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Abstract

Background: Selecting a host system for the expression of recombinant proteins should be carefully evaluated prior to the initia-
tion of any bio therapeutic development programs. Since different hosts express proteins with various efficiencies and with differ-
ent posttranslational modifications, changing hosts may impact the expected activity of the protein. The main expression systems
have members of the mammalian cell family, however, there are remarkable differences between the species. The most generally
used mammalian hosts for the production of recombinant proteins are CHO and HEK293 cells.

Objectives: In order to compare the differences between HEK versus CHO cells, the human coagulation factor IX in a transient and
stable expression was examined.

Methods: After transfection of CHO and HEK cells with an hFIX-expressing mammalian plasmid, pcDNA-hFIX, transient expression
was analyzed on the culture supernatant during 72 hours. The stable clones were also recovered after 10 weeks of geneticin selec-
tion. The expression and activity of the hFIX was evaluated by performing enzyme-linked immunosorbent assay (ELISA) as well as
a coagulation test, respectively. The y-carboxylation of the hFIX was confirmed by evaluation of the expressed protein, after being
precipitated with barium citrate.

Results: Although the stable CHO clones secreted hFIX protein 30% higher than HEK cells, the transient HEK cell line proved to
be superior in the production of total hFIX protein (%42 increased) and functional hFIX (%29 higher) relative to the CHO cell line.
Moreover, specific activity and the fully y-carboxylated hFIX are almost constant in transient and stable expression, indicating that
~-carboxylation efficiency in both CHO and HEK cell lines is almost equal.

Conclusions: In conclusion, transient transfection studies with HEK cells provide a simple and strong method for a high production

of recombinant proteins in weeks, a process which is more time consuming in the CHO cell line.
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1. Background

The production of proteins in adequate quantity and
quality is a necessary demand of the present time. Before
we begin any bio therapeutic development program, we
must pay close attention in choosing a suitable host sys-
tem for the expression of recombinant proteins. Since a
gene can be expressed in multiple systems and different
hosts, and it can express proteins with different efficien-
cies as well as variant posttranslational modifications, de-
termining the best system for expression of recombinant
proteins is one of the most important issues in biotech-
nology. Arecombinant protein expression system must be
able to produce the biological material with the highest
biological activity and safety while it has the lowest cost.
Scientists must also consider the expression system’s pro-
ductivity, consistency, and the current regulatory environ-
ment (1).

There are numerous available expression systems for
large scale production of recombinant proteins includ-

ing Escherichia coli (E. coli), yeast, insect, and several mam-
malian based systems. Each of these has its own rele-
vant advantages depending on cost, simplicity, and their
post-translational modification profiles (2). Now, some
famous companies are using eukaryotic systems to pro-
duce recombinant proteins. Among them, mammalian
expression systems are the main expression systems for
the production of recombinant human proteins. Mam-
malian cell expression systems have several advantages
over other eukaryotic expression systems (3). Mammalian
expression systems are able to fulfill the appropriate post-
translational modifications, which are important for pro-
tein folding, product assemblies, and biological activity.
However, it should be noted that there are differences be-
tween species. A large number of mammalian cells includ-
ing myeloma (NSO and SP2/0) cells, Chinese hamster ovary
(CHO) cells, human retina-derived cells (PerC6), COS and
Vero (both green African monkey kidney), Human cervi-
cal cancer (HeLa), human embryonic kidney (HEK) cells, as
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well as baby hamster kidney (BHK) cells have been success-
fully used to express recombinant proteins (2).

