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CARDIO-RENAL ANTI-APOPTOTIC AND PRO-PROLIFERATIVE EFFECT OF
RECOMBINANT HUMAN ERYTHROPOIETIN IN A MODERATE STAGE OF
CHRONIC RENAL FAILURE IN THE RAT
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ABSTRACT

We hypothesize that recombinant
human erythropoietin (rhEPO) thera-
py under circumstances of moderate
chronic renal failure (CRF), with
lower kidney and heart lesion/impair-
ment, may have a protective effect
beyond the correction of anemia,
whose mechanism deserve better elu-
cidation by clarifying the impact on
cardio-renal gene expression profile
on markers of apoptosis, inflamma-
tion, proliferation, angiogenesis and
lesion/stress. Four groups of rats were
studied over a period of 15 weeks
(n=7 each): control — without surgery
and without drug treatment; thEPO
— treated with 50 IU/kg/week of
rthEPO-beta; CRF — submitted to par-
tial nephrectomy (3/4); CRF+rhEPO

— CRF with thEPO treatment after the
3rd week of surgery. The kidney and
the heart were collected in order to
evaluate the gene expression, by real-
-time qPCR, of markers of apoptotic
machinery (Bax, Bcl2, Fas, Faslg and
caspases 3 and 9), inflammation/im-
munology (TNF-a, NF-Kf and IL-2),
proliferation/angiogenesis (TGF-f,
VEGF and PCNA) and lesion/stress
(cytochrome ¢ and NOS2 and NOS3).
The main finding obtained were: a)
— CREF rats has demonstrate overex-
pression of EPO-R in the heart
(P>0.005) and a trend to higher values
in the kidney, without changes on
EPO expression, together with over-
expression of Bax/Bcl2 ratio, PCNA
and IL-2 in both tissues (P<0.005 vs
control); b) — thEPO therapy on the
remnant kidney and on the heart of
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the rats with CRF induced by partial
3/4 nephrectomy promoted non-
-hematopoietic protection, demon-
strated by the apoptosis prevention in
both tissues, viewed by the Bax/Bcl2
balance (P<0.05 vs CRF), by the pro-
motion of proliferation, due to PCNA
increment, particularly in the heart
(P<0.01 vs CRF), and by the immu-
nomodulatory action, expressed by
the prevention of IL-2 increment in
the remnant kidney (P>0.01 vs CRF).
These effects were accompanied by a
trend to higher values of EPO gene
expression in the heart and of EPO-R
in the remnant kidney and in the car-
diac tissue. In conclusion, in this
model of moderate CRF, rhEPO treat-
ment showed important cardio-renal
non-hematopoietic effects, expressed
mainly by the anti-apoptotic and the
pro-proliferative action. This data
suggest that early rhEPO in moderate
stages of CRF, before critical lesion
of the tissues, might be a therapeutic
measure with further benefits.

Key-words: moderate chronic re-
nal failure, cardio-renal protection,
gene expression, poptosis, inflamma-
tion, proliferation/angiogenesis, le-
sion/stress, animal model

INTRODUCTION

The appearance and development
of chronic kidney disease (CKD) is
often associated to a state of low le-
vels of erythropoietin (EPO) produc-
tion, due to loss of peritubular cells
of the kidney, responsible for its for-
mation, with consequent reduction in
erythropoiesis, resulting in anemia'.
The reduction of tissue oxygenation
then causes an increase of cardiac

function, and subsequent left ven-
tricular hypertrophy, in order to reply
to the oxygen demands by the periphe-
ral tissues, which accounts for subse-
quent development of heart failure, a
triad of dysfunctions is known as the
cardio-renal anemia syndrome!-. The
relationship between the anemia-
-secondary to kidney disease and the
heart failure is already well described
and accounts for the high morbidity
and mortality rates found in CKD
patients*>.

