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Abstract:

Background:

Transient expression system is very widely used for protein expression including recombinant protein expression. Normally, in the
commercially available expression system, cells were grown rapidly in protein expression. However, over cell growth was not only
unnecessary for high level protein expression, but also induced cell death and led to protein degradation.

Aims and Objectives:

To overcome these limitations a new adapted culture method needs to be developed.

Methods:

In this work, we developed growth control medium for transient high protein expression system using NPLAd (Non-Protein and
Lipid Medium Adopted) cells. With this system, cell numbers were not increased until 10 days.

Results:

Our results indicated that expression level in NPLAd system was 1.8 times higher than that in Free style system, which was one of
the commercially available high expression systems.

Conclusion:

The antibody performance expressed by NPLAd system was almost the same to that of expressed by Free style system. The results
suggested that NPLAd system could be useful for protein expression, such as recombinant antibody.
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1. INTRODUCTION

Monoclonal antibodies are most selling biopharmaceutics drug in drug market [1 - 4]. Many of the recombinant
production systems have been developed, such as gram-negative and positive bacteria, yeasts and filamentous fungi,
insect cell lines, mammalian cells to transgenic plants and animals [5]. The advanced mammalian folding, secretion and
post-translational apparatus are capable of producing antibodies indistinguishable from those in the human body with
least concerns for immunogenic modifications. Moreover, it is also highly efficient for secretion of large and complex
IgGs [5]. On the other hand, expression system using mammalian cells has some risk such as viral infections [3 - 7].

Chinese Hamster Ovary (CHO) cells are the prominent choice of mammalian expression system for antibodies [8 -
10]. Due to safety concerns in clinical use, the expression system of CHO cells should not have biological ingredients,
such as serum [11]. The adapted culture method is one of the good strategies to simplify CHO cell culture medium
without any proteins and lipids. The strategy of adapted culture method includes both medium and cell modification.
However,  in  biological  ingredient-free  culture  systems,  the  rate  of  cell  proliferation  is  decreased.  Proliferation  in
simplified  cell  culture  medium  often  requires  autocrine  factors,  such  as  EGF  [12].  To  increase  proliferation,  the
signaling  efficiency  of  these  autocrine  factors  should  be  increased.  We  have  developed  a  Non-Protein  and  Lipid
Medium Adopted (NPLAd) cell line for biopharmaceutical recombinant protein expression [13]. The proliferation rate
of CHO cells in simplified culture medium was improved by insulin and GM3 addition. Our results suggest that this cell
line  could  be  useful  for  biopharmaceutical  recombinant  protein  expression.  However,  NPLAd  system  has  some
problems, such as low protein expression level, because NPLAd medium was good for cell growth, but not good for
protein expression.

In this paper, we developed growth control medium for transient high protein expression system using NPLAd cells
with our new concept. Our concept was that cell growth was not necessary for protein expression in transient expression
system because most of the cells were not transfected by expression vector. Keeping this in view, we developed low
growth rate medium for antibody expression. The results indicated that expression level in this system was higher than
that  in  conventional  system,  FreeStyle  System,  which  is  one  of  commercially  high  expression  system.  The  results
suggested that this system could be useful for recombinant antibody expression.

2. MATERIALS AND METHODS

2.1. Cell Culture and Medium

Free Style Chinese Hamster Ovary (CHO) cell line (FS CHO–S Cells, ThermoFisher Scientific) manipulated to
express was used in the study. FreeStyle CHO Expression Medium (ThermoSicher Scientific, USA) was used as the
FreeStyle CHO cell growth medium. In addition, an in-house NPLAd cell line, has been previously described [13]. NPL
medium, previously described [13] was modified and used as the NPLAd cell line growth medium. The improved NPL
medium  was  named  NPLTT  medium.  Both  FreeStyle  and  NPLAd  Systems  were  inoculated  in  shaking  flask  and
incubated at 37ºC under 5% CO2, 100% humidity and 120 rpm shaking.

The  improved  NPL  medium  was  named  NPLTT  medium  (NPL  Medium  for  Transient  Transfection).  The
concentration of L-Isoleucine, L-leucine, L-ornithine and L-threonine was increased as a protein expression resource in
NPLTT medium.  The  NPLTT medium increased  glucose  and  mannose  concentrations  as  energy  sources  for  cells.
Ascorbic acid and glutathione were added to suppress cell damages by their antioxidant effects.

