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Introduction
Monoclonal antibodies (mAbs) have been extensively used for the 

treatment of a wide range of human diseases. In fact, today, therapeutic 
monoclonal antibodies are categorized as the fastest growing and best-
selling biopharmaceuticals [1]. Th e main advantages of monoclonal 
antibodies in comparison to small-molecule drugs are longer half-life, 
high-affi  nity binding to target molecules, the possibility of the development 
of specifi c mAbs for a wide range of antigens, and the ability to use the 
host’s immune-system eff ector functions such as antibody-dependent cell-
mediated cytotoxicity (ADCC) and complement-dependent cytotoxicity 
(CDC) [2,3]. 

Whole monoclonal antibodies are primarily produced in 
mammalian expression systems including CHO, Sp2/0, and NS0 cells 
mainly because these host systems have the ability to perform the 
necessary posttranslational modifi cations such as glycosylation and 
disulphide-bond formation [4]. Th e successful expression of the mAbs 
is also dependent on the proper folding and assembly of the light chain 
and heavy chain. Th e effi  cient and controlled coexpression of these 
two polypeptides is an important consideration in the design of mAb-
expression vectors. It has been suggested that the excess ratio of light 
chain to heavy chain is essential for the formation of a correctly folded 
antibody molecule [5].

Internal ribosome entry sites (IRESs) are RNA elements that can 
stimulate internal cap-independent translation of mRNAs. Th ese 
elements are naturally present in the 5 untranslated region (UTR) 
of cellular and viral mRNAs. Th eir main function is to facilitate the 
selective expression of desired genes when the main cap-dependent 

translation system is suppressed due to viral infection or other stress 
stimuli. When placed between two or three genes, IRESs allow their 
coexpression from a single transcript. In this situation, the fi rst gene is 
translated via cap-dependent mechanism, while the rest of the genes are 
translated through cap-independent translation [6,7]. 

IRESs have been expensively used for coexpression of multiple 
genes in mammalian cells. Th e main applications include the design of 
gene-therapy vectors, transgenic studies, and heterologous expression 
of recombinant proteins. It has been shown that the effi  ciency of cap-
independent translation is lower than the main cap-dependent system. 
Th is property has been well suited to the mAb expression by placing the 
light-chain and heavy-chain coding regions upstream and downstream 
of an IRES element, respectively [8,9].

Stem cell transplantation (SCT) has become an effi  cient therapeutic 
option for hematologic malignancies, nonmalignant hematologic 
disorders, and even nonhematologic disorders such as autoimmune 
diseases. Where autologous SCT is associated with fewer complications, 
allogeneic SCT off ers several advantages including the lower risk of 
disease relapse due to the presence of residual tumor cells and the 
ability to exert tumor versus malignancy eff ect due to the donor-
immunocompetent cells in the graft . However, allogeneic transplant 
is also associated with life-threatening complications such as graft -
versus-host disease (GvHD). Th erefore, diff erent strategies have been 
developed to block T-cell function including the in vitro removal 
of the donor T cells, the use of calcineurin inhibitors, or the in vivo 
administration of antibodies for lymphocyte depletion [10,11].

Anti-CD52 monoclonal antibodies have shown promising results 
in reducing the GVHD in SCT, treatment of lymphocyte malignancies, 
and management of autoimmune disorders such as multiple sclerosis 
and rheumatoid arthritis. Th e main mechanism of action of these 
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Abstract

The effi cient development of stable monoclonal antibody-producing mammalian cells is a tedious and time-consuming 
process due to the structural complexity of these molecules. The ratio of the light-chain to heavy-chain expression is 
critical for the assembly and successful production of functional antibodies. Different vector-design strategies have been 
employed for the optimal expression of monoclonal antibodies in mammalian cells. In the current study, a bicistronic 
expression based on the encephalomyocarditis virus internal ribosomal entry site (ECMV IRES) element was used for 
the development of Chinese hamster ovary (CHO)–stable cell pools expressing an anti-CD52 antibody. The success-
ful expression of the monoclonal antibody in CHO cells was achieved with the maximum titer of 20 µg/l. Our results 
here show that IRES-mediated bicistronic expression is an effi cient method for the stable expression of monoclonal 
antibodies in CHO cells.
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the LC-IRES-HC fragment has been inserted downstream of the 
cytomegalovirus (CMV) promoter. The map of the pLCIHC-Puro 
expression vector is shown in Figure 1. 

