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Biological Activity of Recombinant Human Erythropoietin (EPO) In Vivo and In Vitro
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ABSTRACT

The hematopoietic growth factor erythropoietin (EPO) is required for the maintenance, proliferation, and
differentiation of the stem cells that produce erythrocytes. To analyse the biological activity of the recombinant human
EPO (rec-hEPO), we have cloned the EPO ¢DNA and genomic DNA and produced rec-hEPO in the CHO cell lines.
The growth and differentiation of EPO-dependent human leukemic cell line (F36E) were used to measure cytokine
dependency and in vitro bioactivity of rec-hEPO. MIT assay values were increased by survival of F36E cells at 24
h or 72 h. The hematocrit and RBC values were increased by subcutaneous injection of 20 IU (in mice) and 100 IU
(in rats) rec-hEPO. Hematocrit values remarkably increased at 13.2% (in mice) and 12.2% (in rats).

The pharmacokinetic behavior with injection of 6 IU of rec-hEPO remained detectable after 24 h in all mice
tested. The highest peat appeared at 2 h after injection. The long half-life of rec-hEPO is likely to confer clinical
advantages by allowing less frequent dosing in patients treated for anemia. These data demonstratethat rec-hEPO
produced in this study has a potent activity i vivo and in vitro. The results also suggest that biological activity
of recchEPO could be remarkably enhanced by genetic engineering that affects the potential activity, including

mutants with added oligosaccharide chain and designed to produce EPO-EPO fusion protein.
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INTRODUCTION

Human erythropoietin (hEPO) is a glycoprotein produced
from a 193-amino acid gene product after a leader sequence
containing 27 amino acids is cleaved. A carboxy-terminal
arginine is lost from this 166-amino acid residue during
passage into the circulation leaving a circulating hormone
with 165 amino acids. The molecular mass of the EPO
peptide is 18 kDa (Lai et al, 1986). However, the gly-
coprotein entity as a whole is 30 kDa (Davis et al., 1987). EPO
is heavily glycosylated with a carbohydrate moiety of
approximately 40%. Three N-linked (Asn-24, 38 and 83) and
one O-linked (Ser-126) oligosaccharide side chains are
contained in the molecule (Broudy et al., 1987; Egrie et al.,
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1986; Sasaki et al., 1987; Takeuchi et al., 1989). Human EPO
contains 4 cysteine residues that form 2 disulfide bridges
between cysteine 7 and 161 and between cysteine 29 and 33

(Lai et al., 1986).

Early studies indicate that the liver is the primary site of
production of EPO in the fetus, and there is a gradual shift
from the liver to the kidney shortly after birth (Sasaki et al,,
1987; Zanjiani et al., 1981). The switch from liver to the
kidney is gradually initiated at 120~140 days of gestation
and is completed around 40 days after birth (Zanjiani et al.,
1981). However, the signalsgoverning this change are poor
understood. In the liver, an oxygen gradient is established
as oxygen-rich blood from the portal triads becomes
depleted of oxygen as it flows towards the central vein
(Benjamin and Franklin, 1999).
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We previously prepared recombinant hEPO in CHO-K1
cells, and found that the deglycosylated sites varied the
expression of these recombinant derivatives (Lee et al,
2003). In the presented study, we cloned hEPO cDNA and
genome DNA and compared the expression quantity. The
biological activity of recombinant hEPO was determined by
the measuring MTT assay in vitro and hematocrit value and
pharmacokinetics in vivo.

MATERIALS AND METHODS

Materials

The expression vector pcDNA3 was purchased from
Invitrogen Life Technologies (CA, USA). CHO-K1 cells and
Human leukemic cell line (F-36E) were obtained from the
Japanese Cancer Research Resources Bank (Tokyo, Japan).
Ham's F-12, CHO-S-SFM 11, G418 and Lipofectamine were
from Gibco BRL (MD, USA). Fetal bovine serum was from
Hyclone Laboratories (Utah, USA). Endonucleases were
purchased from Takara Korea Biomedical Inc. (Seoul,
Korea) and Boehringer Mannheim (MA, USA). The PCR
primers synthesized by CoreBio System (Seoul, Korea). The
QIAprep-spin plasmid kit was from QIAGEN Inc. (Hilden,
Germany). EPO Elisa kit was from Medac (Germany) and
R&D systems Inc. (MN, USA). All the other reagents used
were from Wako Pure Chemicals (Osaka, Japan).

