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Abstract 
 

Background: Since the mass production of recombinant proteins requires the devel-
opment of stable cell lines which is a time-consuming complex process, the use of tran-
sient expression on a large scale can be a comparatively useful alternative. Although 
various cell lines have been used for the expression of recombinant proteins, only a 
limited number of cells enjoy a high transfection characteristic and the ability to 
adapt to serum-free suspension culture easily. In the present study, the S2 cells from 
Drosophila insect with the ability to grow in suspension and serum-free cultures were 
used for the expression of factor IX (FIX) using Transient Gene Expression (TGE) tech-
nique. 
 

Methods: Drosophila Schneider (S2) cells were seeded in special roller bottles, and 
then, the cells were transfected with pMT-hFIX plasmid employing the calcium phos-
phate co-precipitation method. The stable S2-hFIX cells were also seeded in special 
roller bottles, separately. After the induction, recombinant FIX was quantified in con-
ditioned media employing an ELISA. Moreover, its functional activity was examined 
using an aPTT assay.  
 

Results: The results showed that the expression of FIX through TGE technology was 1.6 
times as high as that obtained through S2-FIX stable cells. Furthermore, the compari-
son of the FIX expression in S2 cells through TGE techniques with that obtained in pre-
vious studies in HEK cells or CHO cells revealed that S2 cells were more efficient in 
terms of FIX expression.  
 

Conclusion: The S2 cells with the capability to grow in suspension and serum-free cul-
tures are a suitable alternative for transient expression for the large scale production 
of proteins. 
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Introduction 
 

The prerequisite step for the mass production of pro-
teins is to develop stable clones from recombinant 
cells. Because the production of stable clones using 
cells is a time-consuming complex process, using the 
Transient Gene Expression (TGE) technique can be of 
great significance. With the vast developments made in 
the transferring methods and transient culturing meth-
ods, the mass production of recombinant proteins 
through transient transferring methods seems viable. In 
fact, implementing faster methods in the production of 
recombinant proteins is necessary for the study and 
comparison of different suitable proteins and their var-
iants in terms of their biological features and character-
istics. To this end, the TGE technique seems a compar-
atively more suitable alternative. Compared to Stable 
Gene Expression (SGE), TGE allows recombinant pro- 
 

 
 
 
 
teins to be produced in a relatively shorter period of 
time (usually in 10 days) in the absence of genetic se-
lection of plasmid DNA 1-3. 

Although a large number of cell lines have been 
used for the expression of recombinant proteins, only a 
limited number of them enjoy the necessary character-
istics listed below: 1) a high transfection characteristic 
through the usual methods, 2) an ability to adapt to 
suspension cultures in serum-free cultures, and 3) cost-
effectiveness 4. 

Mammalian expression systems like CHO and HEK 
cells are implemented for the production of human 
recombinant proteins 4. However, using cells which can 
easily grow in serum-free cultures is cost effective in 
that serum is expensive to prepare and its use is usually 
associated with many complications in the purification 
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process 5. Moreover, this technique is used for cells 
which show a better growth in suspension cultures than 
they do in plates 4. 

The S2 cell line from Drosophila insect, capable of 
growth in suspension cultures and serum-free cultures, 
is a suitable expression system for the production of 
recombinant proteins using TGE technique 5. The S2 
expression system has a number of advantages such as 
a good growth with a high density, and the ability to 
grow at room temperature in the absence of  CO2 

6. 
Hence, the present study  aimed at using the S2 cell 
lines for the factor IX (FIX) expression through TGE 
technique, and comparing the results with those ob-
tained through stable expressions.  
 

Materials and Methods 
 

Drosophila Schneider (S2) cells were maintained at 
28°C in the absence of CO2 under normal atmosphere 
in Schneider's insect medium (Sigma-Aldrich) supple-
mented with penicillin G (50 units/ml) and streptomy-
cin (50 µg/ml) (Sigma-Aldrich). One day prior to trans-
fection, 109 cells were seeded in a volume of 300 ml in 
special roller bottles (Sigma), upon which the cells 
were allowed to loosely adhere. The S2 cells were 
transfected with pMT-hFIX plasmid employing the 
calcium phosphate co-precipitation method with minor 
modifications 7. Cell density and viability were moni-
tored prior to and following transfection by trypan blue 
exclusion using a 0.4% (w/v) solution. 

For the assessment of FIX expression in stable 
clones, the stable S2-hFIX cells, previously described 
8, were also seeded in special roller bottles with 109 
cell/300 ml density. In both transient and stable meth-
ods, the FIX expression was screened for 5 days after 
induction with 0.5 mM CuSO4 9 in the presence of 6 µg 
vitamin K1/ml 10,11. 

Human FIX was quantified in conditioned media 
employing an ELISA (AsserachromIX: Ag, Stago, 
Switzerland) according to the procedure provided by 
the manufacturer. Moreover, the functional activity of 
recombinant hFIX was examined using an aPTT assay 
as described before 11. The activity of expressed hFIX 
was calculated against the standard curve related to 
normal human plasma (Iranian blood transfusion or-
ganization), with one unit of FIX activity correspond-
ing to the amount of FIX in 1 ml of normal plasma (~ 5 
μg/ml). 
 

Results 
 

The results obtained related to the expression of FIX 
in the culture of stable S2-FIX cells showed that the 
amount of FIX produced in five consecutive days were 
886, 1101, 1368, 1895, and 2113 ng/ml, respectively 
(Figure 1), indicating an increase in the amount of FIX 
produced with time. Moreover, the examination of the 
coagulation time revealed a decreasing trend and when 
was converted into coagulation activity, it was ob-
served that the coagulation activity increased, with the 

coagulation activity on the first, second, third, fourth, 
and fifth days being 0.18, 0.22, 0.27, 0.38, and 0.42 
U/ml, respectively (Figure 2). 

