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Abstract

Background: Codon optimization is an efficient approach to achieve a higher level of heterologous gene expression and gener-
ate productive recombinant mammalian cell lines. In our previous work, based on the codon usage preference of Chinese ham-
ster ovary (CHO) cells, a codon-optimized human interferon-beta (opt-hIFN-β) gene was redesigned and transiently expressed in a
suspension-adapted CHO (CHO-s) cell line. Our results indicated a 2.8-fold increase in the expression level of the codon-optimized
gene compared to the unmodified sequence.
Objectives: In the current work, based on our previous results, a stable CHO-K1 cell line expressing the opt-hIFN-β gene was engi-
neered, in which the opt-hIFN-β gene expression was confirmed by dot and western blotting analyses.
Methods: The designed opt-hIFN-β sequence was digested and cloned into a pcDNA3.0 shuttle vector downstream to the cy-
tomegalovirus (CMV) promoter. The verified recombinant plasmid was then linearized and transfected into a CHO-K1 cell line to
integrate the opt-hIFN-β gene into the CHO-K1 genome. The transfected cells were then grown under the selective pressure of 450
µg/mL of G418 to develop a stable CHO-K1 cell line expressing the opt-hIFN-β gene. The enzyme-linked immunosorbent assay (ELISA)
and dot and western blotting analyses were carried out to verify hIFN-β protein expression.
Results: ELISA and dot and western blotting analyses confirmed the expression of hIFN-β in the stably-transfected CHO-K1 cells.
Conclusions: Stable expression of the opt-hIFN-β gene in the CHO-K1 cell line was verified by ELISA and dot and western blotting
analyses. This study was a pioneering work for further production of recombinant hIFN-β in the bioreactor.
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1. Background

It has been more than 30 years since the first licensed
recombinant therapeutic protein and insulin were intro-
duced and commercially available (1). Recombinant pro-
tein production has completely changed human life and
opened a new era. Nowadays, hundreds of therapeutic pro-
teins from very different origins are produced in geneti-
cally modified organisms (1).

Interferons (IFNs) belong to a family of cytokines with
antiviral, antiproliferative, and immunomodulatory prop-
erties (2). They are produced as a defense response to infec-
tions caused by viruses. IFNs are typically classified into 3
types based on their nucleotide sequence, interaction with
specific receptors, chromosomal location, structure, and
physicochemical properties. Type I IFNs are mainly com-
posed of IFN-α and β, while IFN-γ is the sole member of

type II IFNs. Type III IFNs comprise IFN-λ1, IFN-λ2, and IFN-
λ3 (3). IFN-β (also called fibroblast IFN) is a 166-amino acid
glycoprotein with a single glycan attached to the Asn80

residue. Its transcription is induced by viruses, endotox-
ins, mycoplasma, bacteria, and double-stranded polynu-
cleotides (4, 5). Recombinant hIFN-β is considered a first-
line treatment for relapsing-remitting multiple sclerosis
(RRMS) (6, 7). Two kinds of recombinant hIFN-β have been
produced for MS therapy. The non-glycosylated form of the
recombinant hIFN-β (hIFN-β 1b) with 165 amino acids was
first produced in Escherichia coli and approved by the US
Food and Drug Administration (FDA) in 1993. In hIFN-β 1b,
the Met1 residue was deleted, and Cys17 was replaced by a
Ser to improve its bioactivity (8, 9). The glycosylated form
of the recombinant hIFN-β (hIFN-β 1a) was then commer-
cially produced in the Chinese hamster ovary (CHO) cell
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line. The problem associated with rhIFN-β produced in E.
coli is its tendency to aggregate due to hydrophobic inter-
actions (10). The carbohydrate moiety in the glycosylated
recombinant hIFN-β covers the hydrophobic side chains,
stabilizes protein folding, and decreases its aggregation
(11).

