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ABSTRACT

This study was conducted to examine the effect of IRES controlled reporter gene on screening and production of
recombinant human erythropoietin (EPO) proteins from cultured CHO cells. The ¢cDNA was cloned for EPO from
human liver cDNA. Using site-directed mutagenesis, we generated recombinant human EPO (thEPO) with two addi-
tional N-glycosylations (Novel erythropoiesis-stimulating protein: NESP). Wild type hEPO and NESP were cloned into
expression vectors with GFP reporter gene under regulatory control of CMV promoter and IRES so that the vectors
could express both thEPO and GFP. The expression vectors were transfected to cultured CHO-K1 cells. Under
microscopy, expression of GFP was visible. Using supernatant of the culture, ELISA assay, immunocytochemistry and
in vitro assay using EPO dependant cell line were performed to estimate biological activity to compare the production
characteristics (secretion levels, etc.) between thEPO and NESP. The activity of NESP protein, obtained by mutagenesis,
was described and compared with its thEPO counterpart produced under same conditions. Although NESP had less
secretion level in CHO cell line, the biological activity of NESP was greater than that of thEPO. These results are
consistent with previous researches. We also demonstrated that thEPO and GFP proteins expressed simultaneously
from transfected CHO cell line. Therefore we conclude that use of GFP reporter gene under IRES control could be

used to screen and produce rhEPO in cultured CHO cells.
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INTRODUCTION

Erythropoietin (EPO) is a glycoprotein with mole-
cular mass of approximately 30 kDa with 165 amino
acids, which circulates in plasma of human with three
N-linked and one O-linked oligosaccharide side chains
in the protein (Fisher, 1997). EPO protein contains
three N-glycosylation sites(Asn-24, Asn-38, and Asn-83)
and one O-glycosylation site (Ser-126) and is involved
in the regulation of the level of red blood cells. EPO
is primarily produced in adult kidney and fetal livex
cells and its production are regulated at the level of
its gene by tissue oxygenation; hypoxia or anemia (Sa-
saki et al., 1987). The plasma EPO concentration re-
flects EPO production (Spivak, 1993). The function of
EPO is to stimulate the proliferation and differentia-
tion of erythroid ancestor cells (Goldwasser and Kung,
1968). EPO also regulates the production of erythro-
cytes operating under a feedback mechanism whereby
elevated serum oxygen levels result in lower EPO ex-

pression and low oxygen levels result in increased
EPO production (Macmillan et al., 2001). The plasma
EPO concentration reflects EPO production (Spivak, 1993).
The function of EPO is to stimulate the proliferation and
differentiation of erythroid ancestor cells (Goldwasser and
Kung, 1968). The EPO gene has been cloned and se-
quenced in a number of species including mouse, mon-
key, rat, human, sheep, pig and cat (McDonald et al., 1986;
Shoemaker et al.,, 1986; Nagago et al., 1992; Wen et al.,
1993). The overall scope of glycoforms can have a variety
of different biophysical and biochemical properties,
although details of structure-function relationships are
poorly understood due to the micro heterogeneity of
biological samples (Macmillan et al., 2001). The presence
of sialic acid on the oligosaccharide chains is essential
for the full in vivo, but not in vitro, biological activity of
EPO (Takeuchi et al., 1989). Elliott et al reported that EPO
has the important regions for its biological activity:
amino acids 11 to 15, 44 to 51, 100 to 108, and 147 to 151
(Elliott et al., 1997). The N-linked carbohydrates chain at
position 38 is critical for the polarized secretion (Kita-
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gawa ef al., 1994). The carbohydrate of glycosyl groups is
different because of their various monosaccharide com-
positions, sequences, branching sites, linkages, and modi-
fications involving phosphate and sulfate groups (Ka-
wasaki et al., 2001). Nowadays, only a few types of re-
combinant human EPO (rhEPO), produced in cultured
cells, are vastly used in therapy to cure severe anemia.

Three N-glycosylation sites (38, 83 and 126) of EPO
are essential for in vivo biological activity (Macmillan et
al., 2001) and are necessary for in vitro activity (Takeu-
chi et al, 1990). The elimination of all three N-glycosy-
lation sites decreases EPO production up to 10% of the
wild-type EPO. Mutant proteins lacking glycosylation at
each of these three sites are either mainly associated
with membrane components or degraded rapidly (Dube
et al.,, 1988). The mean terminal half-life of intravenous
NESP was three fold longer than that of intravenous
EPO (Macdougall ef al., 1999).

Internal ribosome entry sites (IRESs) occur in the
5-UTR of numerous viral genomic RNAs as well as
some eukaryotic cellular RNAs (Kieft et al, 2001).
Many of IRES elements initiate translation of mRNAs
encoding proteins that protect cells from stress (Komar
et al, 2005). It is internal mRNA sequences on the
control of eukaryotic translation initiation by a cap-
independent recruitment of the 40S ribosomal subunit
(Vagner et al., 2001). The translation can be much more
complex and the balance between the cap-dependent
and IRES-mediated expression can result in the pro-
duction of several proteins "isoforms” (Komar et al.,
2005).