2.2. Transfection Efficiency

Transfection efficiency of transient gene expression was measured by GFP expression assay. Green Fluorescent
Protein vector, phMGFP (Promega) was amplified in DH5α and purified with QIAGEN Plasmid Midi Kit (QIAGEN,
USA). Freestyle CHO-S cells (Thermo fisher scientific, USA) were cultured in Freestyle CHO medium (Thermo fisher
scientific) supplemented with 2 mM L-glutamine. NPLAd and FreeStyle CHO-S cells were cultured for semi-confluent
condition under standard humidified conditions (37°C and 5% CO2) and harvested. Cells were resuspended in fresh
medium and seeded in 24-well plates by 20 x 105 cells in 0.5 mL medium. 3 wells were tested for a cell condition.
Culture plates were incubated at 37°C and 5% CO2 in shaking at 120 rpm. Transfection reagent Lipofectamine LTX &
PLUS Reagent (Thermo fisher scientific) and Freestyle MAX were used for NPLAd cells and Freestyle CHO-S cells,
respectively, under standard protocol. 1μg of phMGFP plasmid was used for a well and Opti-MEM (Thermo fisher
scientific) was used to prepare transfection complex. GFP expression was measured after 6 days from transfection day
with LUNA-FL Dual Fluorescence Cell Counter (Logos Biosystems, USA).
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2.3. Plasmid Construction

Anti-HER2 antibody sequence was inserted into pCDNA3.1 vector between Nhe I and Xho I restriction site. The
order of the sequence was as follows: signal peptide, heavy chain (VH), GS repeat region, light chain (VL) and constant
regions (CH2-CH3). The signal peptide was a 19-amino-acid sequence (MKHLWFFLLLVAAPRWVLS) the original
of which comes from signal peptide of V-region precursor (Genebank: AAA58803). This sequence was designed to be
auto-cleavaged after leading the anti-Her2 antibody throughout cell into the culture medium. The auto-cleavage ability
of  this  sequence  was  tested  using  SignalP  4.1  Server  (http://www.cbs.dtu.dk/services/SignalP/).  VH and  VL  DNA
region were constructed following the synthetic sequence of the author’s group (Genbank: AM402973.1). Between VH
and VL, a 35-GS repeat region was inserted to create a hinge region which makes VH and VL more flexible. The CH2-
CH3 region was directly cloned from Vietnamese blood sample.

2.4. Cell Growth Assay and Recombinant Antibody Expression

In the NPLAd System, NPLAd cells were seeded at 1 x 106 cell / mL in a Shaking flask. Shaking culture was carried
out for 24 hours as preculture. After preculture, 2 μL / mL of FuGENE HD transfection reagent (Promega) and 0.4 μg /
mL of anti-HER 2 antibody vector were added. Cultured for 4 hours after transfection, 1 mM of valproic acid was
added. Shaking culture was continued for 2 weeks at 37°C.

In  the  FreeStyle  System,  CHO-s  cells  were  seeded  at  a  cell  density  of  2  x  105  cells  /  mL.  Transfection  was
performed by adding 1 μg / mL of Lipofectamine LTX Reagent with PLUS Reagent (Thermo Fisher Scientific) and 0.4
μg / mL of anti-HER 2 antibody vector. After transfection, shaking culture was carried out for 12 days at 37°C.

Samples  were  taken  at  regular  intervals  on  both  systems  and  the  number  of  cells  and  the  expression  levels  of
antibody were measured. The cell number was measured by a dye exclusion method with Hemocytometer. Antibody
concentration was measured by ELISA using human IgG ELISA quantitation set (Bethyl laboratories inc, USA).

2.5. Purification of Recombinant Antibody

Antibodies  expressed  by  NPLAd  System  and  FreeStyle  System  were  purified  by  the  same  method.  Culture
supernatant was desalted with a Vivaflow 50 ultrafiltration membrane (Sartorius AG, MWCO 30,000) and concentrated
to 250 times.