Different mammalian expression systems have re-
cently been used to produce glycosylated therapeutic pro-
teins such as recombinant hIFN-β. Among those mam-
malian expression systems, the CHO cell line has attracted
much attention in the commercial production of biother-
apeutics (12). The CHO cell line confers several advantages
over the other mammalian expression systems, such as
the production of glycoproteins with glycan moieties sim-
ilar to those found in mammalian glycoproteins, presence
of powerful gene amplification systems, adaptability to
growth in suspension and serum-free conditions, and low
risk for the propagation of human viruses (13, 14). The long-
term and large-scale production of recombinant proteins
in mammalian cells depends on the stable integration of
the transgene in the host genome. Multiple stable recom-
binant CHO cell lines have been constructed by a non-
viral method for the large-scale production of recombi-
nant proteins (15-17). In the current work, to generate a sta-
ble CHO-K1 cell line expressing the codon-optimized hIFN-
β gene, the linearized codon-optimized human interferon-
beta (opt-hIFN-β) sequence was transfected into CHO-K1,
and stable genetically modified cells were selected based
on the resistance to G418. The expression of the recombi-
nant hIFN-β was confirmed by dot and western blotting for
further scaling up in bioreactors.

2. Objectives

This study aimed to construct a stable CHO-K1 recombi-
nant cell line expressing a codon-optimized recombinant
hIFN-β gene. This is the first step toward the large-scale
production of recombinant hIFN-β in bioreactors.

3. Methods

3.1. Construction of Recombinant Plasmid

The pOptiVEC vector harboring the opt-hIFN-β coding
sequence was double digested with NotI and XbaI restric-
tion enzymes and subjected to agarose gel electrophore-
sis to extract and purify the 621 bp fragment of opt-hIFN-β
from the agarose gel using the Roche high pure PCR purifi-
cation kit. The double digested opt-hIFN-β fragment was
then cloned into the same sites (NotI and XbaI) in pcDNA

3.0 plasmid, downstream to the CMV promoter. The accu-
racy of the cloning steps and the opt-hIFN-β sequence were
then verified using restriction enzyme digestion of the re-
combinant plasmid, polymerase chain reaction (PCR), and
high-quality Sanger sequencing. The final recombinant ex-
pression plasmid was named pcDNA3-hIFN-β.

3.2. Maxi Preparation of Plasmid

Upon verification of error-free clones, the pcDNA3-
hIFN-β recombinant plasmid was amplified in the DH5α
strain of E. coli and purified using the Genopure Plasmid
Midi Kit (Roche, Germany) according to the manufacturer
procedure.

3.3. Cell Culture and Transient Transfection of CHO-K1 Cells

For transient transfection of CHO-K1 cells with the
pCDNA3-hIFN-β recombinant plasmid, 24 hours prior to
transfection, the cells were seeded in 24-well plates at a
density of 2 × 105/mL cells in 500 µL DMEM/Ham’s F12
medium (50/50) media containing 10% FBS (Invitrogen,
USA), 100 IU/mL penicillin, and 100 µg/mL streptomycin.
The cells were incubated in a humidified incubator at 37°C
and 5% CO2 to grow and reach approximately 60 - 70% con-
fluence. At the time of transfection, the culture media were
replaced with non-FBS and non-antibiotic DMEM/Ham’s F12
media. The cultured CHO-K1 cells were transfected with the
circular pcDNA3-hIFN-β recombinant plasmid using lipo-
fectamine 2000 according to the manufacturer’s instruc-
tions (Thermo Fisher Scientific, USA). In brief, 1 µL lipo-
fectamine 2000 reagent was diluted in a 50-µL opti-MEM
medium and incubated for 5 minutes at room tempera-
ture. About 1 µg of DNA was also diluted in a 50-µL opti-
MEM medium, gently mixed with diluted lipofectamine
2000, and incubated for 20 minutes at room temperature.
The mixture of DNA and lipofectamine 2000 was added
to the CHO cells while swirling. Three to 4 hours after
transfection, the culture medium was harvested, and a
fresh, rich medium was added, containing 10% FBS (v/v),
100 IU/mL penicillin, and 100µg/mL streptomycin. The cul-
tured media were harvested every 24 hours after transfec-
tion for 3 days to verify protein expression using dot blot-
ting analysis.