Although CHO cells are the first candidate cell lines
for vitro cultivation and recombinant protein production,
HEK 293 cell line has been extensively used as an expression
tool for production of mammalian and non-mammalian
recombinant proteins, both by transient transfection and
by the formation of stable cell lines (4, 5). So far, the
main focus of expression approaches has been on employ-
ing members of the CHO cell family, however, little has
been published notably on side by-side comparisons of
CHO and HEK293 cell. In addition to transfection efficiency
comparison of both cells with reagent-FreeStyle™ MAX (6),
polyethyleneimine (PEI) reagents (7), or in a suspension
culture (8), multiple studies have reported differences in
the glycosylation patterns of proteins when produced in
CHOversus HEK cells (9,10). Furthermore, a few single pub-
lications report differences in expression levels of recom-
binant proteins in HEK and CHO cells (11, 12). It has been
showed that the expression of bispecific T cell engager
(BiTE) antibody in transient HEK cells is higher than CHO
cells (11). Arecent review by Durocher and Butler (12) report
differences in expression levels as well as biological activ-
ity. In vitro and in vivo linked to the capacity of individual
host cell lines for secondary modifications such as glycosy-
lation patterns based on stable transfected cell lines, how-
ever, similar differences may be observed in transient ex-
pression of proteins. It has been shown that high glycosyla-
tion heterogeneity for HEK293 and mono- to tetrasialylated
glycans for CHO-derived material. Furthermore, sialic acid
content of N-glycans was 25 % lower for HEK293- than for
CHO recombinant factor IX (10).

Since the current treatment for hemophilia B patients
consists of replacement therapy with recombinant factor
IX (FIX) (13), selecting a host system for the expression of
recombinant proteins should be carefully evaluated. On
the other hand, the production of cost-effective and high-
quality recombinant human FIX would have a remarkable
impact on the treatment of hemophilia B patients world-
wide. Moreover, to quickly evaluate proteins, it is better
to use faster approaches such as transient gene expression
technology (TGE) in the production of recombinant pro-
teins. Therefore, the choice of an appropriate host cell sys-
tem for a production of novel protein target is currently a
question of availability of systems and experimental test-
ing. Furthermore, it is unlikely that CHO cell and their
derivatives systems will be capable of expressing all target
proteins. Therefore usage of other established cell lines
with different cellular origin may be extremely beneficial
for production of research proteins (4).

2. Objectives

Our aim in this work is the comparison of 2 different
mammalian cell lines that are used for transfection, which
can finally lead to gene expression of human factor IX.

3. Methods

3.1. Materials

All cell culture reagents were provided from the
thermo fisher scientific, except for penicillin G as well as
streptomycin (Sigma-Aldrich). Geneticin (G418) and pro-
tease inhibitors were purchased from Roche.

3.2. Construction of Recombinant Plasmids

The cDNA of hFIX (1.4 kb) was PCR-amplified from a
human liver cDNA library with pfu-DNA polymerase, using
oligonucleotide pairs, hFIX-Kpnl (5GGGGTACCGCCACCAT-
GCAGCGCGTGAAC3) and hFIX-Xhol (5 CCGCTCGAGATC-
CATCTTTCATTAAGTGAGC3) as forward/reverse primers.
Following subcloning into T-vector, the KpnI-Xhol frag-
ments were inserted into the pcDNA3 vector, 3’ to the
CMV (cytomegalovirus) promoter. The resulting plasmid
was designated pcDNA3-hFIX (Figure 1). The identity of
the fragments was confirmed using restriction digestion
followed by nucleotide sequence analysis.

3.3. Transfection and Preparation of Stable Clones

CHO and HEK cells (a kindly gift of Dr. Zomorodipour,
NIGEB, Iran) were grown in a 5% CO, and 37°C, subcultured
at a density of 2 x 10° cells in a volume of 2 mL in 6-well
plates (13), and transfected with 2 g pcDNA3-hFIX using
the calcium phosphate method. Individual clones were
expanded in the presence of 450 pg/mL Geneticin for 2
months. The expression media containing 6 pg/mL vita-
min K1 and 10% (v/v) FBS were added to ~70% confluent
cells, upon which the individual clones were screened for
FIX production during 3 days.