The use of recombinant human
erythropoietin (rhEPO) has emerged
in the early 90s as the most appropria-
te method to control anemia in pa-
tients with CRF, 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 apopto-
sis, cell proliferation, ischaemia and
the nitric oxide pathway, which give
particular relevant to their use in non-
-haematological conditions’. How-
ever, for a significant percentage of
patients, ThEPO losses efficacy, be-
coming resistant, recommending
dose increment with further deterio-
ration of heart function, most pro-
bably due to the expected hypervis-
cosity and thromboembolisms’ !,
Therefore, although enhanced EPO
synthesis is viewed as an appropriate
compensatory mechanism in the
cardio-renal syndrome, excessive
EPO synthesis in the advanced stages
of both the chronic renal failure and
congestive heart failure appears to be
predictive of higher mortality'®. Thus,
early thEPO use, in stages of yet
moderate renal failure and low car-
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diac deterioration, might have addi-
tional 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 chronic renal failure, which
is a good tool to assess the patho-
logical evolution of the triad, as well
as to analyze the beneficial impact of
early rhEPO use'!. The model, in-
duced by partial (3/4) nephrectomy,
was consistent with a moderate but
maintained degree of chronic renal
failure (CRF), together with transi-
tory anemia and iron metabolism
disturbances. The remnant kidney
presented a reasonable degree of
functionality, mainly due to hyper-
trophic compensation, and there was
several important cardiovascular
modifications, including hyperten-
sion, tachycardia, dyslipidemia,
erythropoietic disturbances, sympa-
thetic activation, proliferation, an-
giogenesis and oxidative stress,
which are features seen in CKD pa-
tients'!2,

Using our model, we found that
rhEPO treatment in the moderate
CRF promotes erythrocytosis and
prevented tachycardia, cate-
cholamines increment and dyslipi-
demia, with a rise of serum TGF-B1.
Furthermore, the decreased kidney
gene expression of EPO and the over-
expression of Caspase 9 were pre-
vented, demonstrating a renoprotec-
tive action on the remnant kidney'*!3.
Thus, rhEPO therapy has promoted a
protective effect on the cardio-renal
axis, which might be attributed to its
protective actions, namely of pro-
-proliferative and anti-apoptotic na-
ture, as was previously suggested in

other conditions and pathologies®®,
but that deserves a more extensive
evaluation, particularly in moderate
stages of CKD, before critical im-
pairment of the kidney and heart.

EPO gene activation, mainly by
hypoxic states, is linked with se-
veral important pathways, with un-
equivocal impact on renal and car-
diac tissues function and structure.
The 3’ 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 altera-
tions in oxygen levels. The HIF will
act on several genes, including vas-
cular 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 extrare-
nal 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 occur-
rence of apoptosis due to activation
of its effector, Akt, an apoptotic
blocker involved in proliferation and
cell survival's. The interaction be-
tween the EPO and its receptor also
leads to activation of ras/MAPK sig-
naling pathways, by activating nu-
clear factor kB (NF-kB), with con-
sequent strengthening of cell
proliferation!>!7.

Our previous findings concerning
a protective role of thEPO, together
with the unequivocal impact of EPO
on pivotal signalling pathways for
apoptosis, proliferation, angioge-
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nesis and inflammation, was the ba-
sis for the present study, which was
designed to assess the effects of
rhEPO on gene expression profile on
the kidney and heart in a moderate
stage of moderate CRF. We hypoth-
esize that rhEPO under that circum-
stances of lower tissue lesion/im-
pairment may have a protective
effect beyond the correction of ane-
mia, whose mechanism deserve bet-
ter elucidation by clarifying the im-
pact on gene expression profile of
several markers of apoptosis, in-
flammation, proliferation, angiogen-
esis and lesion/stress.

MATERIALS AND METHODS
Animals and diets

Male Wistar rats (Charles River
Lab. Inc., Barcelona, Spain), weigh-
ing + 275g, were maintained in an air
conditioned room, subjected to 12-h
dark/light cycles and given standard
rat chow (IPM-R20, Letica, Barce-
lona, Spain) and free access to tap
water. Animal experiments were con-
ducted according to the European
Communities Council Directives on
Animal Care. The rats were divided
into 4 groups (7 rats each), during a
15-week protocol: control — without
drugs and surgery; thEPO (beta) — 50
IU/Kg/week s.c. Recormon® (Roche
Pharmaceuticals), without surgery;
CRF - induced by a two-stage (3/4)
nephrectomy: firstly, about half of the
left kidney was removed and, one
week later, the entire right kidney
was removed; CRF+rhEPO — treated
with thEPO after the 3" week of sur-
gery. All the animals have completed
the protocol.

