
Li et al. Virology Journal 2013, 10:250
http://www.virologyj.com/content/10/1/250
RESEARCH Open Access
Establishment of cell lines with increased
susceptibility to EV71/CA16 by stable
overexpression of SCARB2
Xiaojun Li1,2†, Peihun Fan1,2†, Jun Jin1,2, Weiheng Su1,2, Dong An1,2, Lin Xu1,2, Shiyang Sun1,2, Yan Zhang1,2,
Xiangyu Meng1,2, Feng Gao1,2,4, Wei Kong1,2,3* and Chunlai Jiang1,2,3*
Abstract

Background: Human enterovirus type 71 (EV71) and Coxsackievirus A group type 16 (CA16) belong to human
Enterovirus species A of the family Picornaviridae. These viruses are recognized as the major pathogens responsible
for epidemics of hand-foot-mouth disease (HFMD), which presents with fever and vesicular eruptions of palms,
soles of the feet or mouth. Human scavenger receptor class B, member 2 (SCARB2) has been identified as the
receptor for both EV71 and CA16, as overexpression of SCARB2 in cells can enhance virus replication significantly.

Methods: In this study, we used a lentivirus packaging vector to transduce the SCARB2 gene into human
embryonic kidney cells (293), human rhabdomyosarcoma cells (RD) and African green monkey kidney cells (Vero) to
create stable expression lines. Expression of SCARB2 in the resulting three transgenic cell lines was confirmed by
real-time RT-PCR, immunofluorescence and flow cytometry.

Results: Levels of SCARB2 mRNA determined by real-time RT-PCR in 293-SCARB2 (293S) or RD-SCARB2 (RDS)
transgenic cell lines were approximately 2 × 102 times higher than those in 293 and RD cells, respectively, and three
times higher in Vero-SCARB2 (VeroS) than in Vero cells. Furthermore, EV71 and CA16 virus titers in 293S and RDS
cells were 102–103-fold higher (detected in RD cell) than those in the parental cells, and a 10-fold higher titer of
EV71 was achieved in VeroS cells compared with that in Vero cells.

Conclusions: We established for the first time three cell lines stably overexpressing SCARB2, which showed drastic
increases in susceptibility to EV71/CA16 infection. These optimal cell lines may be utilized to develop inactivated
vaccines for EV71/CA16 and facilitate rapid detection and isolation of HFMD pathogens or other Enterovirus
serotypes. Furthermore, these stable cell lines also can serve as tools to facilitate drug screenings as well as
molecular studies on virus-host interactions and pathogenesis of causative agents for HFMD.
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Background
EV71 and CA16, both belonging to human Enterovirus
species A of the Enterovirus genus within the family
Picornaviridae, are recognized as major pathogens respon-
sible for hand-foot-mouth disease (HFMD) epidemics [1,2].
Although HFMD generally produces mild exanthems, in-
fections involving EV71 can progress to severe neurological
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disease, including fatal encephalitis, aseptic meningitis and
acute flaccid paralysis [3-7]. Neurological complications of
EV71 infection also may occasionally cause permanent
paralysis or death. The first case of HFMD was reported
in the United States in 1969 [8]. Subsequent epidemics
and sporadic outbreaks of HFMD have been reported in
China, Malaysia and many other countries, especially in
Asia [9]. Thus, HFMD has become a considerable public
health concern worldwide.
Effective antiviral agents and vaccines against EV71 or

CA16 are currently unavailable [10,11]. In addition, rapid
and low-cost diagnostic methods for identifying infections
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of pathogens causing HFMD, especially for EV71, are
also needed [12,13]. Virus isolation and conventional
assays, such as neutralization assays and RT-PCR, for
viral RNA detection and diagnosis of EV71/CA16 are
time-consuming and labor-intensive [14-16]. Although
cell culture is most widely used in laboratory diagnosis
and to identify different serotypes in preclinical studies,
there are no optimal cells lines which are susceptible to
the major pathogens of HFMD. Therefore, choosing or
establishing an ideal cell line is essential for improving
virus isolation and propagation methods for vaccine
development.
Recently, an inactivated EV71 vaccine made from Vero

or KMB-17 cells was developed [17-20]; however, the
virus titer did not reach high levels in these cell lines.
Specific cell surface receptors are important for permit-
ting infection of many viruses. Two membrane proteins
have been identified as cellular receptors of EV71 and
CA16, human P-selectin glycoprotein ligand-1 (PSGL-1)
[21] and human scavenger receptor class B, member 2
(SCARB2) [22]. SCARB2, also called lysosomal integral
membrane protein 2 (LIMP-2), lysosomal membrane
glycoprotein-85 (LGP85) or CD36b like-2, has two trans-
membrane domains with the N and C termini located in
the cytosol and traverses the membrane twice. Expressed
in many tissues, SCARB2 is proposed to be the receptor
for the selective uptake, degradation of cytosolic proteins
by lysosomes [23] and endosomal/lysosomal compart-
ments [24]. In addition, overexpression of SCARB2 in
L929 cells has been demonstrated to increase the titer
of EV71/CA16 strains [22,25-27].
Furthermore, previous reports have shown that transient

overexpression of SCARB2 in cells which naturally lack
or express low levels of this receptor can yield higher
virus titers of EV71 and CA16 [22]. RD and Vero cell lines
have been most widely used for culture of most enterovi-
ruses [12,18], and CA16 virus titers in 293 cells are gener-
ally higher than those in other cells, such as Vero and
A549 cells (previously observed in our lab). Therefore, in
this study, SCARB2 gene was introduced into 293, RD and
Vero cells separately via a lentiviral expression vector and
the susceptibility of stable SCARB2-overexpressing cells
to infection by EV71 and CA16 would be significantly
enhanced compared with the parental cells.

