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ABSTRACT

The number of biopharmaceuticals for medical anttrigarian use produced in mammalian cells is iragiag
year after year. All of them are obtained by statdeombinant cell lines. However, it is recognizbdt transient
gene expression produces high level expressionshoat time. In that sense, viral vectors have bedensively
used for producing recombinant proteins on lab-sc&imong them, Semliki Forest virus is commonlyi@red for
this purpose. This review discusses the main aspelzted to the use of Semliki Forest virus tetbgpoas well as
its advantages and drawbacks which limit curreitdyutilization in biopharmaceutical industry orrdge-scale.

Key words: BHK-21, Large-scale bioprocesses, Mammalian ceflgcombinant proteins, SFV, Transient
expression

INTRODUCTION insertion of the recombinant gene(s) into the host
genome. This approach is useful to produce
Mammalian cells have become the major host forecombinant protein for extended cultivation
recombinant proteins used as biopharmaceuticalsnes. However, the identification and
with medical and veterinarian applications (Baldicharacterization processes of these cell lines are
et al. 2007; Conceicdo et al. 2007). The maiexpensive and prolonged (De Jesus and Wurm
factor related to this extensive application is th011). On the other hand, when rapid assessment
need of post-translational modifications in order t of many proteins, or several variants of a single
guarantee the full bioactivity of these protein is required, transient gene expressiohas t
macromolecules. Such changes are only accuratedyrategy of choice. Furthermore, short upstream
performed by the mammalians cells (Walsh 2010)processes (1-14 days) are related with transient
Currently, there are two established strategies igene expression (De Jesus and Wurm 2011).
biopharmaceutical industry and academy tdn transient gene expression, non-viral (plasmid
produce heterologous proteins: the use of stableectors) and viral expression vectors have been
cell lines, or transient gene expression (Kerrigan designed for transferring the genes to mammalian
al. 2011). The first one is achieved through theells. The reasons, which define the expression
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vector selection for this purpose are: themarket demands and by developing robust
recombinant protein application, the host cellprocesses on small-scale using scalable devices,
bioprocess time, productivity and safety (Baldi etrespectively (Hacker et al. 2009). The experience
al. 2007). The purity and recovery of plasmidwith baculovirus-insect cell expression system for
DNA encoding for interest protein are limiting commercial manufacture of various veterinary and
aspects when non-viral expression vectors afeuman vaccines could be also used to solve the
chosen (Geisse and Henke 2005). In general, tloeirrent limitations in mammalian cells systems
major concern for using virus as an expressiofCox 2012).
vector is their infective nature, which involvesSo far, the non-viral vector methods have been the
biological risks (Sakamoto et al. 1999). Howevermethods of choice for transient gene expression
the utilization of replication-deficient viral veos (Matasci et al. 2008). The recombinant gene is
such as Semliki Forest virus (SFV) and Sindbisisually cloned in a plasmid DNA and transfected
virus vectors avoids this problem while allowinginto the single-cell suspension culture. Only three
rapid and high-level gene delivery (Lundstrom eDNA delivery methods for introducing plasmids in
al. 200l1a). This review defines the mainmammalian cells have been shown to be promising
advantages and drawbacks of SFV utilization fofor large-scale operations: calcium phosphate
biopharmaceutical production in the mammaliarDNA co-precipitation, polyethyleneimine or
cells and the present and near future challenges fiposome DNA complexes and electroporation.
a wide application of this viral vector on large-These DNA transfer systems have demonstrated
scale. transfection efficiencies of more than 70%. After
DNA delivery, cells are maintained in the culture

for protein production during a limited time span,
TRANSIENT GENE EXPRESSION IN  uysually 5-10 days (Wurm and Bernard 1999).

MAMMALIAN CELLS FOR Transient gene expression by viral vectors is
RECOMBINANT PROTEIN carried out introducing the recombinant gene of
PRODUCTION ON LARGE-SCALE interest in viruses. The transfer of exogenous DNA

