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ABSTRACT. Genes and proteins of human origin are often administered to monkeys for research purposes, however, it can be difficult to
obtain sufficient levels of the products in vivo due to immunological clearance. In this study, we showed that human erythropoietin
(hEPO) induces generation of anti-hEPO antibody in cynomolgus macaques (n=2), although 92% of amino acid residues are common
between the human and macaque EPO. The administered hEPO was thus eliminated from the animals. On the other hand, when an
immunosuppressant, cyclosporin A (CyA), was administered (6 mg/kg) intramuscularly every other day in combination with hEPO (n=2),
no anti-hEPO antibody was generated and high serum levels of hEPO were obtained during administration of hEPO, resulting in an
increase in serum hemoglobin levels. No adverse effects associated with CyA were observed. Thus, CyA treatment is useful for pre-

vention of immune responses associated with the administration of human proteins in monkeys.

KEY WORDS: cyclosporin A, cynomolgus monkey, erythropoietin.

Macaque monkeys are widely used for preclinical testing
of genes and proteins of human origin, taking advantage of
their close phylogenetic relationship to humans [5, 11, 21].
Despite the genetic similarity between the two species,
human gene products or proteins are often immunogenic to
monkeys. An example is erythropoietin (EPO). EPO is a
hematopoietic growth factor that stimulates the proliferation
and differentiation of erythroid progenitor cells [10].
Recombinant human EPO (hEPO) has a variety of clinical
uses [4, 6, 17, 22]. Although 92% of amino acid residues
(142/166) are common between human and macaque EPO
[12, 201, we showed here that hEPO induces potent immune
responses in macaque monkeys, precluding its administra-
tion to monkeys.

Therefore, it is necessary to develop a method to prevent
such immune responses following administration of hEPO.
Among many immunosupressants available, cyclosporin A
(CyA) is widely used to suppress detrimental immune reac-
tions associated with allogenic bone marrow and organ
transplantation [1-3, 19]. CyA is a calcineurin inhibitor that
inhibits nuclear factor of activated T cells (NFAT) activity
and induces immunosuppression [9, 13]. In this study, we
showed that hEPO can be successfully administered to cyn-
omolgus monkeys (Macaca fascicularis) without immuno-
logical clearance by using CyA.

Four cynomolgus monkeys (4-6 years old, 2.5-5.5 kg)
bred in the Tsukuba Primate Research Center (Ibaraki,
Japan) were used in this study (Table 1). The animals were

* CORRESPONDENCE TO: Hanazono Y, Division of Regenerative
Medicine, Cednter for Molecular Medicine, Jichi Medical
School, 3311-1 Yakushiji, Shimotsuke, Tochigi 329-0498,
Japan.

J. Vet. Med. Sci. 68(5): 507-510, 2006

free of intestinal parasites, herpes-B, simian type-D retrovi-
rus, and simian varicella virus. This study was conducted
according to the Rules for Animal Care and Management of
the Tsukuba Primate Research Center [8] and the Guiding
Principles for Animal Experiments Using Nonhuman Pri-
mates formulated by the Primate Society of Japan [14]. The
protocols of the experimental procedures were approved by
the Animal Welfare and Animal Care Committee of the
National Institute of Infectious Diseases (Tokyo, Japan).
First, we administered hEPO (Chugai, Tokyo, Japan)
subcutaneously to a cynomolgus monkey (099054) at a dose
of 3,000 IU/kg three times a week and assessed the hEPO
concentrations in the serum by enzyme-linked immunosor-
bent assay (ELISA; Roche Applied Science, Mannheim,
Germany). Low levels (< 1.0 ng/ml) of hEPO were detected
for the first 3 weeks, but thereafter the levels decreased to
the lowest limit of detection (0.01 ng/m!) despite continued
administration of hEPO (Fig. 1A). Assessment by ELIZA
revealed that anti-hEPO antibody was being generated [7]
(Fig. 1A), and the hEPO was cleared from the serum. A sec-
ond cynomolgus monkey (001051) was intravenously
(instead of subcutaneously) given a much lower dose of
hEPO (200 IU/kg, three times a week). During administra-
tion, very low levels (< 0.1 ng/ml) of hEPO were detected
with the exception of one time point (1.0 ng/m/ at day 28),
and the levels eventually decreased to zero (Fig. 1B).
Despite the lower dose, anti-hEPO antibody was generated
again (Fig. 1B), leading to clearance of hEPO from the
serum. Although we did not try subcutaneous administra-
tion of 200 TU/kg hEPO in the present study (Table 1), we
assumed that subcutaneous administration of 200 IU/kg
hEPO would also result in anti-hEPO antibody generation
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Table 1.  Characteristics of cynomolgus monkeys subjected to hEPO administration
Hemoglobin
hEPO CyA
' Body 4 Levels (g/d1)
Animal Age Weight Administration Administration Complication
(Sex) (years) Dose Dose
(kg) U/ Route and Route and Day 0 Day 35
IU/kg) (ng/kg)
Frequency Frequency

099054 Subcutaneous Antibody
o (Male) 5 5.5 3000 (3 times a - - 12.7 12.6 production
Z week)
o
8 001051 Intravenous Antibody
2 (Female) 4 2.5 200 (3 times a - - 12.4 12.4 production

week)

Average 45 4.0 - - - - 12.6 12.5 -

396053 Subcutaneous Intramuscular

(Female) 6 32 200 (3 times a 6 (every other 10.9 11.6 None
<
o week) day)
'g
S 396058 Subcutaneous Intramuscular
& (Female) 6 4.0 200 (3 times a 6 (every other 11.1 12.0 None
2 week) day)

Average 55 3.6 - - - - 11.0 11.8 -

given that intravenous administration of the same dose of
hEPO produced this result. The reason for this was subcuta-
neous administration is known to induce a stronger immune
response than intravenous administration [16]. The hemo-
globin levels did not increase in either animal (Table 1).
Despite the genetic similarity of EPO between humans and
macaques [12, 20], hEPO is a potent immunogen in
macaque monkeys. This is the first report on the immune
responses in monkeys following administration of hEPO.

On the other hand, two cynomolgus monkeys (396053,
396058) were given 6 mg/kg of CyA (Sandimmun; Novartis
Pharma, Basel, Switzerland) intramuscularly every other
day in combination with subcutaneous hEPO administration
(200 1U/kg, three times a week) (Table 1). CyA concentra-
tions in the plasma were assessed by radioimmunoassay
according to a previously reported method [15], and it was
found that the concentrations were maintained within an
effective range of 200 to 400 ng/mi. As a result, no anti-
hEPO antibody was generated in either monkey and high
serum levels (around 10 ng/mi) of hEPO were obtained dur-
ing administration of hEPO (Figs. 2A and 2B). A second
trial of hEPO resulted in a similar elevation of the serum
levels of hEPO (Figs. 2A and 2B). The hemoglobin levels
apparently increased in response to administration of hEPO
(Table 1), suggesting that the hEPO trial was effective when
CyA was administered together. Blood biochemistry tests
revealed no adverse effects associated with the CyA and
hEPO treatment.

We have thus established a method to prevent immune
responses to hEPO in cynomolgus monkeys using CyA. In
fact, this method has successfully been applied to our pre-
clinical monkey testing, and the long-term (around 1 year)
efficacy and safety of CyA administration has been well

demonstrated [18]. CyA administration will be useful in
preventing immune responses when human proteins are
administered to monkeys for research purposes.
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