Stable cell-line generation
CHO-K1 cells were transfected with the monoclonal-antibody 

bicistronic-expression construct in duplicate, and two stable cell pools 
were generated in puromycin-containing medium. After 2 weeks of 
antibiotic selection, untransfected cells died completely, while cell 
clones appeared in transfected cells. During two more weeks’ culture 
of transfected cells in puromycin-containing medium, the clones were 
propagated, and cell pools were developed. 

Monoclonal antibody–expression analysis
Stable cell pools as well as parental cells were cultured in 24 well 

plates. The culture’s supernatants were analyzed for monoclonal 
antibody–expression level in 3-day intervals during the 9 days of 
culture. As it is indicated in Figure 2, the sample from day six showed 
the highest expression level with the titer of 20 µg/l. 

agents is triggering lymphocyte cytotoxicity through ADCC, CDC, and 
apoptosis [12,13].

In the current study, the efficiency of a bicistronic-expression vector 
system in the stable expression of an anti-CD52 monoclonal antibody 
in CHO cells has been examined. 

Materials and Methods

Cell culture
CHO-K1 cells (ATCC CCL-61) were cultured in DMEM/F12 

medium supplemented with 10% fetal bovine serum (FBS), 100 U/ml  
penicillin, 100 µg/ml streptomycin, and 2 mM L-glutamine (Life 
Technologies, USA) at 378C in a humidified incubator containing 5% 
CO2. For the determination of cell concentration and viability, trypan-
blue exclusion method was used.

Gene cloning
The antibody light chain (LC), heavy chain (HC), and ECMV 

IRES element were first amplified, cloned in intermediate vectors, and 
sequenced. Then, the IRES was cloned upstream of the heavy chain 
in the EcoRI and NcoI restriction sites. In the next step, the IRES-HC 
fragment was cloned downstream of the light chain in EcoRI and NotI 
sites. Finally the LC-IRES-HC fragment was cloned in the multiple-
cloning site of the pCMV-Puro expression vector using the NheI and 
NotI restriction sites to obtain pLCIHC-Puro vector. 

Transfection and stable cell-line development
Transfection was performed using Lipofectamin 2000 reagent (Life 

Technologies, USA) according to the manufacturer’ s protocol. For the 
development of stable cell pools, CHO-K1 cells were transfected with the 
pLCIHC-Puro expression vector in duplicates. After 48 h, transfectants 
were diluted in 1:10 ratio, and the antibiotic selection was performed 
in a medium containing 5 µg/ml puromycin (Life Technologies, USA) 
for 4 weeks. Resulting cells were cultured in antibiotic-free medium for 
several passages.

Analysis of antibody expression
Stable cell pools as well as parental cells were seeded in 24 well 

plates at the density of 0.05 3 106 cells/ml. The culture’s supernatants 
were collected at 96-h intervals during the 9 days of culture. For the 
analysis of mAb concentration, an enzyme-linked immunosorbent 
assay (ELISA) in 96 well plates (Greiner, USA) was employed. Briefly, 
each well was first coated with 1 µg of goat antihuman IgG as a capture 
antibody in 48C. Following three washes with phosphate-buffered saline 
(PBS) containing 0.1% Tween-20 (Sigma, Germany), 200 µl of blocking 
buffer (3% Skimmed milk in PBS) was added to each well and incubated 
at 378C for 1 h. The plate was then washed three times, and 100 µl of the 
cell-culture medium and the standard antibody were added in duplicates 
and incubated at 378C for 1 h. After three washes, 100 µl of horseradish 
peroxidase (HRP)–conjugated goat antihuman Kappa chain (Sigma, 
Germany) in 1:10,000 dilution was added and incubated at 378C for 
another hour. Following three washes, 100 µl of tetramethylbenzidine 
(TMB) substrate (Sigma, Germany) was added and incubated at room 
temperature for 20 min. The reaction was stopped by 1 M HCl, and the 
absorbance at 450 nm was measured using a plate reader. 