3.4. RNA Preparation and RT-PCR Analysis

Total RNA from 10° cells expressing human FIX was ex-
tracted according to the protocol provided by the manu-
facturer (Tripure kit). First-strand cDNA synthesis was per-
formed using random primers and M-MulV reverse tran-
scriptase (Sinaclone, Iran). The generated fragments were
subsequently used as a template for the PCR-amplification
of the double stranded cDNA, corresponding to the hFIX
coding sequence.
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Figure 1. Plasmid Construction Diagram
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The hFIX cDNA was amplified from liver cDNA library and ligated to pTZ57RT. Following Kpnl/Xhol digestion of T.V-hFIX, hFIX cDNA was subcloned to pcDNA3 plasmid.

3.5. Quantitative and Qualitative Analysis of Human Factor IX

Human FIX was quantified in a conditioned media em-
ploying an ELISA (Asserachrom IX:Ag, Stago, France) fol-
lowing the procedure provided by the manufacturer. In
addition, intracellular accumulated FIX was assessed, for
which, the cells were centrifuged at 100 g for 5 minutes,
upon which pellet were suspended in 500 pL of ice-cold ly-
sis buffer (100 mM KCl, 2 mM MgCl,, 10 mM, HEPES pH 7.5,
0.5% Triton X100) containing an antiprotease mix (com-
plete Protease Inhibitor, Roche). Subsequently, the lysate
was centrifuged at 12,000 g for 10 minutes at 4°C, upon
which the supernatant was assessed for FIX. The aPTT assay

Gene Cell Tissue. 2017; 4(2):e13096.

was also used to examine functional activity of FIX (13). Hu-
man plasma immuno-depleted of FIX (100 uL; Stago) was
mixed with conditioned media (100 pL) and aPTT reagent
(100 pL; BioMerieux). After 3 minutes of incubation at 37°C,
100 pL of a prewarmed CacCl, solution (25 mM) was added
to the mixture, and the clotting time was recorded. Normal
human plasma (prepared from the Iranian blood transfu-
sion organization) was used as a reference and 1 unit of FIX
activity corresponded to the amount of FIX in 1 mL of nor-
mal plasma (~ 5 pug/mL).
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3.6. Quantification of y-carboxylated Factor IX

The barium citrate precipitation of y-carboxylated hu-
man FIX was adapted from previously described methods
(14). Briefly, sodium citrate (14 mg) and 1 M barium chlo-
ride (95 pL) were added to 2 mL of conditioned media,
which were incubated for 1 hour at 4°C with gentle mix-
ing. The mixture was centrifuged at 100 g for 5 minutes
and the supernatant was kept for the analysis of unab-
sorbed FIX lacking 7-carboxyglutamic residues. The pel-
leted ~-carboxylated FIX was washed with ice-cold 5 mM
BaCl,, subsequently centrifuged at 100 g for 5 minutes, sus-
pended again in 0.1 M sodium citrate (1 mL), and adjusted
to10% ammonium sulphate to dissolve the adsorbed hFIX.
After 30 minutes, at 0°C, and subsequent centrifugation at
100 g for 5 minutes, after which the barium sulphate pellet
was discarded, FIX was determined in the supernatant by
ELISA as described.

3.7. Statistical Analysis

The ANOVA program for analysis of variance followed
by a Tukey post-hoc test was performed for the evaluation;
P < 0.05 was considered statistically significant. All sta-
tistical analyses were carried out with SPSS 16 (SPSS Inc.,
Chicago, IL, USA).

4. Results

4.1. RNA Expression Analyze

Factor IX (FIX) expression by the CHO and HEK cell lines
was further confirmed employing RT-PCR, which demon-
strated the presence of FIX mRNA in both cell types (Figure
2).

4.2. Selection of Stable Clones Expressing Factor IX

The selection of single cell-derived CHO clones that sta-
bly express human FIX was performed in a period of 2
months and resulted in the selection of 12 high-producer
clones. Selection of an hFIX-expressing cell line derived
from stable transfected HEK cells was performed in the
time span of 10 weeks, and the numbers of stable trans-
formed HEK cell lines, which express rhFIX (4 clones), were
lower than stable CHO cells. This suggests that efficiency
of delivery to the target region of genome, loss of the plas-
mid, and resistance to antibiotic may contribute to differ-
ences in these cellular vehicles.