Results
Establishment of cell lines stably expressing SCARB2
To establish cell lines stably expressing a high level of
SCARB2, the 293, RD and Vero cell lines were trans-
duced with a lentivirus carrying the SCARB2 gene, and
lentivirus production was detected in the supernatant.
Positive colonies were selected in the presence of puro-
mycin and sub-cloned three times. After selection, at
least 10 puromycin-resistant cell colonies were screened,
and two clones expressing the highest levels of SCARB2
were selected for subsequent experiments (data of one
clone shown). Compared with the parental cells, SCARB2
expression in the cell lines detected every five passages
showed a higher SCARB2 expression by real-time RT-
PCR and flow cytometry (data not shown). Furthermore,
the size and form of the stable SCARB2-expressing cells
appeared similar to those of the original cell lines, except
for RDS cells which exhibited a plumper polygonal cell
morphology compared with RD cells (data not shown).

Analysis of stable cell lines
Real-time RT-PCR was used to examine the relative ex-
pression of SCARB2 transcripts. The transgenic cell lines
were able to stably express up to 2 × 102-fold higher
levels of the SCARB2 mRNA compared to the original
cell lines (Figure 1a). Western blot analysis using an
anti-SCARB2 antibody indicated that SCARB2 protein
levels in 293S, RDS and VeroS cells were obviously
higher than those expressed at basal levels in the paren-
tal cells (Figure 1b). Among the three stable cell lines,
293S and RDS evidently expressed the highest amounts
of SCARB2 at both the transcriptional and protein
levels, which was confirmed concurrently by flow cy-
tometry analysis (Figure 1c). Altogether, these results
indicated that the 293S, RDS and VeroS cells stably
expressed SCARB2 on the cell surface after screening
and selection, with 293S and RDS showing the highest
levels of the receptor.

Localization of SCARB2
To determine the localization of SCARB2 in 293S, RDS
and VeroS cells, we monitored the receptor expression
by confocal microscopy. Cell surface expression of SCARB2
was clearly observed on all three transgenic cells. Every
cell line was permeabilized (P-cell) by Triton-100 or not
and stained using a suboptimal concentration of anti-
body that did not stain the endogenous SCARB2 on the
cell membrane of the three parental cell lines. As shown
in Figure 2, SCARB2 was more dispersed in the cyto-
plasm of cells treated with Triton-100, while SCARB2
was observed at the cell membrane when the cells were
not permeabilized. These data confirmed that SCARB2
was localized to the surface membrane in the three
transgenic cell lines.

Characterization of SCARB2 stable cell lines
Infectibility of the stable transgenic cell lines was com-
pared with that of the original cells using EV71 and CA16
pseudoviruses and wild-type viruses. First, twelve geno-
types of EV71 pseudovirus and four genotypes of CA16
pseudovirus carrying the luciferase reporter gene were
used to infect the six cell lines. Luciferase measurements
indicated that all of the pseudoviruses produced higher



Figure 1 Detection of SCARB2 expression in SCARB2-overexpressing and parental cells. (a) Relative SCARB2 mRNA level was detected by
real-time RT-PCR with β-actin as the internal control. (b) SCARB2 protein of six cells was detected by Western blot using an anti-SCARB2 antibody.
(c) Cell surface expression of SCARB2 in six cells. Three parental cells were stained with an anti-SCARB2 antibody (solid lines), SCARB2 cells were
stained with an anti-SCARB2 antibody (grey region) or a secondary antibody alone (dotted lines) and analyzed by flow cytometry.
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titers in the SCARB2 cell lines than in the parental cells
(Figure 3). Almost all EV71 and CA16 pseudoviruses
showed 102–104-fold higher titers in 293S and RDS cells
than those in the parental cells, while no significant
differences in titers, except for the slightly higher level
of EV71-B3, were observed in VeroS versus Vero cells.
Concurrently, the six cell lines were infected with EV71
and CA16 viruses expressing the EGFP reporter protein.
Subsequent analysis showed higher levels of EGFP protein
in 293S and RDS cells than in 293 and RD cells, respect-
ively. However, no significant difference in the level of
EV71-EGFP or CA16-EGFP was found between infected
VeroS and Vero cells (Figure 4). These results demon-
strated that 293S and RDS were more sensitive than
parental cells to infection of EV71 or CA16.