Kidney and heart collection and
preparation

The rats were sacrificed by cervi-
cal dislocation, after intraperitoneal
anesthesia with a 2 mg/kg BW of a
2:1 (v:v) 50 mg/mL ketamine (Keta-
lar®, Parke-Davis, Lab. Pfeizer Lda,
Seixal, Portugal) solution in 2.5%
chlorpromazine (Largactil®, Rhone-
-Poulenc Rorer, Lab. Vitéria, Ama-
dora, Portugal). The heart and the
kidneys were immediately removed,
placed in ice-cold Krebs’ buffer and
carefully cleaned of adherent fat and
connective tissue, freezing therefore
in RNAlater tubes at —80°C.

Kidney and heart gene expression
analysis

Total RNA isolation: Kidneys and
heart were isolated in autopsy and
stored in RNA later™ solution (Am-
bion, Austin, USA). Samples were
removed from preservation solution
and 1200 pl of RLT Lysis Buffer were
added to proceed with disruption and
homogenization for 2 minutes at
30Hz using TissueLyser (Qiagen,
Hilden, Germany). Tissue lysate were
processed according to the protocol
from RNeasy® Mini Kit (Qiagen,
Hilden, Germany). Total RNA was
eluted in 50 pul 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 In-
tegrity Number), samples were ana-
lyzed using 6000 Nano Chip® kit, in
Agilent 2100 bioanalyzer (Agilent
Technologies, Walbronn, Germany)
and 2100 expert software, following
manufacturer instructions. The yield
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from isolation was from 0.5 to 3 pg;
RIN values were 6.0-9.0 and purity
(A, /A,q,) Was 1.8-2.0.

Reverse Transcription: RNA was
reverse transcribed with Super-
Script™ III First-Strand Synthesis
System for RT-PCR (Invitrogen,
California, USA). One microgram of
total RNA was mixed with a 2X First-
-Strand Reaction Mix and a Super-
Script™ III Enzyme Mix (Oligo(dT)
plus Random hexamers). Reactions
were carried out in a thermocycler
Gene Amp PCR System 9600 (Perkin
Elmer, Norwalk, USA), 10 min at
25°C, 50 min at 50°C and 5 min at
85°C . Reaction products were then
digested with 1 ul RNase H for 20
min at 37°C and, finally, cDNA elu-
ted to a final volume of 100 pl and
stored at —20°C.

Relative quantification of gene ex-
pression. Performed using 7900 HT
Sequence Detection System (Applied
Biosystems, Foster City, USA). A nor-
malization step preceded the gene ex-
pression quantification, using geNorm
Housekeeping Gene Selection kit for
Rattus norvegicus (Primer Design,
Southampton, UK) and geNorm soft-
ware (Ghent University Hospital,
Center for Medical Genetics, Ghent,
Belgium) to select optimal housekee-
ping genes to this study'®. Real-time
PCR reactions used specific Quanti-
Tect Primer Assays (Qiagen, Hilden,
Germany) with optimized primers for
TGF-B1 (QT00190953) and PCNA
(QT00178647), as a proliferative
markers; vascular endothelial growing
factor (QT00198954) as a angiogene-
sis marker; a synthase 2 (inducible)
and 3 (constitutive, endothelial) from
nitric oxide, NOS2 (QT00186340)
and NOS3 (QT01570618) as indica-
tors of endothelial and constitutive