Figure 2. Gel Electrophoresis of RT-PCR Products of hFIX from CHO and HEK Cell
Lines
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Electrophoresis of PCR products obtained by RT-PCR on 2% agarose gel electrophore-
sis. Lane 1, 1kb DNA ladder (thermo scientific); lanes 2 and 3, the amplification prod-
uct of hFIX (1389 bp) in CHO and HEK cell lines, respectivly; lane 4, negative control.

4.3. Characterization of thFIX Secreted from Transiently Trans-
fected HEK and CHO Cell Lines

To evaluate the transient expression of rhFIX in the HEK
and CHO cells, both conditioned media and cell lysates
were examined for FIX antigen levels. While the CHO cell
line secreted up to 96 ng/mL[10° cells FIX after 72 hours, FIX
expression time in the media by the HEK cell line was in-
creased up to 42% and accumulated to 137 ng/mL[10° cells
(Table 1). Consistent with these findings, the HEK cell line
expressed up to a 29% higher FIX activity as compared to
that of the CHO cells (58 vs. 45 mU/mL/10° cells). However,
the CHO-expressed FIX displayed a 20% enhanced specific
activity relative to that expressed by the HEK cell line (0.48
vs. 0.4 U/mg). Taken together, these findings show that the
transiently transfected HEK cell line produces higher levels
of functional rhFIX as compared to the CHO cell line.

4.4. Expression of thFIX from Stable HEK and CHO Cell Lines

After a selection of single cell clones that stably express
rhFIX, comparison of the rhFIX expression following ex-
pansion of these clones in a 25 cm? flask to 95% confluence

Gene Cell Tissue. 2017; 4(2):e13096.
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Table 1. Factor IX expression by transfected HEK and CHO cells. Factor IX expression was determined in conditioned media after 72 hours of FIX expression. The data are the

mean = SD of 3 similar experiments.

Cell Type FIX Antigen in median, /mL/10° Cell FIX Activity, mU/mL/10° Cell FIX Specific Activity, Umg Recovery%
CHO 96 4 45+1 0.46 80
HEK 136£5 58 £3 0.40 78

revealed that the stable CHO cells are capable of expressing
up to30% more of human FIX proteins as compared to HEK
cells (148 vs. 113 ng/mL[10° cells, Table 2). Consistent with
the findings obtained on the FIX antigen levels, the activity
levels of CHO-expressed FIX were also increased by 40% in
comparison with those of the stable expressing HEK cells.
Specific activity of rhFIX in both cells was 0.3 U/mg.

4.5. Recovery

In order to assess the FIX recovery, the general char-
acteristics of vitamin K-dependent (VKD) proteins, which
can be absorbed to barium citrate via it’s «y-carboxylated,
glutamic residue was used to find out whether the recom-
binant cells were capable of the proper v-carboxylation
of human FIX (15). During this process, neither poorly
~-carboxylated molecules nor non- y-carboxylated were
trapped by the barium action and were remained in the
soluble fraction; the barium-bound hFIX can be subse-
quently eluted from the precipitate (15). Following bar-
ium citrate precipitation, the supernatant obtained from
the HEK and CHO cell lines was enriched for FIX. Quan-
tification of FIX recovered from the barium citrate pre-
cipitation showed that around 80% of the CHO and HEK
cell-produced FIX was recovered employing barium cit-
rate adsorption (Table 2), and therefore was most likely
fully y-carboxylated. Moreover, the amount of fully -
carboxylated rhFIX is similar in CHO cells rather than HEK
cells.