3.4. Stable Transfection of CHO-K1 Cell Line

For stable transfection of the CHO-K1 cells, the puri-
fied pcDNA3-hFIXβ plasmid was linearized using the PvuI
restriction enzyme (Fermentas, USA) to facilitate its inte-
gration into the CHO-K1 genome. The linearized pcDNA3-
hIFN-β plasmid was transfected into a CHO-K1 cell line us-
ing lipofectamine 2000 transfection reagent according to
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the manufacturer’s instructions. Twenty-four hours after
transfection, the CHO-K1 cells were grown under the selec-
tive pressure of 450 µg/mL of G418 (Roche, Germany) for
1 month, during which the culture media were replaced
with the fresh G418-containing media every 2 days. When
the G418-resistant cells appeared, they were pooled and
seeded in duplicates at a density of 3 × 105 cells in 2 mL
of media per well of a 6-well plate. The supernatants were
collected and subjected to enzyme-linked immunosorbent
assay (ELISA) and dot and western blotting analyses.

3.5. Protein Expression Analyses

The supernatant of transiently transfected cells was
collected every 24 hours for 3 days and subjected to
dot blotting analysis. The culture media from stable-
transfected CHO-K1 cells were collected and subjected to
sandwich ELISA and dot and western blot analyses to detect
the presence of recombinant hIFN-β in culture media.

3.6. Western Blotting

The supernatants from stably transfected cells were
collected and subjected to SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis) analysis. The
SDS-PAGE analysis was performed according to the stan-
dard method described by laemmli in 1970 using 13% poly-
acrylamide resolving and 5% polyacrylamide stacking gels.
The separated protein bands were electroblotted onto a
polyvinylidene difluoride (PVDF) membrane and blocked
in skim milk (5% w/v, in tris-buffered saline). The PVDF
membrane was then incubated with mouse anti-hIFN-β
monoclonal antibody (Millipore, USA), followed by incuba-
tion with HRP conjugated goat anti-mouse antibody (Mil-
lipore, USA). Immunoreactive bands were then visualized
using Opti 4 CN substrate kit (Bio-Rad, USA).

3.7. Quantification of the hIFN-β Expression Using ELISA

Carbonate buffer containing 2µg/mL polyclonal rabbit
anti-human interferon beta was added to a 96-well plate
(Millipore, USA) and incubated at 4°C for 16 hours. The
plate was incubated in blocking buffer for 1 hour after
disposing of coating materials. The mouse anti-human
interferon-beta monoclonal antibody (DF 1:1000; Milli-
pore, USA) as a detection antibody and goat anti-mouse
HRP-conjugated antibody (1:5000; Millipore, USA) as a sec-
ondary antibody were added to the plate and incubated
for 1 hour at room temperature. Then TMB substrate (Bio-
Rad, USA) was used, and the absorbance was read at 450
nm wavelength using a plate reader (Thermo / LabSystems
352 Multiskan MS Microplate Reader, Artisan Technology
Group, United States, Lab System 352).

4. Results

4.1. Construction of Recombinant pcDNA3-hIFN-β Plasmid Ex-
pressing opt-hIFN-β

The opt-hIFN-β coding sequence was digested and ex-
tracted from the pOptiVEC vector using NotI and XbaI re-
striction enzymes (Figure 1). The 621 bp fragment was then
purified and inserted into the same places in the pCDNA 3.0
shuttle vector to construct recombinant expression plas-
mid pcDNA3-hIFN-β. To confirm the cloning steps, pcDNA3-
hIFN-β recombinant plasmids were digested with NotI and
XbaI and subjected to agarose gel electrophoresis to sepa-
rate fragments related to the opt-hIFN-β coding sequence
and linearized pcDNA3.0 vector. The accuracy of the re-
combinant plasmids was further verified by high-quality
Sanger sequencing.