enzyme activity; Cytochrome C
(QT00366205) as a vascular damage
factor; IL-2 (QT00185360), NF-kB
(QT01573334) and TNF-a
(QT00178717) as inflammatory
markers; and at least apoptotic indica-
tors such as caspase 9 (QT00188734),
caspase 3 (QTO01794429), Bax
(QT01081752), Bel2 (QT00184863),
Fas (QT00196595) and Fas ligand
(QT00178171). Endogenous controls
were also wused: GAPDH
(QT00199633), ACTB (QT00193473),
TOP1 (QT01820861) and RPL13
(QT00178675) together with Quanti-
Tect SYBR Green PCR Kit Gene ex-
pression (Qiagen, Hilden, Germany)
according to manufacturer’s instruc-
tions. RT-qPCR reactions were carried
out with: 100ng cDNA sample, pri-
mers (50-200 nM) and 1X QuantiTect
SYBR Green PCR Master Mix. Non
template control reactions were per-
formed for each gene, in order to as-
sure no unspecific amplification. Re-
actions were performed with the
following thermal profile: 10 min. at
95°C plus 40 cycles of 15 seconds at
95°C and 1 min. at 60°C. Real-time
PCR results were analyzed with SDS
2.1 software (Applied Biosystems,
Foster City, USA) and quantification
used the 224 method".

Statistical analysis

For statistical analysis, we used the
GraphPad Prism, Version 5.0. Results
are presented as means =+ standard er-
ror of means (SEM). Comparisons
between groups and between different
times of evaluation were performed
using two-way ANOVA and the
Post’hoc Bonferroni test. Significance
was accepted at p less than 0.05.
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RESULTS

Effect of rhEPO on kidney and heart
EPO and EPO-R mRNA gene
expression

We found that rhEPO treatment,
per se (thEPO group), promoted a
trend to overexpression of EPO gene
in the kidney (Fig. 1A1), with a sta-
tistically significant (P<0.05) reduc-
tion of EPO-R gene expression
(Fig. 1A2). In the cardiac tissue, thE-
PO was able to significantly (P<0.05)
increase EPO gene expression
(Fig. 1B1), together with a trend to
higher values of EPO-R (Fig. 1B2),
when compared with the control ani-
mals (Fig. 1). In the CRF animals, no
significant changes were encountered
in EPO gene expression in both the
kidney and heart tissues (Fig. 1A1
and 1B1, respectively), but a trend to
higher values of EPO-R was found in
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the kidney and statistically significant
elevated in the heart (Fig. 1A2 and
1B2), when compared with the con-
trol rats. thEPO treatment in the CRF
animals (CRF+rhEPO group) showed
a trend to higher values of EPO gene
expression in the heart (Fig. 1B1),
without further changes when com-
pared with the CRF rats without rhE-
PO therapy (Fig. 1).

Effect of rhEPO on kidney and heart
mRNA gene expression of apoptotic
markers

The following proteins were eva-
luated as markers of the apoptotic
machinery: Bax, Bcl2, Fas, FasLg
and caspases 3 and 9. Concerning the
rhEPO treatment, we found in the
kidney tissue a significant (P<0.001)
increment in Bax gene expression
and a trend to higher expression of
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Figure 1 — Kidney (A) and heart (B) mRNA erythropoietin (1) and erythropoietin receptor (2) gene expression
for the groups under study, at the final time. Results are means = SEM (7 rats/group): *p<0.05 and *p<0.01 vs

the control group.
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Figure 2 — Kidney (A) and heart (B) mRNA Bax/Bcl2 (1), PCNA (2) and IL-2 (3) gene expression for the groups
under study, at the final time. Results are means + SEM (7 rats/group): “p<0.05, “p<0.01 and **p<0.001 vs the

control group; ®p<0.05 and "*p<0.01 vs the CRF group.

Bcl2; Bax/Bcl2 ratio showed no sig-
nificant changes when compared
with the control (Fig. 2A1). No fur-
ther changes were encountered in the
other markers, including Fas, FasLg
and caspases 3 and 9, despite a trend
to higher expression of Fas, caspase
3 and 9 and lower of FasLg (Table
I). In the heart tissue, however, rhE-
PO was able to promote a statisti-
cally significant increase (P<0.01) in
Bax/Bcl2 ratio (Fig. 2B1), as a result
of a trend to higher values of the pro-

-apoptotic protein Bax and lower of
the anti-apoptotic Bcl2 (Table II).
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 expression
(Table II).

