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Abstract: Renal insufficiency is commonly associated with an erythropoietin (EPO) dependent anemia. CNTO 530 is an
EPO-mimetic antibody fusion protein with EPO-receptor agonist activity. The pharmacokinetics and pharmacodynamic
activity of CNTO 530 were evaluated in a rat model of chronic renal insufficiency (CRI) induced anemia. Following 5/6
nephrectomy and 13 -17 weeks of stabilization, rats received a single subcutaneous (SC) dose of saline or CNTO 530
(0.03, 0.1, or 0.3 mg/kg). CNTO 530 caused dose-dependent reticulocytosis and long-lived increases in red blood cells,
hemoglobin, and hematocrit. After receiving a dose of 0.1 mg/kg, red cell indices increased and remained within normal
range for 44 days. Pharmacokinetic analysis showed that clearance of CNTO 530 increased 1.4 fold and terminal t;, and
AUC decreased 1.6 fold in CRI rats compared to controls. CNTO 530 is active in a CRI rat model of anemia and widely
spaced treatments with CNTO 530 may be sufficient to combat anemia.
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INTRODUCTION

Erythropoiesis, the formation of red blood cells from
multipotent stem cells in the bone marrow, is an exquisitely
regulated process in which the glycoprotein hormone
erythropoietin (EPO) plays a central role [1]. The kidney is
an important source of EPO [2], and renal insufficiency in
addition to causing azotemia, is also commonly associated
with EPO dependent anemia. Anemia associated with renal
insufficiency, as well as that caused by chemotherapy or
AlDs treatments, is commonly treated with recombinant hu-
man erythropoietin (rHuEPO) [3, 4]. However, due to its
short half-life, rHUEPO must be administered relatively fre-
quently, typically 3 times a week either intravenously or
subcutaneously [5]. This dosing regime is sub-optimal with
regards to patient compliance. A molecule which has EPO-R
agonist activity, longer lasting effects, and requires less fre-
quent dosing, is therefore desirable.

CNTO 530 is a 58 kD glycoprotein MIMETIBODY™
construct EPO-mimetic antibody fusion protein that has been
shown to produce long-lived stimulation of erythropoiesis in
mice and rats [6, 7]. CNTO 530 has no sequence homology
with EPO; instead, it includes 2 EMPI1 sequences, a 20-
amino acid peptide that binds EPO-R and expresses EPO-
like bioactivity on a human IgG4 Fc framework [8, 9].

The purpose of these experiments was to study the phar-
macokinetics and pharmacodynamic activity of CNTO 530
in a rat model of chronic renal insufficiency (CRI) induced
anemia.
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MATERIALS AND METHODS

Male Sprague-Dawley CD rats obtained from Charles
River Laboratories (Kingston, NY, USA) weighed approxi-
mately 300 grams at study start and were pair housed in fil-
ter-top shoebox cages. Food and water were available ad
libitum. Rats were maintained on a 12-hour light/dark cycle
in the pathogen-free vivarium at Centocor R&D, Inc., Rad-
nor, Pa, USA. The Institutional Animal Care and Use Com-
mittee approved all procedures. To establish CRI, a total of
70 rats underwent 5/6 nephrectomy. CRI was induced by a
modification of the method originally described by Platt R et
al. which involves two surgeries with a recovery period in
between [10]. Rather than wait 10-14 days following surgery
for resection of the poles of 1 kidney before performing a
total nephrectomy of the intact kidney, both procedures were
accomplished in a single surgery under isoflurane inhalation
anesthesia. Buprenex®, (Reckitt Benckiser Healthcare, UK)
0.03-0.06 mg/kg SC was administered for analgesia at the
conclusion of all surgical procedures and repeated if the
animals exhibited any signs of post-operative pain. At 2, 9,
and 13-17 weeks following 5/6 nephrectomy, rats were anes-
thetized with CO,/O; and blood drawn from the retro-orbital
sinus for analysis of hematology parameters, blood urea ni-
trogen (BUN), and creatinine. Blood was collected into mi-
cro-centrifuge tubes containing EDTA and immediately
mixed. Whole blood was used for analysis of hematology
parameters with an ADVIA® 120 hematology analyzer
(Siemens Medical Solutions Diagnostics, Tarrytown NY,
USA) and plasma was used for analysis of BUN and creatin-
ine with a VetACE™ Clinical Chemistry System (Alfa Was-
serman, Inc., West Caldwell, NJ, USA).