Figure 1. pOptiVEC digested with NotI and XbaI restriction enzymes. Lane 1, DNA
ladder 1 kb; lane 2, pOptiVEC digested with NotI and XbaI; lane 3, uncut plasmid pOp-
tiVEC.
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4.2. Transfection of CHO-K1 Cells with pcDNA3-hIFN-β Recombi-
nant Plasmid

CHO-K1 cells were transfected with the recombinant
pcDNA3-hIFN-β plasmid using the lipofectamine 2000
transfection reagent. During transfection, a green fluores-
cent protein (GFP)-expressing vector was used as a positive
control to monitor the transfection efficiency indirectly
(Figure 2). Untransfected cells were also used as a nega-
tive control. The transfection efficiency was estimated to
be about 60 - 65% based on the green fluorescent signal
from CHO-K1 cells transfected with the GFP-expressing vec-
tor monitored by fluorescence microscopy (Figure 2).

4.3. Expression of the hIFN-β in Transiently Transfected CHO-K1
Cells

To study the expression of recombinant hIFN-β by the
opt-hIFN-β gene in transiently transfected CHO-K1 cells, 24,
48, and 48 hours after transfection, the culture media were
harvested and subjected to dot blotting analysis, in which
recombinant hIFN-β purified from E. coli was used as a pos-
itive control (Figure 3). As depicted in Figure 3, all the sam-
ples were positive in the case of hIFN-β expression in CHO-
K1, so the study was continued to produce the stable CHO-
K1 cell line expressing recombinant hIFN-β.

4.4. Stable Expression of hIFN-β by CHO-K1

For stable expression, CHO-K1 cells were transfected
with the PvuI-linearized pcDNA3-hIFN-β plasmid and
grown under the selective pressure of 450 µg/mL of G418
for 1 month to develop stable CHO-K1 cells. The supernatant
was collected from stably transfected cells and subjected
to dot blotting analysis (Figure 4).

4.5. SDS-Polyacrylamide Gel Electrophoresis and Western Blot-
ting

The supernatant from stably transfected cells was har-
vested and subjected to SDS-PAGE, followed by western
blotting analysis using the anti-hIFN-β monoclonal anti-
body. In this experiment, recombinant hIFN-β produced
by E. coli and Cinnovex hIFN-β produced by CHO cells were
used as positive controls (Figure 5 and lanes 1, 3, and 4).
The band related to recombinant hIFN-β produced by sta-
bly transfected CHO-K1 cells appeared as heavy as Cinnovex
hIFN-β and was heavier than recombinant hIFN-β pro-
duced in E. coli. The negative control was supernatant from
non-transfected cells (Figure 5 and lane 5). As depicted
in Figure 5, there was no band related to hIFN-β in non-
transfected cells.

4.6. Quantification of the hIFN-β Produced by Stably Trans-
fected CHO-K1 Cells Using Sandwich ELISA

To quantify recombinant hIFN-β produced by stably
transfected CHO-K1 cells, the culture medium was har-
vested and subjected to sandwich ELISA. The exact protein
quantity was estimated to be 126.13 ng/mL based on the
standard curve.

5. Discussion

Two different protein expression systems are used for
the production of recombinant hIFN-β for the treatment
of MS. The non-glycosylated hIFN-β (IFN-β 1b) was first pro-
duced in E. coli, approved by FDA in 1993, and commercially
available as BETASERON; hIFN-β 1a is produced in the CHO
expression system with higher bioactivity (18).

Different prokaryotic and eukaryotic expression sys-
tems, including bacteria, yeasts, insect cells, filamentous
fungi, and mammalian cell lines, are available for the pro-
duction of recombinant proteins (19). Among them, mam-
malian cell lines are widely used to manufacture biother-
apeutics due to their ability to produce a higher amount
of secreted proteins in serum-free culture conditions and
perform complex post-transcriptional modifications such
as glycosylation. (20). About 60 to 70% of recombinant
proteins are expressed in mammalian cells, primarily CHO
cells, due to their ability to confer a glycosylation pattern
close to that found in human cells (21). The CHO cell line
has additional benefits, such as a safety profile in humans,
accessibility of strong and diverse systems for gene am-
plification, and its adaptability to grow in suspension and
serum-free culture conditions (21). However, compared to
prokaryotic expression systems, eukaryotic systems have
lower levels of protein production.