Results

Construction of the expression vector
The bicistronic-expression vector was constructed through 

several cloning steps. In the final expression vector, pLCIHC-Puro, 

Figure 1: The schematic representation of the bicistronic-expression 
vector containing light chain (LC), IRES, and heavy chain  

(HC) is shown

Figure 2: The antibody-expression level during 9 days of culture.  
The error bars represent the standard deviation of measurements  

of two independent experiments
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In the current study, we have used bicistronic expression based on 
the IRES element with the LC-IRES-HC arrangement. Our expression 
analysis using ELISA showed up to 20 µg/l titer in the cell-culture 
supernatant of the stable cell pools. This titer seems rational, considering 
that transfectants were only selected using antibiotic selection without 
performing gene amplification. Further studies on analysis of antibody 
quality in stable cell pools as well as single cell clones are needed to 
examine the actual efficiency of this expression platform. 
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Discussion
Despite tremendous advances in recombinant protein–expression 

level during the last decades, the development of the stable high-
producing cell lines is still a major challenge, especially for more 
complex proteins such as monoclonal antibodies [14,15]. The complex 
nature of the antibodies also necessitates the use of mammalian 
cells as the most potent expression system. In this regard, vector-
engineering strategies have proven to be effective for the enhancement 
of the transgene-expression level as well as its stability in mammalian  
cells [16].

In fact, the choice of expression vector and its elements can have 
a profound effect on monoclonal-antibody expression as well as its 
quality. Therefore, researchers have focused on the evaluation of the 
different vector-design strategies for the transient and stable expression 
of monoclonal antibodies. It has been revealed that the LC:HC ratio can 
affect antibody assembly in the endoplasmic reticulum (ER). Schlatter 
et al. [17] have shown that antibody production was higher in clones 
with LC:HC ratios higher than 2:1. 

Although the use of two separate vectors for the expression of 
heavy chain and light chain has been reported, this approach has 
serious shortcomings such as the possibility of the integration of the 
two vectors in different genomic sites and the variation of the copy 
number for each gene which can in turn cause an improper ratio of 
the expressed light chain to heavy chain, and reduce the possibility of 
achieving cell clones with high expression level of active antibody.

To deal with these limitations, the use of single-expression vectors 
containing both light- and heavy-chain coding sequences has been 
considered. Although the expression of each polypeptide under the 
control of a separate promoter can solve the problem of integration 
in a different genomic site, the promoter function can be affected by 
the transcriptional interference effect [18]. As a result, multicistronic 
expression systems, which allow the transcription of two or three 
genes in a single transcript, and the single open reading frame (ORF)–
expression system, which is based on the translation of both chains as a 
single polypeptide and their subsequent cleavage, have been employed 
for monoclonal-antibody expression [19]. 

In a study by Ho et al. [20], the antibody productivity and the 
product quality of the cell pools with different LC:HC ratios using 
the IRES-based tricistronic vectors containing LC, HC, and the 
dihydrofolate reductase (DHFR) genes were examined. Product 
aggregation was more common when the LC:HC ratio was lower while 
more than 97% of the product were monomers in cells with the ratio 
more than 1. Higher mAb titers were achieved in pools with the ratio of 
3.43. Li et al. [5] have compared the efficiency of antibody expression in 
dual-promoter and bicistronic expressions. In this study, the bicistronic-
expression constructs with the LC-IRES-HC arrangement showed the 
highest expression level in CHO cells.

In another report, Ho et al. [19] compared the efficacy of  
IRES-mediated multicistronic expression and 2A peptide–mediated 
single-ORF expression strategies in antibody-expression level and 
its quality in CHO cells. Although the single ORF design with the 
LC-2A-HC arrangement showed higher expression level compared to 
LC-IRES-HC design as measured with ELISA, the stable expression 
using LC-IRES-HC had the lowest level of aggregate formation and 
the highest monomeric antibodies, proving the higher efficiency of this  
method. 
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