Rats that developed anemia between weeks 13-17 post
nephrectomy were selected for the CNTO 530 treatment
phase of the study. To ensure a similar distribution of anemia
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across the groups, rats were assigned to treatment based on
hemoglobin (Hgb) values. On the day of treatment, rats (4-5
rats/group), received a single SC dose of CNTO 530 at 0.03,
0.1, or 0.3 mg/kg. Blood samples were collected from anes-
thetized rats via the retro-orbital sinus into EDTA coated
microcentrifuge tubes on days 5, 12, 23, 29, 36 and 44 after
treatment for analysis of hematology parameters. Two con-
trol groups were included in the study; an untreated non-
surgical group and an untreated 5/6 nephrectomy group
which underwent the same bleeding regime and euthanasia
procedure as the treatment groups to obtain control values
for comparative purposes.

To evaluate the pharmacokinetics of CNTO 530, three
normal, non-nephrectomized rats, and six nephrectomized
rats received a single intravenous dose 0.3 mg/kg of CNTO
530. Retro-orbital blood samples were collected pre-dose
and at various time points up to 21 days post-dose. These
samples were centrifuged at 2500 rpm for 15 minutes to
separate the serum which was stored at -80°C until analyzed
as described previously [11].

Data are expressed as mean +/- standard deviation (SD).
Statistical differences were determined by t-test or an analy-
sis of variance (ANOVA) with Bonferroni’s correction for
multiple comparisons. Where the data were not normally
distributed, or if there was an unequal variance among the
groups, a Mann Whitney Rank Sum or Kruskal-Wallace
ANOVA on Ranks with Dunn’s correction for multiple
comparisons was used. P<0.05 was accepted as significant.

RESULTS

Starting on post treatment day 12, a number of renal in-
sufficient rats across the surgical control and CNTO 530
treatment groups became emaciated and lethargic. An addi-
tional rat was found dead on post treatment day 60. Thus,
only data to post treatment day 44 are shown; expressed as
the group mean +/- SD and plotted as a function of days after
dosing. As expected, 5/6 nephrectomy caused a statistically
significant increase in BUN and creatinine that was essen-
tially stable from day 1 through 44 (Figs. 1a,b) (Mann Whit-
ney Ranks Sum test, P<0.001). Compared to non-surgical
control rats, reticulocyte counts in the surgical control group
were increased throughout the course of the study (Mann
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Whitney Ranks Sum test, P<0.001). In contrast, compared to
the non-surgical control group, red blood cell counts (RBC)
(t-test, P<0.001) and Hgb (Mann Whitney Ranks Sum test,
P<0.001) in the surgical control group decreased and re-
mained so throughout the course of the study (Figs. 2b,c).

A single SC dose of CNTO 530 had no statistically sig-
nificant effect on creatinine or BUN levels (Figs. 1a,b).
CNTO 530 induced a dose-responsive increase (magnitude
as well as duration) in reticulocyte counts (Fig. 2a). All
doses of CNTO 530 were effective in increasing reticulocyte
numbers but the increase was statistically significant only at
the two higher doses (ANOVA on Ranks with Dunn’s Cor-
rection, P<0.05). Reticulocyte counts peaked between day 1
and 5 and then fell to or below baseline values for all CNTO
530 treated groups by day 23. CNTO 530 also caused a dose-
responsive increase in RBC and Hgb levels (Figs. 2b,c)
(ANOVA with Bonferroni’s correction P<0.05). Doses of
0.03 and 0.1 mg/kg were sufficient to increase Hgb to the
non-surgical control mean for up to 44 days and a dose of
0.3 mg/kg resulted in a mean increase in Hgb of 3.6 g/dL.

The mean serum concentration of CNTO 530 as a func-
tion of time in normal and CRI rats is shown in Fig. (3).
Pharmacokinetic parameters (mean +/- SD) are summarized
in Table 1. Compared to normal rats, CRI rats showed in-
creased clearance of CNTO 530 as reflected in decreased
AUCs and a statistically significant decrease in terminal
half-life (t-test, P<0.05).