One strategy to improve heterologous protein produc-
tion in mammalian cells is the codon optimization of the
heterologous gene according to frequently used codons
in host cells (22, 23). Previously, we designed a hIFN-β
coding sequence according to the frequently used codons
in CHO host cells in a way that the amino acid sequence
remained unchanged. The optimized gene was cloned
in the pCEP4 plasmid and transiently transfected into
suspension-adapted CHO (CHO-s) cells. The expression effi-
ciency of the hIFN-β protein from the optimized gene was
compared to the unmodified sequence, indicating a 2.8-
fold increase in the expression level of the hIFN-β by the
codon-optimized gene (24). Based on our previous results,
a pcDNA 3.0-based recombinant expression plasmid har-
boring the codon-optimized hIFN-β sequence (pcDNA3-

4 Zahedan J Res Med Sci. 2022; 24(2):e109808.



Rezakhani Taleghani M et al.

Figure 2. Transfected CHO-K1 cells with the GFP-expressing plasmid. The expression of GFP in the cytoplasm of the transfected CHO-K1 cell marks the cells green under fluo-
rescence microscopy. The green cells represent the transfected cells with the GFP-expressing vector.

hIFN-β) was constructed and transfected into CHO-K1 cell
lines.

The expression of the recombinant hIFN-β was con-
firmed in transiently transfected CHO-K1 cells using dot
blotting analysis. Then, the linearized pcDNA3-hIFN-β plas-
mid was transfected into CHO-K1 cells and grown under the
selective pressure of 450µg/mL geneticin for 30 days to de-
velop stable cell lines. When the resistant colon appeared,
they were pooled and seeded in a 6-well plate. The super-
natant was collected 3 days later, and the expression of the
recombinant hIFN-β was confirmed by western blotting
and ELISA analyses. The western blotting analysis of the
supernatant collected from stably transfected CHO-K1 cells
showed a band with the same molecular weight as Cin-
novex hIFN-β commercially produced by CHO cells. How-
ever, the band was heavier than the bacterial produced
recombinant hIFN-β. The difference in molecular weight

between prokaryotic and eukaryotic hIFN-β was expected
and attributed to the occurrence of the N-glycosylation
in the case of the recombinant hIFN-β produced in CHO
(25). N-glycosylation is a co- or post-translational modifi-
cation that occurs at the Asn-Xaa-Ser/Thr sequon on pro-
teins produced in eukaryotes (26). The quantification of
the recombinant hIFN-β production by stably transfected
CHO-K1 cells was performed using ELISA and estimated to
be 126.13 ng/mL. In this study, CHO-K1 stable cells produc-
ing recombinant hIFN-β were constructed. The next step
is the isolation of stable cell lines with high productivity
for scale-up in bioreactors, which can be a laborious and
time-consuming process.
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Figure 3. The dot blotting analysis of recombinant hIFN-β expressed by transiently transfected CHO-K1 cells. Supernatants were collected 24, 48, and 72 hours after transfection
and subjected to dot blotting analysis using the mouse anti-hIFN-β primary antibody. The positive control was standard hIFN-β expressed by Escherichia coli.

Figure 4. The dot blotting analysis of recombinant hIFN-β expressed by stably transfected CHO-K1 cells. Supernatants were collected from stably transfected CHO-K1 cells and
subjected to dot blotting analysis using the mouse anti-hIFN-β primary antibody (B). Recombinant hIFN-β expressed by Escherichia coli was also used as a positive control (A).
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Figure 5. Western blot analysis was carried out on the supernatant collected from stably transfected CHO-K1. Supernatants from stably transfected and untransfected CHO-K1
cells were harvested and subjected to SDS-PAGE and western blot analysis using the anti-hIFN-β primary antibody. Lane 1, recombinant hIFN-β produced by Escherichia coli;
lane 2, the Fermentase pre-stain protein ladder; lane 3, standard Cinnovex hIFN-β expressed by CHO cells; lane 4, the supernatant from stably transfected CHO-K1 cells; lane 5,
supernatant from untransfected cells.