In the CRF animals, and concer-
ning the kidney tissue, a statistically
significant increment (P<0.05) in
Bax/Bcl2 ratio (Fig. 2A 1) was found,
together with no further changes on
the other proteins, Fas, FasLg and
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Table 1 — Effects of thEPO treatment on kidney mRNA gene expression of markers of apoptosis, proliferation, angiogenesis, inflammation and lesion/oxida-

tive stress in a rat model of moderate CRF, at the final time (15 weeks)

Renal Parameters Control (No surgery) CRF (% Nephrectomy)
Arbitrary units (AU) Vehicle rhEPO Vehicle rhEPO
Apoptosis
Bax 567.45 + 85.42 1,481.67 + 104.93% 679.40 + 64.43 809.88 = 119.40
Bcel2 897.15+55.45 1.446,70 + 176.75 400.05 + 88.59 1,053.43 +194.95
Bax/Bcl2 0.63 £0.06 1.01 £0.11 1.98 £ 0.65° 0.82+0.15
Fas 1,007.55 + 507,75 1,822.20+171.83 1,626.45 +416.01 656.78 +329.77
Faslg 2,426.51 £ 707.54* 938.30 + 148.56 993.45 +351.92 1,133.08 + 288.64
Caspase 3 956.35+213.99 1,194.70 + 145.64 656.65 +273.87 867.23 £69.87
Caspase 9 952.25 + 84.15 1,582.51 + 171.11 1,131.20 +271.82 739.08 +75.19
Proliferation and angiogenesis
TGF-1B 1,130.10 £102.13 1,335.02 + 85.42a 790.60 + 198.84 709.05 + 86.21
Citocrom ¢ 591.45 +180.34 2,330.71 + 177.98% 550.95+19.08 473.40 £ 100.32
VEGF 1,025.25 +231.95 991.35 + 135.56 1,108.55 +294.71 934.43 £ 155.11
Inflammation/Stress
TNF-a 1,273.01 £ 19.05 1,247.44 + 85.94 1,152.05 + 105.63 656.85 +166.88°
NF-KB 1,066.55 +272.19 1,442.20 + 187.02 882.65+107.59 751.83+117.24
NOS2 696.75 £ 265.73 2,821.01 +384.21= 566.80 +99.77 371.18 + 88.25
NOS3 2,210.50 +417.71 456.89 + 76.88* 3,159.01 + 387.98 1,804.25 £ 183.21™

Results are means + SEM (7 rats/group): # p<0.05, ® p<0.01 and ** p<0.001 vs the control group; ** p<0.01 vs the CRF group.

caspases 3 and 9 (Table I). In the
heart, the same pro-apoptotic profile
concerning Bax/Bcl2 was found, with
a significant increase (P<0.05) versus
the control group (Fig. 2B1), without
any other significant effect on Fas,
FasLg and caspases mRNA gene ex-
pression (Table II).

Concerning the rats under thEPO
treatment with CRF (CRF+rhEPO
group), in the kidney tissue there was
a prevention of the pro-apoptotic ef-
fect promoted by the renal failure,
with a statistically significant (P<0.05)
reduction of Bax/Bcl2 ratio when
compared with the animals without
rthEPO therapy (Fig. 2A1). Once
again, no further changes were found
for the other parameters (Table I). In

the heart tissue, a similar anti-apoptotic
protection was encountered in Bax/
Bcl2 ratio (P<0.05) (Fig. 2B1), due to
a significantly increment (P<0.01) on
Bcl2 gene expression (Table II).