Replication kinetics
To assess the efficiency of virus infection in SCARB2-
overexpressing and parental cells, EV71 and CA16 wild-
type viruses were used to infect the six cell lines, which
were harvested at 12, 24, 48 and 72 h after infection.
The growth kinetics of EV71 and CA16 were determined
by titration in RD cells (CCID50) and real-time RT-PCR.
As shown in Figure 5a and 5b, EV71 and CA16 virus ti-
ters in 293S and RDS cells were 102–103-fold higher
than those in the parental cells, and a 10-fold higher
titer of EV71 was achieved in VeroS cells compared
with that in Vero cells. Meanwhile, the CCID50 values
of EV71 and CA16 virus collected at 24 and 48 h post-
infection (hpi) from these six cell lines were dramatic-
ally elevated in both 293S and RDS, consistent with the
real-time RT-PCR results. However, EV71 was reduced
as determined by CCID50 titer but not by real-time RT-PCR
at 72 hpi, while CA16 was still elevated by both measures
at that time. Additionally, observations at 48 h after EV71
and CA16 infection in the six cell lines showed that the
CPE in the transgenic cells initiated earlier and in-
creased more evidently and rapidly than in parental cells
(Figure 5c and 5d). As with the results above, there were
still no significant differences in CCID50 and viral
mRNA of CA16 between Vero and VeroS cells. These
results indicated that EV71 and CA16 could enter and
propagate in the SCARB2 transgenic cells and spread
efficiently and rapidly.

Discussion
As major causative pathogens of HFMD epidemics, EV71
and CA16 can lead to severe neurological disease. No
effective antiviral agents or vaccines against EV71 and
CA16 or rapid and low-cost diagnostic methods for these
viruses are currently available. Conventional detection
and isolation methods for HFMD pathogens from clin-
ical samples involve co-culture with cell lines such as
RD, A549 and BGMK cells, followed by RT-PCR or CPE
examination. Rapid detection of pathogens depends on
the selection of cell lines, and RD cells had been the



Figure 2 Localization of SCARB2. Cells were fixed and stained with a SCARB2-specific antibody (green) at a suboptimal concentration that did
not detect endogenous SCARB2 proteins in the cell membrane of the three parental cell lines. Nuclei were stained with DAPI (blue). The three
stable cell lines were treated with (P-cell) or without Triton-100 to permeabilize the cell membrane.
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most sensitive cell type in previous studies [12,28-32].
Although the titers were not high, an inactivated EV71
vaccine has been generated from Vero or KMB-17 cells
[17-20]. The Vero cell line is also the most widely ac-
cepted continuous cell line by regulatory authorities and
has been used for the production of polio and H5N1
inactivated whole-virus vaccines [33]. Meanwhile, high
CA16 virus titers have been achieved with 293 cells
(previously observed in our lab).
Based on the reasons above, we selected the 293, RD

and Vero cell lines to prepare transgenic cell lines ex-
pressing SCARB2, one of the known receptors of HFMD
pathogens that are widely expressed in different cells
and tissues. As the overexpression of SCARB2 in L929



Figure 3 Infectivity of EV71 and CA16 pseudoviruses in SCARB2-overexpressing and parental cells. Twelve serotypes of EV71 pseudoviruses
and four serotypes of CA16 pseudoviruses with the luciferase reporter gene were used to infect 293 and 293S cells (a), RD and RDS cells (b), Vero and
VeroS cells (c).
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Figure 4 Detection of EV71-EGFP and CA16-EGFP virus in infected cells. The six cells were infected with the EV71-EGFP (a) or CA16-EGFP
(b) virus, and images were acquired using a fluorescence microscope after incubation for 48 h.
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has been shown to increase EV71 binding to cells and
yield higher virus titers [22], we reasoned that SCARB2
expression in 293, RD and Vero cells should also facilitate
infectivity and propagation of HFMD pathogens. The
transgenic cell lines were generated using a lentivirus-
based vector, a method which is widely used for inserting
a gene of interest into cells or animals for research or into
organs for human transplantation [34-37]. In this study,
we used the Lenti-X Plvx-puro vector for packaging
lentiviruses with the VSV-G envelope, which allows
transduction of almost all mammalian cells [38], to gen-
erate the SCARB2 stable cell lines. Monitoring of the
transduced cell lines by real-time RT-PCR and flow cy-
tometry every five passages showed that SCARB2 was
stably overexpressed for up to 50 passages (data not
shown). 293S and RDS showed the greatest increases of
SCARB2 mRNA levels (>200-fold) and titers of EV71
and CA16 (>103-fold), compared with parental cells.
EV71 achieved an especially high titer in 293S that was
107-fold higher than that in 293 cells. Meanwhile, VeroS
cells produced only 10-fold higher virus titers com-
pared with Vero cells, which was consistent with its
lower expression of SCARB2 relative to that of 293S
or RDS cells.
Some distinguishing characteristics were observed be-
tween the propagation of EV71 and CA16 in the stable
cell lines. First, the EV71 virus titer was 10 ~ 100-fold
higher than that of CA16 when used to infect 293S or
RDS cells separately, and this difference was 10-fold in
VeroS cells. These results imply that EV71 is more
sensitive to SCARB2 and better utilizes this protein re-
ceptor than CA16. However, there was a dramatic 107-fold
elevation in the titer of wild-type EV71 virus (EV71-C4b),
while the EV71 pseudovirus (also EV71-C4b) generated a
103-fold higher titer in 293S cells than in 293 cells. The
lower increase in titer seen with the EV71 pseudovirus
could be explained by the fact that it undergoes a single
round of infection, while the wild-type virus replicates mul-
tiple times before detection.
Examination of viral growth kinetics by measuring CCID50