In this study, we examined the expression of the
genes for rhEPO or NESP with enhanced green fluo-
rescence protein (EGFP) that is separated with the IRES
under regulatory control of CMV promoter. Here we
demonstrated that both target and reporter geres are
simultaneously expressed from transfected CHO cell
line without hindering quantity or activity of target pro-
tein. :

MATERIALS AND METHODS

Cloning of EPQ ¢DNA and Site-directed Mutagenesis

A 582 bp-long hEPO ¢cDNA was amplified from hu-
man liver ¢DNA library (TaKaRa, Japan) using pri-
mers EPO-F(5'-tgaattcaccatgggggtgcacgaatgtect-3')  and
EPO-R (5'-gagtcgacctcatetgtecectgtectgea-3') by PCR. The
reaction (25 pl) of PCR contained 30 pM sense and anti
sense primers; 10 ng of EPO ¢DNA; 04 mM dNTP;
10xBuffer; 1 unit rTaq DNA polymerase (Toyobo, Ja-
pan). They were subjected to 1 cycles of 2 min pre-
denaturation at 94C, 30 cydles (1 min denaturation at
94C, 1 min annealing at 55C and 1 min extension at

74C). To construct NESP, we introduced site-directed
mutations to hEPO ¢DNA to change the codons at
amino acd positions 30~32 from Ala-Glu-His to
Asn-His-Thr positions 87~90 from Pro-Trp-Glu-Pro to
Val-Asn-Glu- Thr.

Expression Vector Construction

thEPO and mutant EPO were digested with EcoR I
and Sal I Each fragment was ligated into 5.3 kb of
pIRES-EGFP expression vector (ClonTech, USA) that
contains the IRES of the encephalomyocarditis virus
(ECMV) between the MCS and the EGFP coding
region. This permits both the gene of interest (cloned
into the MCS) and the EGFP gene to be translated
from a single bicistronic mRNA.

Transfection

Transfections were performed according to published
protocols for lipofectamin 2000 reagent (Invitrogen,
USA). Cells were seeded at 6x10° per well in a 60 mm
dishes to obtain 50~80% confluence the following day.
Complexes were prepared with 6 pg (50 ul) DNA and
lipid solution 10 pl in 600 pl serum-free medium. The
two solutions were mixed gently and incubated at
room temperature for 15 to 45 min to allow DNA-lipid
complexes to form. While complex formation, the di-
shes were rinsed once with 4 ml of serum-free medi-
um that added the complexes (1.8 mi) directly to each
dish and mixed gently. The transformants were incu-
bated at 37°C in 5% CO, for 5 to 24 hrs. Following
incubation, 2.4 ml of serum (twice as much as normal
concentration) was added without removing the trans-
fection mixture. And the medium changed with fresh,
complete medium at 24 hrs following the start of trans-
fection. The supernatants were collected after 72 hrs
and stored at —20C until analysis.

Erythropoietin ELISA

The amount of EPO protein in culture supernatant
was measured by sandwich type ELISA (R&D systems).
For ELISA, two monoclonal antibodies that recognize
different epitopes of EPO were used. The supernatant
samples were diluted with cold 1xDPBS (1:200, Invi-
trogen). EPO concentrations were measured at 450 nm
with a microplate reader (Model 550, BioRad).

In Vitro Assay

To evaluate the biological activity, effects of rhEPO
and NESP on the F36E cell line were measured as
follow. Growing cells (5x10* cells/ml) were transferred
into 96-well culture plates containing 100 pl of Dul-
becco's modified Eagle's medium (DMEM, Invitrogen).
Each supernatant was added to the culture medium
(final concentration 5U/ml EPO), and incubated for 5
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days. Then, MIT assay (Roche, Germany) was per-
formed with culture supernatants and percent of the
cell viability (%CV) was calculated using a formula
(%CV = mean OD of treated cells/mean OD of control
cells).

Immunocytochemistry

Three days after transfection, we harvested and seed-
ed glass coverslips in 12-well plates with cells (1x10°).
Cells were fixed in 3.7% (w/v) paraformaldehyde in
phosphate-buffered saline (PBS). After quenching in 2%
BSA PBS, permeabilization, and saturation were per-
formed in PBS supplemented with 0.2% bovine serum
albumin (BSA) and 0.3% (w/v) Triton X-100. Cells were
incubated with primary antibodies for 1 hr and with
secondary antibodies for 30 min. The coverslips were
mounted in glass slides and analyzed with a FV300
scanning laser confocal microscope (Microscope confo-
cal Olympus Fluoview FV300).

