis

For statistical analysis, we used the GraphPad Prism, Version
5.0. Results are presented as means + standard error of means
(SEM). Comparisons between groups were performed using
ANOVA and the post hoc Bonferroni test. Significance was
accepted at P < 0.05.

Results

Effect of thEPO on renal function and hematologic data

In table 1 we present the renal function markers and hematologic
data for the different groups, before starting experiments and
at the end of the experimental period (15 weeks: 12 weeks
after partial nephrectomy). There was a statistically significant
increase in serum creatinine and urea concentrations at 3
weeks after surgery (data not shown), and this increase in renal
function markers remained high along the following 12 weeks of
the experimental procedure. The thEPO treatment in the CRF
animals produced no significant effects in those parameters
[Table 1]. Concerning to hematologic data, 3 weeks after
nephrectomy, the CRF animals showed a statistically significant
decrease for RBC count, HTC, and Hb (data not shown). These
parameters normalized in the laboratorial evaluation performed
9 weeks after surgical intervention and remained stable until
the end of the follow-up period. The thEPO treatment in the
CRF animals (CRF+1hEPO group) showed a trend to increased
hematologic values (RBC, HTC, and Hb) [Table 1].

Effect of thEPO on heart EPO and EPO-R mRNA gene

expression

We found that thEPO treatment, per se (thEPO group), in the
cardiac tissue, was able to significantly (P < 0.05) increase EPO
gene expression [Figure 1a], together with a trend to higher values
of EPO-R [Figure 1b], when compared with the control animals.
In the CRF animals, no significant changes were encountered in
EPO gene expression in this tissue [Figure la], but a statistically
significant higher values of EPO-R genetic expression [Figure
1b] were found when compared with the control rats. thEPO
treatment in the CRF animals (CRF+r1hEPO group) showed
a trend to higher values of EPO gene expression in the heart,
without changes on EPO-R when compared with the CRF rats
without thEPO therapy [Figure 1b].

Effect of thEPO on heart mRNA gene expression of
apoptotic markers

The following proteins were evaluated as markers of the
apoptotic machinery: Bax, Bcl2, Fas, FasLg, and caspases 3 and
9. Concerning the thEPO treatment, we found in the heart
tissue that thEPO was able to promote a statistically significant
increment (P < 0.01) in Bax/Bcl2 ratio gene expression [Figure 2a,
as a result of a trend to higher values of the proapoptotic protein
Bax and lower of the antiapoptotic Bcl2 [Table 2]. The other
markers of apoptosis in the heart tissue were also unchanged,
with again a trend to higher values of caspase 3 and 9 gene
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Table 1: Effects of rhEPO treatment in renal function and hematological data in a rat model of moderate CRF

Parameters Initial time (O weeks) Final time (15 weeks)
Before %2 N Control (No surgery) CRF (¥4 Nephrectomy)
All the rats - -
Vehicle rhEPO Vehicle rhEPO
Renal function
Creatinine (umol/L) 36.24 = 1.78 39.78 = 1.77 38.90 = 2.64 80.44 = 5,30 64.53 + 2.65
Urea (mmol/L) 14.63 = 0.24 13.93 = 0.56 13.78 = 0.61 24.21 =1.01° 22.49 = 0.99
Uric acid (umol/L) 35.69 = 3.57 36.88 = 9.52 49.37 = 8.33 28.55 = 5.35 36.88 £ 5.95
Hematologic data
Hb (g/L) 138.21 = 1.42 139.44 + 3.61 128.72 = 5.29 134.39 = 2.01 148.81 = 17.20
Hematocrit (pp of 0.1) 0.395 = 0.005 0.409 = 0.007 0.361 = 0.017 0.395 = 0.006 0.439 = 0.056
RBC (x10%?%/L) 7.32 = 0.12 7.44 = 0.10 6.84 = 0.38 6.91 = 0.14 7.83 = 0.94

N: Nephrectomy. Results are means = SEM (7 rats/group): P < 0.05 and @P < 0.01 vs the control (Vehicle) group

Table 2: Effects of rhEPO treatment on heart mRNA gene expression of markers of apoptosis, proliferation, angiogenesis,
inflammation, and lesion/oxidative stress in a rat model of moderate CRF, at the final time (15 weeks)