revealed that virus attachment in the first step of infection
(primary infection) and replication of EV71 and CA16
were more efficient when cells overexpressed the SCARB2
protein. More obvious differences of viral mRNA were
detected than those found by observing CPE in RDS
cells due to the greater sensitivity of real-time RT-PCR.
However, viral replication was affected in cells displaying
CPE over a long period of time (beyond 12–24 hpi), and



Figure 5 Viral growth kinetics in SCARB2-overexpressing and parental cells. Viral growth kinetics of EV71 (a) and CA16 (b) were detected
by determination of CCID50 in RD cells and real-time RT-PCR. (c, d) Images of CPE were acquired at 48 h after wild-type EV71 and CA16 infection
in the six cell lines.
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there was a mild decrease in EV71 titer at 72 hpi. This
phenomenon is similar to that reported by Yamayoshi
et al. [22]. Taken together, the results suggest that these
stable cell lines may support increased rates of infection
and replication of EV71 and CA16.
In summary, we successfully established three transgenic

cell lines using a lentivirus system to stably overexpress the
human SCARB2 protein on the surface of 293, RD and
Vero cells. The SCARB2-overexpressing cells will facilitate
more rapid detection and isolation of the major pathogens
of HFMD, as well as other serotypes of enteroviruses such
as CA7 and CA14 which share the SCARB2 receptor [26].

Conclusion
In this study, we established for the first time three cell
lines with increased susceptibility to EV71/CA16 by stable
overexpression of SCARB2, in which EV71 and CA16
virus titers were 102–103-fold higher than those in the
parental cells.

Materials and methods
Cells
Human embryonic kidney (HEK 293), human rhabdo-
myosarcoma (RD), African green monkey kidney (Vero)
and 293T cells were obtained from the American Type
Culture Collection (ATCC) and maintained in Dulbecco’s
modified Eagle medium (DMEM) (Sigma) supplemented
with 10% fetal bovine serum (FBS) (10% FBS-DMEM).
Cells were maintained at 37°C with 5% CO2. The stable
cell lines 293-SCARB2 (293S), RD-SCARB2 (RDS) and
Vero-SCARB2 (VeroS) were cultured in 10% FBS-DMEM
supplemented with puromycin (293S: 1.25 μg/ml, RDS:
0.5 μg/ml, VeroS: 4.0 μg/ml; Clontech).

Viruses
Wild-type viruses
EV71 and CA16 were isolated from a patient in Anhui
(EV71-C4b) and Taiwan (CA16-B1a), respectively, during
the HFMD epidemic in China, 2010. Both viruses were
propagated in RDS cells. The culture supernatants were
harvested 3 days post-infection, passed through a 0.45 μm
filter to remove cellular debris and aliquotted for storage
at −80°C as viral stocks.

EV71 and CA16 pseudoviruses
EV71 and CA16 pseudoviral vectors (CVA16-A: U05876.1,
CVA16-B1a: AF177911.1, CVA16-B1b: EU262658.1, CVA16-
B2: AY895127.1, EV71-B1: AB482183.1, EV71-B2: U22522,
EV71-B3: AM396586, EV71-B4: AF316321, EV71-B5:
EU527985, EV71-C1: DQ452074, EV71-C2: AF176044,
EV71-C2L: HM622392.1, EV71-C3: DQ341356.1, EV71-
C4a: AY895132.1, EV71-C4b: EU703814.1, EV71-C5:
EF063152) (previously generated in our lab) were con-
structed by replacing the P1 gene with a firefly luciferase
reporter gene in the genome and inserting a CMV pro-
moter at the 5′-end for transcription in vitro. 293T cells
were transfected with the pcDNA3.1-T7 RNA polymerase
expression plasmid, pT7-EV71/CA16-luc replicon plasmid
and EV71 capsid expression plasmid using Lipofectamine
2000 (Invitrogen). EV71/CA16-pseudoviruses were col-
lected 48 h post-transfection by two rounds of freeze-
thaw cycles and then aliquot and stored at −80°C as
viral stocks.