Desalted and concentrated culture supernatant was purified using a commercially available Antibody Purification
Kit Protein A (Bio-Rad) according to kits protocol. After affinity purification, the purity and recovered amount of the
antibody  were  measured.  The  purity  of  the  antibody  after  purification  was  calculated  by  measuring  the  amount  of
antibody by ELISA, measuring the protein concentration with a protein assay kit (Bio-Rad), and dividing the amount of
antibody by the amount of protein. The recovery rate of the antibody after purification was calculated by dividing the
total amount of antibody in the culture supernatant by the total amount of purified antibody.

Purified  antibodies  were  electrophoresed  on  SDS-PAGE  under  non-reducing  conditions  (without  DTT).
Approximately, 100 ng of purified antibody per lane is supplied to an electrophoresis gel. After electrophoresis, western
blotting was performed. Anti-human IgG-HRP was bound to the blotted nitrocellulose membrane, followed by antibody
staining  with  EzWest  Blue  (ATTO  Corporation).  Molecular  weight  was  estimated  using  Marker  as  Precision  Plus
Protein Dual Color Standards (MW range from 10 to 150 kD, Bio-Rad).

2.6. ELISA for Binding Activity of Anti-HER2 Antibody

Binding  activity  of  anti-HER2  antibody  was  determined  using  human  IgG  ELISA  quantitation  set  (Bethyl
laboratories  inc)  according  to  the  manufacturer’s  instructions  with  some  modified.  The  A431  cells  were  seeded  at
density 104 cells/well in a 96-well plate at 37oC, 24 h. Next, the cells were washed once with wash solution and fixed
with 100 µl 4% formaldehyde at room temperature (rt), 15 min. Then the cells were washed twice with wash solution
and blocked with 200 µl blocking solution within 30 min at rt. After removing the blocking solution, cells were washed
5 times and incubated to 100 µl of samples. Cells with no incubation to anti-Her2 antibody were also tested as controls.
100 µl of diluted HRP labeled antibody was added to each well. After 1 hour incubation, cells were washed 5 times.
Following 100 µl of TMB substrate solution was added to each well and the plate was developed in the dark for 15 min.
The reaction was stopped by adding 100 µl 0.18M H2SO4 to each well, absorbance at 450 nm was measured by a plate
reader.

http://www.cbs.dtu.dk/services/SignalP/
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3. RESULTS AND DISCUSSION

3.1. The Transfection Efficiency of FS CHO-S and NPLAD Cells

At first, we checked the transfection efficiency of FS CHO-S and NPLAd cells using GFP expression vector. For FS
CHO-S  cells,  Freestyle  MAX  were  used  under  standard  protocol.  The  transfection  efficiency  of  FS  CHO-S  was
approximately 95% (Fig. 1A). We also used Freestyle MAX for NPLAd cells, however, transfection efficiency was
quite low (data not shown). For NPLAd cells, we checked several kinds of transfection reagents, Lipofectamine LTX &
PLUS reagent showed the highest transfection efficiency among these transfection reagents. The transfection efficiency
of NPLAd cells using Lipofectamine LTX & PLUS was approximately 21% (Fig. 1B). The results indicated that the
transfection efficiency of NPLAd cells was approximately 4.5-fold lower than that of FS CHO-S. Low transfection
efficiency could be due to cell membrane lipid component of NPLAd cells [14].

Fig. (1). The transfection efficiency of FS CHO-S (A) and NPLAd cells (B).

3.2. Preparation of Growth Control Medium

NPLAd medium was found to  be  good for  cell  growth,  but  with  low protein  expression [13].  We modified the
previously reported NPL medium [13] with the aim of maintaining the survival of cells at high density. The improved
NPL  medium  was  named  NPLTT  medium  (NPL  Medium  for  Transient  Transfection).  In  NPLTT  medium,  the
concentrations  of  amino  acids  were  increased  as  a  protein  expression  resource.  The  concentrations  of  sugars  were
increased as an energy source for cells. Antioxidant reagents, which were ascorbic acid and glutathione were added to
suppress cell damage. In addition, 1% Pluronic F-68 Non-ionic Surfactant (Thermo Fisher Scientific Inc.) was added to
suppress shock absorption of cells during shaking culture and form cell clumps. In NPLAd system, valproic acid (VPA)
was added to medium after transfection to inhibit histone deacetylase activity [15], suppresses gene uptake and cell
proliferation [16].