Effect of rhEPO on kidney and heart
mRNA gene expression of proliferative
and angiogenic markers

To assess the influence of thEPO
treatment on kidney and heart proli-
feration and angiogenesis, we evalua-
ted the following proteins: PCNA,
TGF-B1, citocrom ¢ and VEGF. Con-
cerning the thEPO treatment, per se
(thEPO group), we found a remar-
kable increment in PCNA mRNA
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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)

Cardiac Parameters Control (No surgery) CRF (% Nephrectomy)
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 4 (.39 bb
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 £ 0.62 248 +£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 and angiogenesis
TGF-1pB 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
Inflammation/Stress
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 group; ® p<0.05 vs the CRF group.

gene expression in both the kidney and
the heart (P<0.05) (Figs. 2A2 and 2B2,
respectively). We should mention that
the values in the kidney changed from
the control group 0f25.91 + 10.18 AU
t027,933.45 £ 7,251.23 in the thEPO
animals, whcih is an unequivocal in-
crement. thEPO treatment also pro-
moted a trend to higher values of TGF-
-B1 gene expression in the kidney,
together with statistically significant
increment in citocrome ¢ gene expres-
sion (P<0.001), without unchanges
values of VEGF (Table I). In the heart,
thEPO treatment promoted no chang-
es on TGF-B1, citocrome ¢ and VEGF
gene expression, despite a trend to
higher values of TGF-f1 and lower of
citocrome (Table IT).

In the CRF animals, and concer-
ning the kidney tissue, we found a
notoriously higher value of PCNA
(287.22 £154.27 AU; P>0.05) when
compared with the control animals
(25.91+£10.18 AU) (Fig. 2A2). Simi-
lar patern was found for the cardiac
tissue, with a tend to higher values
(0.63 £0.10 AU) versus the control
rats (0.27 £ 0.07 AU) (Fig. 2B2).
Concerning the other markers, no
changes were encountered in the kid-
ney and in the heart for TGF-B1, cito-
crome ¢ and VEGF gene expression
levels (Table I and II, respectivelly).

In the rats under rhEPO treatment
with CRF (CRF+rhEPO group),
PCNA gene expression was identical
to that found in the kidney of CRF rats
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and was even higher (P<0.01) in the
heart (Fig. 2A2 and 2B2, respectivel-
ly). No other significant chnages were
encountered concerning the other pro-
teins, both in the kidney and in the
heart (Table I and II, respectivelly).

Effect of rhEPO on kidney and heart
mRNA gene expression of markers of
inflammation and lesion/stress

We also assess the influence of
rhEPO treatment on kidney and heart
IL-2, TNF-a, NF-KB and NOS2 and
NOS3 gene expression. Concerning
the thEPO treatment, per se (thEPO
group), we found no significant
changes for all the parameters ana-
lyzed in the heart tissue, despite a
trend to higher expression in all of
them (Fig. 2B3 and Table II). Con-
cerning the kidney, rhEPO also pro-
moted no changes on IL-2, TNF-a
and NF-KB gene expression, but
NOS2 was significantly higher
(P<0.01) and NOS3 lower (P<0.001),
versus the control group (Table I).

In the CRF animals, in both the
kidney and the heart, IL-2 gene ex-
pression was higher (P<0.05) that in
the control rats (Fig. 2A3 and 2B3,
respectively), without no further sig-
nificant changes on all the other mark-
ers (Table I and II, respectively).

In the rats under rhEPO treatment
with CRF (CRF+rhEPO group), IL-2
gene overexpression found in the
CRF animals was prevented in the
kidney (P<0.01) and a trend to identi-
cal variation was found in the heart
(Fig. 2A3 and 2B3, respectively).
Apart from those changes, a trend to
lower values was found for the kid-
ney TNF-a gene expression and
higher for heart NF-KB, together

with a reduction of NOS3 in the kid-
ney (P<0.01) versus the CRF group
(Table I and II).