CRF (34 Nephrectomy)

Cardiac parameters Control (No surgery)

Arbitrary units (AU) Vehicle rhEPO Vehicle rhEPO

Apoptosis
Bax 0.89 = 0.10 1.07 = 0.08 1.11 = 0.00 1.26 £ 0.17
Bcl2 1.47 = 0.25 0.63 = 0.16 1.09 = 0.12 2.95 + (.39 b
Bax/Bcl2 0.73 = 0.15 2.04 = 0.43* 1.06 = 0.12 0.45 = 0.07
Fas 1.55 = 0.39 0.96 = 0.62 2.48 = 0.11 3.91 = 0.51
Faslg 0.53 = 0.11 0.57 = 0.18 0.73 = 0.02 1.13 + 0.42
Caspase 3 0.85 = 0.07 1.12 = 0.12 1.23 = 0.15 1.20 = 0.08
Caspase 9 1.28 = 0.26 1.14 = 0.21 0.66 = 0.24 0.54 = 0.04

Proliferation, angiogenesis,

inflammation, and lession/stress
TGF-1b 1.28 = 0.23 1.43 = 0.37 0.98 = 0.31 0.60 = 0.06
Cytochrome ¢ 1.54 = 0.29 0.82 = 0.16 1.24 = 0.22 0.70 = 0.05
VEGF 1.15 = 0.16 1.84 = 0.67 2.08 = 0.39 2.39 £ 0.10
TNF-a 1.23 £ 0.19 1.46 = 0.15 1.05 = 0.31 1.25 £ 0.18
NF-Kb 0.61 = 0.09 1.17 = 0.26 1.16 = 0.01 1.29 = 0.15
NOS2 0.62 = 0.10 1.01 = 0.19 0.51 = 0.17 0.83 = 0.03
NOS3 0.67 = 0.09 1.12 = 0.19 1.10 = 0.19 1.45 £ 0.17

Results are means = SEM (7 rats/group): @P < 0.01 vs the control (Vehicle) group; **P < 0.05 vs the CRF (Vehicle) group

expression [ Table 2]. In the CRF animals, a statistically significant
increment (P < 0.05) in Bax/Bcl2 ratio [Figure 2a] was found,
together with no further changes on the other proteins, Fas,
FasLg, and caspases 3 and 9 [Table 2]. Concerning the rats under
thEPO treatment with CRF (CRF+rhEPO group), there was
a prevention of the proapoptotic effect promoted by the renal
failure, with a statistically significant (P < 0.05) reduction of
Bax/Bcl2 ratio when compared with the animals without thEPO
therapy [Figure 2a] due to a significant increment (P < 0.01) on
Bel2 gene expression [Table 2]. Once again, no further changes
were found for the other parameters [Table 2].

Effect of thEPO on heart mRNA gene expression of
proliferative and angiogenic markers

To assess the influence of thEPO treatment on heart proliferation
and angiogenesis, we evaluated the following proteins: PCNA,
TGF-bl, cytochrome ¢, and VEGE Concerning the thEPO
treatment, per se (thEPO group), we found a remarkable
increment in PCNA mRNA gene expression in the heart
(P < 0.05) [Figure 2b]. thEPO treatment promoted no changes
on TGF-bl, cytochrome c and VEGF gene expression, despite
a trend to higher values of TGF-b1 and lower of cytochrome ¢
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[Table 2]. In the CRF animals, we found a trend to higher values
of PCNA (0.63 = 0.10 AU), when compared with the control
animals (0.27 = 0.07 AU) [Figure 2b]. Concerning the other
markers, no changes were encountered for TGF-bl1, cytochrome
¢, and VEGF gene expression levels [Table 2]. In the rats under
thEPO treatment with CRF (CREF+1hEPO group), PCNA gene
expression was substantially elevated (P < 0.01) when compared
to the CRF group [Figure 2b]. No other significant changes were
encountered concerning the other proteins [Table 2].