4.6. Secretion Efficiency

As defined, the secretion efficiency of a protein is the
secreted fraction ratio to its total amount (16). On the basis
of the data obtained, the secretion efficiency of FIX in tran-
sient HEKand CHO cells were 68% and 81%, respectively. The
secretion efficiency of human FIX by both of the stable HEK
and CHO cells reached up to 66% and 78%, whereas the in-
tracellular FIX content remained minimal all through the
experiment.

5. Discussion

Over the past decades, the production of r-proteins has
been successfully undertaken in a variety of mammalian

Gene Cell Tissue. 2017; 4(2):e13096.

cell lines, however, there are still some concerns regard-
ing the expression levels and long periods of clonal selec-
tion when moving forward toward a large-scale produc-
tion for therapeutic purposes. The most commonly used
mammalian hosts for the production of r-proteins are CHO
and HEK293 cells, although other mammalian cell types
have also been used. We generated a clonal, FIX-expressing
HEK cell line, which required up to 10 weeks of selection.
In contrast, using the CHO cell system we were able to gen-
erate a clonal cell line in the short time period of 7 weeks.
Moreover, the number of stable clones was small in the
case of HEK cells. This was surprising because during the
time transfectability in HEK cells was higher comparing
to that of CHO cells, the time of stable clones preparation
and the number of high producing clones were less. It has
been shown that the transfectability of HEK cells is 90%
versus 40% of CHO cells, when using the calcium phos-
phate transfection method (17). Gongalves has also indi-
cated thatthe transfection of HEK293T cells in a suspension
is more efficient than transfection of CHO cells in terms
of the number of transfected cells (8). Liu et al. has also
shown that transfectability of HEK293 cells is extremely
high and able to tolerate a wider range of cultural condi-
tions during transfection, although transient transfection
efficiency with cationic lipid-based transfection reagent-
FreeStyle™ MAX is similar in both 293-F and CHO-S cells
(6). Suen et al. indicated that although transfection of
HEK cells is generally performed using inexpensive trans-
fection reagents such as polyethyleneimine (PEI), the CHO
cells are commonly transfected with more expensive lipo-
fection reagents (7). Therefore, although HEK cells are gen-
erally more likely to be transfected than CHO cells, the gen-
eration of high-producing stable HEK cell clones is more
time-consuming than CHO cells. This may be due to these
cellular vectors, which are usually derived from different
species and tissue source and are likely to differ in their ef-
ficiency of delivery to the target region, loss of the plasmid,
as well as resistance to antibiotics.

We also noted that although the stable CHO clones se-
creted slightly higher levels of hFIX protein than HEK cells
(30% higher), transient transfection of CHO cells leaded to
a very poor protein production (42% lower). In contrast,
the transient expression of hFIX in HEK cells resulted in a
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Table 2. Factor IX expression by stable HEK and CHO cells. Factor IX expression was determined in conditioned media after 72 hours of FIX expression. The data are the mean

= SD. of 3 similar experiments.

Cell Type FIX Antigen, ng/mL}10° Cell FIX Activity, mU/mL10° Cell FIX Specific Activity, U/mg Recovery%
CHO 148 £3 47%£2 03 82
HEK m+t4 33+2 03 79