Construction of EPO Transfer Vector

The primers [sense: 5-TAg AAT TCA CCA Tgg ggg TgC
Acg AAT gTC CT-3' and antisense: 5-ACT CgA gTT CAT
CTg TCC CCT gTC CTg CA-3'] were designed from the
nucleotide sequence of the EPO cDNA reported previously.
PCR template was used with human liver cDNA library
from Takara. And genome EPO DNA was amplified from
human placental genome DNA using sense primer [5'-ggT
ACC Atg ggg gTg CAC ggT gAg TAC TCg-37 and the same
antisence of EPO cDNA. PCR fragments were ligated into
PCR2.1 Vector and sequenced completely to confirm the
Kozak site and PCR errors. After digested with Eco RI- Xho1
(cDNA) and Kpn I Xho 1 (gDNA), the fragments were
ingerted into the same sites of pcDNA3.

Cell Culture and Functional Expression

~ The expression vector (pcDNA3) was transfected into
CHO-K1 cells by the liposome formulation (Lipofectamine)
transfection method according to the supplier's instruction.
rechEPO protein transfected by transient was collected the
supernatants at 72 h after transfection. Stable cell trans-
fectants were selected by incubation in growth medium
[Ham's F12 media containing penicillin (50 U/ml), strep-
tomycin (50 mg/ml), glutamine (2 mM) and 10% FCS]
supplemented with G418 (800 ug/ml) for 2 weeks posttrans-

fection according to the method reported previously (Mln et
al., 2004). After incubation of selected stable cells (1x10%) in
20 ml CHO-S-SFM-I1 at 37 C for 48 h, the culture media were
collected and centrifuged at 100,000xg, 4°C for 60 min to
remove the cell debris. The amount of recombinant wild
type hPEO was quantified using ELISA method according
to the supplier's protocol (R&D systems Inc. MN, USA).

Assay for Cell Proliferation (In Vitro Biological Activity)

Short-term cell proliferation was examined by a colori-
metric assay. EPO-dependent human leukermc cell lines
(F-36E) were incubated at a density of 1x10" cells/100 ul in
96-well plates in growth medium [DMEMcontaining peni-
cillin (50 U/ml), streptomycin (50 mg/ml) and 10% FCS] in
the presence of 0-5 IU/ ml of rec-hEPO for dose- response
plots. Next, MIT reagent was added at a final concen-
tration to 0.5 mg/ml. Following a 4-hour incubation at 37 C,
the isopropylalcohol with 0.04 N HCl was added to each
well. Within an hour, the 96-well plates were measured at
630 nm. MTT was added after 24 to 72 hours of incubation.

In Vivo Biological Activity

Two groups of mice (ICR) and rats (WsRc-Wa/Wa:
anemia, mast cell depletion and c-kit abnormality) were
injected subcutaneously with 20 IU (mice) and 100IU (rat) of
rec-hEPO on days 0, 2 and 4. Blood was withdrawn for
hematocrit determination. Hematocrit values measured at 8.
(mice) and 10 (rats) days after the first injection.

In Vivo Phamnacokinetics

Two groups of ICR-mice (7 weeks old) were used. Before
the administration of rec-hEPO, 70~80 ul of blood were
collected from the eyes into heparinized. microhematocrit
tubes. The tubes were centrifuged, and plasrha was
collected and frozen at -80C. Each animal received 6 IU of
rec-hEPO by intravenous injection, and blood samples
were obtained at 2 h, 4h, 8 h and 24 h thereafter. All
intravenous injections were performed by skilled technical
personnel and monitored independently.