Effect of thEPO on heart mRNA gene expression of

markers of inflammation and lesion/stress

We also assess the influence of thEPO treatment on heart
IL-2, TNF-a, NF-xB, and NOS2 and NOS3 gene expression.
Concerning the thEPO treatment, per se (thEPO group), we
found no significant changes for all the parameters analyzed in
the heart tissue, despite a trend to higher expression in all of them
[Figure 2c and Table 2]. In the CRF animals, IL-2 gene expression
was higher (P < 0.05) that in the control rats [Figure 2c],
without no further significant changes on all the other markers
[Table 2]. In the CRF+rhEPO group, thEPO treatment showed
a trend to prevent the IL-2 gene overexpression found in the
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Figure 1: Heart mRNA erythropoietin (a) and erythropoietin receptor (b)
gene expression for the groups under study, at the final time. Results
are means + SEM of arbitrary units (7 rats/group): 2P < 0.05 and 2P
< 0.01 vs the control group.

CRF animals [Figure 2c]. Apart from those changes, a trend
to higher values was found in the heart NF-xB gene expression
comparing to the CRF group [Table 2].

Discussion

The introduction of thEPO therapy allowed a significant
reduction of anemia-associated adverse effects, allowing for a
prolonged life expectancy in end-stage renal disease stages.™
Apart from the anemia correction, tThEPO therapy has been
associated with positive beneficial effects on nonhematopoietic
cells,”™ which have been attributed to its antiapoptotic, anti-
inflammatory, and antioxidant actions, that underlie the cardio-
and neuroprotection in other conditions.?"*! Functional EPO
receptors have been found in several tissues, including those
of the cardiovascular system, such as the endothelial cells and
cardiomyocytes.”>? Furthermore, EPO is a key player in a broad
variety of processes in cardiovascular pathophysiology, including
apoptosis, cell proliferation, and ischemia.”! An increase in
cardiac systolic function has been observed in patients with
chronic heart failure treated with thEPO. Other beneficial
effects appear to be related to the proangiogenic properties
on endothelial cells, which could be useful for treatment of
ischemic heart disease.”” These findings suggest that thEPO
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expression for the groups under study, at the final time. Results are
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and 2P < 0.001 vs the control group; °P < 0.05 and *®P < 0.01 vs the
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could provide therapeutic benefits in the management of
cardiovascular diseases beyond anemia correction. Nevertheless,
although enhanced EPO synthesis is viewed as an appropriate
compensatory mechanism in the cardiorenal syndrome,
excessive EPO synthesis in the advanced stages of both the
CRF and CHF appears to be predictive of higher mortality.!?
Therefore, for a significant percentage of patients, thEPO loses
efficacy, becoming resistant, recommending dose increment
with further deterioration of heart function, most probably
due to the expected hyperviscosity and thromboembolisms. 17
In this context, earlier thEPO therapy in anemic CKD patients
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might have a positive cardiorenal impact, such as previously
reported in ischemic injury, contributing to organ protection/
regeneration.”?! However, the impact of early thEPO use, in
stages of yet moderate renal failure and low cardiac deterioration,
remains poorly investigated.

In order to further evaluate the effect of thEPO on the cardio-
renal axis, our group has previously characterized a rat model
of moderate CRF induced by partial (3/4) nephrectomy, which
demonstrated amoderate but maintained degree of CRE together
with transitory anemia and iron metabolism disturbances. The
remnant kidney presented a reasonable degree of functionality,
mainly due to hypertrophic compensation, and there was several
important cardiovascular modifications, including hypertension,
tachycardia, dyslipidemia, erythropoietic disturbances,
sympathetic activation, proliferation, angiogenesis, and
oxidative stress, which are features seen in CKD patients.!-’]
The use of thEPO in that model showed interesting cardiorenal
effects, including prevention of tachycardia, of catecholamines
increment and of dyslipidemia, together with a notorious
proproliferative action on the remnant kidney and on the heart
tissue.l") Considering that EPO interaction with its receptor
leads to activation of several important pathways related with
apoptosis, proliferation, angiogenesis, inflammation, and lesion/
stress, we hypothesize that the putative cardioprotective effect
of early thEPO use might be linked with adaptations on heart

gene expression, [>17:21]