DISCUSSION

Anemia is a well documented co-morbidity associated
with CRI and deficiency of EPO is considered the primary
cause of anemia associated with CRI [12]. In this study, it
has been shown that an EPO-mimetic fusion protein, CNTO
530, was effective in treating anemia of CRI without exacer-
bating the condition, and importantly, the clearance of
CNTO 530 was increased in CRI animals.

Partial nephrectomy (also referred to as 5/6 nephrectomy
or the remnant kidney model) is a well studied model of
anemia of CRI [13, 14] and a number of agents effective in
human anemia of CRI have been shown to treat anemia as-
sociated with CRI in rats [15-17]. However, to sustain the
increase in Hgb achieved following a single dose of CNTO
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Fig. (1a). BUN values in control, CRI, and CRI rats treated with a single SC dose of CNTO 530. (1b). Creatinine values in control, CRI and

CRlI rats treated with a single SC dose of CNTO 530.
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Fig. (2a). Reticulocyte counts in control, CRI and CRI rats treated with a single SC dose of CNTO 530. (2b). Red blood cell counts in con-
trol, CRI and CRI rats treated with a single SC dose of CNTO 530. (2¢c). Hemoglobin values in control, CRI and CRI rats treated with a sin-

gle SC dose of CNTO 530.

530 observed in this study, the other agents required more
frequent dosing; for example, treatment three times per week
for rtHUEPO or weekly for rtHUEPO conjugated to polyethyl-
ene glycol [18].

In this study, as evidenced by increases in BUN and
creatinine, CRI progressed rapidly between ~15 and 20
weeks after nephrectomy in all groups. Although there was a
trend toward increased severity of CRI in the 0.3 mg/kg
CNTO 530 treated group, there were no statistically signifi-
cant drug effects. It has been reported previously that
rHuEPO can exacerbate CRI in rats [18, 19]. Hypertension,
mediated by endothelin-1 and the renin-angiotensin system
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Fig. (3), Serum concentration of CNTO 530 in control and CRI rats
following a single SC dose of 0.3 mg/kg CNTO 530.

is believed to play a role in exacerbation of CRI in rats re-
ceiving rHuEPO [20, 21].

CRI is also associated with changes in the clearance of
many drugs. For drugs that are cleared via renal excretion,
CRI usually results in decreased clearance. In the case of
EPO-R agonists, however, CRI has been somewhat para-
doxically associated with increased clearance [22, 23]. Simi-
larly, in this study it was found that clearance of CNTO 530
was increased in rats with CRI. Taken together with the pre-
vious work, our findings suggest that renal clearance is not
an important route of elimination for CNTO 530 and that
CNTO 530 behaves similar to other EPO-R agonists.

Current treatments for anemia of CRI are less than ideal,
require frequent dosing, and sometimes result in poor com-
pliance. A more efficacious treatment with less stringent
dosing requirements could provide a better standard of care.
By testing the drug in a rat model of CRI, we demonstrated
its effectiveness in a physiologic state similar to that found in
patients with renal impairment. Importantly, we were able to
show that renal function, which would be compromised in
target patients, is not problematic with regard to drug reten-
tion. The prolonged activity demonstrated by CNTO 530
could translate into less frequent dosing making it a more
convenient treatment with enhanced compliance as com-
pared to the current standard of care.

CONCLUSION

The rat 5/6 nephrectomy model successfully produces
anemia associated with CRI, and as such is an acceptable
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Table1. Pharmacokinetic Parameters Following a Single (0.3 mg/kg) IV dose of CNTO 530

Parameter Units Normal Rats Renal Insufficient Rats % Change

Cmax pg/mL 9.1+2.9 7.8+44 -15

AUCt pg-day/mL 334+11.9 23.6+7.6 29

AUC pg-day/mL 340+123 23.7+7.6 -30

CL mL/day/kg 99+4.4 135+33 37

Vss mL/kg 474+ 143 50.5+16.0 7

t1/2 Days 3.6+0.3 2.2+0.5% -39

* Statistically different from normal rats (t-test, P=0.005).

model used to mimic the human condition. Following a sin-
gle administration of CNTO 530, an EPO mimetic antibody
fusion protein, we were able to effectively treat CRI associ-
ated anemia in rats as evidenced by a sustained increase in
hemoglobin. These results warrant further investigation of
CNTO 530 as a clinically relevant agent for the treatment of
erythropoietin dependent anemia.
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