Footnotes

Authors’ Contribution: Author Contributions: Study
concept and design: R. M. and T. F.; Acquisition of data: R.
M. ; Analysis and interpretation of data: R. M., G. F. and T. F.
; Drafting of the manuscript: R. M. G. F. ; Critical revision of
the manuscript for important intellectual content: R. M., T.
F. and G. F. ; Statistical analysis: R. M. and T. F. ; Administra-
tive, technical, and material support: R. M. and T. F. ; Study
supervision: T. F.

Conflict of Interests: The authors declared no conflict of
interest.

Ethical Approval: The study followed the guidelines of
Universities’ Ethics Committees, National Institute of Ge-
netic Engineering and Biotechnology, Iran.

Funding/Support: This work was supported by grant
number 528 of the National Institute of Genetic Engineer-
ing and Biotechnology, Iran.

References

1. Palomares LA, Kuri-Breña F, Ramírez OT. Industrial recombinant protein
production. 6. EOLSS Publishers, Oxford; 2002.

2. Rao DV, Ramu CT, Rao JV, Narasu ML, Rao AK. Cloning, high ex-
pression and purification of recombinant human intereferon-beta-
1b in Escherichia coli. Appl Biochem Biotechnol. 2009;158(1):140–54. doi:
10.1007/s12010-008-8318-9. [PubMed: 18679594].

3. Bandurska K, Krol I, Myga-Nowak M. [Interferons: between structure
and function]. Postepy Hig Med Dosw (Online). 2014;68:428–40. doi:
10.5604/17322693.1101229. [PubMed: 24864095].

4. Kronfol Z, Remick DG. Cytokines and the brain: implications
for clinical psychiatry. Am J Psychiatry. 2000;157(5):683–94. doi:
10.1176/appi.ajp.157.5.683. [PubMed: 10784457].

5. Meager A. Interferons alpha, beta, and omega. Cytokines. Elsevier;
1998. p. 361–89.

6. Baccala R, Kono DH, Theofilopoulos AN. Interferons as pathogenic
effectors in autoimmunity. Immunol Rev. 2005;204:9–26. doi:
10.1111/j.0105-2896.2005.00252.x. [PubMed: 15790347].

7. Friedman RM. Clinical uses of interferons. Br J Clin Pharmacol.
2008;65(2):158–62. doi: 10.1111/j.1365-2125.2007.03055.x. [PubMed:
18070219]. [PubMed Central: PMC2253698].

8. American Academy of Neurology. Interferon beta-lb in the treatment
of multiple sclerosis: Final outcome of the randomized controlled
trial. Neurology. 1995;45(7):1277–85. doi: 10.1212/wnl.45.7.1277.

9. Day C, Schwartz B, Li BL, Pestka S. Engineered disulfide bond greatly
increases specific activity of recombinant murine interferon-beta. J
Interferon Res. 1992;12(2):139–43. doi: 10.1089/jir.1992.12.139. [PubMed:
1578187].

10. Rodriguez J, Spearman M, Tharmalingam T, Sunley K, Lodewyks
C, Huzel N, et al. High productivity of human recombinant beta-
interferon from a low-temperature perfusion culture. J Biotech-
nol. 2010;150(4):509–18. doi: 10.1016/j.jbiotec.2010.09.959. [PubMed:
20933553].

Zahedan J Res Med Sci. 2022; 24(2):e109808. 7

http://dx.doi.org/10.1007/s12010-008-8318-9
http://www.ncbi.nlm.nih.gov/pubmed/18679594
http://dx.doi.org/10.5604/17322693.1101229
http://www.ncbi.nlm.nih.gov/pubmed/24864095
http://dx.doi.org/10.1176/appi.ajp.157.5.683
http://www.ncbi.nlm.nih.gov/pubmed/10784457
http://dx.doi.org/10.1111/j.0105-2896.2005.00252.x
http://www.ncbi.nlm.nih.gov/pubmed/15790347
http://dx.doi.org/10.1111/j.1365-2125.2007.03055.x
http://www.ncbi.nlm.nih.gov/pubmed/18070219
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2253698
http://dx.doi.org/10.1212/wnl.45.7.1277
http://dx.doi.org/10.1089/jir.1992.12.139
http://www.ncbi.nlm.nih.gov/pubmed/1578187
http://dx.doi.org/10.1016/j.jbiotec.2010.09.959
http://www.ncbi.nlm.nih.gov/pubmed/20933553


Rezakhani Taleghani M et al.