EV71-EGFP and CA16-EGFP viruses
Replication competent EV71 and CA16 with the EGFP re-
porter gene, EV71-EGFP and CA16-EGFP virus (respectively
derived from EV71-C3, a gift kindly provided by Liguo
Zhang at the Institute of Biophysics, Chinese Academy
of Sciences, and from CA16-B1a, previously generated
in our lab), were generated in 293S and RDS cells. The
coding sequence of EGFP was inserted between the
5′UTR and VP4. 293T cells were transfected with EV71-
EGFP and CA16-EGFP vectors using Lipofectamine 2000.
Viruses propagated in 293S and RDS were collected
after two rounds of freeze-thaw cycles, passed through a
0.45 μm filter to remove cellular debris, aliquotted and
stored at −80°C as viral stocks.

Establishment of cell lines
Lentivirus production from Lenti-X vector
The coding sequence of the human SCARB2 gene was
inserted into the Lenti-X pLVX-Puro vector (Clontech)
with EcoR I and Xba I sites. For production of the lenti-
virus particles, 293T cells were transfected with the plas-
mid following the manual. The cell culture supernatant
was harvested 72 h after transfection, passed through a
0.45 μm filter and centrifuged in 4000 × g for 5 min to re-
move cellular debris. Lentivirus production was detected
in the supernatant using an anti-p24 monoclonal antibody
(data not shown) before storage at −80°C.

Establishment of stable transgenic cell lines
The three parental cell lines (293, RD, Vero cells) were
infected with the lentivirus carrying the SCARB2 trans-
gene. After 48 h of incubation, cells were passaged three
times with 10% FBS-DMEM containing puromycin at a
pre-determined dosage. The positively screened cell lines
were sub-cloned three times by limiting dilution, and gene
expression was detected every fifth passage via real-time
RT-PCR and flow cytometry.

Analysis of stable transgenic cell lines
Real-time RT-PCR
To detect the relative SCARB2 expression at the gene
level, mRNA was extracted from the six cell lines with
the QIAamp RNeasy MiniKit separately according to
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the manufacturer’s instructions (QIAGEN). Reverse tran-
scription was performed with TAKARA Reverse Tran-
scriptase XL. PCR was carried out using the following
primers: SF: 5′-GTACTGAGGCATTTGACTCCT-3′,
SR: 5′-AGTTCCCTGTAGGTGTATGGC-3′. The real-
time RT-PCR cycling program involved an initial denatur-
ation step at 95°C for 2 min, followed by 40 cycles of 15 s
at 95°C and 30 s at 60°C. Fluorescence data were collected
during each annealing-extension step, and the relative
SCARB2 mRNA levels were analyzed with β-actin as the
internal control using the Bio-Rad CFX96 software.

Western blot
Expression levels of SCARB2 in the positive cell lines
were assessed by Western blot with tubulin as the
internal control. After treatment with lysis buffer, cell
lysates were subjected to SDS-polyacrylamide gel elec-
trophoresis (SDS-PAGE). Following electrophoresis, the
resolved proteins were transferred onto a nitrocellulose
membrane and blocked with 5% evaporated milk for 15 min
at 37°C. The membrane was then incubated with an anti-
SCARB2 antibody (diluted 1:1000, Abnova: PAB13673) for
45 min at room temperature, followed by incubation with
an alkaline phosphatase (AP)-conjugated rabbit anti-goat
secondary antibody at a dilution of 1:1000. After 30 min
of incubation at room temperature, staining was carried
out with NBT and BCIP solutions.

Flow cytometry
Cells were harvested using trypsin-EDTA, which was neu-
tralized with FBS-containing culture medium. The cells
were pelleted and incubated with the SCARB2-specific
antibody (diluted 1:100, Abnova: H00000950-M01) in PBS
containing 1% BSA at room temperature for 30 min,
followed by incubation with FITC-conjugated goat anti-
mouse IgG. SCARB2 protein on the cell surface was
detected on a Beckman flow cytometer. The fluorescence
intensity was determined after deducting the background
staining with the secondary antibody alone.

Localization of SCARB2
Cells which are susceptible to infection often express
virus receptor proteins at the cell membrane. We detected
the localization of SCARB2 using laser confocal micros-
copy. Generally, 293S, RDS and VeroS cells were cultured
on microscope slides for 24 h before fixation with 4%
paraformaldehyde for 10 min at room temperature. For
each transgenic cell line, one slide was permeabilized with
0.25% Triton-100 for 8 min at room temperature, while
another slide was not treated. After exposure of the slides
to the primary anti-SCARB2 antibody overnight at 4°C,
a FITC-conjugated goat anti-mouse antibody was
used as the secondary antibody (diluted 1:100) to stain
cells at room temperature for 45 min in a darkroom.
Subsequently, the microscope slides were mounted with
coverslips and 50% glycerol. Images were acquired using
a fluorescence microscope.

Characterization of stable transgenic cell lines
EV71 and CA16 pseudovirus infection
To compare the susceptibility to virus infection of the
stable transgenic cell lines with that of the original cells,
EV71 and CA16 pseudoviruses containing a luciferase
reporter gene were used to infect the six cell lines. Cells
(104/well) were seeded in 96-well plates for approxi-
mately 12 h before infection. Various EV71 and CA16
pseudoviruses were applied to cells at 200 cell culture
50% infectious doses (CCID50)/well. The firefly luciferase
activity was measured after 24 h of incubation using
Thermo Fluoroskan Ascent FL [32].