or RNA into animal cells, in general, as part of
The transient gene expression used on large-scalgal particle is named as transduction. The
for recombinant protein production is a relativelyadvantage of viral transduction over transfection
new technology. In the past, the volumetricwith naked plasmid DNA includes the high
productivities reached by transient gene expressicgfficiency of gene transfer because a natural
were not competitive with those from the stabledelivery process is used. The tendency of many
cell lines (Hacker et al. 2009). However, recentlyyiruses to block the host cell protein synthesid an
productivity up to 1 g/l with HEK-293 cells favor the expression of viral genes is also
transfected with plasmid DNA in 14 daysimportant for heterologous genes expression,
bioprocess has been reported (Backliwal et awhich can increase bioprocess productivity.
2008). This report encourages new transient gergesides, different viruses can achieve different
expressions in order to establish these processedransformation objectives: short-term infections
higher volumetric scales (100-1,000 | range)with high-level transient expression, long-term
Beyond, the technical problems related to thi€xpression by maintaining the genome as a latent
gene expression way in the mammalian cells, theepisomal replicon, or stable integration of DNA
are two limiting events for its consolidation ininto the host cell genome (Twyman 2005). The
biopharmaceutical industry: disadvantages of virus as gene transfer vectors
1. At the present time, there is no therapeutiénclude more complex cloning strategies compared
protein using transient gene expression iio plasmid vectors, the biosafety problems related
mammalian cells that has got regulatoryto bioprocesses with virus and health risks after
approval. recombinant protein administration associated to
2. There is a perception in the industry thatossible presence of viral vector (Twyman 2005;
large-scale transient gene expression is ndtee et al. 2005). Many efforts have been addressed
reproducible. to overcome these problems in viral vectors
Both elements could be overcome by targeting gLundstrom et al. 2001b; Chen et al. 2011).
protein with high value, which does not require @Among the viral vectors for recombinant protein
large amount of recombinant protein to meet thexpression in the mammalian cells are vaccinia
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virus (Pradeau-Aubreton et al. 2010), adenovirusell, representing around 25% of the total cellular
(Pham et al. 2006), alphaviruses (Venezuelaprotein yields have been obtained by this viral
Equine Encephalitis virus and Sindbis virus andector (Lundstrom 2003a).
the SFV) (Quetglas et al. 2010). Despite of thé facThe SFV vectors have become increasingly
that the Baculovirus expression system is a wellttractive because of their characteristics ofdapi
established methodology in insect cells forexpression of high amounts of recombinant
producing eukaryotic proteins (Koroleva et al.protein. After infection, the RNA replication ingh
2010; Trowitzsch et al. 2010; Gomez-Casaddost cell cytoplasm results in measurable
2011), the use of vectors based on this virugansgene expression as early as 2 h after the
(BacMam) has also demonstrated efficiency in thanfection. In spite of the great potential for
mammalian cells (Kost et al. 2005). widespread use of SFV for recombinant protein
production, two major drawbacks are related to
this viral vector: the strong cytotoxic effect oosh
SEMLIKI FOREST VIRUS (SFV) cells and the short-term expression pattern. In
addition, SFV infection of cell culture has been
SFVis a Single positive-strand RNA virus with anNdemonstrated to induce apoptosis' So|ving’ or
envelope structure. The first part (5'end) oOfmitigating these problems would expand even
genome encodes the nonstructural proteins, whilore the applications range of this alphavirus

the second part (3'end) encodes the structurgkctor (Lundstrom 2002; Hassaine et al. 20086).
proteins (Dudek and Knipe 2006). Its genome has

been introduced into two plasmid vectors as cDNA

copies. The expression vector contains the sFRECOMBINANT PROTEIN
nonstructural genes (nsP1-4), the stron’RODUCTION BY SEMLIKI FOREST
subgenomic SFV 26S promoter and a multilinkeVIRUS VECTOR ON LAB-SCALE

cloning region to introduce the foreign genes for

recombinant protein expression. The SFVON lab-scale, the SFV vector has been widely used
structural proteins are provided from the helpefor obtaining sufficient amounts of recombinant
vector, including the envelope and capsid proteingroteins for cellular, or molecular assays,
(Liliestrdom and Garoff 1991). Co-transfection of pharmacological tests and structural = studies
in vitro transcribed recombinant and helper RNA(Hoffmann et al. 2001; Werten et al. 2002;
can generate around %00 recombinant viral Cabaniols et al. 2009) Most of them are functional
particles/ml. These particles have the capacity tgiembrane proteins, receptors (Shukla et al. 2006;
infect a wide range of mammalian and othefEifler et al. 2007), enzymes (Bikker et al. 1997)
animal cell lines (Lundstrom 2003a). Theand viral proteins (Benmaamar et al. 2009). High
electroporation is the method of choice for SFwolumetric protein expression levels and yields
RNAs  co-transfection  but lipid-mediated have been obtained by the modified SFV in the
transfection can be applied alternatively withmammalian cells, up to 10 mg land 100-300
relatively good results (Lundstrom 2010). pmol mg" of total proteins, for G protein-coupled
Because of the presence of RNA packing signdeceptors (Shukla et al. 2007; Sevastsyanovich et
only in the recombinant RNA, no helper RNA will @l. 2009). The yield enhancement by the use of
be packaged, which generates replication-deficier@FV vector comparing to stable cell lines and
partides’ increasing vector's biosafety featules. other transient transfections could be 20 fold
decrease the infection risks, a mutation wa8igher (Shukla et al. 2007).