RESULTS
PCR Amplification and Cloning of EPO c¢DNA and

Genome DNA

Using the cDNA prepared from liver cDNA library and
genome DNA from human placenta, PCR was amplified the
primers designed from the sequences published previously
(Fig. 1). The cDNA fragment with 577 bp predicted for EPO
cDNA was amplified. A genome DNA band of about 2 kb
for the EPO genome DNA was amplified using a set
primers. Each fragment was subcloned into PCR2.1 cloning
vector and sequenced. Analysis of the nucleotide and
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Fig. 1. PCR amplification of human EPO ¢DNA and genome
DNA. The PCR products predicted with each primer were analyzed
by 1.0% agarose electrophoresis. The major fragments obtained,
which comprised 2.0 kb (gDNA: left) and 577 bp (cDNA: right),
were amplified.

genome sequence of the EPO was identical to the previous
data reported.

Production of Transient and Stably Expressing EPO

EPO ¢DNA and genome DNA vectors were transfected
into CHO-K1 cells. Transient expression was collected the
supernatants at 72 h after transfection. Between six and
eight clones of stably transfected pools were selected for
G-418. After incubation of selected stable cells (1x10°) in 20
ml CHO-S-SEM-II at 37°C for 48 h, the culture media were
collected and centrifuged at 15,000 rpm, 4°C for 60 min to
remove the cell debris. The amount of rec-hEPO was
quantified using ELISA (Fig. 2). There is no different
between EPO cDNA and genome DNA in the expression

quantity (Fig. 2).

Assay for Cell Proliferation (In Vitro Biological Activity)

EPO is the most potent cytokine for the F-36E cell lines.
The growth and proliferation of the F-36E cells by EPO
concentrations were shown in Fig. 3. The proliferation of
the cells was increased by the EPO concentration in 24 h
and 72 h. Spedially, the maximal stimulation by EPO was
almost equal to this cell lines in short-term assay.

In Vivo Biological Activity

Two groups of mice were injected subcutaneously with 20
IU of rec-hEPO on days 0, 2 and 4. Hematocrit values
measured 8 days after the first injection. Mean hematocrit
values were remarkably increased from 51.1 % to 64.3 %.
The values of negative control groups were not raised.
Average values were 49.05 % and 50.12 % pre- and post
injection, respectively (Fig. 4A and B). And RBC values
were measured at the same time. Mean RBC values were
slightly increased from 9.87 to 11.85 (Fig. 4C and D).
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Fig. 2. Transient expression of EPO ¢DNA and genome DNA.
ELISA result of standard curve was shown (left). The transient
expression of EPO cDNA and genome DNA was shown (right). The
amount of expression is similar to each other. Experiments were
performed in triplicate (1~3: cDNA; 4~6: genome DNA; 7: nega-
tive control).
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Fig. 3. Responsiveness of F-36E cell lines for rec-hEPO (left: 24 h;
right: 72 h). The results are shown as a mean triplicate data.

To compare the relative in mice and rat, rats (WsRc-
Wa/Wa: anemia, mast cell depletion and c-kit abnormality)
wereinjected subcutaneously with 100 IU of rec-hEPO.
Mean hematocrit values were significantly raised from 40.1
% to 52.3 % (Fig. 5A and B). RBC values were also slightly
increased from 522 % to 6.85 % (Fig. 5C and D). The
hematocrit values of rat were below about 10 % than that of
mice. This reason is that rat used in this study was anemic
experimental animal of mast cell depletion and c-kit
abnormality.
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Fig. 4. EPO induces high hematocrit and RBC increase in mice.
Two groups of ICR mice were injected subcutaneously with 20 IU
of rec-EPO on day 0, 2 and 4. Hematocrit (A and B) and RBC (C
and D) were determined pretreatment (0) and 8 days after injection.
Values are given for each mouse.
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Fig. 5. EPO induces high hematocrit and RBC increase in rats.
Two groups of WsRc-Wa/Wa rats were injected subcutaneously
with 100 TU of rec-EPO on day 0, 2 and 4. Hematocrit (A and B)
and RBC (C and D) were determined pretreatment (0) and 10 days
after injection. Values are given for each rat.
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Fig. 6. Pharmacokinetics of rec-EPO in mice. Groups of four mice
were injected intravenously with 6 IU of EPO. Each symbol
represents one animal. EPO production is given as the maximum
level observed 2 h after injection.