In our study, thEPO treatment, per se, without CRE, showed
an overexpression of EPO and EPO-R gene in the heart, which
was statistically evident for the EPO gene. In the group with
CRE thEPO treatment promoted a trend to higher values of
both genes in this tissue. This data suggests that thEPO use, in
this circumstance of moderate CRE might produce a relevant
extrarenal impact, namely in the cardiac tissue, as previously
suggested by us using this model, as well as by others in other
conditions.!*””] Our study also showed that CRF rats presented
a proapoptotic profile, viewed by the significantly increased
ratio of Bax/Bcl2 expression. This pattern was accompanied
by the absence of other significant changes, including on gene
expression of the par Fas-Faslg and on caspases 3 and 9. thEPO
use In these animals promoted prevention of apoptosis in the
heart, due to the significant prevention of Bax/Bcl2 increment
induced by renal failure. This effect was previously documented
for thEPO use in other situations, in both the kidney!?**! and
in the heart, due to effect on cardiac myocytes®*** but was
not previously evaluated on a moderate stage of CRE A similar
preventive use, attributed to the pleiotropic action of thEPO,
which includes antiapoptotic mechanisms, was reported by
Bernhardt and Eckardt (2008) as a protective mechanism against
development of acute kidney injury in critically ill patients at
higher risk of acute nephropathy.”!

CKD is associated with inflammatory mechanisms, viewed
by the increment of acute phase protein synthesis, such as
C-reactive protein, a prominent marker of inflammatory
response in the general population and in CKD patients,
which was reported elevated in hemodialyzed patients.
Chronic inflammation is also associated with atherosclerotic
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cardiovascular disease (CVD) and the high rate of morbidity
and mortality observed in hemodialyzed patientsP”! could
reflect the inflammatory process in CKD patients favoring
CVD events. tHEPO has been shown a pleiotropic action, !
which includes an anti-inflammatory activity already reported
on other conditions, including in cardiomyocytes with hypoxia/
reoxygenation injury, in the brain, as well as in the kidney.’*!
In our study, CRF was not associated with significant changes
on the inflammatory markers, viewed by normal gene profile
of both TNF-a and NF-kb in the heart, which is in agreement
with our previous assays in serum markers of inflammation.!''?]
However, the 1L-2 gene overexpression was prevented with
thEPO, suggesting an inhibitory effect on T-cell-induced IL-2
production. Previous studies on CKD patients have shown
serum IL-2 increment when compared with controls,™* an
effect that was reduced by thEPO treatment, demonstrating that
thEPO has an immunomodulatory action. Our data reinforces
this notion, demonstrating that the thEPO effect is due to
downregulation of CRF induced IL-2 gene overexpression on
a moderate model of CRE.

EPO is a hormone regulating the proliferation and differentiation
of erythroid precursor cells, which have been demonstrating
proproliferative and proangiogenic activity.***! In our model
of moderate CRE heart gene expression of TGF-bl and
VEGEF, which are well-recognized markers of proliferation
and angiogenesis, respectively, was unchanged. This result
suggests that other pathways should play a major role on the
proproliferative profile encountered in this model, previously
demonstrated by us through the increment in the trophism of
both tissues, as well as through the increased levels of serum
TGF-b1.I®I thEPO treatment, accordingly, did not modify the
expression of both genes in the CRF rats. However, thEPO
was able to exacerbate the effect of CRF on PCNA expression,
thus demonstrating a proliferative action associated with DNA
synthesis and repair, which are known functions of PCNA,*#]
thus suggesting a regenerative function of thEPO in this tissue.
Similar effect was reported in a model of acute renal failure
induced by cisplatin in the rat,™ as well as in the liver after
rescction in the rat but was not previously documented on the
heart tissue of moderate CRF models.*”

Because EPO has been indicated as an antioxidant tissue-
protective cytokine,™ we also assessed the influence of thEPO
treatment on heart gene expression of cytochrome ¢, viewed as
a marker of mitochondrial injury, as well as on the expression of
NO synthase 2 and 3, which are the key enzymes in inducible
and constitutive NO synthesis and which participate in
oxidative stress under unimpaired circumstances. In our model
of moderate CRE, both cytochrome C and NO synthases gene
expression were unchanged, suggesting that this tissue was in
an earlier stage of oxidative lesion.

In conclusion, in this model of moderate CRF, thEPO treatment
showed important cardiac nonhematopoietic effects, expressed
mainly by the antiapoptotic and the proproliferative action on
the heart. This data suggests that early thEPO in moderate
stages of CRE, before critical lesion of the tissues, might have
further benefits.
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