inserted in the region encoding the viral spikecurrently, the studies for improving the SFV as
proteins, inhibiting host entry. Therefore, viralhigh efficient protein producer vector are, or
vector could be no-infectious during the storagghould be addressed to its genetic modification in
period and could only be activatéd vitro by order to extend the expression time in the host
cleavage witha-chymotrypsin (Berglund et al. cells and optimizing the culture parameters during
1993; Benmaamar et al. 2009). After host celighe infection and expression processes such as the
infection, rapid and high-level transgenehost cell lines, temperature, pH, infection and
expression is obtained. Different proteins hav@OSt-infeCtion times and mUltIplICIty of infection

been successfully expressed from the SFV vectoffatio of virus to target cell). The efforts in ggic
Yields of 14 heter0|ogous protein molecules permodifications of the SFV are focused on mutations
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in alphavirus replicase to render this vector lesdmong the alpha virus, only SFV has been used
cytopathic (Casales et al. 2010). Host cell linegor large-scale recombinant protein production,
more used for protein transient expressions witkvhich showed its popularity because the principles
this alphavirus are Baby Hamster Kidney (BHK-of this kind of vectors are the same. As a rule the
21), Chinese Hamster Ovary (CHO-K1) andcell culture used for transduction should be in
Human Embryonic Kidney (HEK293) in both exponential growth phase to generate maximal
adherent and suspension cultures (Lundstromxpression levels. To scale-up the Semiliki Forest
2003a; Lundstrom 2010). For a single proteirvirus technology, it is absolutely essential to
expression, the selection of the cell line could bestablish efficient infection and expression
performed through a comparison among availableonditions in  suspension cultures of the
cell lines Kkeeping constant the remainingmammalian cells. In that sense, for reducing the
parameters of cell culture in small volume systemsell costs and to facilitate the purification of
(Blasey et al. 1997; Hassaine et al. 2006). recombinant proteins, CHO, HEK293 and BHK
Deterministic and empiric models definition aslines were adapted in suspension growth in serum-
well as optimization of the bioprocess parameterfee medium without the decrease in expression
on small-scale have not been detailed enough féevel (Lundstrom 2003b). For high volume
this expression system. Works in this field coulctultures, compromises need to be made between
improve the protein expression using the SFVthe optimal virus concentration and feasible virus
Probably, the low number of paper on this subjegbroduction. The main disadvantage of applying the
is justified because most of the time, SFV syster®FV system for the large-scale production of the
has been used on lab-scale without seeking farotein is the high cost of virus stock production
develop subsequently a large-scale bioprocess. FHalated tan vitro transcription process (Lundstrom
example, a study on temperature demonstrated th2@10) (Fig. 1). In order to reduce the cost fousir
the cultures grown at 33 showed an increase of preparation, alpha virus packaged cell lines have
10-20 fold expression for luciferase and thébeen developed (Polo et al. 1999; Blasey et al.
expression time could be prolonged (up to 50 h2000). This approach could simultaneously
when compared to 8C cultures (Schlaeger and increase the production of viral particles.
Lundstrom 1998). For variables such as the pHhere are a few studies related to SFV utilization
and multiplicity of infection, the investigated on large-scale protein production by the utilizatio
ranges in literature are 6.4-7.8 and 30-400¢f bioreactors, spinner (1l) and agitated tank
respectively. The protein expression has shown td1.5l) for producing the enzymes (bacterjal

be very sensitive to small pH changes over thgalactosidase and human cyclooxygenase-2) and
course of bioprocess and directly related to th8-HT3 receptor (Blasey et al. 1997; Blasey et al.
multiplicity of infection (Blasey 1997; Blasey 2000) The culture strategies to perform these
2000). Nevertheless, a modification ofbioprocesses were fed-batch and external medium
pharmacological profile for some recombinantexchange (Fig. 2).

receptors was observed when the cells wera the fed-batch process, the SFV was inoculated
infected with increased concentration of virusn 10-20% bioreactor volume and BHK cells were
(Lundstrom 2003b). This could be a consequendeept in contact with the virus for 90 min, and then
of a saturation of right protein synthesis capacityresh culture medium was added to complete the
in host cells. Thus, in future, more detailed ssdi bioreactor volume. The bioprocess after the
considering the bioprocess variables should bmfection step lasted 20 h. High level protein
performed on small-scale. This could be possiblexpression (16 mg') was generated in a short
if the SFV is definitively established on largedgca time (Blasey et al. 1997). On the other hand, in
processes. external medium exchange process, 90% of
exhausted culture medium used for the BHK batch
cell culture was changed by fresh medium by
CELL CULTURE STRATEGIES FOR external cross-flow filtration with a hollow fiber

OBTAINING RECOMBINANT microfilter. Then the BHK cells were infected with
PROTEINS BY THROUGH SEMLIKI  the modified SFV for 24 h (Fig. 2).

FOREST VIRUS SYSTEM
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Figure 1 - In vitro transcription process for Semliki Forest virustee@nd its more costly reagents.
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Figure 2 - Culture strategies for transduction and proteirresgion with Semliki Forest virus on large-scale.

This strategy allowed the expression of 15 mg ofor bioprocess with stably transfected mammalian
5-HT3 receptors per 11.5 | batch (Blasey et alells (> 0.05 mg? for human membrane protein)

2000). The volumetric productivities for both the(Chaudhary et al. 2011). Despite these good
processes were higher than those usually obtaingérformances of this viral vector in the expression
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