Pharmacokinetic Analyses

Two groups of ICR-mice were used in pharmacokinetic
analyses (Fig. 6). Each animal received 6 IU of rec-hEPO by
intravenous injection, and blood samples were obtained at 2
h, 4h, 8 h and 24 h thereafter. At specified times, blood
samples were obtained, and the plasma concentration of
EPO was determined by ELISA. All four animals injected
were the highest peak at 2 h after injection. EPO levels
remained high for 24 h after injection and detectable after 24
h in all four animals. One of the four animals was slightly
decreased after 24 h.

DISCUSSION

In the present study, we have shown that recchEPO
produced into the CHO cell lines has an enhanced biological
activity in vitro and in vivo. The results of these biological
activity show that rec-hEPO could be remarkably enhance
by the genetic engineering. A major advance in clinical
medicine over the past several years has been the use of
recombinant human EPQ in the treatment of patients with
anemia associated with end-stage renal disease that are
being maintained on dialysis.

We carried out the ELISA analysis of the culture media
of the EPO ¢DNA and genome DNA to compare the ex-
pression quantity. There was no different in the expression
quantity. Previously, we produced glycoprotein hormones
(equine chorionic gonadotropin, follicle stimulating hor-
mone and luteinizing hormone) and showed that this
glycoproteine hormone can be increase biological activity
(Min et al., 2003, 2004; Saneyoshi et al., 2001). The EPO-
dependent cell lines (F36E) have been established in
human leukemia cells (Chiba et al., 1991). We also assayed.
the growth and proliferation of F36E cell by the dose-
responsiveness of rec-hEPO. The dose-dependent curve of
rec-hEPO is increased by the rec-hEPO addition during 24
h and 72 h of incubation. The hematocrit value after
injected on days 0, 2, and 4 in normal mice (ICR) with EPO
20 TU was highly increased at 13.2%. In anemic rats
(WsRc-Wa/Wa) after injected at concentrations of 100 IU,
the value of hematocrit also remarkably increased at 12.2%.
The pharmacokinetic behavior of rec-hEPO remained
detectable after 24 h in all four animals. These data suggest
that rec-hEPO has a potent activity in vivo. Thus, rec-hEPO
has an enhanced biological activity. It suggests that
rec-hEPO produced in this study has enable to therapy the
patients with anemia.

Recently, the dimeric EPO molecule has been proven by
several experiments on the highly erythropoietic activity in
vitro and in vivo(Dalle et al., 2001; Sykowski et al., 1999; Qiu
et al, 1998). Darbepoetin alfa, a hyperglycosylated rec-
hEPO ananlogue with two extra carbohydrate chain, has
approximately 13-fold to 14-fold more potent than rec-
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hEPO. (Egrie and Browne. 2001 Egrie et al., 2003). Mac-
dougall et al., (1999) reported a similar result that NESP
(novel erythropoietin stimulating protein), a hyperglycosy-
lated analogue of rec-hEPO (Epoetin), has an increased
terminal half-life in animal models.

Finally, these are the result of the producing combi-
nation of the information gained from both genetic and bio-
chemical approaches. Dimeric-EPO can be permit develop-
ment of potent new analogues that stimulate the hema-
tocrit value. The constructs of dimeric molecule will also be
useful in the study of mutants that affect monomeric
association and/or secretion. Dimeric analog can also be
constructed to include additional specific bioactive gene-
-rating potentially efficacious. Recombinant EPOs including
the mutants, thatlack oligosaccharides, will be useful tools
for analyzing the structure-function relationships.
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