DISCUSSION

The introduction of recombinant
human erythropoietin (rhEPO) the-
rapy allowed a significant reduction
of anemia-associated adverse effects,
allowing for a prolonged life expec-
tance in end-stage renal disease stag-
es*. Apart the anemia correction,
rhEPO therapy has been associated
with positive beneficial effects on
non-hematopoietic cells’, which
have been attributed to its anti-
-apoptotic, anti-inflammatory and
antioxidant actions, that underlies the
cardio and neuro protection in other
conditions?>?!. Functional EPO re-
ceptors have been found to be ex-
pressed in several tissues, included
the cardiovascular system, namely in
endothelial cells and cardiomyo-
cytes?>? and EPO is a key player in
a broad variety of processes in car-
diovascular pathophysiology, inclu-
ding apoptosis, cell proliferation,
ischaemia and the nitric oxide path-
way’. An increase in cardiac systolic
function has been observed in pa-
tients with chronic heart failure trea-
ted with EPO. Other beneficial effects
appear to be related to the pro-
-angiogenic properties on endothelial
cells and could be useful for treat-
ment of ischemic heart disease®.
These findings suggest that rhEPO
could provide potential therapeutic
benefits in the management of cardio-
vascular diseases beyond anaemia
correction. Nevertheless, although
enhanced EPO synthesis is viewed as
an appropriate compensatory mecha-
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nism in the cardio-renal syndrome,
excessive EPO synthesis in the ad-
vanced stages of both the CRF and
CHEF appears to be predictive of higher
mortality'?. In this context, earlier
rhEPO therapy in anaemic CKD pa-
tients might have a positive cardio-
-renal impact, such as previously
reported in ischemic injury, contri-
buting to organ protection/
regeneration®*~°, However, the im-
pact of early thEPO use, in stages of
yet moderate renal failure and low
cardiac deterioration, remains poorly
investigated.

In order to further evaluate the ef-
fect of rhEPO on the cardio-renal
axis, our group has previously char-
acterized a rat model of moderate
chronic renal failure induced by par-
tial (3/4) nephrectomy, which de-
monstrated a moderate but main-
tained degree of CRF, together with
transitory anemia and iron metabo-
lism disturbances'""*. The remnant
kidney presented a reasonable degree
of functionality, mainly due to hyper-
trophic compensation, and there was
several important cardiovascular
modifications, including hyperten-
sion, tachycardia, dyslipidemia,
erythropoietic disturbances, sympa-
thetic activation, proliferation, angio-
genesis and oxidative stress, which
are features seen in CKD patients!'!-!3,
The use of rhEPO in that model
showed important renal and cardio
effects, including prevention of
tachycardia, catecholamines incre-
ment and dyslipidemia, together with
a notorious pro-proliferative action
on the remnant kidney and on the
heart tissue'>!?. Considering that EPO
interaction with its receptor leads to
activation of several important path-
ways related with apoptosis, proli-

feration, angiogenesis, inflammation
and lesion/stress'>'7?!, we hypothe-
size that the putative protective effect
of early rhEPO use might be linked
with adaptations on kidney and heart
gene expression.

In our study, rhEPO treatment, per
se, without CRF, showed a trend to
higher EPO gene expression and a
significant downregulation of EPO-R
in the kidney, which was accompa-
nied by overexpression of EPO and
EPO-R gene in the heart. In the group
with CRF, rhEPO treatment did not
change EPO and EPO-R expression
in the kidney, but a trend to higher
values of both genes in the heart was
found. This data suggest that rhEPO
use, in this circumstances of moderate
CRF, might produce a relevant extra-
-renal impact, namely at the level of
cardiac tissue, as previously sugges-
ted by us using this model, as well as
by others in other conditions®?’.

Our study also showed that both
the kidney and the heart from the rats
with CRF presented a pro-apoptotic
profile, viewed by the significantly
increased ratio of Bax/Bcl2 expres-
sion in both tissues. 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. Recombi-
nant erythropoietin use in these ani-
mals promoted prevention of apopto-
sis in both the remnant kidney and
the heart, due to the significant pre-
vention of Bax/Bcl2 increment in-
duced by renal failure. This effect
was previously documented for rhE-
PO use in other situations, in both the
kidney?*-! and in the heart, due to ef-
fect on cardiac myocytes*>3, but was
not previously evaluated on a mode-
rate stage of chronic renal failure. A
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similar preventive use, by the pleio-
tropic action, including mechanisms
of anti-apoptotic action, was recom-
mended by Bernhardt and Eckardt
(2008) as protective against develop-
ment of acute kidney injury in criti-
cally ill patients at higher risk of
acute nephropathy?>.