EV71-EGFP and CA16-EGFP virus infection
Replication-competent EV71 and CA16 with an EGFP
reporter gene were generated with the C3 and B1a infec-
tious clones, respectively, by transfection of 293T cells
using Lipofectamine 2000. EV71-EGFP and CA16-EGFP
viruses were collected 48 h later and immediately co-
cultured with 293S and RDS cell lines. The six cells
(106/well) were seeded in 6-well plates approximately 12 h
before infection, and then viruses were added to the wells
at the multiplicity of infection (MOI) of 0.01. After in-
cubation for 48 h, images were acquired using a fluores-
cence microscope.

Replication kinetics
To examine viral growth kinetics, we infected the six cell
lines (three transgenic and three parental cell lines) with
wild-type virus (EV71-C4b or CA16-B1a) at an MOI≈ 0.001.
After incubation for 12, 24, 48 or 72 h, the viruses were
harvested separately and frozen at −80°C until use. There-
after, RD cells (104/well) were seeded in a 96-well plate,
and the viruses collected above were serially diluted
10-fold in DMEM with 2% FBS and added to the wells
in 10 parallel sets. After incubation for 72 h, the CCID50

was calculated via the Reed-Muench method by deter-
mining the number of wells with CPE. The viral kinetics
was formulated using the CCID50 of the six cell lines.
To examine EV71 and CA16 viral growth kinetics in

the gene level, viruses collected at the four time points
from the six cell lines were measured using real-time
RT-PCR [39]. The viruses were purified prior to the real-
time RT-PCR analysis. Briefly, the infected cells were lysed
by three rounds of freezing and thawing. The resultant
lysates were filtered through a 0.22-μm filter. Viruses
were then purified from the resultant suspension by
centrifugation at 28,000 rpm for 4 h in a Beckman SW40
rotor. Thereafter, the viral mRNA was extracted from
those purified virus stocks with the QIAamp Viral RNA
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Minikit separately according to the manufacturer’s
instructions (QIAGEN), and reverse transcription was
performed with TAKARA Reverse Transcriptase XL.
PCR to detect EV71 and CA16 was carried out using
the following primers: VF (5′UTR: 445–459 bp): 5′-
TCCTCCGGCCCCTGA-3′, VR (5′UTR: 580–600 bp):
5′-AATTGTCACCATAAGCAGCCA-3′. The cycling pro-
gram involved an initial denaturation step at 95°C for
2 min, followed by 40 cycles of 15 s at 95°C and 30 s
at 60°C. Fluorescence data were collected during each
annealing-extension step and analyzed using the Bio-
Rad CFX96 software.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
XL and PF organized the study, took part in all experiments and drafted the
manuscript. WK, CJ and FG designed the experiments and edited the
manuscript. LX and WS, DA, JJ, SS, YZ and XM participated in production of
EV71 and CA16 viruses and pseudoviruses. All authors read and approved
the final manuscript.

Acknowledgements
The authors would like to thank Xianghui Yu (College of Life Science, Jilin
University) for editorial assistance. This study was supported by grants from
the National Science and Technology Major Project (2012ZX10001009).

Author details
1School of Life Sciences, Jilin University, Changchun, P.R. China. 2National
Engineering Laboratory for AIDS Vaccine, Jilin University, Changchun, P.R.
China. 3Key Laboratory for Molecular Enzymology & Engineering, the Ministry
of Education, Jilin University, 2699 Qianjin Street, Changchun 130012, P.R.
China. 4Human Vaccine Institute, Duke University Medical Centre, Durham,
NC 27710, USA.

Received: 3 February 2013 Accepted: 31 July 2013
Published: 6 August 2013

References
1. Oberste MS, Maher K, Kilpatrick DR, Pallansch MA: Molecular evolution of

the human enteroviruses: correlation of serotype with VP1 sequence
and application to picornavirus classification. J Virol 1999, 73:1941–1948.

2. McMinn PC: An overview of the evolution of enterovirus 71 and its
clinical and public health significance. FEMS Microbiol Rev 2002, 26:91–107.

3. Qiu J: Enterovirus 71 infection: a new threat to global public health?
Lancet Neurol 2008, 7:868–869.

4. Fujimoto T, Chikahira M, Yoshida S, Ebira H, Hasegawa A, Totsuka A, Nishio
O: Outbreak of central nervous system disease associated with hand,
foot, and mouth disease in Japan during the summer of 2000: detection
and molecular epidemiology of enterovirus 71. Microbiol Immunol 2002,
46:621–627.

5. Chan LG, Parashar UD, Lye MS, Ong FG, Zaki SR, Alexander JP, Ho KK, Han LL,
Pallansch MA, Suleiman AB, et al: Deaths of children during an outbreak of
hand, foot, and mouth disease in sarawak, malaysia: clinical and
pathological characteristics of the disease. For the Outbreak Study Group.
Clin Infect Dis 2000, 31:678–683.