In transient state, after the transfection and the in-
duction of S2 cells in the culture roller bottles, the ex-
pression of FIX produced on the first, second, third, 
fourth, and fifth days were 1445, 1700, 2231, 2487, 
3090 ng/ml, respectively (Figure 1). Moreover, the 
comparison of the coagulation activity of the recombi-
nant FIX secreted from transient cells over five days 
revealed a slight increase in coagulation activity. More 
specifically, the coagulation activity was measured to 
be 0.29, 0.34, 0.45, 0.50, and 0. 62, on the first, second, 
third, fourth, and fifth days, respectively (Figure 2). 

The comparison of the FIX expression through sta-
ble cells with that through TGE revealed that the ex-
pression of FIX through TGE over five days was 1.6 
times as high as that produced by stable expression 
through S2 cells on the same days. 
 

Figure 1.  Evaluation of FIX expression in stable S2-FIX cells and 
transfected Drosophila S2 cells by TGE technique. Following trans-
fection of S2 cells with PMT-FIX constructs, and seeding of stable 
S2-FIX cells in the roller bottles, FIX expression was induced with 
0.5 mM CuSO4 in the presence of 6 µg/ml vitamin K1.  Expression at 
various post induction times was assessed in the conditioned media 
by ELISA. The data are the means±S.D. of 3 similar experiments. 

Figure 2. Studying FIX activity in stable S2-FIX cells and transfect-
ed Drosophila S2 cells by TGE technique. Following induction of 
transient or stable S2 cells with 0.5 mM CuSO4 in the presence of 6 
µg/ml vitamin K1, at various post induction times, the hFIX coagula-
tion activity of the cultured media was examined by performing 
clotting test, using immunodepleted plasma for the hFIX and aPTT 
reagent. The data are the means±S.D. of 3 similar experiments. 
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Discussion 
 

The results obtained in a large number of studies 
show that TGE technology can be used for the fast, 
large scale production of recombinant proteins without 
going through the complex and time-consuming pro-
cess associated with the production of stable clones 
12,13. For the expression of recombinant proteins by 
TGE technique, usually cell lines are used which grow 
better in suspension cultures than in plates. From 
among all mammalian cell lines, HEK293 cells are the 
most frequently used ones for a large scale transient 
expression. The expression of human IgG in HEK293 
cells as the first successful large scale TGE resulted in 
the production of 0.5 gram of IgG in less than ten days 
14. Recently, a few research groups reported the suc-
cessful TGE use in CHO cells which had already ad-
opted to suspension conditions 4. As the serum is very 
expensive to use in cell culture, and is associated with 
additional complications in purification process, Dero-
uazi et al offered a large scale TGE method for CHO 
cells in the absence of serum 15.  

Although CHO cells seem to be the first candidate 
for the expression of recombinant proteins, S2 cells 
enjoy considerable advantages such as growth in sus-
pension, and no need for serum, making them a good 
replacement for the large scale fast production of re-
combinant proteins 5. This was confirmed by previous 
studies which showed that the amount of recombinant 
active FIX was higher in S2 cells than that in CHO 
cells 8,11. Hence, in this study, the possible use of S2 
cell lines with the ability to grow in serum-free suspen-
sion cultures for the expression of FIX through TGE 
technique was examined. 

The comparison of the expression of FIX from sta-
ble cells (S2-FIX) on a large scale with the expression 
of FIX through TGE technology showed that the ex-
pression of FIX through TGE is higher than that 
through stable system, being about 1.6 times more than 
that through stable expression from S2 cells. Although 
the exact reason for this difference is not well under-
stood, the following explanation may be relevant. 
When the expression construct is inside the S2 cell in 
both transient and stable states, hundreds of copies of 
the expression plasmid will spontaneously integrate 
into the genome in a head to tail fashion 9. However, in 
expression medium without a selected antibiotic, plas-
mid stability is observed to be less in stable state. 
Moreover, cells in the transient state are fresh com-
pared to those in the stable state in that cells need to 
pass through the selective medium several times in 
order to acquire the stable status. The counting per-
formed after the induction showed that the viability and 
the cell density of the stable cells were lower than 
those of the transient cells.  

Similarly, the comparison of the expression of FIX 
in S2 cells through TGE with that in HEK 16 or CHO 
cells 17 showed that S2 cells are more efficient. 
 

Conclusion 
 

In conclusion, considering the aim of the present re-
search study, the TGE technology is one of the best 
modern up-to-date methods for the large scale fast ex-
pression of recombinant proteins, and thus it can re-
place the current methods in that it can be implemented 
to produce large amounts of protein with comparative-
ly lower costs. Although this method has not been used 
so far for a large scale expression of coagulation fac-
tors, TGE method has been successfully used in the 
production of  other proteins such as TNF 18, IgG 14, t-
PA 13, antibodies 15, secretory, membrane and intracel-
lular proteins 1-3. In all the studies implementing this 
method, it was emphasized that there are some neces-
sary conditions for the cost-effective large production 
of recombinant proteins within few days to be possible. 
Davami showed that TGE is a common method for the 
expression of recombinant proteins in a short period of 
time 13. In the same vein, Baldi et al  showed the feasi-
bility of the use of TGE technology in high and cost-
effective production of recombinant proteins using 
transient transfection of 20 proteins 12. It must be men-
tioned that all these studies were performed on mam-
malian cells. Therefore, due to their ability to grow in 
serum-free suspension cultures, S2 cells can be used in 
the large scale production of recombinant proteins 
through TGE technology.  
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