Chronic kidney disease is associ-
ated with inflammatory mechanisms
and is present in CKD patients,
viewed by increment in the synthesis
of acute phase proteins, such as C-re-
active protein (CRP), a prominent
marker of inflammatory response in
the general population and in chronic
kidney disease (CKD) patients, which
was reported elevated in hemodia-
lyzed patients**-38, Chronic inflamma-
tion is also associated with athero-
sclerotic cardiovascular disease
(CVD) and the high rate of morbi-
dity and mortality observed in hae-
modialyzed patients***° could reflect
the inflammatory process in CKD
patients favouring CVD events. rHE-
PO has been shown a pleiotropic
action***, which includes an anti-
-inflammatory activity already re-
ported on other conditions, including
in cardiomyocytes with hypoxia/re-
oxygenation injury, in the brain, as
well as in the kidney***. In our study,
CRF was not associated with signifi-
cant changes on the inflammatory
markers, viewed by normal gene pro-
file of both TNF-a and NF-kf3 in both
the remnant kidney and in the heart,
which is in agreement with our previ-
ous assays in serum markers of
inflammation''"'*. However, the I1L-2
gene overexpression in both tissues
was prevented with thEPO, sugges-
ting an inhibitory effect on T-cell in-
duced IL-2 production. Previous
studies on CKD patients have shown

serum IL-2 increment when com-
pared with controls*-*°, an effect
which was reduced by rhEPO treat-
ment, demonstrating that thEPO has
an immunomodulatory action. Our
data reinforces this notion, demon-
strating that the thEPO effect is due
to downregulation of CRF induced
IL-2 gene overexpression in the rem-
nant kidney and in the heart on a
moderate model of CRF.
Erythropoietin (EPO) is a hor-
mone regulating the proliferation and
differentiation of erythroid precursor
cells, which have been demonstrating
pro-proliferative and pro-angiogenic
activity?*!. In our model of moderate
CREF, kidney and heart gene expres-
sion of TGF-B1 and VEGF, which are
well-recognized markers of proli-
feration and angiogenesis, respec-
tively, was unchanged, thus demons-
trating that other pathways should
play a role on the pro-proliferative
profile encountered in this model,
previously demonstrated by us in his
model by the increment in the tro-
phism of both tissues, as well as by
the increased levels of serum TGF-p1'.
rhEPO treatment, accordingly, did
not modify the expression of both
genes in those tissues of the CRF rats.
However, thEPO was able to exacer-
bate the effect of chronic renal failure
on PCNA expression in the remnant
kidney and in the heart, thus demon-
strating a proliferative action associa-
ted with DNA synthesis and repair,
which are known functions of
PCNAS3%%3 thus suggesting a regene-
rative function of thEPO on both ti-
ssues. Similar effect was reported in
amodel of acute renal failure induced
by cisplatin in the rat**, as well in the
liver after resection in the rat®’, but
was not previously documented nei-
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ther on remnant kidney of moderate
chronic renal failure nor on the cor-
responding heart.

Our study also assessed the influ-
ence of thEPO treatment on kidney
and heart gene expression of cyto-
chrome c, viewed as a marker of mi-
tochondrial injury, as well as on the
expression of NO synthase 2 and 3,
which are the key enzymes in induci-
ble and constitutive NO synthesis and
which participate in oxidative stress
under unimpaired circumstances.
Erythropoietin as been indicated as an
antioxidant tissue-protective cy-
tokine**’. In our model of moderate
CREF, both cytochrome ¢ and NO syn-
thases gene expression were un-
changed in the remnant kidney and in
the heart, suggesting that both tissues
were in an earlier stage of oxidative
lesion. thEPO treatment, per se, with-
out CRF, showed interesting effects
on the kidney, including an increment
of NOS2 gene expression, a comple-
mentary reduction of NOS3 and a
significant augment of cytochrome c.
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