11. Sola RJ, Griebenow K. Glycosylation of therapeutic proteins: an ef-
fective strategy to optimize efficacy. BioDrugs. 2010;24(1):9–21. doi:
10.2165/11530550-000000000-00000. [PubMed: 20055529]. [PubMed
Central: PMC2805475].

12. Devasahayam M. Factors affecting the expression of recombinant gly-
coproteins. Indian J Med Res. 2007;126(1):22–8. [PubMed: 17890819].

13. Bandaranayake AD, Almo SC. Recent advances in mam-
malian protein production. FEBS Lett. 2014;588(2):253–60. doi:
10.1016/j.febslet.2013.11.035. [PubMed: 24316512]. [PubMed Central:
PMC3924552].

14. Lai T, Yang Y, Ng SK. Advances in Mammalian cell line develop-
ment technologies for recombinant protein production. Pharmaceu-
ticals (Basel). 2013;6(5):579–603. doi: 10.3390/ph6050579. [PubMed:
24276168]. [PubMed Central: PMC3817724].

15. Kaufman RJ, Sharp PA. Amplification and expression of sequences
cotransfected with a modular dihydrofolate reductase complemen-
tary DNA gene. J Mol Biol. 1982;159(4):601–21. doi: 10.1016/0022-
2836(82)90103-6.

16. Ringold G, Dieckmann B, Lee F. Co-expression and amplification of di-
hydrofolate reductase cDNA and the Escherichia coli XGPRT gene in
Chinese hamster ovary cells. J Mol Appl Genet. 1981;1(3):165–75.

17. Scahill SJ, Devos R, Van der Heyden J, Fiers W. Expression and
characterization of the product of a human immune interferon
cDNA gene in Chinese hamster ovary cells. Proc Natl Acad Sci USA.
1983;80(15):4654–8. doi: 10.1073/pnas.80.15.4654. [PubMed: 6308636].
[PubMed Central: PMC384102].

18. Pal D, Tripathy RK, Teja MS, Kumar M, Banerjee UC, Pande AH.
Antibiotic-free expression system for the production of human
interferon-beta protein. 3 Biotech. 2018;8(1):36. doi: 10.1007/s13205-017-
1056-3. [PubMed: 29291149]. [PubMed Central: PMC5745201].

19. Owczarek B, Gerszberg A, Hnatuszko-Konka K. A Brief Reminder
of Systems of Production and Chromatography-Based Recov-
ery of Recombinant Protein Biopharmaceuticals. Biomed Res Int.

2019;2019:4216060. doi: 10.1155/2019/4216060. [PubMed: 30729123].
[PubMed Central: PMC6341259].

20. Legastelois I, Buffin S, Peubez I, Mignon C, Sodoyer R, Werle
B. Non-conventional expression systems for the production of
vaccine proteins and immunotherapeutic molecules. Hum Vaccin
Immunother. 2017;13(4):947–61. doi: 10.1080/21645515.2016.1260795.
[PubMed: 27905833]. [PubMed Central: PMC5404623].

21. Grillberger L, Kreil TR, Nasr S, Reiter M. Emerging trends in plasma-
free manufacturing of recombinant protein therapeutics ex-
pressed in mammalian cells. Biotechnol J. 2009;4(2):186–201. doi:
10.1002/biot.200800241. [PubMed: 19226552]. [PubMed Central:
PMC2699044].

22. Burgess-Brown NA, Sharma S, Sobott F, Loenarz C, Oppermann
U, Gileadi O. Codon optimization can improve expression of hu-
man genes in Escherichia coli: A multi-gene study. Protein Expr
Purif. 2008;59(1):94–102. doi: 10.1016/j.pep.2008.01.008. [PubMed:
18289875].

23. Chung BK, Yusufi FN, Yang Y, Lee DY; Mariati. Enhanced expres-
sion of codon optimized interferon gamma in CHO cells. J Biotech-
nol. 2013;167(3):326–33. doi: 10.1016/j.jbiotec.2013.07.011. [PubMed:
23876479].