6. Ho M, Chen ER, Hsu KH, Twu SJ, Chen KT, Tsai SF, Wang JR, Shih SR: An
epidemic of enterovirus 71 infection in Taiwan. Taiwan Enterovirus
Epidemic Working Group. N Engl J Med 1999, 341:929–935.

7. Ahmad K: Hand, foot, and mouth disease outbreak reported in
Singapore. Lancet 2000, 356:1338.

8. Melnick JL, Schmidt NJ, Mirkovic RR, Chumakov MP, Lavrova IK, Voroshilova
MK: Identification of Bulgarian strain 258 of enterovirus 71. Intervirology
1980, 12:297–302.

9. Perez-Velez CM, Anderson MS, Robinson CC, McFarland EJ, Nix WA,
Pallansch MA, Oberste MS, Glode MP: Outbreak of neurologic enterovirus
type 71 disease: a diagnostic challenge. Clin Infect Dis 2007, 45:950–957.
10. Xu J, Qian Y, Wang S, Serrano JM, Li W, Huang Z, Lu S: EV71: an emerging
infectious disease vaccine target in the Far East? Vaccine 2010, 28:3516–3521.

11. Ooi MH, Wong SC, Lewthwaite P, Cardosa MJ, Solomon T: Clinical features,
diagnosis, and management of enterovirus 71. Lancet Neurol 2010,
9:1097–1105.

12. Perez-Ruiz M, Navarro-Mari JM, Palacios del Valle E, Rosa-Fraile M: Human
rhabdomyosarcoma cells for rapid detection of enteroviruses by shell-vial
assay. J Med Microbiol 2003, 52:789–791.

13. Sawyer MH: Enterovirus infections: diagnosis and treatment. Pediatr Infect
Dis J 1999, 18:1033–1039. quiz 1040.

14. Liu CC, Chou AH, Lien SP, Lin HY, Liu SJ, Chang JY, Guo MS, Chow YH, Yang WS,
Chang KH, et al: Identification and characterization of a cross-neutralization
epitope of Enterovirus 71. Vaccine 2011, 29:4362–4372.

15. Chen Y, Li C, He D, Cheng T, Ge S, Shih JW, Zhao Q, Chen PJ, Zhang J, Xia N:
Antigenic analysis of divergent genotypes human Enterovirus 71 viruses by
a panel of neutralizing monoclonal antibodies: current genotyping of EV71
does not reflect their antigenicity. Vaccine 2013, 31:425–430.

16. Jiang B, Zhang J, You X, Dong C, Cheng X, Dai X, Meng J: Diagnosis of
hand, foot, and mouth disease caused by EV71 and other enteroviruses
by a one-step, single tube, duplex RT-PCR. J Med Virol 2012, 84:1803–1808.

17. Cheng A, Fung CP, Liu CC, Lin YT, Tsai HY, Chang SC, Chou AH, Chang JY,
Jiang RH, Hsieh YC, et al: A Phase I, randomized, open-label study to
evaluate the safety and immunogenicity of an enterovirus 71 vaccine.
Vaccine 2013, 31:2471–2476.

18. Chou AH, Liu CC, Chang CP, Guo MS, Hsieh SY, Yang WH, Chao HJ, Wu CL,
Huang JL, Lee MS, et al: Pilot scale production of highly efficacious and
stable enterovirus 71 vaccine candidates. PLoS One 2012, 7:e34834.

19. Lin YC, Wu CN, Shih SR, Ho MS: Characterization of a Vero cell-adapted
virulent strain of enterovirus 71 suitable for use as a vaccine candidate.
Vaccine 2002, 20:2485–2493.

20. Zhang XM, Zhao HL, Wang JJ, Liao Y, Na RX, Wang LC, Liu LD, Gao JH, Tang
DH, Wang CZ, Li QH: [Evaluation of immune responses and related
patho-inflammatory reactions of a candidate inactivated EV71 vaccine in
neonatal monkeys]. Zhonghua Yi Xue Za Zhi 2011, 91:1977–1981.

21. Nishimura Y, Shimojima M, Tano Y, Miyamura T, Wakita T, Shimizu H:
Human P-selectin glycoprotein ligand-1 is a functional receptor for
enterovirus 71. Nat Med 2009, 15:794–797.

22. Yamayoshi S, Yamashita Y, Li J, Hanagata N, Minowa T, Takemura T, Koike S:
Scavenger receptor B2 is a cellular receptor for enterovirus 71. Nat Med
2009, 15:798–801.

23. Eskelinen EL, Tanaka Y, Saftig P: At the acidic edge: emerging functions
for lysosomal membrane proteins. Trends Cell Biol 2003, 13:137–145.

24. Kuronita T, Eskelinen EL, Fujita H, Saftig P, Himeno M, Tanaka Y: A role for
the lysosomal membrane protein LGP85 in the biogenesis and
maintenance of endosomal and lysosomal morphology. J Cell Sci 2002,
115:4117–4131.