3.3. Comparison of Cell Growth and Antibody Expression Levels in NPLAd and Free Style Systems.

In transient expression system, cell growth was not necessary for protein expression because most of cells were not
transfected by expression vector. Keeping this in view, we developed low growth rate medium for antibody expression.
To  confirm  the  characterization  of  our  developed  expression  system,  we  compared  of  cell  growth  and  antibody
expression levels in NPLAd system to Free style system, which was one of the commercially available useful and high
expression  systems.  The  time  course  of  cell  numbers  is  shown in  Fig.  (2A).  In  the  case  of  Free  style  system,  cell
numbers were increased time dependently until 7 days. After that, cell numbers were dramatically decreased. After 12
days, cell numbers were decreased to almost seeding numbers. This cell number decrease could be over cell growth. On
the other hand, in case of NPLAd system, cell numbers were not increased until 10 days, after that they were slightly
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decreased. We seeded cells almost confluent, because NPLTT medium did not support cell growth.

The time course of antibody expression levels is shown in Fig. (2B).  In the case of Free style system, antibody
expression level was increased time dependently from 4 to 7 days, and reached maximum to approximately 2500 ng/ml,
after that the expression level was decreased. In NPLAd system, expression level of anti-HER2 antibody was increased
until  14  days,  and  reached  maximum  to  approximately  4500  ng/ml.  The  results  indicated  that  expression  level  in
NPLAd system was 1.8 times higher than that in Free style system. After 7 days, the expression level in NPLAd system
was 1.4 times higher than that in Free style system. In NPLAd system, high numbers of transfected cells could be kept
without cell growth within 10 days. These high numbers of cells could express high level of anti-HER2 antibody.

Fig. (2). Comparison of cell growth (A) and antibody expression levels (B) in NPLAd and Free style systems.

3.4. Purification of Recombinant Antibodies

Antibody recovery rate by Protein A affinity chromatography was 70% or more (NPLAd System 73.3%, FreeStyle
System 84.8%), antibody purity was 90% or more (NPLAd System 92%, FreeStyle System 90%). In NPLAd System,
NPLTT medium contains almost no protein so antibody protein can be purified to high purity only by concentration and
affinity chromatography.

As a result of Western blot after purification, three bands reacting with anti-human IgG were confirmed between
approximately 100 and 150 KDa in molecular weight. We estimated that the top band showed full-IgG (147 KDa), the
middle band showed IgG without one right chain (122 KDa) and the bottom band showed IgG without two right chains
(97 KDa). The migration distance of each bands of antibodies expressed by NPLAd System and FreeStyle System were
almost the same (Fig. 3).

3.5. Comparison of Binding Activities of Recombinant Antibodies

To  confirm  the  antibody  performance  expressed  by  NPLAd  system,  we  compared  the  binding  activities  of
recombinant antibodies with Free style system. The A431 cells, HER2-expressed cell line [17], were seeded in a 96-
well plate. And then the anti-HER2 antibodies, which were expressed by NPLAd and Free style system, were added.
The  binding  levels  of  recombinant  antibodies  were  detected  by  human  IgG ELISA.  As  shown in  Fig.  (4),  binding
activities of recombinant antibodies expressed by NPLAd and Free style system were almost the same. The results
indicated that the antibody performance expressed by NPLAd system was almost the same to the one expressed by Free
style system.
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Fig. (3). Western blot analysis of recombinant antibody expressed by NPLAd and Free style systems. In SDS-PAGE, the sample was
electrophoresed without reduction with DTT. After electrophoresis, Western blotting and immunostaining with anti-human IgG-HRP
were performed. For electrophoresis, molecular weight is estimated using MW 10-150 kDa marker. Lane 1 is purified antibody of
NPLAd System (97 ng), lane 2 is purified antibody of Free style system (81 ng). Lane M is the Precision Plus Protein Dual Color
Standards Marker, which shows a molecular weight range of 10-150 kDa.

Fig. (4). Relative binding activities of antibodies expressed by NPLAd and Free style systems. 50 ng/ml of antibodies were used for
assay. N=3.

CONCLUSION

We developed high antibody expression system namely NPLAd system, which used low growth rate medium. Even
at low transfection efficiency, antibody expression level of NPLAd system was 1.4 times higher than that in Free style
system. We concluded that our developed growth controlled medium enhanced recombinant antibody expression level.
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This expression system would be useful for recombinant protein expression.
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