24. Shayesteh M, Ghasemi F, Tabandeh F, Yakhchali B, Shakibaie M. De-
sign, construction, and expression of recombinant human inter-
feron beta gene in CHO-s cell line using EBV-based expression sys-
tem. Res Pharm Sci. 2020;15(2):144–53. doi: 10.4103/1735-5362.283814.
[PubMed: 32582354]. [PubMed Central: PMC7306247].

25. Samoudi M, Minuchehr Z, Harcum SW, Tabandeh F, Omid Yeganeh
N, Khodabandeh M. Rational design of glycoengineered interferon-β
analogs with improved aggregation state: experimental validation.
Protein Eng Des Sel. 2016;30(1):23–30.

26. Weerapana E, Imperiali B. Asparagine-linked protein glycosylation:
from eukaryotic to prokaryotic systems. Glycobiology. 2006;16(6):91R–
101R. doi: 10.1093/glycob/cwj099. [PubMed: 16510493].

8 Zahedan J Res Med Sci. 2022; 24(2):e109808.

http://dx.doi.org/10.2165/11530550-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20055529
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2805475
http://www.ncbi.nlm.nih.gov/pubmed/17890819
http://dx.doi.org/10.1016/j.febslet.2013.11.035
http://www.ncbi.nlm.nih.gov/pubmed/24316512
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3924552
http://dx.doi.org/10.3390/ph6050579
http://www.ncbi.nlm.nih.gov/pubmed/24276168
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3817724
http://dx.doi.org/10.1016/0022-2836(82)90103-6
http://dx.doi.org/10.1016/0022-2836(82)90103-6
http://dx.doi.org/10.1073/pnas.80.15.4654
http://www.ncbi.nlm.nih.gov/pubmed/6308636
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC384102
http://dx.doi.org/10.1007/s13205-017-1056-3
http://dx.doi.org/10.1007/s13205-017-1056-3
http://www.ncbi.nlm.nih.gov/pubmed/29291149
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5745201
http://dx.doi.org/10.1155/2019/4216060
http://www.ncbi.nlm.nih.gov/pubmed/30729123
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6341259
http://dx.doi.org/10.1080/21645515.2016.1260795
http://www.ncbi.nlm.nih.gov/pubmed/27905833
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5404623
http://dx.doi.org/10.1002/biot.200800241
http://www.ncbi.nlm.nih.gov/pubmed/19226552
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2699044
http://dx.doi.org/10.1016/j.pep.2008.01.008
http://www.ncbi.nlm.nih.gov/pubmed/18289875
http://dx.doi.org/10.1016/j.jbiotec.2013.07.011
http://www.ncbi.nlm.nih.gov/pubmed/23876479
http://dx.doi.org/10.4103/1735-5362.283814
http://www.ncbi.nlm.nih.gov/pubmed/32582354
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7306247
http://dx.doi.org/10.1093/glycob/cwj099
http://www.ncbi.nlm.nih.gov/pubmed/16510493

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Construction of Recombinant Plasmid
	3.2. Maxi Preparation of Plasmid
	3.3. Cell Culture and Transient Transfection of CHO-K1 Cells
	3.4. Stable Transfection of CHO-K1 Cell Line
	3.5. Protein Expression Analyses
	3.6. Western Blotting
	3.7. Quantification of the hIFN-β Expression Using ELISA

	4. Results
	4.1. Construction of Recombinant pcDNA3-hIFN-β Plasmid Expressing opt-hIFN-β
	Figure 1

	4.2. Transfection of CHO-K1 Cells with pcDNA3-hIFN-β Recombinant Plasmid
	Figure 2

	4.3. Expression of the hIFN-β in Transiently Transfected CHO-K1 Cells
	Figure 3

	4.4. Stable Expression of hIFN-β by CHO-K1
	Figure 4

	4.5. SDS-Polyacrylamide Gel Electrophoresis and Western Blotting
	Figure 5

	4.6. Quantification of the hIFN-β Produced by Stably Transfected CHO-K1 Cells Using Sandwich ELISA

	5. Discussion
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