25. Yamayoshi S, Ohka S, Fujii K, Koike S: Functional comparison of SCARB2
and PSGL1 as receptors for enterovirus 71. J Virol 2013, 87:3335–3347.

26. Yamayoshi S, Iizuka S, Yamashita T, Minagawa H, Mizuta K, Okamoto M,
Nishimura H, Sanjoh K, Katsushima N, Itagaki T, et al: Human SCARB2-
dependent infection by coxsackievirus A7, A14, and A16 and enterovirus
71. J Virol 2012, 86:5686–5696.

27. Yamayoshi S, Fujii K, Koike S: Scavenger receptor b2 as a receptor for
hand, foot, and mouth disease and severe neurological diseases.
Front Microbiol 2012, 3:32.

28. Terletskaia-Ladwig E, Meier S, Hahn R, Leinmuller M, Schneider F, Enders M:
A convenient rapid culture assay for the detection of enteroviruses in
clinical samples: comparison with conventional cell culture and RT-PCR.
J Med Microbiol 2008, 57:1000–1006.

29. Bourlet T, Gharbi J, Omar S, Aouni M, Pozzetto B: Comparison of a rapid culture
method combining an immunoperoxidase test and a group specific anti-VP1
monoclonal antibody with conventional virus isolation techniques for routine
detection of enteroviruses in stools. J Med Virol 1998, 54:204–209.

30. Kok TW, Pryor T, Payne L: Comparison of rhabdomyosarcoma, buffalo
green monkey kidney epithelial, A549 (human lung epithelial) cells and
human embryonic lung fibroblasts for isolation of enteroviruses from
clinical samples. J Clin Virol 1998, 11:61–65.

31. Buck GE, Wiesemann M, Stewart L: Comparison of mixed cell culture
containing genetically engineered BGMK and CaCo-2 cells (Super E-Mix)
with RT-PCR and conventional cell culture for the diagnosis of
enterovirus meningitis. J Clin Virol 2002, 25(Suppl 1):S13–S18.



Li et al. Virology Journal 2013, 10:250 Page 11 of 11
http://www.virologyj.com/content/10/1/250
32. Chen P, Song Z, Qi Y, Feng X, Xu N, Sun Y, Wu X, Yao X, Mao Q, Li X, et al:
Molecular determinants of enterovirus 71 viral entry: cleft around GLN-172
on VP1 protein interacts with variable region on scavenge receptor B 2.
J Biol Chem 2012, 287:6406–6420.

33. Barrett PN, Mundt W, Kistner O, Howard MK: Vero cell platform in vaccine
production: moving towards cell culture-based viral vaccines. Expert Rev
Vaccines 2009, 8:607–618.

34. Hofmann A, Kessler B, Ewerling S, Weppert M, Vogg B, Ludwig H, Stojkovic M,
Boelhauve M, Brem G, Wolf E, Pfeifer A: Efficient transgenesis in farm animals
by lentiviral vectors. EMBO Rep 2003, 4:1054–1060.

35. Weiss RA: Certain promise and uncertain peril. The debate on
xenotransplantation. EMBO Rep 2000, 1:2–4.

36. McGrew MJ, Sherman A, Ellard FM, Lillico SG, Gilhooley HJ, Kingsman AJ,
Mitrophanous KA, Sang H: Efficient production of germline transgenic
chickens using lentiviral vectors. EMBO Rep 2004, 5:728–733.

37. Pfeifer A: Lentiviral transgenesis. Transgenic Res 2004, 13:513–522.
38. Farley DC, Iqball S, Smith JC, Miskin JE, Kingsman SM, Mitrophanous KA:

Factors that influence VSV-G pseudotyping and transduction efficiency
of lentiviral vectors-in vitro and in vivo implications. J Gene Med 2007,
9:345–356.

39. Jin J, Han M, Xu L, An D, Kong W, Jiang C: Replication kinetics of
coxsackievirus A16 in human rhabdomyosarcoma cells. Virol Sin 2012,
27:221–227.

doi:10.1186/1743-422X-10-250
Cite this article as: Li et al.: Establishment of cell lines with increased
susceptibility to EV71/CA16 by stable overexpression of SCARB2. Virology
Journal 2013 10:250.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Results
	Establishment of cell lines stably expressing SCARB2
	Analysis of stable cell lines
	Localization of SCARB2
	Characterization of SCARB2 stable cell lines
	Replication kinetics

	Discussion
	Conclusion
	Materials and methods
	Cells
	Viruses
	Wild-type viruses
	EV71 and CA16 pseudoviruses
	EV71-EGFP and CA16-EGFP viruses

	Establishment of cell lines
	Lentivirus production from Lenti-X vector
	Establishment of stable transgenic cell lines

	Analysis of stable transgenic cell lines
	Real-time RT-PCR
	Western blot
	Flow cytometry
	Localization of SCARB2

	Characterization of stable transgenic cell lines
	EV71 and CA16 pseudovirus infection
	EV71-EGFP and CA16-EGFP virus infection
	Replication kinetics


	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