RESULTS

PCR Mediated Site Directed Mutagenesis

We PCR-amplified a 180 bp region upstream and a
442 bp region downstream of the target mutation using
“central primers" and "side primers" and then con-
ducted PCR using two mutants and only "side primers"
that incorporated the glycosylation site into their oli-
gonucleotides. As a result, we produced Ala-30 to Asn-
30 mutant. Serially 32nd, 87th, 88th and 90th amino
acid was mutated by such method. Positions 30~32
was changed from Ala-Glu-His to Asn-His-Thr. Posi-
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Fig. 1. Cloning of hEPO ¢DNA and construction of hEPO/NESP
expression vectors. 1018 of PCR product were visualized on a 2%
agarose gel, stained with ethidium bromide. A: Expression vectors
cloning. a: human EPO ¢DNA (582 bp) amplified from human liver
cDNA library. Panel A-2, -3: Site directed mutagenesis 5 and 3'
products (250 bp) amplified from PCR product (Panel A-1). Panel
A-4: pIRES2EGFP with thEPO (lane 1) and NESP (lane 2). M, 100
bp Ladder. B: Diagrammatic representations of expression vectors.

Fig, 2. The expression and distribution of EGFP in CHO-K1 cell line
visualized by fluorescent microscopy. A: Transmission image. B:
fluorescent image. 1: Untransfected CHO-K1 cell line as negative
control. 2~3: CHO-K1 cell line transfected with pIRES2-EGFP
plasmid (2), pIRES2-EGFP-rhEPO (3), pIRES2-EGFP-NESP (4).

tions 87~90 was changed from Pro-Trp-Glu-Pro to Val-
Asn-Glu-Thr. We have constructed pIRES2-EGFP-rhEPO
(Fig. 1B-1) and pIRES2-EGFP-NESP (Fig. 1B-2) express-
ion vectors.

Expression of EGFP in CHO-K1 Cell Line

To investigate the transfection efficiency of CHO-K1
cell line, expression of EGFP proteins were observed by
fluorescent microscopy. EGFP was expressed in similar
levels for mock, thEPO and NESP, respectively (Fig.
2B-1~-3).

Comparison of EPO Secretion Levels and Biological
Activities

We analyzed EPO secretion level at day 4, using
harvested media with expressed EPO proteins by ELI-
SA assay (Fig. 3). As a result, thEPO (35.99+ IU/ml)
showed higher expression level than NESP (18.69+
IU/ml). To measure biological activity of each EPOs pro-
duced in CHO cell that were transfected with rhEPO
and NESP, EPO dependent cell line F36E was used
(Fig. 4). In contrast, biological activities of super-
natants taken from NESP-transfected cells were high-
er than that of supematants from rhEPO-transfected
cells.
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Fig. 3. Comparison of EPO secretion level between NESP and
rhEPO. Mock: pIRES2-EGFP, wt: wild type, pIRES2-EGFP-rhEPO.




84 Lee et al.

(OD)
0.9 1

0.8
0.7 1
0.8
0.5 1
0.4 -
0.3 1
0.2 1
0.1

0.0 y Y T -

N.C Mock wiEPO NESP

Fig. 4. Comparison of EPO biological activities between NESP and
thEPO. Mock: pIRES2-EGFP, wt: wild type, pIRES2-EGFP-rhEPO.
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Fig. 5. Immunocytochemistry with anti-human EPO antibody.
Representative confocal microscopic images are shown CHO-K1
cells that are transfected after 4 days. A: fluorescent image cf EGFP
(green), B: CHO-K1 cells were immunostained for EPO (red) with
NESP transformants. C: transmitted image.

Co-localization of EGFP and EPO

The cellular localization of two proteins were con-
firmed in CHO cell lines by immunocytochemistry us-
ing EPO antibodies. As a result, EGFP protein expre-
ssion was observed in whole cell (Fig. 5A) while NESP
was observed only in endoplasmic reticulum (Fig.
5B).

DISCUSSION

The thEPO has been used to the treatment of ane-
mia of chronic renal failure which is often associated
with anemia, mainly because of insufficient renal syn-
thesis of EPO (Urena, 2002). There have been many re-
ports about efficient protein productions including re-
combinant erythropoietin using site-directed mutagene-
sis. The mutants were constructed with deleted or added

glycosylation sites. All mutations that removed N-gly-

cosylation sites did not impair binding of EPO to the
receptor, and some mutations even increased binding
affinity to the receptor (Yamaguchi et al., 1991). Browne
(2001) reported that NESP has a longer serum half-life and
greater in vivo biological activity compared to rhEPO.
Numerous researchers have made efforts to improve
the short half life of recombinant erythropoietin. As a

result, the novel glycoprotein, NESP was produced
(Macdougall, 2001). According to Vagner et al. (2001),
IRES controls eukaryotic translation initiation. This stu-
dy was conducted to confirm if IRES-controlled NESP
has normal secretion level and biological activity. Whi-
le secretion level of NESP was lower than wild type
EPO, the biological activity of NESP was higher than
wild type. These results suggest that changes in gly-
cosylation of EPO greatly affected the biological acti-
vity and that the changes make biological activity of
NESP higher than that of wild type EPO (Macdou-
gall, 2001). Also, IRES-controlled NESP expression sh-
owed similar pattern in expression from cultured CHO
cells.
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