quick production of secreted protein and more important,
the use of the same plasmid vector as for the stable CHO
cell clone generation. In this regard, Diepenbruck, C. et
al. noted that although stable CHO clones secreted slightly
higher levels of r-protein than HEK cells (17% higher), tran-
sient HEK cells have higher expression r-protein than CHO
cells (11). They also showed the CHO cells are not well suited
to deliver reasonable amounts of protein following tran-
sient transfection (11). Suen et al. has also indicated that
the protein expression yield is generally 2 - 5 times higher
for PEl-transfected HEK vs. CHO cells (7). Other studies has
also indicated that using a CHO-based transient produc-
tion of proteins was limited by poor transfection efficien-
cies, viabilities, and production of insufficient quantities
of recombinant proteins so that transient production of
recombinant scFv-Fc antibodies in HEK293 is efficient and
robust (18). The productivity of transient transfections de-
pends on various factors such as the amount of cell popu-
lation transfected, the gene transcription and translation
efficiency in the host cells, innate property of producer
cells related to protein folding and the extent of post-
translational processing, as well as modification required
for optimal protein function (6). It has also been shown
that mRNA stability is very important for the transgene ex-
pression levels and mRNA stability in transient HEK cells is
more than CHO cells (19, 20). Liu et al. showed that the EPO
specific mRNA expressed in transient HEK cells remained
constant, whereas the EPO mRNA level has been dramat-
ically reduced in CHO cells after 4 days post-transfection
(6). On the other hand, although a threefold elevation of
EPO mRNA level was expressed in HEK cells compared to
CHO cells, the maximal accumulations of EPO were greater
in FreeStyle™ CHO, being sevenfold higher than the max-
imum accumulations obtained from FreeStyle™ HEK cells
(6). It could be due to the lower secretion efficiency of HEK
cells rather than that of CHO cells. We also indicated that
the secretion efficiency in CHO cells was 20% more than
HEK cells, which may be due to provision of different intra-
cellular signaling pathways such as protein glycosylation
and folding (5).

The hFIX as a vitamin K dependent protein (VKD) un-
dergoes multiple post translational modifications (PTMs),
among them, y-carboxylation has a considerable effect on

its biological activity (21). Our findings suggest that the
FIX produced in both CHO and HEK cell lines was prop-
erly y-carboxylated, since up to 80% of both cell-produced
FIX was recovered employing barium citrate adsorption,
indicating that the majority of the FIX produced was ~-
carboxylated. It was also interesting that the specific activ-
ity and the fully y-carboxylated FIX were almost constant
in both cell lines in transient and stable expression, indi-
cating that the carboxylation efficiency in both CHO and
HEK cell lines has been almost equal.

High functional FIX expression levels are another re-
quirement for a successful therapeutic protein produc-
tion. In our expression systems, the transient HEK cell line
proved to be superior in the production of total FIX pro-
tein (42% increased) and functional FIX (29% higher) rela-
tive to the CHO cell line. It is important to note that due
to the increasing demand for the fast and efficient pro-
duction of proteins in expression systems, many indus-
trial laboratories prefer to use the host cell line in transient
gene expression (TGE) system to produce r-proteins for pre-
clinical purposes. Although the best method for large-scale
production of recombinant proteins in mammalian cells
is to establish stable clones, this approach can be labori-
ous, expensive, and time-consuming. As an alternative, the
large-scale transient transfection of mammalian cells can
produce remarkable amounts of recombinant protein in a
very short period of time (5, 22). The ideal mammalian cell
line for the transient production of r-proteins is highly sus-
ceptible to transfection, naturally inclined to have a high
cell specific productivity, and easy to maintain on a large-
scale (23). Although, for the stable expression of recom-
binant proteins, CHO cells are still prior to HEK293, how-
ever, the HEK293 is the preferred cell line for its transient
expression. This is attributable to the fact that the large-
scale transfection of CHO cells has low efficiency and low
productivity when cost-effective transfection reagents are
used. On the other hand, CHO cells, which are widely used
for stable transfection, are not well suited to deliver ade-
quate amounts of protein following transient transfection
(11). HEK cells have generated the highest volumetric yields
in TGE systems, and are therefore the most widely used (23).
For many applications, the use of transient HEK, rather
than CHO cells, appears to be superior, since HEK cells are

Gene Cell Tissue. 2017; 4(2):e13096.
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generally more easily transfected (7).

In conclusion, our findings suggest that the large-scale
transient HEK cell system has the potential of reducing the
cell development time significantly, while maintaining FIX
function. More studies and extensive efforts need to be car-
ried out on this expression system in order to maximize
protein production in transient expression systems by the
optimization of host cell lines, vector systems, and cell cul-
ture conditions. Overall, these observations support that
the HEK cell system is a respectable candidate for the effi-
cient production of recombinant FIX.
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